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THE DEVELOPMENT OF ELECTRIC
LIGHTING
By COLONEL R. E. CROMPTON, C.B., R.E., M.Inst.C.E., M.Inst.E.E.

Fig. I.-COLONEL CROMPTON STANDING BETWEEN, ON THE LEFT, AN OLD COPPER-TYPE ALTERNATOR
WHICH IS STILL IN SERVICE AT THE CHELMSFORD GENERATING STATION, AND, ON THE RIGHT,
A MODERN CROMPTON-PARKINSON TRANSFORMER.

HEN I began the manufacture of
electric lighting apparatus the
only knowledge we had was the
few experiments that had been made by
Sir Humphry Davy with an arc light
obtained from a large battery of Grove
cells and what we were told that Gramme
had done in France, supplying alternators
to work Jablochkoff candles. The electric
light had also been used to a limited extent
in lighthouses and I bought a few of the
lamps called Serrin lamps. They were
found quite unsuited for workshop or
out-of-door illumination,andI began experiments with single lamps which were
practically Serrin lamps inverted with

W

certain modifications to enable us to
work several arc lamps in series. We read
that Elihu Thomson and others had been
successful in doing this in America, but
we had to work our methods by trial and
error.
The First Burgin Machines.
At that time we had no knowledge of
the laws governing electrical phenomena,
for the names that we now use—Volt,
Ampere, Watt—were not introduced until
two years later at. the Paris Exhibition of
1881. But we were able to observe that
in order to obtain satisfactory and steady
burning we must maintain a certain
A

394

THE DEVELOPMENT OF ELECTRIC LIGHTING

difference of pressure between the two
sides of the arc, and that this was equally
true whether we were burning a single lamp
from a Gramme or a Burgin generator or if
we had several lamps arranged in series.
We found that the Gramme machines,
which we were buying in France, were not
a mechanical job, they would not stand
the strain of continuous work, and it was
not until I met Emil Burgin, of Basle, that
we designed the Burgin machines, which
we were soon able to turn out in considerable quantities at our Chelmsford works.

Early Applications of Arc Lighting.
As soon as we were able, with Burgin
dynamos and our new arc lamps, to work
six or eight arc lamps in series we advertised ourselves by showing with portable
working sets how such arc lighting was a
practical proposition, and in this way
we got a series of orders for the lighting
of the large railway stations, goods yards,
docks and other open spaces, in which•
work has to be carried out at night. A
good many towns used our machinery
for street lighting.

Problems that Had to be Dealt With.
It will interest the electrical world of
to-day to hear something about the
difficult problems which in those days we
had to deal with. Some of these were purely
electrical, such as that of laying down
data to enable us to design and proportion
our dynamos so as to obtain the required
output.

suggested, and we tested out successfully,
the use of carbon brushes instead of the
copper wire brushes or layers of copper
plates that at first we had used. It was
some time before we developed the commutators of these D.C. dynamos into something closely resembling their present
form. We tried all kinds of material for
the commutator segments—cast copper,
gun metal and various bronzes, but eventually came back to pure copper drawn
down in dies to the correct angle, which,
of course, varied with the number of
segments of the commutator. The insulator of the copper wire we used for
winding our armatures and magnet coils
was another problem, in which the existing
manufacturers of cotton-covered bell-wire
came to our assistance.

Lord Kelvin's Influence.
It was a happy day for us when we
were carrying out our order for the
Glasgow and South-Western Railway Company to light St. Enoch's Station in
Glasgow with arc lamps, that a gentleman
came up to me and introduced himself as
Thomson, Sir William Thomson, afterwards Lord Kelvin. He there and then
discussed with us the form that our arc
lanterns must take to throw the least
possible shadow on to the platform
below them. From this time onwards,
right up to the time of his death, I had
the benefit of his great scientific knowledge
and of his advice.

Troubles with Commutators and Brushes.

Other Men Who Helped.

We soon noticed that the commutators
and brushes of our dynamos required
attention, but it was some time before
we found out that this was due to the
varying degree of magnetisation of the
armature itself. We got over this difficulty, which was a very real one in the
original Gramme machines, by mounting
the connecting brushes on a frame which
could be twisted round co-axially with the
armature, so that the angle of commutation
could be varied without any fresh adjustment of the brush pressure.

At that time the only manufacturers
in England who were turning out arclighting plant in any quantity were
Messrs. Siemens. Sir William Siemens,
who was then at the head of Messrs.
Siemens Brothers, at Charlton, had produced some arc generators and lamps, and
I had many friendly discussions with him,
as he lived near me in Bayswater, and I
often walked home with him and we
discussed arc-lighting problems in a most
friendly manner and to our mutual
benefit. Another man who greatly helped
us at that time was P. W. Willans, the
well-known builder of high speed steam
engines. I had used one of his high speed

Tests with Carbon Brushes.
At a later date Professor George Forbes
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Fig. 2.---ONE OF THE EARLIEST CROMPTON DYNAMOS.

This is a four-pole trade dynamo, which succeeded the Crompton-Burgin machine shown on
page 403.
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Fig. 3.-GROUP OF CROMPTON OVER-TYPE AND UNDER-TYPE BIPOLAR GENERATORS.
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engines for driving my saw-mill at my
Chelmsford works and we soon thought
out the possibility of coupling our dynamos
direct to the revolving shaft of his engines.
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A New Chapter in History of Electric
Lighting.
Up to that time I had thought it
unlikely that incandescent lighting by
filaments in a vacuum would pass from
First Effective Electric Lighting in a the experimental to the practical stage,
in fact a short time before I had written
Private House.
About Christmas, 1879, I lighted up and published a treatise on " Electric
my own house in Porchester Gardens Light for Industrial Uses," and had there
by using primary batteries of Grove cells, confined myself to pointing out the various
but as this was not very successful I purposes to which my small arc lamps
brought one of our portable sets into the could be profitably applied, for I knew
mews at the back of my house and gave that Edison's experiments were still in
special parties, using small arc lamps fixed the laboratory stage. But the day I saw
in my drawing-room and dining-room. Swan's lamps in Newcastle I was satisfied
This, I believe, was the first instance of that his invention had opened for us a
effective electric lighting in a private new chapter in the history of electric
house, although there had been exhibitions lighting.
A few months later, during the summer
of arc lighting at the Royal Institution
of 1880, there was an exhibition of gas
and elsewhere.
lighting plant at Glasgow. I showed a
number of Swan lamps driven off one of
Invention of the Incandescent Lamp.
our dynamos and I obtained a medal from
We had got to this stage when Swan's the Glasgow Philosophical Society for
invention of the incandescent lamp re- " supplying power for lamps."
volutionised the demand for electric
supply. Up to that time we had all of Early Orders for Swan Lamps.
Within a month of this I got an order
us been trying to divide the electric light.
Early in the year 188o a gentleman for arc lighting plant for the North
called at my London office to say that British Railway to experiment with Swan
Mr. Swan, of Mawson and Swan, the well- lamps for their goods yard. This was so
known chemists of Newcastle, to whom successful that the Glasgow Post Office
I had supplied some arc-lighting plant and asked me to supply plant for the lighting
dynamos, urgently desired my presence of the post office.
During the same year we got an order
in Newcastle. I went that day to Newcastle and was shown 20 small incandes- for the lighting of King's Cross Station
cent lamps burning very brightly and of the Great Northern Railway. We also
steadily in parallel circuit off one of my had one of our portable sets at work
dynamos. Swan claimed, and I agreed lighting the grounds of the Alexandra
with him, that he had solved the problem Palace. When this plant was at work
of electric lighting for domestic illumina- under Mr. Sidney Baynes, a young Mr.
tion. He showed me that whilst Edison Ferranti, who was then attending enhad been experimenting with incandescent gineering classes at University College,
platinum wire and carbonised filaments frequently came to help Baynes. He told
derived from bamboo, he, Swan, had used me afterwards that this was one of the
cotton threads which by immersion in causes which made him interested in
sulphuric acid he had turned into cellulose electrical development and determined his
before carbonisation. These threads were choice of electrical engineering as a proenclosed in glass bulbs from which the fession, with the brilliant results which we
air was thoroughly exhausted by a all know.
Sprengel pump. This part of the invention
had been worked out for him by Stearn, Rapid Development.
The development in 1880 was so rapid
a Liverpool banker, who had specialised
that towards the end of the year Swan
in improving the Sprengel pump.
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lectured on the incandescent electric light
before the Institution of Telegraph Engineers. His lecture was widely read, and
it showed the advantages of bringing
electric light within the reach of the
ordinary householder and aroused an
amount of public interest which, although
directed primarily to incandescent lighting
by Swan lamps, had a great effect in
widening interest and knowledge of electrical phenomena. It is not too much
to say that the development and possible
future of electrical engineering was the
topic of the day throughout the whole
of the year 1881. During that year the
great German physicist, Helmholz, lectured at University College, my firm
supplying the plant for illustration of his
experimental work.
Electric Lamps for Coal Mines.
During this year, 188o, I was able to
show that Swan's totally enclosed electric
lamps could be safely used by our coalminers at the working face, at points
where, on account of the presence of gas,
nothing but Davy's safety lamps could
then be used. I was ordered to accompany
the Mining Commissioners to collieries
belonging to the Stanton Ironworks Company, where I, as engineer of the company,
had already installed electric light, right
up to the working face. The Commissioners reported that electric light so
installed could be used with perfect
safety.
First Order for Lighting a Country House.
The same year we at " Crompton "
got our first order for lighting a country
house. Mr. Jesser Coope, one of the
partners of Ind, Coope and Company,
well-known brewers of Romford, had
built a new house, called Berechurch
Hall, near Romford, and he desired that
it should be lighted throughout with
electric light. This was the occasion of
a novel departure. In those days there
were no trained wiremen, but we found
several of the builder's workmen who
knew something about bell-hanging. We
engaged four or five of these men, and
under the direction of my partner,
Mr. Harold Thomson, most of the problems
of indoor electrical illumination were

worked out for the first time. The use
of hanging lamps suspended by their
own conductors, the switches, plugs and
sockets, the position of the switches and
the methods of wiring with which we are
now so familiar, were then worked out
by Thomson, and his methods have been
very little varied, even up to the present
day.
Inauguration of Standard Terminology.
The growing importance of electrical
engineering found expression in the International Exposition of Electric Lighting
held in Paris in the summer and autumn
of 1881 at the Palais de l'Industrie.
" Crompton " sent over a fine exhibit
of their generating plant, switchboards,
arc lamps and everything necessary for
working Swan lamps, but the important
result of this Paris Exhibition was that
a standard terminology for electrical
science was then inaugurated. This was
the work of an international conference
which held its meetings during that
exhibition. The terms ampere for current, volt for electro-motive force, watt
for energy and ohm for resistance, were
then settled and the various methods of
measuring these units of energy were laid
down. " Crompton " were then awarded
the first gold medal ever given for electric
lighting plant. That medal, which is
still in my possession, was considered in
point of design and workmanship one of
the finest that was ever struck.
Gramme's Experiments in the Transmission
of Power.
About the time of the Paris Exhibition,
Gramme caused some important experiments in the transmission of power to be
carried out. He transmitted the power
generated by one Gramme machine from
the Gare du Nord in Paris to Creil, t!..e
repairing shops of the Northern Railway,
about 20 miles away. These experiments
revealed to me and to my Swiss friend,
Burgin, the immense new field which might
be opened for electrical engineering by
power transmission. Shortly afterwards
I received through Burgin an order to
supply the firm of Sulzer, in Switzerland,
with several of our Burgin dynamo
machines, to be used for the trans-
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Fig. 4.—A

TYPICAL EXAMPLE OF MODERN ELECTRICAL EQUIPMENT FOR THE SUPPLY OF
ELECTRIC CURRENT.

This shows 25,000 kw., 1,50o r.p.m., 6,600 volts two-cylinder turbo-alternators at the Willesden Power Station of the London Electric
Power Company (B.T.-H. Co., Ltd.).
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mission of power at Rheinf elden. Following this I wrote and circulated a pamphlet
entitled " The Generation and Utilisation
of Electrical Power," in which I showed
the importance of this means of distributing power for all industries using
power to drive their machinery.

stop to the financing of large scale work
in this country, so that we had to go
abroad to carry out public lighting from
a central station.

Distribution Experiment Abroad.
The great fire which in 1883 destroyed
the Ring Theatre of Vienna provided me
First Public Building in which Electric with the opportunity I desired for a largeLighting was Installed.
scale experiment in distribution.
During the autumn of 1882 we carried
The extensive destruction and the great
out the electric lighting of the new Law loss of life on the occasion of the fire so
Courts, which was the first really large impressed on the Emperor Francis Joseph
installation for lighting by incandescent the dangers of gas that he asked the
electric lamps. The public opening took Imperial and Continental Gas Company,
place on December 4th, but when Shaw who then supplied gas for the lighting of
Lefevre, H.M. Minister of Works, told Vienna, whether they could not arrange
me that he expected the whole building for the lighting of the Opera House and
to be illuminated we had a very anxious the other imperial theatres by electricity,
time. I pointed out to Shaw Lefevre as being a safer and better illuminant.
that if the lighting failed for a moment The gas company, advised by Professor
it would cause a panic and as all the Monnier, of the Ecole Centrale in Paris,
buildings and passages were filled by an suggested that I should be called in for
immense crowd the loss of life would consultation, and Monnier, after conhave been terrible. Our permanent gene- ferring with me in Paris in June, 1885,
rating plant was not ready, but we fixed went on with me to Vienna, where we
up temporary plant in a corrugated-iron spent some weeks in considering the
shed placed in the open space then existing Emperor's question. As part of our
to the west of the new Courts. This shed scheme, a site had to be chosen central
contained engines and a sufficient number to all the imperial theatres and a number
of large Burgin machines, arranged to of large public buildings and offices,
run in parallel circuit, and supplemented which had been built facing the Ring.
by a supply from a large battery of The Ring itself is a wide circular street or
accumulators placed in the crypt, also boulevard surrounding the old city of
in parallel circuit with our dynamos. This Vienna. I pointed out to Monnier an
was the first time that such an arrange- unoccupied house in the Schenkenstrasse,
ment had been tried.
in the southern quarter of the city, which
Inside the building the fittings were would satisfy our requirements.
complete. Properly insulated wires,
At the time we began to study the
specially manufactured, and all the appa- Vienna project, a small central station
ratus, now so familiar, of switches, had been started in Berlin at a point in
switchboards, wall-plugs, lamps hanging the Friedrichstrasse—that is to say, steam
from their own conductors, were then engines and dynamos had been put down
used for the first time—nearly all of them in an existing house, and were supplying
devised by my partner, Harold Thomson. a few houses on either side of it. In
London the original Edison Company
How Public Supply was Hindered.
had done the same at a point near to the
After this time the progress of electric Holborn Viaduct ; and the Grosvenor
lighting was steady and " Cromptons " Gallery scheme was in its initial stage.
then designed public supply on a large But in no case had the mains extended to
scale from several generating centres. any great distance, whereas in Vienna
But Chamberlain's unfortunate Act of our mains must necessarily from the first
1882, which limited the tenure of electrical extend to points not less than a mile
undertakings to 21 years, put a complete distant from the generating station.
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Fig. 5.—COPPER TYPE ALTERNATOR AND EXCITER.
Another example of the early Crompton electrical apparatus.

The Emperor warmly approved our
scheme, and a contract was then made
between the Emperor's Board, the " Intendanz," which managed the imperial
theatres, the Imperial and Continental
Gas Company, and my firm of " Cromptons " as a third party.
The Five-wire System.
At this time the Swan Company, who
were the only English manufacturers of
lamps, had succeeded in turning out
satisfactory ioo-volt lamps. At Vienna,
therefore, we were limited to this voltage,
and our problem was to deal with the
Grand Opera nearly a mile from our
generating station with the least possible
expense of conductors and drop of pressure
in the mains. After much consideration

we worked out the idea of what was
afterwards known as the five-wire system.
We decided that at our central station in
the Schenkenstrasse we should generate
at about 440 volts pressure and lay the
twin conductors to carry this pressure
up to the Opera House. We there put
down a battery of 200 accumulator cells,
which required a charging voltage of
440 volts at the extreme terminals, We
tapped these 200 cells at three intermediate points, and from these points
laid conductors throughout the Opera
House, so that, apart from accidental
leakage, it would be impossible for anyone
to get a shock of more than zoo volts.
All the lamps and scenic appliances were
dealt with at this ioo-volt pressure.
We generated in the first instance by
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six Crompton-Willans sets, each set con- when gas was used, this arrangement
sisting of a Winans 150-h.p. engine, which was not possible on account of the
could be worked up to Zoo h.p. at times fumed and heated air rising to all
of maximum load. These direct-coupled parts of the house above the line
dynamos ran at 50o revolutions. The of the boxes. On the stage also we
conductors from the dynamos were led found that very beautiful and striking
to a great switchboard having horizontal effects could be produced by using at the
copper bars at the back, with suitable level of the footlights and at other points
terminals in front of the board, to which behind the scenes groups of white, blue,
the first pair of conductors laid to the red and yellow lamps, each group conOpera and the other main conductors trolled by a separate resistance. By
subsequently laid to the other theatres lowering the resistances, by means of
were in the first instance plugged in. At racks, into iron cylinders containing
a later date, in consequence of an accident mercury so that the resistance coils
which partly destroyed the connections, were short-circuited little by little, we
switches were substituted for the plug succeeded in obtaining excellent twilight
connections. The plant at first put down effects.
was capable of generating a maximum
load of between 700 and 800 kilowatts, Lighting in London.
and at times, when the scenic effects at
Towards the end of the year 1886,
the Opera required a maximum rate of when our work at Vienna was so well
discharge, it was possible to utilise advanced that I felt confident of its
upwards of i,000 kilowatts. I give these ultimate success, I made inquiries in
particulars at considerable length in order London with a view to starting a similar
to indicate that we had then advanced supply station in some district where the
to the point of designing an installation cost in underground mains would not be
of considerable size. Before the end of too high. I began work on a small scale
1886 we had
at Kensington
the generating
Court in Lonplant in the
don, and this
Schenkenshowed itself at
strasse in
an early stage to
working order,
be such a finanand were able
cial success that
to begin supply
as soon'!. as the
to the Opera
Act of 1882 was
House.
repealed
the
lighting of the
The First Large
greater part of
Theatre to be
London began.
L ighte d
The use of
Electrically.
electric',lighting
The Opera
has now beHouse was the
come general; in
first large
all our large
theatre to be
cities ; the chief
lighted electriimprovement in
cally, and the
economy k' has
bracket lamps
been the substiwhich wefitted
tution:1 of the
to the front of
coiled metallic
the lower balfilament lamps
Fig. 6.—STEAM GENERATING SET AT THE FIRST
conies and
for Swan and
PUBLIC SUPPLY STATION.
boxes were a
Edison's carbon
This was supplied by Crompton for the Kensington
novelty. For,
filament lamps.
and Knightsbridge Electric Light Company.
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Fig. 7.—CROMPTON•Bl7RGIN MACHINE, BUILT IN ABOUT 1881.
This machine is still in service.
The First Generating Set.
Readers of PRACTICAL ELECTRICAL ENGINEERING may be interested to know a
few details of the first generating set
installed (see Fig. 6). The interesting
features to-day appear to be the small
outboard bearing and sight feed lubricator ; also the automatic reverse current
battery cut-out.
The late Mr. H. W. Miller was the engineer in charge of the station, which
adjoins Thriplands. The generating plant
consisted of three Willans-Crompton
compound-wound D.C. sets at 450 r.p.m.
of 86 I.H.P. and four larger sets of 200
I.H.P. at 350 r.p.m. The generators were
inverted bi-polar type and designed to
develop 30o amps. at zoo volts for the
smaller sets and 30o amps. 200 volts for
the larger sets. The machines were also
capable of working at 20 per cent. increase in voltage with proportionally less
current. The engines and dynamos were
erected on concrete foundations, ro feet
in thickness, with air space between, and
kept entirely dear of the buildings, with
the result that no troubles were experienced
with vibration in the surrounding properties.

Cost of Current.
Meters were rented to the consumers
and kept in order by the company, the
rent being from
per annum for the
16s. for the
small size of io amps. to
larger size on a circuit of iso amps.—any
supply which exceeded this amount was
carried through two or more meters
and main cut-outs. Current was charged
at 8d. per B.O.T. unit, with a rebate to
large consumers of 4 per cent. when the
total current used in the year exceeded
£200 in value, rising 2 per cent. for each
iIoo increase per annum until, when the
value exceeded iI,000, the rebate was
20 per cent.
The total generating cost per unit sold
was 2.38d. This total is for engineroom charges only, but is exclusive of
salaries, wages on distribution, management, office rent and general charges and
expenses of renewals.
Coal Consumption.
The coal consumption costs were subsequently reduced to o.8d. per unit generated. These early generating costs do
not compare unfavourably with certain
stations in operation to-day.
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ILLUMINATION AND THE DESIGN OF
ELECTRIC LIGHTING SCHEMES
By E. H. FREEMAN, M.I.E.E.
T will be readily admitted by layman light rays in all directions up, down,
and expert alike that modern stand- horizontally and the light will differ
ards of lighting are much higher than in various directions. If the illumination
they were even five or ten years ago, but given out in each direction is marked on
p:ohably few realise how the need for a diagram so that the distance from the
increased illumination has grown or, candle or the lamp represents the illuminaon the other hand, how far short of really tion in each direction the curve thus
satisfactory effects many installations obtained is called the Polar Curve for the
lamp.
still remain.
Twenty-five or thirty
years ago a 16 c.p.
carbon lamp was conAVERAGE. RE/WANG
sidered to give amp'_e
MEAN HORIZON-IA %illumination for zoo
CANDIM. liNYVMAZ
sauare feet of floor space,
AVERAGE OF /44.1..
whereas to-day 120 to
MLA% PKERACAL
15o c.p. would not be
CANDLE POwER.
considered excessive for
Flg.1.—How CANDLE POWER IS MEASURED.
even ordinary usage,
If the illumination given out in each direction is marked
whilst this might be
so the, the distance from tie candle or lamp represents the
increased six or eight
illumination in each direction, the curve thus obtained
times or more for special
is called the Polar Curve for the lamp.
purposes such as drawThe average illumination measured horiing-office or shop window lighting.
In order to design any lighting installa- zontally is called the Mean Horizontal
tion the number and size of the lamps Candle Power. Similarly, if the average
required must be determined, as without figure in every direction is taken it is
this information the circuits and cables called the Mean Spherical Candle Power,
cannot be calculated, and the principles and it is this last figure that is most
upon which the lamp details are settled important, as in practice reflectors of one
must, therefore, form the basis of every kind or another are used to reflect the light
lighting scheme that is properly designed. rays passing out in directions where they
are not wanted to directions where they
What is Meant by Candle Power.
are wanted. The extent to which any
The unit of all such calculations is the reflector effects this purpose is a measure
candle power--the amount of light given of its suitability and efficiency.
out by a candle, made of specified materials
and of a specified size, and all sources of Intensity of Lighting.
light—sun power, arc lamps, incandesIt will be realised that the illumination
cent lamps of various kinds and so on are will change according to the distance of
compared on the basis of the candle- an object from the candle and a measure
of the intensity of the illumination is,
power they give out.
therefore, necessary. This is the candleMeasurements of Candle Power.
foot or foot-candle and is the intensity of
A candle will naturally send out its light that is obtained at a distance of
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3.—HOW A LUMEN IS
CALCULATED.

This is the volume of light
falling on an area of I square
foot every point of which is
foot distant from a unit
candle.

FOC.uSS1HC

S HOP
NNAHOOK

Fig. 2.—POLAR CURVES OF TYPICAL REFLECTORS.

Showing how different types of reflectors
enable light to be shone in the required
direction.

foot from the standard candle. It will
easily be seen that the intensity of light
varies as the square of the distance of
an object from the light source. If a
square beam of light from, say, a candle
flame is passing in any direction of a size
such that it will just light up an area
foot square at 1 foot away, the beam
will light up an area of 4 square feet
(2 ft. x 2 ft.) at a distance of 2 feet, or

4.—THIS SHOWS
HOW THE TOTAL OUTPUT
OF A UNIT CANDLE IS
CALCULATED IN LUMENS.

an area of 16 square feet (4 ft. X4 ft.)
at 4 feet away, and so on. The total
amount of light remains unchanged, and
therefore the intensity at 2 feet away
is only one-fourth that at I foot, and at
4 feet only one-sixteenth that at I foot,
i.e., the candle-feet obtained (the intensity
of the light) will vary inversely as the
square of the distance from the light
source.
The Total Output of Light—
The Lumen.
One further unit is required
to represent the total output
of light. This unit is the
lumen and is the volume
of
light falling on an area
-r.
It
of r square foot every point
e4 2 rt.
of which is 1 foot distant from
.4- Ft
{-q
a unit candle. Such an area
must be part of the surface of
lia.untiviik•notaI C.P.
C.P.
V16 C.P.
a sphere, and as the total area
of a sphere of i foot radius
Fig. 5.— CALCULATING THE INTENSITY OF LIGHT.
The candle-foot or the foot-candle is the intensity of
is 4 T R2 or 12.57 square feet,
light that is obtained at a distance of I foot from the
it follows that the total outstandard candle. It will be seen that the intensity at
put of the unit candle is
2 feet away is only one-fourth that at I foot, and at
12.57 lumens.
4 feet, only one-sixteenth that at I foot.
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Fig. 6.—GLARE---DIRECT AND INDIRECT.
The first position shows the light in a bad position, as the operator is working in his own
shadow. The second position shows how a lamp that is practically unshaded projects direct rays
into the eyes. The third position shows how a strong light can be directed on to the working surface,
without direct glare on the eyes, but with strong indirect glare.

We thus obtain three standard units
for light measurements, viz.:—
(1) The unit source of light or
CANDLE-POWER.
(2) The unit intensity of light or
CANDLE-FOOT (the degree of
illumination given by one candle
at i foot distance).
(3) The unit volume of light or LUMEN
(the amount of light given by the
unit candle over an area of i square
foot at a distance of i foot from
the candle).
It will be easily seen that these three
units can be connected up by simple
formulee.
(i) Illumination (in candle-feet)=

efficiency of the lamp, as the greater the
watts per candle the worse the lamp.

Interesting and Useful Data about Elactric
Lamps.
Great progress has been made in improving the effectiveness of the incandescent
lamp, as will be seen from the following
figures :—
Carbon filament lamps : About 4 watts
per c.p. or .25 c.p. per watt.
Tantalum filament lamps : About 2 watts
per c.p. or .5 c.p. per watt.
Tungsten vacuum lamps : About i to
if watt pei c.p. or i to .8 c.p. per watt.
Tungsten gas-filled lamps : About to
watt per c.p. or 2 to i c.p. per watt.
These figures are only approximate and
vary considerably with the size and
Candle-power
voltage of the lamp.
Distance from light source squared
A much more satisfactory measure of the
(2) Volume of light (lumens)
efficiency of the lamp is the number of
=12.57 candle-power. lumens given per watt, and this figure is a
true measure of the efficiency. It varies
Total lumens
(3) Foot-candles —
considerably according to the size and
Area in square feet
voltage of the lamp, modern gas-filled
lamps varying from 7 lumens per watt for
Efficiency of Electric Lamps.
small size 200-volt lamps up to nearly
In the earlier days of electric lighting 20 lumens per watt for the largest sizes
the so-called " efficiency " of lamps was of lamps made. The actual lumens given
stated in the form of the watts required by each size and type of lamp at various
to give one candle power, this being the voltages can be obtained from the lampmean spherical candle-power. Such a makers' catalogues, but the following are
standard obviously represents the in- a few typical figures :—

ELECTRIC LIGHTING SCHEMES

a
0

1/44.v

0

0

IO

O

Fig. 7A.—ARRANGEMENT OF LIGHTING UNITS TO SUIT SPACING

OF CEILING BEAMS.
This shows the theoretically correct spacing in the ceiling
of an office.
•.1

0

0

0

Fig. 7B.—The irregular spacing shown in Fig. 7A would
give an unsatisfactory appearance and the fittings should
be rearranged to suit the beams, two outra lighting units
being added.
Type of Lamp.
Size.
25 watt.
Pearl Vacuum
Ditto. .. 25 watt.
Pearl gas-filled
6o watt.
6o watt.
Clear gas filled
Ditto. .. x5o watt.
Ditto. .. Soo watt.
Ditto. .. z,ocio watt.

Lumens
per
Voltage. Lumens. Watt.
223
8.9
too volts.
240 volts.
7.8
193
720
12.0
100 volts.
240 volts.
240 volts.
240 volts.
100 volts.

558
2,875
7,500
18,700

9.2
12.5
15.0
18.7

The examples given have been chosen
to illustrate how the lumens per watt
figure varies with the size and voltage
of the lamp.
The First Step in Designing a Lighting
Installation.
Having thus obtained basic data it is
possible to proceed with the design of a
lighting installation.
The first step is to decide the intensity
of light required and whether this is to be
uniformly distributed over the area to be
lit or concentrated at special points.
This depends on the way the light is to
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be used. To take
an extreme case of
a laboratory used
for microscopic research, the light
must be almost
entirely concentrated at very small
local areas and a
large number of
small local units is
required. On the
other hand, in a
lecture hall, the
entire floor area
must be evenly lit,
and the less the
variation in light
intensity between
different points, the
better the scheme.
In other cases, such
as some engineering
shops, the best
result is obtained by
combining good
general lighting
with special local
lighting at particular points, such as
on the actual tool
or piece of work.

Points to Watch.
In almost every installation the points
to be taken into consideration are :—
(1) Adequate illumination—which may
be required on a horizontal or
vertical surface and may be general
or local.
(2) Avoidance of direct glare from
lamps.
(3) Avoidance of indirect glare by
reflection from polished or lightcoloured surfaces.
(4) Avoidance of excessive shadows—
or rather of shadows in wrong
places.
(5) General appearance of the complete
scheme.
(6) Future maintenance of the installation.
The relative importance of these points
differs greatly for different conditions,
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and experience combined with judgment
and common sense is required to decide
whether one consideration is more important than another. A few examples will
indicate the position.
Glare—Direct or Indirect.
It is almost always necessary to arrange
the lighting units to avoid glare, direct or
indirect. In fact, almost the only type
of lighting for which this is not essential
is for flood lighting of buildings and similar
quite abnormal work. Direct glare can be
avoided by fixing the fittings in positions
where the lamps are not directly visible,
or by the use of suitable reflectors or
fittings.
Indirect glare is sometimes more difficult to avoid. The ill effects are similar
to those of direct glare, viz., eye strain
and loss of visibility, due to the excessive
intensity of the light at a particular point
or small area. The evil can frequently be
cured by altering the angle of the working
surface as indicated in the diagram.

from tie bars of a machine shop because
no other suitable supporting position is
available. In other cases they must be
arranged to fit in with the spacing of beams
in an office ceiling. In some cases this
consideration is of extreme importance,
particularly in such buildings as churches,
public halls, and so on.
Diagrams 7A and 7B illustrate how the
lighting units must be arranged to suit
the spacing of ceiling beams in the
diagram shown representing the ceiling
plan of an office. The theoretically correct
spacing should be as shown on Diagram 7A,
but the irregular spacing relative to the
beams would give a most unsatisfactory
appearance and the fittings should therefore be re-arranged to suit the beams and
two extra lighting units added to give a
more pleasing distribution as shown in
Diagram 7B.
Some consideration must also be given
to the type of fitting or lighting unit.
Large single lamp unit fittings that would
be ideal for a lofty factory building
would be quite out of place in a church
where fittings with several small lamps
would be more suitable to the building
even though some loss in efficiency should
result from such a scheme of lighting.

Shadows.
Shadows cannot and need not be entirely
avoided. The need is to avoid their
occurring in wrong places, as, for example,
by having a light source so placed that the
worker is " in his own light," as it is Maintenance Details.
usually expressed. Such shadows as occur
Maintenance is also of prime importance.
should not be too harsh and not of such
intensity as to prevent any object being It is no use lighting a very lofty building
clearly distinguishable from its shadow. with very few and very large lighting
Within such limits shadows are by no units, as might be theoretically correct,
means undesirable. A room nearly free if there is no means of access to the lamps
of shadow, as can be arranged with indirect for renewal and cleaning. Facilities for
lighting, is apt to be dull and uninteresting easy and effective cleaning are particuand certainly requires much higher illumi- larly important, as the efficiency of the
nation if it is to seem cheerful and bright whole scheme will fall off rapidly if
than one in which there is a reasonable fittings and lamps are not kept clean,
and for this reason reflectors when used
amount of shadow.
should have smooth polished surfaces that
General Appearance.
can easily be washed.
The general appearance of the completed
The most important part of the design
scheme is of great importance. The of a lighting installation, viz., the sizes and
spacing of the fittings must often be arrangement of the lamps required for
arranged to suit construction details, adequate illumination, will be dealt with
as for example when fittings must be hung in a later article.
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FITTING ELECTRICAL ACCESSORIES
By H. W.
HE smooth working of an electrical
installation and its freedom from
" faults " and breakdowns depend
largely upon the good qualities of the
accessories which are used, and the careful
way in which these accessories are fixed
and connected to the circuit wiring.
Accessories which are used in an installation should always conform to the specifications of the British
Engineering Standards
Committee.

T

General Specification for
Electrical Accessories.
The insulating materials
to have a high electrical
resistance and good dielectric strength, to be
mechanically strong,
fireproof, and nonhygroscopic.
The current carrying
parts large enough to
carry the full rated
current continuously
without overheating.
The current carrying
parts which are of
opposite polarity efficiently insulated from each
other, and all current
carrying parts efficiently
insulated from the general
mass of earth (no electrical
connection to the
operating handles, fixing
screws, covers, etc.).
The mechanical construction sound.
The terminal 'holes
large enough to admit
the correct size of cable
for connection, without
reducing the area of the
conductors of the cable,
and the terminal binding
screws well fitting so as to

JOHNSON.

ensure a good electrical connection.
The dimensions of the various parts
of any certain accessory to be uniform,
in order to facilitate the replacement of
any part of that accessory and its fixing
to the existing position.
SWITCHES.
Switches are used to connect, or cut
off, the supply of
electricity from electrically charged supply
cables to an electrical
circuit, or in simple
language, to "close "
and " open " a circuit.
Qualities of a Good
Switch.
Should have a quick
" make " and " break "
action. The contacts
should be self adjusting
and not heat up when
the full rated current is
passed through them.
The switch blades should
always make a good
rubbing contact.
The electrical resistance between the terminals of the switch
should be a minimum
when the switch is
closed. The spindle on
which the switch blades
turn should not be part
of the switch circuit.

Fig. I.--AN IRON-CLAD MAIN
SWITCH AND FUSES OF AN INSTALLATION.

Types of Switches.
A switch which is used
to connect or cut off the
supply of electricity to
the whole of an installation is called a main
switch and a switch
which only Connects or
cuts off the supply of
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Fig.

2.-PLIERS THAT WILL MAKE LOOPS AT WILL OF ANY OF EIGHT SIZES.

Fig. 3.-FIXING A TUMBLER SWITCH TO A PATERAS.

FITTING ELECTRICAL ACCESSORIES

electricity to a circuit of that
installation is called a branch
switch.
Main Switches.
The main switch should
always " make " and " break "
the connection simultaneously
on all the supply cables which
feed the installation. For a
two-wire installation a doublepole switch would be used ; a
three-pole switch for a threephase A.C. installation, and a
four-pole switch for a twophase four-wire A.C. installation.
Branch Switches.
The branch switch may
" make " and " break " the
connection on all the cables
feeding the circuit, simultaneously, or on one feed cable
only, which in this case would
be the " live " cable. Branch
switches which control individual or collective light points
fed from a distributing board
circuit, are single pole switches
and are connected in the live
feed wire of the circuit. Motor
circuits and heavy current light
point circuits are controlled by
a switch which " makes " and
" breaks " the connection on
all the feed wires to the circuit.
Iron-clad Switches.
The main switch for an
installation is generally incorporated with the main fuses
and both are fitted in the same
iron case. The iron case must
be connected to earth..
The operating handle of the
switch is fitted on the outside
of the case. It should not
be possible to open the switch
case whilst the handle is in
the " on " position.
Fixing and Connecting a Main
Switch.
The main switch is fixed in
close proximity to the supply
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Fig. 4.—A MAIN IRON-CLAD DOUBLE-POLE SW TCH.
Each pair of terminal contacts are fitted on separate
porcelain bases, which are screwed inside the iron case.
The switch blades are fixed on a spindle, but insulated
from it.
The spindle is operated with a handle on the outside
of the case. A spring fixed on the end of the spindle
gives a quick break action to the switch blades.
The switch cannot be closed when the iron case is open.

Fig.

3A.—CONNECTING A TUMBLER SWITCH TO THE
CIRCUIT WIRING.
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company's meter
and fuses. The
position is often
in the basement
of a building or
in some inconspicuous posi tion.

Fig 5.—CUTTING A CHASE FOR A SUNK SWITCH AND SOCKET.
Chat ing and cutting out the brickwork to allow for box and conduit being
recessed. Care should be taken to recess the box sufficiently, so that the
plasterer can finish the surface of the wall flush with the edges of the box.
In the case of flush work being required in an already completed building,
the chasing would include the additional cutting through :he plaster.

Fig. 6.—MOUNTING THE SWITCH CASING IN POSITION
Use countersunk screws, as shown.

Use Wooden
Battens.
The switch is
screwed to
wooden battens
which
are
securely fixed to
the wall or fixing
surface. The
battens should be
well varnished
with shellac
varnish which
will prevent
absorption of
moisture by the
wood.
Connecting Conduit to the Iron
Case of the
Switch.
If the installation has been
wired on the
conduit system,
the conduit must
be mechanically
and electrically
connected to the
iron case.
The holes
which admit the
cables through
the case are
drilled a clearance size for the
conduit.
The
ends of the
conduit are
screwed for a
sufficient length
to allow of the
conduit to be
secured to the

FITTING ELECTRICAL ACCESSORIES

413

case with lock
nuts, and a
brass bush
screwed on the
end of the conduit to prevent
abrasion of the
insulation of the
cables as they
emerge from the
conduit.
Connecting the
Cables to the
Switch Terminals.

The insulation
is removed from
the ends of the
cables and the
ends of the conductors are
twisted together
for connection to
the terminal.
Fig. 7.—DRAWING IN THE WIRES.
Cable sockets are
" sweated " on
the ends of the conductors if their
sectional area is equal to or exceeds
0.04 square inch, or less if the design
of the switch terminals will allow
of it. It is good practice to allow a
little slack cable to be left in the case,
after connection to the terminals is
made. This will facilitate renewals of
switches, etc., when required.
Branch Lighting Circuit Switches.

These are generally of the tumbler
type, and may be of the surface or flush
pattern.
Home Office tumbler switches should
always be fixed in bathrooms, lavatories,
basements, and where the floors are
hygroscopic, also in all positions where
it may be possible to come in contact
with iron work in contact with the general
mass of earth, when operating the switch.
LIGHTING SWITCHES—NON - FLUSH
TYPE.
Fixing a Branch Lighting Switch.
The pateras on which the switch will

be fixed is drilled for the cable holes

Fig. 8.—MOUNTING THE SWITCHES AND SOCKET
Allow some spare cable in the box to permit
future alterations. This spare should be neatly
carried around and between the accessories.
(Crabtree.)
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double, so as to
ensure the terminal
binding screws having
a good hold.

Screwing the Switch
to the Pateras.
The " slack " cables
are pushed back
through the holes in
the pateras, and the
fixing screws for the
switch screwed into
Fig. 9.—THE FINAL OPERATION. FIXING THE LAST CENTRE DISC ON
file pateras. The
THE JACELITE SWITCH. (Crabtree.)
screws must be driven
and two fixing screws, and the sharp right home as a loosely fixed switch is
edges of the drilled holes rounded with a danger and source of annoyance.
a reamer or sharp knife to prevent abrasion
of the insulation of the cables which pass LIGHTING SWITCHES—FLUSH TYPE.
through the holes.
Drilling and Fixing the Box.

Drawing the Cables Through the Holes
and Fixing the Pateras.
The ends of the connecting cables
are passed through the drilled and reamered
holes, and the pateras securely fixed to
the wall. The shanks of the fixing screws
must not foul the cables as they pass
through the pateras. The length of the
connecting cables which have been drawn
through the pateras must be sufficient
to allow of " slack " which is pushed back
again when the switch is connected to the
wiring.

Preparing the Cable Ends for Connection.
The insulation is removed from the
ends of the cables for / inch and the
proofed tapes stripped back another
inch beyond this point in order to prevent
surface leakage.

Connecting the Cables.
The bared ends of the cables are passed
into the switch terminals from the back
until they are s inch above the front edge
of the terminals. The vulcanised rubber
insulation should pass into the porcelain
base of the switch. The terminal binding
screws are now tightened up, the ends of
which will clamp the bared ends of the
cables tightly against the sides of the
terminal holes. If the cables are single
stranded, bend over the bared ends

The side of the box is drilled for the
entry of the cables and the cables drawn
through the holes. The box is now fixed
securely to the surface of the wall.

Preparing the Ends of the Cables for
Connection.
The ends of the cables are bared of
insulation ; only sufficient insulation must
be removed to allow of efficient connection
of the ends to the switch terminals.
The bared ends are now passed into the
terminal holes of the switch from the front
and securely clamped with the binding
screws.

Fixing the Switch in the Box.
The slack cables are arranged inside the
box in such a manner that they will not
foul the base of the switch when screwed
down in the box. The correct position
cf the switch inside the box is fixed so that
the switch plate will completely cover
the box, and the switch screwed to the
box.
The switch plate is placed over the box
and secured to the switch with the lock
nut which is screwed over the " dolly "
of the switch.

CEILING ROSES.
A ceiling rose is used to make a safe
and efficient connection between the
circuit wiring of an installation and the
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Fig. I0.—FIXING A CEILING PATERAS IN A POSITION -WHICH LIES BETWEEN THE JOISTS.
A " trap" is made betw een the joists, immediately over the light position, and a bearer
board fitted between the joists. The wiring, if run in conduit, is brought through a T piece
and short length of conduit to the light position. The end of the conduit is bushed.
The pateras is secured to the bearer board with countersunk-head wood-screws which
are driven into the board on the " skew."

flexible wires of pendant lights fed from
the wiring.
Construction.
A circular porcelain base is fitted with
two or more terminal plates which are
separated from each other by a porcelain
bridge.
Each terminal plate is fitted with a
metal sleeve fitted with a binding screw
which connects the circuit wiring to the
plate and a clamping screw and washer
which connects the flexible wire to the
plate. The porcelain bridge is provided
with two holes, through which the ends
of the flexible wire are threaded before
they are clamped to the terminal plates.
The object is to take the weight of the
lampholder, or fitting connected to the
flexible, from the clamped connections
of the flexible to the terminal plates of
the rose. A porcelain cover is screwed
over the base of the ceiling rose when
all the connections to it are made.
Fixing and Connecting a Ceiling Rose.
The centres of the holes to be drilled
in the pateras, and through which the
circuit cables pass, are marked off by
placing the ceiling rose centrally over the
pateras, slacking back the binding screws
of the terminal screws and pricking
through the sleeves with a thin bradawl
into the face of the pateras.
The marked positions are drilled with a
twist bit large enough to allow the cables

The porcelain cover.

The porcelain base.

Fig. II.—CEILING ROSE.
The terminal plates are
fitted on the porcelain base
and are separated from each
other by a porcelain bridge.
The flexible wires are
threaded through the holes
in the ends of the bridge
before they are clamped
to the terminal plates with
the binding screws.
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The pateras is firmly fixed to the
ceiling with two countersunk head
wood screws, the screws should be
long enough to pass through the
plaster and laths into the joists or
wooden bearer board which has
previously been fixed between the
joists, should the light position lie
between the joists.
Connecting the Circuit Cables to
the Terminal Sleeves.
The ends of the cables are bared
inch, any loops are carefully
for
twisted together, single wires are bent
over double in order to ensure a good
connection with the ends of the
binding screws. The bared ends of
the cables are pushed through the
terminal sleeves from the back of the'
rose so that they will project I inch
through the front and the binding
screws are tightened up on the bared
cables. No bare cables should be
visible at the back of the ceiling rose.
Fixing the Ceiling Rose to the Pateras.
The slack wire is pushed back into
the recess behind the pateras and the
ceiling rose screwed to the pateras.
Great care should be taken not to crack
the porcelain base in tightening up
the screws. Use a screwdriver whose
width of blade is less than that of the
diameter of the countersunk holes in
the porcelain base.
Fig. 12.—CONNECTING FLEXIBLE WIRE TO A
CEILING ROSE.

to be passed through the drilled holes.
Any rough edges caused by drilling the
holes should be rounded. Two holes
are drilled and countersunk for the fixing
screws. These holes should clear the
cable holes and be covered over when the
ceiling rose is screwed to the plates.
Fixing the Pateras.
The cables are threaded through their
respective holes in the pateras, sufficient
length being drawn through to allow of
easy connection to the rose ; " slack "
cable may be pushed back after the connections are made.

Connecting Light Pendant to the
Ceiling Rose.
The ends of the flexible are bared
of insulation for a distance of z inch, the
braiding being pushed back and held in
position with a whipping of cotton thread.
If the lampholder has already been wired
on the other end of the flexible, thread the
bared ends through the hole in the ceiling
rose cover, which is allowed to rest on the
top of the lampholder.
The ends of the flexible are threaded
through the holes in the porcelain bridge
of the rose and passed round the top of the
bridge. The clamping screws in the
terminal plates are screwed back and
the bared ends of the flexible bent round
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Fig.

14.—PREPARING ENDS OF FLEXIBLE WIRE FOR CONNECTION
TO A LAMPHOLDER.

Fig. 13.—THE

BAYONET CAP
GRIP
CORD
LAMPHOLDER.
Fig. I5.—SHOWING THE BACK OF THE PORCELAIN INTERIOR OF A
LAMPHOLDER WHEN THE FLEXIBLE WIRE IS CONNECTED TO THE
TERMINALS.

the screws between the terminal plate
and the washer, in the direction in which
the screws are tightened up. The whole
of the bared ends must be completely
under the washer.
The clamping screws are screwed up
tightly and the ceiling rose cover screwed
over the base of the rose.
LAMPHOLDERS—(1) BAYONET TYPE.
The connection to the lamps of an
installation from the flexible wires or

circuit cables of an installation is made
with a lampholder.
The Bayonet-Type Lampholder.
Connection is made with two spring
plunger terminals which press against
the terminal plates on the cap of the lamp.
The flexible wires or circuit cables are
connected to the plunger terminals.
A pendant bayonet lampholder is used
for flexible wires, and a batten bayonet
lampholder for the circuit cables for
connection to the lamps.
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a cord grip which takes
the weight of the
lampholder, lamp, and
shade from the connection which is made
between the flexible
wires and the plunger
terminals.
One type consists of
two shaped pieces of
hard wood which are
fitted inside a brass
collar. The collar is
screwed on the brass
backplate of the lampholder. The flexible
passes between the
shaped pieces of wood
which close on it
when the collar is
screwed on to the
Fig. 16.-THE PORCELAIN INTERIOR OF A CORD GRIP BAYONET CAP
backplate. Other
LAMPHOLDER SHOWING TIIE SCREWS OF THE PLUNGER TERMINALS
BEING SLACKED OFF, IN READINESS FOR CONNECTION OF THE
types of cord grips are
FLEXIBLE WIRE TO THE TERMINALS.
fitted on some lampholders with a view
Wattage of Lamps for use with Bayonet to reduce the labour involved in wiring
Lampholders.
the lampholder.
Bayonet lampholders are used for
lamps whose wattage does not exceed Preparing the Ends of the Flexible.
The silk or cotton braiding on the flexible
150 watts.
is pushed back for a distance of 4 inch
The Cord Grip of a Pendant Bayonet and there fastened with Chatterton's comLampholder.
pound or a whipping of cotton thread.
Pendant lampholders are fitted with The cotton winding over the rubber
insulation is now unwound and cut off
where the braiding has
been fastened back.
The rubber insulation
from the ends is now
removed for a distance
of 2 inch ; if pure
rubber insulation is
used it may be unwound and cut off ; a
little india-rubber solution applied to the
end will prevent the
rubber unwinding
farther than this point.
Vulcanised rubber insulation may be
removed by pinching
it with the finger
Fig. 17.-FIXING THE CORD GRIPS IN POSITION OVER THE FLEXIBLE
and thumb 2 inch
WIRE WHICH IS CONNECTED IN THE LAMPHOLDEIC
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from the ends and drawing off
the cut pieces from the ends. If these
methods are used, the very thin
conductors of the flexible will not be
damaged, also the 4 inch length of rubber
insulation between the bare conductors
and the " whipped " braiding will prevent
" surface " leakage along the flexible.
The thin conductors are then twisted together and doubled over, making each end
of the bared flexible inch long.
Connecting the Flexible to the Plunger
Terminals.
The lampholder is taken to pieces and
the binding screws of the plunger terminals
screwed back in readiness to receive the
bared ends of the flexible wire. If the
other end of the flexible is connected to a
ceiling rose, the brass collar, which holds
the cord grips and the lampholder backplate, is passed over the ends of the
flexible.
The bared ends are now pushed up
the terminal holes in the back of the
porcelain interior of the lampholder and
into the plunger terminal holes. The
ends of the flexible should project beyond
the front of the terminal holes fora inch.
The binding screws are now tightened up
on the bared conductors. The projecting
ends of the flexible are carefully flattened
down over the front of the terminal holes
to form a rivet head.
Reassembling the Lampholder Parts.
The porcelain interior is fitted into the
backplate in its correct position and the
brass ferrule passed over the porcelain
interior. The slots in the sides of the
brass ferrule should be at right
angles to the plunger terminals.
The ferrule is now secured to
the backplate with the brass
locking ring; care must be taken
not to get the screw threads of
this ring crossed with those on
the backplate when screwing up
the ring. The cord grips are
placed in position round the
flexible where it enters the
backplate and the brass collar
screwed up.
Batten Bayonet Lampholders.
This type of holder is used for

Fig. 18. -AN EDISON
SCREW LAM PHOLDER
Fig. 20.-A SWITCH
CORD GRIP LAMP HOLDER .

light points which are fixed directly to ceilings or walls. The brass backplate of the
lampholder is screwed to a suitable
pateras which is fixed on the ceiling or
wall. The pateras is drilled to
allow the circuit cables to pass
through it and be connected to
the plunger terminals of the
lampholder.

Fig. I Q.-A BATTEN
LAM PHOLDER.

LAMPHOLDERS—(2) EDISON
SCREW TYPE.
When the wattage of a lamp
to be connected to the flexible
or circuit cables exceeds 15o, an
Edison screw lampholder is used.
This type of lampholder makes
a rigid connection with the
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Fig. 2I.—USEFUL ASSORTMENT OF PLUGS, ETC.
(A) 5-amp. plug, adjustable for spacing between pins; (B) 5-amp. plug, flexible pins of most usual gauge, which admits a
further plug in its top; (C) Plug with variable pins, taking a " lampholder " adaptor; (D) Reverse to C. Takes a 5-amp. plug when only
lampholder is available; (E) Adaptor for connecting flex to Edison screw lampholder (screws in without twisting the flex) ; (F) " ES to
' GES " adaptor; (G) "Flex-connectors," when supply is a long way from the desired poLdtion.
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lamp and is more suitable than the
bayonet type for heavy current
lamps and lamps which are subjected
to vibration or rough handling.
The Construction of an Edison
Screw Lampholder.
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the ceiling, or with a chain which
is fastened to the brass backplate
of the lampholder and hung from
a ceiling plate hook. The connections to the la.mpholder from
the ceiling rose may be made with
flexible wire, or the permanent
circuit cables of the installation
connected directly into the lampholder terminals.

The brass case of the lampholder
is provided with a coarse thread
and the lamp cap is similarly
threaded. The cap of the lamp is
LAMPHOLDERS—
screwed into the brass case of the
(3) HOME OFFICE TYPE.
lampholder. This connection makes
one " pole " of the circuit. The
H.O. lampholders have their cases
porcelain interior which is fitted in
made of insulating material which
the brass case is provided with a
may be bakelite, or, if their cases
22.-- are made of metal, they are comcentre metal stud which makes Fig.
A LAMP
contact with a centre terminal ADA PTOR. pletely shrouded with an insulating
material.
plate in the top of the lamp cap, this
connection makes the other " pole "
H.O. lampholders should always be
of the circuit. The brass case is shrouded used for light positions in bathrooms, lavawith porcelain so that the lampholder tories, basements, and where the floors are
may be safe to handle when in use. hygroscopic, or in positions where it may
The lampholder is provided with a metal be possible, when touching the lamps of
backplate which is screwed to the shrouded lampholder, to come in contact with
brass case with a screwed locking ring.
structural metal work which is in connection with the general mass of earth.
Fixing and Wiring an Edison Screw
Lampholder.

SWITCH LAMPHOLDERS.

The lampholders are fixed to ceilings
A tumbler action switch may be incoreither with a brass tube, one end of which porated with a lampholder. The switch
is screwed into the backplate of the lamp- is operated with a push bar which passes
holder and the other end into a flange through the case of the lampholder.
which is screwed to a pateras fixed to
Switch lampholders are often fitted

23.—LNIVERSAL PLUG.
This easily made plug takes at its rear a standard 5-amp. plug. The pins are variable for spacing,
far greater than any commercial plug, and spare pins of various gauges can be substituted by screwing
in and out. On the left is an easily made carrier for the spare sets of pins, which takes also a supply
of fuse wire.
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adaptor is connected. The terminals are
fitted inside the case and are separated
from each other with an insulating
bridge.
Provision is made to take the strain
from the terminals of the adaptor when

1111
Earth ng Pin.
Switch
Blade

Fig. 2.t.—THE 3-PIN
SWITCH PLUG.

The Circuit
Terminals

Switch
Blade

The'Earth'
Terminal

`OPr Pos tion

The earthing pin is
made from strip brass
and operates the switch
in the socket.

to standard and reading lamps, and small
groups of lights which are controlled
by a single wall switch. They must never
take the place of a branch wall switch
to control the circuit completely.
LAMPHOLDER ADAPTORS.
Lampholder adaptors are used to make
temporary connection to small current
portable electric fittings from a lampholder.
The full rated current of the portable
fitting should not exceed 2 amperes.
Lampholder adaptors should never be
used when the floor of the room in which
the portable fittings are used is hygroscopic,
or in bathrooms, basements, or lavatories.
Construction of a Lampholder Adaptor.
A lampholder adaptor consists of a
case made of bakelite or cocuswood in the
shape of a lamp cap. The case is fitted
with two pins which fit in the bayonet
slots of the lampholder in which the

`On' Position.
111111M11111111111111

II

Plug Out,Switch Off.
Fig. 25 —A 3-PIN SWITCH PLUG AND
SOCKET.
The switch blades are mounted on
a fibre barrel pivoted to the porcelain
base. The barrel is turned by the
plug when the plug is placed in the
socket. The earthing pin of the plug
is connected to earth before the
" live " switch contacts are closed.
The lower sketch shows the porcelain
base with the screwed cocuswood cover
removed.
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the flexible is pulled, by
threading the ends of
the flexible through two
holes in the bridge before
connecting them to the
terminals. A cover made
of the same materials
as the case is screwed
over the terminals.
Wiring a Lampholder
Adaptor.
The ends of the
flexible are bared, and
the braiding fastened
back with a whipping
of cotton thread. All
the thin conductors are
carefully twisted together,
care being taken that no
stray conductors cause a
" short circuit " inside Fig. 26.—CONNECTING THE EARTH WIRE OF THE FLEXIBLE TO A
3-PIN PLUG.
the lampholder. The
bared ends are threaded
through the holes in the bridge and over the ends of the flexible before the
connected to the terminals with the connections are made to the adaptor,
binding screws. The cover is screwed if the other end of the flexible is already
over the case. This cover must be slipped connected to a fitting.
PLUGS AND
SOCKETS.
Plugs and sockets
are used to make a
safe connection from
portable
electrical
apparatus and fittings to the circuit
cables. The socket
is permanently connected to the circuit
cables, at a convenient place, and
the plug, which is
connected to the
portable apparatu' or
fittings. Connection
is made by inserting
the pins of the plug
into the terminal
sleeves of the socket.

Fig.

27.—SCREWING ON THE COVER OF A 3-PIN PLUG.

Types of Plugs and
Sockets.
There are many
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types of plugs and sockets. The
best type is the three-pin switch plug
and socket. This type connects
any non-current carrying exposed metal
work of the apparatus to earth
before the current-carrying parts are
connected to the circuit cables. The

(2)

controlled by a switch, because often
the apparatus connected to the
plug has no switch for breaking
the circuit.
The rules of the I.E.E. prescribe
that every socket or group of sockets
shall be controlled by a switch which

Fig. 28.-MARKING OFF A PATERAS FOR THE CABLE HOLES.

switch, which is an integral part of the
socket, is closed when the pins of the plug
are fully inserted in the terminal sleeves
of the socket. Further, the plug cannot
be taken out until the circuit is broken
by the switch and the terminal sleeves
of the socket are made " dead."
Conditions of Switch Control of Plugs
and Sockets.
(1) Any plug and socket should be

is to be fixed in an accessible
position.
Three-pin
plugs and sockets must be
(3)
used where it may be possible
to receive a " shock," due to making
an earth connection with any exposed
metal work of the apparatus or
fitting supplied from the plug.
Fixing and Wiring a Three-Pin Socket.
The circuit cables, and an earth wire,
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which has been clipped on the conduit
or some good earth connection, are passed
through the holes which have been drilled
in the pateras to which the socket will
be screwed. The pateras is now securely
fixed to the wall or other fixing position
with two countersunk-head screws.
The encs of the circuit cables and
earth wire are prepared for connection
to the terminals of the socket, stripping
the proofed tape of the circuit cables
well back beyond the vulcanised rubber
insulation. The prepared ends are now
connected to their respective terminals,
especially making sure that the earth
wire is connected to the correct terminal.
No bare conductors of the circuit cables
should be visible from the back of the
socket. The " slack " cable is now pushed
back through the holes in the pateras
and the socket screwed to the pateras
with countersunk-head wood screws.
Wiring the Three-Core Flexible to the
Three-Pin Plug.
The insulation from the ends of the
three cores is removed for a suitable
distance and the braid pushed well back
beyond this point and fixed in position
with Chatterton's compound or a whipping
of cotton thread. The terminal of the
earth pin of the plug is connected to the
bared end of the core which is wound
with a different colour of cotton than the
winding of the other two cores. The
terminals of the two current carrying
pins are now connected to the bared ends
of the two remaining cores. A whipping
of cotton thread is wound round the
flexible where it will pass through the
hole in the plug cover to prevent fraying
of the braid at this point. The cover or
the plug is then screwed over the base
of the plug.
FUSIBLE CUT-OUTS.
A fusible cut-out is a safety device
which is connected in a circuit in order
to protect the current from the dangerous
effects of a " short circuit " and from an
overload.

Fig. 29. -D RILLING A PATERAS FOR THE
CABLE HOLES.

The Fuse.
The actual fuse is a metal wire or strip
which melts when the current which
passes through it exceeds the safe limit
for the circuit. Small current fuses are
made of tin-lead alloy and large current
fuses from copper.
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The Fuse Carrier.
The fuse is fitted in a porcelain carrier
which is provided with two contact blades.
The contact blades are fitted with terminal
screws which serve to make connection
between the ends of the fuse and the
contact blades.

Fig.

are spaced apart so that the contact
blades of the fuse carrier will make a good
rubbing contact with them, when the
fuse is connected in the circuit.
Renewing a Fuse.
The fuse wire which is used to renew

30.-SHOWING THE ACTION OF A 3-PIN SWITCH PLUG
AND SOCKET.

The Fuse Base and Circuit Contacts.
The circuit wiring is broken where the
fuse is to be connected and the ends
of the cables are connected with binding
screws to contacts fitted on a porcelain
base.
The porcelain base may be screwed to
a pateras which is fixed to a wall, or may
be fixed along with a number of other
fuse bases in a distributing board.
The contacts on the porcelain base

one which has " blown " should always
have the same " fusing " current as the
one which has " blown."
A neglect of this will cause the circuit
to be a source of danger when a " fault,"
overload, or " short circuit " occurs,
and a fire may be the result of the renewed
fuse not operating at the safe maximum
current for the circuit.
The Correct Size of Fuse for a Circuit.
The correct size of lead-tin alloy and
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31.—AN IRON-CLAD FUSE BOARD.
The conduit is mechanically and electrically connected to the iron case with
lock nuts. Bushes should be fitted to the ends of the conduits which are
connected to the iron case of the fuse board.

copper wires for fuses to protect a circuit
whose maximum safe current is known,
is given in the tables below.
The rules of the I.E.E. state that for a
final sub-circuit no fuse need be smaller
than one which will melt at a current
o: 7 amperes.

Lef- 4-Tin Alloy Fuses.
L 'dmeter Size on the Maximum
in
Standard
Current of
taches.
e Gauge.
Circuit.
2b
.018
3
.02S
22
5
20
036
8

Tinned Copper Fuses.
Diameter Size on the Maximum
in
inches.
.01
.0124
.018
.022
.028

Standard Current of
Wire Gauge.
Circuit.
33
5
3o
7.5
26
12.5
24
16
22

22

Precautions to Take When Renewing
Fuses.
The main switch of the installation
should be opened before withdrawing
main fuse carriers from their circuit
contacts. The reason for the " blown "

428

FITTING ELECTRICAL ACCESSORIES

111,11111111L1111 1111

11

, 11111110bL

Fig. 32.—A SMALL
CURRENT HAND GRIP
FUSE HOLDER.
Fig. 33.—A FUSIBLE Cu-T-OuT.
Suitable only for small current
extra low-pressure circuits.

Fig. 34.—RENEWING A FUSE.

Fig. 35.—A PORCELAIN
BRIDGE FUSE HOLDER.

fuse should be ascertained and the
" fault " on the circuit removed before
replacing the renewed fuse.
In a lighting installation the " blown
fuse " is often due to a short circuit in
the flexible wire at the lampholder or
a faulty lamp.
If the " blown fuse " is one of a group
contained in a distribution board, it may
not be necessary to open the main switch
if the fuse carrier which carries the blown
fuse is carefully withdrawn. Do not touch
any metal work of the fuse carrier or
the iron case of the distributing board
when withdrawing this fuse carrier.
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ELECTRO-PLATING APPARATUS
ITS INSTALLATION AND USE
By W. MERRY.

Vat

Vat

Vat

Dynamo an
-__
Engine

Vat

Vat

Vat

Fig. 1.—THE POSITION OF THE DYNAMO.
The dynamo should be fixed as near as possible to the plating vats, or, where several vats are
placed in one line, it should be placed as near the centre as convenient.

W

HEN the electrician is called upon
to equip a new plating shop,
there are several points of the
greatest importance he must bear in
mind. Though some of these are not
directly of an electrical nature yet they
must affect the electrician's work.
Choosing a Room.
The choice of the actual room or rooms
should be ruled by the following considerations :—
They should, if possible, be on the ground
floor. The floor should be bricked,
cemented or concreted, with the necessary
face to allow the water to drain into a
gutter constructed for the purpose.
Preparing the Floor.
If the shop has a wooden floor, it is
advisable to have it covered with lead
where the swilling, scouring and cleaning
is done, and in all cases wooden racks or
duckboards should be provided in front
of the swilling trough, cleaning tank and
plating vats, for the operators to stand
on when at work.
The actual plating vats, properly erected
on suitable stands, should be arranged
to obtain the best light possible on all

the operations, and particularly the cleaning and swilling processes. Their position
in reference to the dynamo is dealt with
on page 431.
Heating Arrangements.
As some of the solutions have to be
heated, arrangements must be made for
heating by gas, steam or other methods.
For small plants gas is sufficient, but
for large plants steam is recommended,
being far more efficient, economical an I
handy in use. Steam boilers or hot water
systems can usually be incorporated with
the rest of the works arrangements.
Using a Steam Coil.
The steam coil should be of iron, leadcovered or plain iron, depending on the
nature of the solution contained in the
vat. Lead-covered coils can be used for
most solutions of an acid nature, such as
nickel, acid copper, zinc, etc., but must
not be used in solutions that are alkaline.
Conversely, iron coils can be used in all
solutions of an alkaline nature, but must
not be used in acid solutions. The ste
coil should be arranged as in Fig. 13.
It should be fitted with a steam trap,
valve, blovroff cock and insulated coupling
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It is not
possible in these
pages to give
exact data regarding the sizes
ply
of plants for particular work,
although certain
re, 07E3,5,We
ap,SISTRNI," HOAR,
fittings, such as
Ra,5,57.4.1.
cleaning tanks,
if
trough for scouring and swilling,
hot water tanks
FaAHHF~s
and drying apparatus are
common to all
plating plants,
although varying
in detail.
In
Fig. 2.—THE " THREE-WIRE SYSTEM " METHOD OF CONNECTING UP
VATS TO ONE DYNAMO.
many processes
dipping and
to prevent leakage of current from one vat pickling apparatus is necessary; in others,
to another.
bronzing tanks, scratch-t rushing lathes and
other special appliances are required.
Heating by Electricity.
To give an idea of various items which
Electricity, when available, provides a make up a plating plant, details of a small
ready and clean method of warming general plant are given below. Naturally,
most solutions. The heating system illus- the number of articles which can be turned
trated is in the form of a cable laid on the out with such a plant in a given time is
floor of the vat, and is so flexible that it limited, and for greater output, larger
may be .rearranged in accordance with vats and machines would be necessary.
the requirements of the moment. It
cannot be used with alkaline solutions, SMALL SILVER, COPPER, GOLD AND NICKELwhich may attack the lead casing, nor
PLATING OUTFIT 'should it be used in chromium solutions, 1 6-volt 30-amp. plating dynamo
but may be inserted in the water jacket
(or motor generator).
• voltmeter to 6.
of any vat.
itkr+

B09,0

r.

flecaRNICmel.

QPCRNTED Van

The Importance of Good Light.
The shop should be well lighted, as
it is most essential that colour changes
should be immediately detected, and a good
light is necessary where the articles are
scoured and swilled before being plated.
The tanks should be arranged so that
the operator can face the light when at
work. Electric lights should be carefully
placed to fulfil these conditions.
Deciding Upon the Plant.
In deciding upon a plant it is prudent
to leave a margin, both with the capacity
of the shop and of the dynamo, that will
permit extensions of plant at some future
date.

I resistance board with ammeter.
enamelled iron vat, 24 ins. by
x5 ins. by xol ins., complete
with 3 brass rods (i inch
diameter), 4 connections, 6
insulators. Silver salts and
silver anodes.
• enamelled iron or earthenware
vessel for amalgamating solution. " Zonax " mercuric
salts and potassium cyanide

For
Silver.

• resistance board with ammeter.
Welded iron vat, 24 ins. by
18 ins. by 18 ins., with stand
and gas burner, wooden frame
for top of vat, 3 brass rods l
For
(I inch diameter), 4 connec- r Coppering.
tams, 6 insulators, 4 rolled pure
copper anodes, 8 copper hooks
and copper salts and potassium cyanide.
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• enamelled iron gilding vessel, 12 '1
pints, with stand and gas
burner. Gold salts and pure
gold anode.
J

For
Gilding.

• resistance board with ammeter. -)
• lead-lined wooden vat, 24 ins.
For
by 18 ins. by 18 ins., 3 brass
Nickel.
rods (1 inch diameter), 6 insulato:s, 4 connections, 4
pure nickel anodes, 8 nickel
hooks and nickel salts.
ACID DIP (see below).
I scouring and swilling trough, 24 ins. by 18 ins.
by 18 ins.
I 5-gallon iron boiler for cleaner, with stand
and gas burner.
• sawdust pan, 24 ins. by 18 ins. by 12 ins.
with stand and gas burner.
• enamelled iron or earthenware vessel for
cyanide dip.
✓ belt-driven scratch-brush lathe, or 1 electric
scratch-brushing motor.
Necessary connecting cable.

Other Apparatus Required.
Besides the actual plating vats the
shop must, of course, contain the usual
cleaning vats, conveniently arranged.
A hot vat of
metal cleaner is a
necessity. So, too,
is a hot water tank,
a swilling tank and
a sawdust pan.

dip. This is contained in a stoneware or
lead-lined wooden vat, and is used to
remove any alkaline liquid adhering to
the work from the cleaning tank or
cyanide dip. It is composed of z oz. of
cream of tartar per gallon (6.25 grammes
per litre) of water.
The failure to pass the articles through
the acid and swilling, preparatory to nickelling, is the cause of many cases of
stripping.
CONNECTING UP THE VATS.
Position of Dynamo.
The dynamo should be fixed as near as
possible to the plating vats. If many vats
have to be operated from the same
machine the whole position should be
carefully studied and finally arranged
so that no vat is farther than is
absolutely necessary from the source of
current. When several vats are placed
in one line—pie-determined by other
considerations, such as light or wall space

How to Make a
Cyanide Dip.
The cyanide dip
should be placed
on a separate
stand in a wellventilated part of
the shop. It is
made by dissolving
6-8 ozs. of potassium cyanide in a
g allon of water
( 4 o - 5 o grammes
per litre), and
should be kept in
a covered earthenware or plain iron
vessel or wooden
tub.
The Acid Dip.
Another necessity in the plating
shop is the acid
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Fig. 3.—WHAT TO DO WHEN A DYNAMO IS INSTALLED.
Revolve the armature to see if the shaft works easily.
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—the dynamo should be placed near the
centre (see Fig. I).
Connections and Conductors.
Solid copper rods should be used for
the main conductors, and these are
generally fixed to the ceiling and walls bymeans of insulators.
The rods are obtainable in lengths up
to 18 feet and of the usual standard
thickness. The following sizes of high
conductivity copper rod carry the current
stated :—
Diameter.
mm.
amps.
inches.
2
5
3
4
7
8

12.7
15.9
19.0
22.2

200
300
•.

450

600
800
.•
1,25o
1,800
••
2,40o
••
50.8
..
3,20o
2
Main lead rods will heat up if they
a-e of insufficient diameter, or not of high
conductivity copper, or if bad joints are
made in them.
25.4
31.75
38.1
-14.5

••

•.

How Rods Should be Joined.
All joints should be soldered to secure
perfect electrical contact. When it is
necessary to join rods, a straight coupling
connection should be used, the annular
cross section of which is nearly equal
to the cross section area of the rods.
The rods are fitted tightly in the coupling,
the two ends brought flush together, the
clamping screws tightened and the joint
soldered with soft solder.
" T " connections must be attached to
both positive and negative roes in order
to connect up from the branch leads of the
vats.
Where Plating " Barrels " are Used.
In shops using plating " barrels " as
well as still plating v,,ts, either two separate
dynamos are used or the " three-wire
system " is employed (see Fig. 2).
Using a Double Commutator Dynamo.
By using a double commutator dynamo
connected so that the two armature
windings are in series, it is possible to

have only three main conductors and to
take all the vat connections from these.
This leads to considerable economies
since one lead is entirely eliminated and
another reduced in diameter, and one
dynamo has to be maintained instead
of two.
DYNAMOS FOR ELECTRO-PLATING.
The dynamo designed for electro-plating
practice differs only from standard
machines, save in those particulars which
are ruled by the low E.M.F. and high
capacity of the machine.
Reducing Commutator Wear to a
Minimum.
For example, brushes are employed
which consist of a mixture of copper
and graphite—the latter acting as a
lubricant. With this type of brush gear,
commutator wear is reduced to a minimum. Positive connection is made by
means of a heavy flexible copper lead
secured to the brush and the holder.
Type of Terminals to Use.
Terminals should be sufficiently large
with a current carrying capacity equal
to the full load of the dynamo ; these
are generally supplied tinned ready for
the leads or mains to be sole ered into.
Testing.
Every dynamo should be tested to its
full load before leaving the manufacturers'
works, and should stand an overload of
:5 per cent. for one hour without undue
heating or sparking, and a greater overload for shorter periods. The temperature
rise should not exceed 8o° F. above the
urrounding atmosphere after a run of
b hours at full load and the test voltage
shown on the test plate should represent
that taken at full load after this test,
the machine having reached its maximum
t emperatu:e.
How to Calculate Power Required to
Drive Dynamo.
The power necessary to drive a dynamo
is easily calculated. As a safe margin,
it should be estimated that a dynamo of
r,000 watts requires approximately 2 h.p.
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Fig. 4.—How TO FIND WHETHER THE DYNAMO IS PERFECTLY ALIGNED.
Set the dynamo square with the diving shaft and make sure that the pulleys are exactly
opposite by carefully t wing up.

Fig. 5.—How TO FIX A BELT.
Never use a lapped joint for fixing the belt, but place the two ends together and secure with
belt fasteners.
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two commutators,
actually the armature really represents two armatures on a common
shaft, alternate
slots carry the
windings of each
commutator on a
common core, so
that it will be
easily seen that
additional advantage lies in the
fact that by altering the connections it is possible
to arrange the
armatures to run
in parallel or series.

Separately Excited
Dynamos.
The shuntwound dynamos
just described are
known as selfexciting dynamos,
as the magnet coils
on each machine
are excited by a
portion of the
current generated
by the machine
Fig. 6.—THE COMMUTATOR SHOULD BE CLEANED AT LEAST ONCE A
itself.
DAY WITH GLASSPAPER.
The difference
to drive it. To find the output of a dy- between a shunt-wound dynamo and a
namo in watts, multiply together the separately excited one is in the winding
voltage and amperes of the machine.
and connections of the field circuit only.
Thus a dynamo giving 25o amps. at
The separately excited dynamo has its
6 volts is a 1,500-watt machine, and will fields excited by a separate current
require about 3 h.p. to drive.
altogether ; such current may be obtained
We append some figures showing the from another dynamo (called an exciting
horse-power necessary to drive the various dynamo) or from any other source of
sizes of 6-volt plating dynamos at full direct current.
load.
Amperes
.. 6
25
H.P. required.. 0'4 0-23
500
750
Amperes
H.P. required..
6
8

3o
5o
0.5
07.5
r000 1500
10'3

15

roo
1-5
2000
20

250
3

350

3000

4
5000

30

50

Generally, all dynamos with an output
of 2,000 amps. and over are made with
two commutators ; this is to facilitate
the collection of the current and reduce
the dimensions of the commutators themselves. By making the armature with

Field Coil Winding.

The field coils of such machines can
be wound suitably for separate excitation
by any direct current from 5o to 500 volts,
either from direct current supply mains,
or, if the supply main be alternating,
the current may be supplied by a small
exciting dynamo as explained above.
With shunt-wound or self-exciting
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Fig. 7.—REMOVING BURR FROM THE COMMUTATOR.
If the sections of the commutator are burred, the burr should be removed with a hand-saw
or pocket-knife.
dynamos, it is not wise to reduce the
voltage by more than one-third by
shunt regulation when the dynamo is
developing its full ampere load. With a
separately excited dynamo, however, the
voltage can be reduced 5o per cent. under
similar conditions.
For chrome-plating, electro-zincing,
electro-typing and copper recovery (except
for small plants) separately excited
dynamos are preferable.
Advantages of Separately Excited
Dynamos.
The advantages of separately excited
machines are as follows :—
(1) As the current exciting the field
coils is quite independent of the
current the dynamo is generating,
the dynamo voltage is not so
sensitive to variations of speed or
load.
(2) The current in the field coils can
always be maintained constant,
so the only voltage variation
is that due to the armature load
and speed fluctuations.
(3) The shunt current is reduced to a
very low value, therefore a shunt

regulator can be used, having a
large number of contact studs,
which gives great flexibility of
control.
(4) It is not possible for a separately
excited dynamo to reverse polarity.
Use of D.C. Motor Generators.
Direct current motor generators lend
themselves admirably to separate excitation, and as the speed of such machines
is almost constant, they run with the
generator voltmeter needle almost as
steady as a battery on discharge.
Motor generators provide the most
convenient and compact unit for supplying
the low voltage current used in every
plating shop. They are manufactured in
all sizes, and consist of a low voltage
dynamo, directly coupled to a direct
current or alternating current motor
of suitable speed ; the whole unit being
mounted on a cast or wrought-iron
bedplate.
Such machines have many features to
recommend them. They may be placed
in the plating shop itself, and be under
the direct control of the operator, who
is thus able to work when the rest of the

Fig. 8.—How TO FIT NEW BRUSHES.
1 he face of each brush should be ground to the curvature
of the commutator by placing a strip of fairly coarse emery
cloth on the commutator, cutting side outwards, and turning
the armature backwards and forwards until the brush beds
down to the curvature of the commutator.

Fig. 9.—How TO AVOID SPARKING AT THE BRUSHES.
There is a non-sparking position on the commutator and the
brushes can be moved about by means of the rocker arm until
this position is found. The brushes can then be locked in this
position by tightening the clamping bolt on the rocker.
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factory is idle, and the power can be
shut off immediately it ceases to be
required.
There are no belts to disturb the dust,
and as there can be no belt slip, there is no
fluctuation in the voltage given by the
dynamo, neither does the voltage vary
on account of loads being put on the engine
in other parts of the factory.

FIXING AND MANAGEMENT OF THE
DYNAMO.
When the Dynamo Arrives.
When the dynamo arrives, examine it
carefully to ascertain that it has not been
injured or become damp in
transit.
Revolve the armature to see
if the shaft works easily. Make
sure that no metal or hard
substance is lodged between
the armature and the magnets
(see Fig. 3).
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ends of the belt. Never use a lapped joint,
but place the two ends together and secure
with belt fasteners, as in Fig. 5. Make the
underside of the belt the driving side, as a
better grip of the pulley is obtained.
Avoid vertical and crossed belts whenever
possible, and whilst giving the belt
sufficient tension to avoid slip, take care
not to make it excessively tight, or unnecessary strain will be put upon the bearing
at the pulley end of the armature shaft.

Pay Attention to Speed.
Run the dynamo at the exact speed
stamped upon the name plate. If the speed

Position of the Dynamo.
The dynamo is a high-speed
machine, and if great care is
not taken to prevent vibration,
it will wear out much more
quickly than it should do.
Dynamos should be perfectly
balanced, and, with ordinary
care and attention to details,
will run for many years. A
solid and level foundation is
essential. For machines up to
zoo amperes, a strong firmly
fixed wooden bench is sufficient,
Fig. io.-110\17 A VAT IS CONNECTED TO RESISTANCE
but for all larger sizes, a
BOARD AND DYNAMO.
brick, or concrete, foundation
is necessary. See that the dynamo is too slow, the machine will not give the
rests perfectly level ; set it square with correct output, whilst if it is too great,
the driving shaft, note that the pulleys the machine may be damaged through
are exactly opposite, line up true and bolt overheating.
down (see Fig. 4). Four bolt holes are
provided in the bed of the dynamo, and Direction of Rotation.
All dynamos are reversible, but are sent
bolts must be used in all four. '
out from the works fitted up for running
Fixing the Belt.
in a clockwise direction looking at the
The driving belt must be pliable and as pulley end.
broad as possible, though not unduly
heavy. The best width is 2 inch less than Adjusting the Pulley.
Never change the pulley on the dynamo.
the pulley face. If belt-tightening rails
are used, an endless belt may be employed, If it is necessary to alter the ratio, change
but if not, take great care in joining the the driving pulley only.
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Fig. II.—REMOVING THE ARMATURE OF A DYNAMO.
Great care must be taken not to injure the insulation on the windings.

Bearings.
Pay constant attention to the bearings
and keep them lubricated so that they
run cool without vibration.

with a glass scratch knot, as shown in
Fig. 6. The life of the commutator is
considerably lengthened by correctly lining
up the machine on its toundations.
With care, the commutator soon assumes
a dark burnished appearance, and should
be lubricated frori time to time with a
rag on which the smallest amount of oil or
vaseline has been applied.
Turning the Commutator in a Lathe.
Should the commutator become rough
or worn, polish with a smooth file and fine
emery cloth or glass paper, taking care to
remove all the particles of dust afterwards.
If the wear has been too great for this
treatment, remove the armature and turn
up the commutator on a lathe. Remember
that a file never trues a commutator, it
merely smoothes it. After turning, see
that the tool has not " burD-d " over the
sections, and thus cause a short circuit.
If the sections are " burred " remove the
" burr " with a pocket knife or hack-saw
blade as shown in Fig. 7.

Lubricated Ring Oil Bearings.
Before starting the dynamo, see that
both the shaft and the lubricating rings
run freely, then fill the oil wells with good
clean oil, until the rings are partly
immersed. Empty the oil wells at least
once per month by removing the plugs
provided for the purpose. See that the oil
return holes do not get clogged and cause
oil to escape from bearings.
Ball Bearings.
The ball housings on the dynamos fitted
with ball bearings are filled with grease
before being despatched. Fill the stauffer
boxes periodically with good clean
motor grease, and screw down to force the
grease into the bearings.
Keep the Commutator Clean.
The commutator must be kept scrupulously clean, so that no dust, dirt or Copper Carbon Brushes.
These brushes require very little attenparticles of metal become lodged between
the sections. Clean it at least once a day tion. See that they are free on the holders,
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and adjust the tension of the brush springs
as the brushes wear.
When fitting new brushes, grind the
face of each brush to the curvature of the
commutator by placing a strip of fairly
coarse emery cloth on the commutator,
cutting side outwards, and turning the
armature backwards and forwards until
the brush beds down to the curvature of the
commutator (see Fig. 8).
How to Avoid Sparking.
With a little care, sparking is avoided
with dynamos. There is a non-sparking
position on the commutator and the
brushes can be moved about by means of
the rocker arm until this position is found.
The brushes can then be locked in this
position by tightening the clamping bolt
on the rocker, as in Fig. 9. All machines
have a mark on the rocker arm and a
corresponding mark on the bearing which
indicates the correct position.
Voltage Control.
With machines of 5o amperes capacity
or over, always use a shunt regulator to
control the voltage of the machine.
Care of the Armature.
Never allow dust or particles of metal
to lodge between the armature and the pole
shoes, and see that the bearings are never
allowed to wear sufficiently to cause the
armature to foul the magnets. If it be
necessary to remove the armature, take
great care not to injure the insulation on
the windings. Armatures in the large
machines require special care. Fig. II
shows the correct way to remove the
armature.
Connections.
Keep all connections screwed up tight,
to avoid loss of efficiency.
Points to Remember.
To keep the current regular, run the
dynamo at a regular speed. The secret
of successful running is spotless cleanliness.
When no work is on the dynamo,
shut down the current by means of the
shunt regulator.
When there is no work for the dynamo
to do, stop it.
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If the machine heats up it is either
being overloaded or run too fast.
To ensure the above points having
proper. attention, make one man responsible for the running of the dynamo.
Dynamos are expensive machines. Don't
experiment with them or give them more
work than they are designed for.
Faults with Dynamos—
If a dynamo fails to generate it may
be due to one of the following reasons :—
(1) Speed too low.
(2) Short circuit on the external circuit.
(3) Dirty field connection.
(4) Short circuit on dynamo.
—And Their Remedy.
(r) Test the speed.
(2) Disconnect the external circuit if
dynamo excites, look for short
on external leads.
(3) Clean all connections.
(4) Examine and see that machine is
clean and not being short-circuited
by metallic dust.
Shunt Regulations.
Dynamos used for electro-plating are
usually shunt-wound, that is, the field
coils placed on the magnets are shunt
connected to the armature windings.
It will be seen that the whole of the
current generated in the armature windings
does not flow through the field coils,
but the current divides into two portions,
one portion flowing through the main
circuit, and the other portion being
" shunted " through the field coils. Electricity always tends to flow along the
path of least resistance, and as the current
thus has the choice of these two circuits,
it will divide itself up, according to the
resistance offered by each of the circuits
respectively.
What Happens when Resistance of the
Vat is too High.
Thus, if the resistance of the vat is
high, on account of it containing only a
small quantity of articles being plated,
the current flowing in the main circuit
will be small, the voltage will be high,
and the field coils will receive a greater
portion of the current than they would
normally. This heavy current in the
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Fig. 12.—CANNING CHROME PLATING EQUIPMENT IN OPERATION.
The outer (jacket) tank is broken away to show the steam-heating coil and the lattice platform upon which the inner (plating) vat stands. The fume exhaust from tank to discharge,
and the electrical equipment, are also clearly seen.

field cols has two effects : First, the
cc ils become hot if the machine is run
for a long time with a small load, and
secondly, they become more powerfully
energised. The voltage given by the
dynamo is dependent upon the strength
of these magnets and the speed at which
the machine runs, consequently the voltage
will rise above the figure stated on the test
plate, which is taken at full ampere load.

Too High Resistance.
This is most undesirable, but it can be
avoided by placing a variable resistance
in the field circuit. Such a resistance
is known as a shunt regulator, or rheostat,
and by adjusting this according to the
load in the vat, the current in the field
coils can be maintained at its normal value,
and so the dynamo will give the voltage
for which it is designed under all conditions
of load.
When the dynamo is wound for separate
excitation from a separate source the

excitation voltage may be anything from
ro to 15o volts, consequently the shunt
current is small compared with that of
an ordinary shunt-wound machine. This
small current at relatively high voltage
necessitates an enclosed type of shunt
regulator, fitted with a large number of
contact studs, which permits of very
fine control of the field circuit, and
therefore the voltage generated by the
dynamo.

When D.C. Supply is not Available.
In the absence of a direct current
supply for excitation purposes, and where
an exciting dynamo is provided for supplying this current, it is usual to have a shunt
regulator in the field of the exciting
dynamo, and of the low voltage generator
used for plating.
A combination of these two regulators
permits of very fine voltage adjustment
with the maximum efficiency.
Shunt regulators should be employed
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Adjustment of Exciting Lamp Bracket.
The exciting lamp bracket should be
examined to see that this is well " home "
and tested for focus by placing a white
card opposite the aperture plate after
removing the tension pad and switching
on the exciting lamp. A clear white
image should be produced. So long as
you can get a clear image on the card, do
not worry about
the shape of the
filament of the
exciting lamp.
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Adjusting the Idler Roller.
Make sure that the correct length of
rgi frames, or r41 inches, is allowed
between the light and sound gates ;
this length to be taken when the intermittent has just ceased to move. A twosprocket-hole loop should be allowed
between the last sprocket of the motion
picture projector and the 707 drive, and

The bracket
should be adjus
ted to be as far
in as possible
without reducing
the width of the
image.
Make sure that
the upper guide
roller in the
sound unit is
functioning and
is adjusted correctly. Incorrect
adjustment may
produce sprocket
hole or frame
noise and, in the
case of variable
area recording,
may produce
" clipping " of
the peaks, with
resulting bad
quality.
The runners of
the film tension
pad, when in position, shoul d
bear flat against
the film. There
should be no tendency to tilt, as
this may allow
the film to buckle
away from the
aperture plate
and get out of
focus.

Fig.

19.—HOW THE RECEIVER IS CONNECTED TO THE HORN.

This and the preceding photographs which accompany this article show
methods of maintaining the apparatus of the Western Electric Co., Ltd.
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FAULTS AND HOW TO REMEDY THEM.

Rep.
Sets
I & 2.

SYMPTOM.

METER INDICATIONS.

REMEDY.

No Sound on Film

Exciting Lamp : Zero.
49 Amplifier : Zero.

Ditto.
Ditto.

Ex. Lamp O.K.
49 Amp.: Zero.
Ex. Lamp : Zero.
49 Amp. O.K.

Make sure F.D. switch is " home." Replace
fuse RI or R2. Should replaced fuse
blow make sure amplifier is not pushed
too far inside boo unit.
Replace one or both valves in 49 amplifier.

No Sound, Film or
Disc.

Filament Meter : Zero.
Plate Meter : Zero.

Ditto.

Filament Meter O.K.
Plate Meter : Zero.

No Sound, Film or
Disc.

Meter : Zero.
Filaments dark.

Ditto.

Meter : Zero.

L

41
Amplifier

Filaments alight.

42
Amplifier

-No Sound, Film or
Disc.
Ditto.
46
Amplifier

M3 reading : Zero.
Mr and M2 Zero.
M3 reading O.K. (in
normal position). Mr
and M2 and M3 (when
button pressed)

reading : Zero.

L
'No Sound, Film or No Meter reading.
Disc.
Filaments dark.

43
Amplifier

No Sound or de-

fective Sound.

Meter reading hard
over.

1. Flashing over.
No Sound or faint All meters O.K.
Sound.
Ditto.
Ditto.

Replace exciting lamp bracket by spare.
Try " on-off " switch, if no result try new
valve in each position in turn. If still no
reading try new fuse in Amp. position
on charging panel.
If meter in 42 is O.K. switch off 42A amp.
and disconnect thick pair of leads off Condenser Cr I, taking care to connect ends
of leads together and insulating same.

Renew fuse in amp. fuse box. If still no
result replace amp. fuse to A.C. dis. box.
If still no result try door switch.
Switch off amp., disconnect both strapping
links across terms. I and 2, and 3 and 4
of the fuse block inside amp., renew fuse
and switch on. If meter now reading
about I of normal, switch off and strap
across 2 and 3, switch on. If O.K. carry
on, if not switch off and undo link across
2 and 3 and reconnect I and 2, renew fuse
and switch on.
Replace both 239 valves. If still no reading,
replace amp. fuse on charging panel.
If filaments of 205's dark :—Replace plug
fuse in amp. or amp. fuse box. If still no
result, try replacing amp. fuse in A.C.
dis. box.
If filaments of 205's alight :—Check H.T.
fuses, following same procedure as in
case of 42 amp. when meter zero and
filaments alight.
If preceding 42 or 46 amp. O.K., look for
defective rec. valve. Renew fuse in
amp. fuse box. If still no results try
amp. door switch.
Switch off, disconnect and insulate end of
one lead of CI condenser. Usually the
result of defective valve in amplifying
position.
Switch off and replace defective valve.
Renew horn fuses on charging panel. If
fuses O.K. test.
In case of small systems employing one 46
type amp. only, switch off mon. rheostat
to zero, and test stage horns. If now
O.K. replace monitor receiver.

Always have spare fuses in a handy position, so that they are available in case of emergency.
In case of trouble on the M.C.B. when on " reg." try running on " var."
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another two-hole loop between the 707
and 711 drives. The idler roller on the
film tension carriage should be adjusted
to within a maximum of two film thicknesses of the 707. The idler on the 711
drive should not be more than two film
thicknesses away from the sprocket and
in many cases it may be advisable to
adjust it much closer than this.
Important Points to Remember.
Do not forget to keep all idler rollers
lubricated, but take care to wipe up all
surplus oil. Do not let oil get into the
photo electric cell compartment and
accumulate under the anode block.
Do not allow the light to escape from
the arc lamp and penetrate into the film
compartment of the i-A sound unit
through the gap through which the film
passes.
Do not allow light to be reflected from
the porthole glass on to the front of the
photo electric cell compartment. This
may produce a hum.
Having laced up, use handwheel on
709 to get film into final position. Do
not keep repeatedly switching the motor
on and off to move the film a few inches.
This practice will result in a short life of
the switch.
Do not use footswitch for ordinary
stopping and starting. This is intended
for emergency use only.
Do not make the very common mistake
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and think that the equipment is not
functioning properly unless you are working all out and trying to blow the roof off.
This only results in overloading the
amplifiers, producing poor quality, and is
liable to damage the receivers.
Replacing a Receiver.
If it is necessary to replace a receiver,
before disconnecting, make a note of the
colour code of the connections and reconnect new receiver in exactly the same
way as the old receiver. Check the
colour code with other receivers.
Do not use the body of the receiver to
get that last turn. By so doing you may
cause a slight displacement of the speech
coil. Always use the proper spanner
supplied for the purpose.
Tracing Trouble.
It is not possible to give more than
a brief summary of procedure to be
adopted.
In case of trouble take a quick glance
to see that all meters on the main ampli,
fiers are reading normally. Then check
up on both machines. Should any of
the meters not be reading or not be
reading normally, you have a clue to the
source of the trouble. On page 538 is
given a list of symptoms of trouble and
the remedy to be taken under various
circumstances. Should any of the recommended procedure produce no result,
communicate with your service engineer.

NOTES ON R.C.A. PHOTOPHONE EQUIPMENT
The apparatus which is essential to the
presentation of talking pictures in a
theatre may be divided into two broad
groups : First, the apparatus employed
for the projection of the picture on the
screen ; secondly, the apparatus employed
for the reproduction of the sound in the
theatre.
The first group includes the picture
projectors ; the arc lights, or other source
of illumination, the screen, and auxiliary
apparatus, such as the motor generator
to provide the arc lamp supply, etc.
The second group includes the soundheads, synchronous discs, amplifiers, loudspeakers with their attendant apparatus.

For the proper presentation of " talkies "
all the apparatus in both groups must
perform satisfactorily, not only individually, but in conjunction with each
other.
This article deals only with the apparatus
included in the second group—namely,
the sound reproducing apparatus, which,
in a typical R.C.A. Photophone installation, would consist of the following main
items :—
Soundheads.
The soundhead is used to translate into
electrical signals the photographic record
of the sound on the film. It consists of
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a box-shaped casting mounted on the
projector pedestal and supports the picture projection head above it.
The film, after leaving the picture projection head, passes downwards through
an aperture in the top of the soundhead
and is pulled through a curved sound
gate by the constant speed sprocket
situated below. The film is then fed past
the lower take-up sprocket into the takeup spool box.
The sprockets are positively driven in
company with the mechanism of the picture projection head and a mechanical
filter is interposed either between the
driving shaft and the constant speed
sprocket, or between this sprocket and
the sound gate, to obtain absolutely constant film speed through the sound gate,
irrespective of any minute variations in
the drive, caused by the gear teeth, etc.
The exciter lamp is located at the rear
of the soundhead in a holder which allows
of almost instantaneous substitution in
the event of a lamp failure. The light
from the lamp is collected by the optical
system and focused by it as a fine slit
of light on the film in the sound gate. That
part of the light which passes through the
film continues forward through a further
lens on to the photo electric cell (P.E.C.)
carried in an enclosure on the front of the
soundhead.
In this front enclosure are located also
the P.E.C. transformer and an ammeter
and rheostat for adjusting the exciter
lamp current.

Projector Drives.
Since constancy of speed is one of the
essentials for talking picture reproduction,
the projector driving mechanism and
driving motors are considered as part of the
sound reproducing equipment.
When working from a D.C. supply, a
special type of automatic speed regulating
motor is used, mounted on the projector
pedestal, and the drive is transmitted to
the main drive of the projector and soundhead by means of a silent chain or multiple
belt.
Where A.C. supply is used, constant
speed single-phase motors are employed.

They are either mounted in a similar
position to that used for the D.C. motor,
or, alternatively, supported from the
soundhead and directly coupled to it by
gearing.

Synchronous Disc Equipment.
This apparatus is used for the reproduction of sound on disc recordings.
It consists of a heavy turntable provided with suitable mounting and driven
at 331 r.p.m. by the motor which also
drives the projector, the drive being effected
either by silent chain or flexible shaft.
A mechanical filter is interposed in the
drive to obtain absolutely constant turntable speed.
An electro-magnetic pick-up is carried
by a suitable tone arm located adjacent
to the turntable and the electrical output
is fed through suitable circuits to the
" film-disc " switch on the soundhead.
This switch allows the amplifier input
to be coupled to either the P.E.C. circuit
for sound-on-film reproduction, or to the
electro-magnetic pick-up for disc reproduction.
The use of synchronous disc equipment
is rapidly diminishing, and many modern
installations do not include this apparatus,
since sound-on-film recording only is
employed with nearly all modern films.

The Amplifier.
The very weak electrical signals received from the P.E.C. or electro-magnetic
pick-up require considerable magnification before they can be used to operate
the loud-speakers. Four stages of amplification are usually employed, the final
stage employing large power valves.
Whilst the early types of amplifiers
generally employed storage batteries and
dry cells for their operation, all modern
types of R.C.A. Photophone amplifiers
are entirely " mains operated." The
various units are carried in a heavy steel
frame suitably located in the projection
room and all electrical parts are totally
enclosed. The front of the amplifier
carries the volume control, switches,
indicating lamps, etc., and is provided with
detachable panels giving access to the
valves, etc.
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The Faders.
The maximum
length of film
which can be
loaded conveniently on a projector is about
2,000 feet, which
is equivalent to
about
22
minutes' presentation. Therefore, to enable a
continuous show
to be presented,
a minimum of
two projectors
must be employed, one
machine being
loaded whilst the
other machine is
running.
The function
of the fader is
to allow either
projector to be
coupled to the
amplifier, the
change over from
one to the other
being accomplished instantaneously and
noiselessly.
Fig. 20.—BLOWING OUT THE MOTOR GENERATOR.
The usual type
A vacuum cleaner which can be reversed provides a convenient supply of
of fader consists compressed
air. This and the following photographs which accompany this
of a relay type article illustrate the maintenance of R.C.A. Photophone apparatus.
switch situated
in the amplifier,
controlled by switches situated on each of electro-dynamic " moving coil " driving units mounted in directional baffles,
projector.
In the R.C.A. Photophone system, which, as their name implies, have the
the fader is used solely for the above effect of directing the sound to any
purpose, and is not used additionally as a desired part of the theatre.
The number of speakers employed is
volume control, this latter adjustment
being accomplished by a separate control determined by the shape and size of the
theatre in question, the number and
on the amplifier itself.
position being adjusted to provide uniform
Loud-speakers.
quality and quantity of sound to all parts
The amplified sound is fed from the of the audience.
Other apparatus used in connection
amplifier to the loud-speakers mounted
on the stage. These are usually located with the sound reproduction includes
behind the picture screen. They consist motor generators, which provide suitable
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amplifier, control panels, loudspeakers,
etc. Synchronous disc equipment is
supplied with many installations and
additional equipment may consist of nonsynchronous disc turntables, remote
volume controls, etc.

Field
Coil

Centrifugal
Device

Fig.

2I.—D.C. PROJECTOR DRIVING
MOTOR (I).
Showing operation of speed control
device.

power supply for the operation of the
equipment ; annunciators and remote
volume controls, which enable the volume
of sound to be regulated from the auditorium itself. Non-synchronous equipment, which enables standard gramophone
records to be played through the amplifier
and loud-speakers, etc.

Power Supply.
Since R.C.A. Photophone apparatus is
designed to operate from rro volts
5o cycles A.C. or Ho volts D.C. electricity
supply, conversion apparatus is usually
necessary to transform the theatre supply
to either of the above.
Types of Conversion Apparatus.
Three main types of conversion apparatus are used:—motor generators, rotary
convertors, transformers. The type used
in any one theatre depends on the nature
of the supply to the theatre and the type
of equipment installed.
Using a Motor Generator.
This consists of a 4 k.w. motor, wound
for the theatre supply, directly coupled
to a iio-volt D.C. generator, the two
machines being rigidly mounted on a steel
base plate.
The generator is a special compound
type machine to take care of the load
fluctuations during a " change-over," so
that the starting of the incoming projector
motor does not in any way disturb the
speed of the outgoing machine.

MAINTENANCE AND REPAIR OF
R.C.A. APPARATUS.
The aim of these notes is to assist
theatre electricians, cinema operators
and others with talking picture apparatus under their care, to obtain the most
satisfactory operation possible and to
indicate the best way of tackling a problem
should trouble arise during a show.
It is realised, of course,
that the service engineer is
available to cope with any
trouble that may develop,
but pending the arrival of
the engineer, the theatre
electrician or operator can
save delay and loss to the
theatre, and gain praise
from his manager, if his
knowledge of the apparatus
enables him to rectify the
trouble, if only temporarily,
MOTOR UP TO FULL SPEED
thus enabling the show to
ACTION OF FLY WEIGHTS BRINGS
THE MOVING CONTACT AGAINST
proceed.
THE ADJUSTABLE CONTACT
An R.C.A. Photophone
Fig. 22.—D.C. PROequipment consists of a
JECTOR
DRIVING
" soundhead " for each
MOTOR (2).
projector, a driving motor
Showing automatic
speed-control device.
for each projector, an

Importance of Correct
Voltage for Generators.
The correct generator
voltage is 110-115 and care
should be taken that this
voltage is kept correct—by
means of the field regulator
provided—for, if the
generator is operated outside these limits, the compounding may be affected,
resulting in " wows," i.e.,—
changes in pitch of the
reproduction, during a
Incorrect
change - over.
voltage will also upset the
operation of projector
motors and other apparatus
coupled to the generator.
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Normally, when once set, the field
regulator need not be moved again, but
should trouble be experienced, the voltage
may be checked with a reliable voltmeter
across the bus-bars of the distribution box
—usually located in the projection room.
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quency meter or revolution counter should
be employed. The brush position at the
D.C. end of the convertor should not be
0.1tered in any way, and before any major
overhaul necessitating the removal of the
brush gear, it should be carefully marked
so that it may be reset in its original
position.
On both the 4 Kw. motor generator
and 4 K.v.a. rotary convertor the
brushes should be inspected every
week arid the commutator cleaned with

How to Reset Brushes in Right Position.
When cleaning the commutator, fitting
new brushes, etc., care should be taken not
to shift the brush gear assembly, as the
correct compounding of the generator
depends on the
correct position- CONTACT FLY WEIGHTS
SLIP RING
ing of the ADJUSTING
INSULATED
BRUSH FROM SHAFT
brushes. How- DIAL
GREASE FILLED
BALL BEARING
ever, should it
be necessary to
dismantle these
parts at any
time, the brushes
can be reset in
approximately
the right position
by lining up a
white line found
COMMUTATOR
IIMIN111:;,
on the brush
gear yoke with
MOVING
a similar line on ADJUSTABLE
the inside of CONTACT CONTACT
ARMATURE
the end shield at
CIRCUIT CLOSING CONTACT
SHAFT
the back of the
SPRING AND STUD
yoke.
Rotary ConMOTOR AT REST OR AT LOW SPEED - ACTION OF THE
RETAINING SPRING PULLS THE CONTACTS APART
vertor.
This is a comFig. 23.—D.C. PROJECTOR DRIVING MOTOR (3).
pound type
Showing automatic speed-control device.
machine with
a double wound
armature running from the D.C. theatre very fine (oo) sand-paper if necessary.
supply and delivers rio - volt A.C.
5o cycles, single phase. As with Blowing Out the Machines.
The machines should be blown out with
the 4 Kw. motor generator special
compounding is employed to prevent wows bellows or compressed air once a month.
during change-overs. Since the frequency In this connection certain makes of
of the supply depends on the speed of the vacuum cleaners which can be arranged to
armature, a regulator is fitted in the field blow instead of suck are useful, and are
circuit in order that the speed may be often found in theatres for ordinary
cleaning purposes.
adjusted.
All switchgear, including overload relays,
How to Reset the Speed.
push buttons, etc., should be examined,
The correct speed is 1,50o r.p.m. and cleaned and checked for operation every
is set at the time of installation. If it is three months. Bearings should be cleaned
ever necessary to reset the speed, a fre- and repacked with grease every year.
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PROJECTION ROOM
MONITOR
LOUD-SPEAKER
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KEY FOR CIRCUITS

POWER DISTRIBUTION
AND FUSE BOX
LOW VOLTAGE TRANSFORMER

A.C. POWER CIRCUITS.
------SPEECH CURRENT CIRCUITS.
ANNUNCIATOR

-- D.C. CIRCUITS FROM THE RECTIFIER
PANELS OF THE AMPLIFIER.

1 10VOLTSA.C.

PROJECTOR
'

FADER
SWITCH

FADER
SWITCH

STAGE LOUD-SPEAKER,
BAFFLE AND

SOUND
CONTROL
STATION

OUNTING RACK

M

NON-SYNCHRONOUS
IIDISC APPARATUS

MAIN TRANSFORMER
OR
ROTARY CONVERTER

A TYPICAL R.C.A. PHOTOPHONE
INSTALLATION
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of the power
amplifier, t h e
size of machine
used depending
on the size of
power amplifier.
When to Oil the
Bearings.
K.v.a
The
convertor is a
small double
wound machine
and is started
direct from the
tto - volt D.C.
supply by means
of a double pole
switch fuse. The
bearings are
waste packed
and oiling should
be carried out
once per week
by removing the
Fig. 24.—DISMANTLING THE D.C. TYPE PROJECTOR MOTOR.
oil covers at each
The first step to take in dismantling the speed regulator is to remove the
end of the
three screws which hold the dial in position.
machine.
A More Powerful Convertor.
Transformer for Conversion Purposes.
This is usually a totally enclosed ironclad
The t2 K.v.a. convertor is also a double
instrument with its primary, either single wound machine. Due to its greater
or 3-phase wound, to suit the theatre starting current a small " line starter "
supply. The secondary winding gives no is used. This unit consists of a double
volts A.C. at the terminals and is provided pole line switch, a resistor in series with
with taps at + 2+% and — 4% allowing the motor armature, and a contactor
the secondary voltage to be adjusted with- which shorts-out the resistor after the
in these limits.
motor has almost reached normal speed.
Although a 3-phase transformer is used The convertor is provided with oil ring
in some cases, the standard single phase bearings and the level of the oil should
projector motor is used, the usual wiring be checked every week.
being such that the amplifier is connected
across one phase and a projector motor Some Faults and Causes.
across each of the other two phases.
On either size convertor, the commuAs the transformer is completely en- tator, slip-rings and brushes should be
closed it requires practically no attention inspected every week, and particular
and an inspection once every six months care should be taken to prevent any
should be sufficient.
copper or carbon dust collecting either
between the slip-rings or brush-holders
Small Rotary Convertors.
or between these parts and the frame of
On equipment utilising no volts D.C., the machine. Neglect of this point may
small rotary convertors of / K.v.a. or result in a short circuit and " burn out."
K.v.a. are used to provide a Ito-volt Should this occur and a spare machine
A.C. supply necessary for the operation is not available, the defective machine
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should be carefully inspected
and cleaned at
the points mentioned. It
may be found
that the fuses
burn out soon
enough to prevent damage to
the windings and
with the fault
located and
cleared, the machine may be
put back into
service.
Using Two Convertors.
On a number
of installations
two convertors
are used, one
machine being a
" stand-by " for Fig. 25.—DISMANTLING THE D.C. TYPE PROJECTOR MOTOR. SECOND STEP.
Slackening the grub screw which locks the rotary mechanism to the shaft.
emergency service only. In
such cases a fourThe driving motor of approximately
pole double-throw switch is used to
transfer the power supply from one i h.p. may be either iio volts D.C. or
iio volts A.C. single phase, according
convertor to the other.
to the type of conversion apparatus
Don't Use Two Machines Alternately.
employed. The motor is directly coupled
It is common practice to run these to a r2-volt generator, which in turn is
two machines on alternate days or weeks. coupled to a boo-volt generator. The
This should not be done. One machine fields of both generators are excited by the
should be kept definitely for emergency 600-volt machine, but rheostats and
use only, its operation being checked by voltmeters are provided for the individual
using it one or two days only per month. adjustment of the two machines. To
Thus when the regular machine requires replace fuses it is necessary to remove
overhaul the spare machine is in good a cover plate by unscrewing the knurled
condition and is not likely to give trouble nut at the top of the control panel ;
pending the return of the regular con- the removal of this plate operates a
safety switch which automatically disvertor.
connects the -I- 600 line from the generator.
All the bearings are waste packed and
A Three Unit Motor Generator Set.
should be kept well saturated with
This set used with type PG-13 (G)
medium machine oil.
equipment consists of three machines
in line on a common bed plate and is
used to provide the necessary H.T. Cleaning the Commutator.
and L.T. D.C. supply for the operation
It is most important that the commuof the amplifier and associated equip- tators be kept absolutely clean and the
ment.
brushes well bedded down. Inattention
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Fig. 26.—DISMANTLING THE D.C. TYPE PROJECTOR MOTOR. THIRD STEP.
How to remove the rotary mechanism from the shaft.

Fig. 27.—CLEANING THE CONTACTS OF THE STARTING SWITCH OF THE D.C. TYPE PROJECTOR MOTOR.
These should be cleaned monthly and lightly coated with vaseline to prevent wear.

TALKING PICTURE APPARATUS

Fig.

28.—TYPE

to these points will lead to noticeable
generator hum in the loud-speakers.
The 12-volt generator commutator may
be reached through a hole in the lower
portion of the end shield. Use only
" oo " sandpaper and clean rag. Do not
attempt to clean either of the commutators while the machines are running
When new brushes are required they
should be very carefully bedded down
with sandpaper wrapped round the commutator, care being taken that the sandpaper
is passed under the brushes in the direction
of normal rotation of the armature.
Care taken with these points will be
amply repaid by freedom from hum or
other commutator trouble.
PROJECTOR DRIVE MOTORS.
D.C. Type.
This is a 'I'D-volt shunt wound motor
with a special type centrifugal regulator
carried in an extension of the end shield
outside the bearing at the commutator
end (See Fig 22). The operation of the
device may be understood from Fig. 21.
As the motor speeds up, the fly weights
move out and bring the revolving contact
closer to the stationary contact. When
the motor reaches a certain speed these
contacts touch and the resistance in the
field circuit is short circuited. This
allows the field current to increase and
the motor slows down with the result

PS-8
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that the contacts open again, the resistance is again in circuit and the motor
speed increases. This continues, the
switch opening and closing very rapidly
and the motor rotates at a practically
constant speed. If the dial is rotated
the distance between the contacts is
altered and hence the speed of the motor
changes.
The periodic inspection of these parts
should be left to the service engineer.
but should trouble be experienced during
the show the apparatus can be dismantled
fairly easily.
Some Causes of Trouble.
The usual indications of trouble are
repeated " wowing," or a sudden drop
in speed, and inability to regain speed by
adjustment of the dial. First remove
the dial. This is done by removing three
screws which are accessible by rotating
the dial so that the notch uncovers the
three screw heads in turn. Examine the
exposed mechanism carefully and if everything appears to be satisfactory, clean
the contacts, and the slip-ring, and reassemble. If, however, the spring holding
the flyweights has broken it will be necessary to remove the rotating parts.
How to Remove Rotating Parts.
First remove the small brush from its
holder on top of the housing and open the
inspection port at the side by removing
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the large nickel-plated screw. Rotate
the armature slowly until a grub screw is
seen through the port, locating the
rotary mechanism on the shaft. Slacken
this screw and the complete assembly
may be withdrawn.

A Temporary Adjustment of Speed.
The motor may now be run, but the
speed will probably be too high for correct
projection. If available, a small rheostat
—radio type of about ioo ohms will do—
may be connected between the slip-ring
brush-holder and the long stud at the
bottom of the housing, which is normally

in contact with the spring connector to the
movable contact on the dial.
With this rheostat in place, the speed of
the motor may be controlled in a manner
similar to that of an ordinary shunt
wound machine.
This makeshift will enable the show to
proceed, but the proper speed control
mechanism should be replaced as soon as
possible.
The ordinary motor brushes should be
examined once per month and the commutator cleaned if necessary. The contacts of the motor controlling switch
should also be examined monthly and if
necessary the switch segments should be
lightly
coated
with vaseline to
prevent undue
wear.
Do not oil
the bearings of
this motor.
They are packed
with grease
and only require attention
yearly.

A.C.

Fig. 29.—ADJUSTING EXCITER LAMP ON PS-I6 SOUNDHEAD.
When the exciter lamp is correctly adjusted a circular disc of light is
obtained on a piece of paper placed between the sound-gate and photo cell
housing.

Projector
Motor.

This motor
operates from a
ro-volt 5o-cycle,
single phase
supply and is
started by means
of a split phase
winding which is
connected in
series with a resistance mounted in a box at
the end of the
motor. The
supply is connected to this
winding through
a centrifugally
operated switch
situated at the
end of the armature.
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Starting the Motor.
On starting, this switch is closed and
both windings of the motor are used. As
the motor comes up to speed the flyweights
on the centrifugal device move outwards
away from the shaft and in so doing strike
a metal pin which operates the switch to
disconnect the starting winding. Waste
packed bearings are employed and oiling
should be carried out once per week.
What to Do When the Motor Will Not
Start.
If the motor " hums " but will not start
when switched on, a, fault may have
developed in the centrifugal switch, in
which case the projector may be got
under way by hand cranking up to speed
and then switching on the
power. The running winding
alone keeps the
motor working
at its correct
speed.
How to Correct
" Humming."
Should the
motor start satisfactorily but
continue to rim
with considerable
" humming," accompanied b y
severe heating of
the resistance
box at the end
of the motor, it
is probable that
the centrifugal
switch has failed
to disconnect the
starting winding.
Give the projector an additional
boost with the
hand crank ; the
overspeeding
may force the
switch to act. If
this fails, disconnect the starting
winding by re-
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moving the lead from one end of the
starting resistance and then start the
motor in the manner described in the
previous paragraph.
In either case, the motor should be
dismantled and the trouble rectified at
the earliest possible moment.
Soundheads.
Sound reproduction from film recordings
requires that the variation of the amount
of light transmitted through the sound
track shall be accurately translated into
sound.
How Light is Translated into Sound.
To accomplish this, a thin beam of
intense light, the width of which is

Fig. 30.—ADJUSTING EXCITER LAMP FOR CORRECT POSITION.
The knurled screw between finger and thumb locks the lamp in the desired
position.

552

TALKING PICTURE APPARATUS

Fig. 31.—SOUND-GATE USED IN PS-8 SOUNDHEAD.
The pressure pad and tension springs have been detached for cleaning.

approximately equal to the width of the
sound track, is focused on the sound
track. The varying light which passes
through the film, due to the photographic
recording on the track, affects a sensitive
photo-electric cell so as to cause a varying
current to pass through it. In the R.C.A.
Photophone system this varying current
is passed through the primary winding of
a transformer. The voltage generated in
the transformer secondary is amplified and
used to operate the loud-speakers.
The two main types of soundheads are
illustrated in Figs. 28 and 29. The
electrical arrangements of the heads are
similar.
Exciter Lamps.
Exciter lamps of io volts 5 amps. are
used in most equipments and a rheostat
and ammeter are provided to enable the
lamp current to be correctly adjusted.
Never operate above 5 amps. or below
4 amps. Too high a current will very
materially reduce the life of the lamp.
Too low a current may result in distortion,
due to alteration in the colour of the light;
also excessive amplification will be needed,
due to the smaller output obtained from
the photo-electric cell.

Maintenance of Exciter Lamps.
Exciter lamps must be kept clean and
should be replaced, even if not burnt out,
as soon as a dark coating becomes apparent
inside the lamp. The lamps can be
adjusted in their turret for proper
positioning. They should be raised or
lowered in their socket until a circle of
white light is obtained on a card or piece
of white paper placed between the soundgate and the photocell housing. If the
position is not correct, the circle will not
be complete.
The lamp is clamped in position by
means of the knurled nut in the lamp
socket. Do not use pliers as the exciter
lamp base is easily cracked.
Cleaning the Optical System.
The optical system is a delicate piece
of mechanism and its adjustment should
always be left to the service engineer.
If necessary, however, the front and rear
lenses may be lightly cleaned with a piece
of lens cleaning tissue or soft silk to remove
any oil or dust which may collect.
Types of Soundgates in Use.
Two types of soundgates are in use,
Figs. 31 and 32. It is essential that these
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parts be kept perfectly clean and free from
traces of emulsion off the film and it is
advisable to clean the guide and tension
springs between each reel. It is sometimes
found with the soundgate shown in
Fig. 32 that the film has a tendency to run
out of the gate, usually at the side farthest
from the operator. If this occurs, it is a
sign that the tension springs require
adjustment.
Adjusting Spring Tension.
The tension of the inside spring, i.e., the
one farthest from the operator, should
always be slightly tighter than the outside
spring. To adjust this tension, slacken
the two small tension spring clamping
screws and turn the tension adjusting
screw in the required direction. Do not
forget to tighten the clamping screws
after this adjustment.
The photocell enclosure contains the
P.E. cell and mounting socket, and in
addition, the photocell transformer, " filmdisc " switch and terminal rack.
Check, occasionally, the condition of the rubber cushion
which supports the P.E. cell
transformer, for, should the
transformer come in direct
contact with any part of the
soundhead, considerable noise
may be picked up and passed to
the loud-speakers.
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amplifier input from the outgoing projector
to the incoming one.
Two types of " faders " are used to
accomplish this " change-over " on R.C.A.
Photophone equipment.
Potentiometer Type.
The potentiometer type fader is shown
diagrammatically in Fig. 35. It will be seen
that when the movable arm is in the "off "
position the input to the amplifier is short
circuited and therefore nothing is heard.
If the arm is moved to the left or right,
however, the corresponding projector is
coupled to the amplifier. This type of
fader is mounted on the input control
panel and access to the contacts and
switch arm is obtained by removing the
control knob and name plate.
Relay Type.
The relay type fader is shown in Fig. 36.
It will be seen that in this type the input

Care of Photo-electric Cells.
Photo-electric cells are delicate and should be treated
with care for their sensitivity
is easily destroyed. For example,
do not examine the cell in the
light from the arc lamp. The
cell may still look the same,
but it will probably have lost
most of its output after such
examination, due to the strong
light. Spare cells should always
be stored in boxes away from
light and damp.
Two Types of " Faders."
As each succeeding reel of
film comes to an end, it is
necessary to transfer the

Fig. 32.—SOUNDGATE USED IN PS-I6 TYPE SOUNDHEAD.
The gate is shown " open." Note the two tension spring
clamping screws, one above the other, which must be
slackened before the tension can be adjusted as shown in
Fig. 33.
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How to Clean Contacts.
With either type of
fader it is absolutely
essential that all contacts
be kept clean and free
from carbon dust, etc.,
otherwise cross talk or loss
of sound may develop.
The fader contacts
should be cleaned with a
rag moistened with Thawpit, which liquid should
also be used for volume
control contacts, etc. Do
not use oil, vaseline,
emery, sandpaper or metal
polish.
Should the relay type
fader fail to operate,
inspect the contacts in the
switches on the projectors.
If these are O.K. but the
relay armature fails to
move, the operating coil
should be checked for an
open circuit. In emergency, the relay armature
may be operated by hand
and lightly wedged in the
operating position.

Amplifiers and their Faults.
It is not possible •in the
available space to describe
fully every type of R.C.A.
Photophone amplifier, nor
is it advisable for anyone
but the service engineer
Fig. 33.—ADJUSTING TENSION OF THE SPRINGS IN THE SOUNDto tamper with the internal
GATE.
wiring, etc. However, a
Under normal conditions the tension of the nearer spring
should be slightly less than that of the other. (See also Fig. 32.)
short description of the
amplifiers most frequently
employed may enable the
to the amplifier is instantly changed from more usual faults to be diagnosed and
one projector to the other by means of a possibly rectified.
relay type switch controlled by two threeAll R.C.A. Photophone amplifiers consist
way switches, one on each projector.
of two or three stages of voltage amplificaA second set of contacts transfers the tion coupled to a power stage consisting of
the pilot lamp connections to indicate one or more units, according to the size of
which projector is in use. On Type the theatre.
PG-3o (H) equipments an additional relay
is operated in parallel with the fader relay Checking Voltages.
in order to transfer the exciter lamp
Voltage amplifiers type SPU-63 and
supply from one projector to the other.
SPU-2o6, used on earlier equipments, con-
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sist of three transformercoupled stages employing two
UX-2ro or UX-ir2A Radiotrons in each stage. Filament supply is obtained from
r2 -volt storage batteries,
while plate and bias voltage
are supplied by dry cells contained in the battery compartment of the amplifier
rack. Voltages should be
checked weekly by means of
the voltmeter on the front of
the rack and the dry cells
should be replaced when the
indicated voltage has fallen
20 per cent. below normal
value. The power amplifier
type SPU-62, used in conjunction with either of the above
voltage amplifiers, consists of
two UX-25o Radiotrons transformer coupled to the voltage
amplifier and to the loudspeaker. The unit obtains
all its power from the in,
volt A.C. line, two UX-281
Radiotrons being used to provide a rectified supply to the
plate at 425 volts. This
power amplifier also carries
a Rectox metal oxide type
rectifier which provides the
field current for the loudspeakers.
Care should be taken that
no metal object comes in
Fig. 34.—ADJUSTING THE LATERAL GUIDE ROLLER ON TYPE
contact with the Rectox unit
PS-16 SOUNDHEAD.
thereby causing a short cirThe large nut locks the guide roller shaft, which is held
cuit which would damage not
stationary with the aid of a screwdriver.
only the rectifier but also
the transformer.
amplifier are supplied from the motor
The voltage and power amplifiers used generator set described in an earlier
with the PG-13 (G) equipment are con- paragraph. The small dry cells which
structed in one unit. Three UX-112A provide grid bias should be checked
Radiotrons are used to provide three occasionally and replaced if the voltage of
stages of voltage amplification, the final the individual three-cell units is below
stage being auto-transformer coupled to 3.5 volts. It is sometimes found that an
four UX-25o Radiotrons in the power intermittent loss of sound occurs when the
stage.
volume control is in certain positions.
Should this occur, the trouble may be
Shorting Resistors to Prevent Loss of temporarily overcome by shorting out
Sound.
with a piece of wire the particular resistor
The filament and plate voltages for this coupled to this stud. To gain access to
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Output
of Pre/. A
O.N.
Prv.A

OFF

Output
of Prep B
ON.
Prey'. B

Movable
Arm
Input to
Voltage
Amplifier
Fig. 35.-CONNECTIONS OF POTENTIOMETER TYPE FADER.

the resistors the four small screws holding
the volume control in its case should be
removed and the control gently pulled
forward. Particular care must be taken
when replacing the unit that no part of
the control comes in contact with the
metal case. Before carrying out this
operation switch off the motor generator
•and disconnect the bias battery.
On PG-3o (H) equipments both voltage
and power amplifiers obtain all necessary
power supplies from the iio-volt A.C.
supply, indirectly heated type Radiotrons being used in the voltage amplifier
and UX-25o Radiotrons in the power
stage. Additionally, separate panels are
mounted in this amplifier, carrying metal
oxide rectifiers which provide a io-volt
supply for the exciter lamps, etc., and a
supply suitable for the fields of the
loud-speakers.

On PG-28 (J) equipments the voltage
and power amplifiers are in one unit. The
voltage amplifier is similar to that used in
PG-3o equipments, but the power stage
consists of two UX-245 Radiotrons.

Testing Valves.
The routine testing of the valves must
be left to the service engineer, since
special instruments are required, but in
case of emergency they may be checked
for performance by substituting the spare
set of valves, which should always be
kept complete.
As valves become old, their " emission "
becomes less and eventually becomes so
low that distortion and lack of volume is
noticed. As soon as the service engineer's
tests indicate that this condition is
approaching, the spare set of valves should
be inserted and fresh valves ordered to
replace the spares.

Temporary Means of Stopping Valve
Noises.
Sometimes a valve appears unduly
microphonic, i.e., causes noise or howls
in the loud-speaker, due to mechanical
vibration of the valve electrodes. Should
it be necessary to continue using such
a valve, a quantity of cotton wool or
similar material wrapped round the valve
may alleviate the trouble. However, it
should be replaced by a good valve as
soon as possible.

Pivot
Input to
Amplifier

Relay
Movable
Contact
Arms
4

Prpj.A Output
liSNV

%9MQJ
Prey. B Output

•

7.1

Prof A
Fader
° Switch

Pi t Lamp

p Pny.B
Fader
Switch

D.C.
supply
Pilot Lamp
Fig. 36.-CONNECTIONS FOR A RELAY TYPE FADER.

TALKING PICTURE APPARATUS

557

Fig. 37. —CLEANING THE CONTACTS OF A FADER RELAY.
A piece of cloth moistened with Thawpit is gently drawn up and down between the contacts.
What Blue Haze in Valves Means.
If a valve develops a blue haze during
operation, inside and outside the plate,
gas " is indicated. Many good valves
show a haze which clears away a few
minutes after switching on.
If it continues, however, the valve
should be changed, since the effect of gas
in a valve is to cause distortion and noisy
reproduction.

fier is switched " ON." Neglect of this
precaution may damage other valves in
the circuit.
Power valves and rectifier valves become
very hot in operation and will burn the
hand. Avoid putting hot valves on cold
metal or wet surfaces.
Keep all terminal strips and exposed
connections clean and free from carbon
dust from the arc lamp.

Burnt-Out Valves.
Burnt-out filaments are easily detected
by their failure to light. A burnt out
valve in a stage employing two or more
valves will result in loss of volume and
quality; but in an emergency, operation
may continue until it is convenient to
replace the defective valve. A burnt-out
valve in a stage employing one valve
only will result in no sound and must be
replaced immediately.
Valve sockets and prongs should be
cleaned from time to time to avoid noises
due to bad contacts.
Do not remove valves when the ampli-

LOUD-SPEAKER UNITS.
All loud-speaker units used on R.C.A.
Photophone equipment are of the electrodynamic moving-coil type, driving either
8-inch or 6-inch diameter cones.
How the Units are Mounted.
The stage units are mounted on directional baffles suitably arranged behind the
screen to give satisfactory distribution
of sound throughout the theatre.
The units are practically trouble-free,
but should be examined occasionally
for the centring of the coil in the air gap
of the magnet.
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Fag. 38.—REMOVING THE VOLUME CONTROL FROM THE TYPE PG-13 AMPLIFIER.

When the four small screws are withdrawn from the corners, the control may be removed from its
case for cleaning or for the temporary repair shown in Fig. 39.

What to Do if a Voice Coil Burns Out.
If a voice coil should burn out during
a performance and more than one speaker
is employed, disconnect the voice coil
connections of the defective speaker and
continue on the remaining speakers.
If only one speaker is in use and a
spare unit is kept at the theatre, this
spare unit should be installed and the
defective cone in the old unit replaced
when convenient.

by a balanced tone-arm, which rotates
in a bracket bolted to the pedestal base.
The pick-up is of the low impedance
type and consists of a permanent magnet,
a soft-iron armature and a small coil of
wire. The armature which carries the
needle is pivoted in rubber and its upper
end is held in place by small rubber damping blocks.

Adjustment of Pick-up.
The pick-up fits into a socket at the
Where Two or More Speakers are Used.
end of the tone-arm and is damped
Where two or more speakers are in- in position by a small screw carried by
stalled, it is important that the con- the pick-up. The electrical connections
nections to the field coil or to the voice are completed automatically when the
coil are never reversed after the comple- pick-up is inserted into the socket. The
tion of the installation, as this will result correct pressure on the needle point
in poor sound in the theatre. If any is 6 ounces and can be adjusted by
doubt is felt about this point, the service altering the position of the balance
engineer should be asked to check the weight carried at the extreme end of the
tone-arm behind the pivot.
phasing of the loud-speakers.
The tone-arm vertical pivot rests
Synchronous Disc Attachment.
on a ball bearing inside a brass
This equipment consists of a separate bushing in the tone-arm bracket. Should
pedestal base carrying a turntable and this ball bearing be lost, the tone-arm
suitable driving mechanism, which is may bind, causing the pick-up needle to
positively operated by the projector jump the record grooves. A drop of
driving motor.
oil should be applied to this pivot once a
The electro-magnetic pick-up is carried month.
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Fig. 39.—EFFECTING A TEMPORARY REPAIR TO A VOLUME CONTROL.
This is done by shorting out a defective resistor.

A Cause of Mechanical Noise.
The horizontal pivot is carried in sponge
rubber cushion and felt washers, to prevent
mechanical vibrations affecting the sound
produced by the pick-up. Should these
cushions become displaced so that the
metal of the tone-arm touches the pivot
or support, considerable mechanical noise
will be produced in the loud-speakers.
The output from the pick-up is fed via
a shielded cable to the " film disc " switch
on the soundhead or control box.
Trouble During Operation.
No matter how well a talking picture
equipment may be designed, the comparatively complicated apparatus may develop
trouble during operation. Such trouble,
however, can be reduced to a minimum, if
not entirely eliminated, if the equipment
is properly taken care of and checked
over frequently and thoroughly.
Cleanliness is of prime importance. Dirty
equipment is responsible for a very large
percentage of cases of distortion, loss of
volume, noisy reproduction or " no
sound."
Even with the best of care, however,
trouble may develop occasionally which
requires immediate correction and it is

important that these emergencies be
met with a definite plan of action.

Points to Watch For.
Probably the most common of the
troubles experienced are those which are
due to " slip-ups " in operation, for
example : Switches or rheostats in the
wrong position, sound gate left open,
non-synchronous plug left in position
when it should be withdrawn, etc.
After making certain that the trouble
is not due to a " slip-up," the part of the
equipment causing the trouble should be
found by systematic tests and the trouble
remedied. Usually the most effective
method of locating a defective part is to
determine to what extent the equipment
is still operative.

What to do When no Sound is Obtained.
For example : If no sound is obtained
from sound on film when starting or
changing from one projector to another,
the first thing to be done, after checking
for a " slip-up, " is to find out if sound
can be obtained from the disc circuit.
Put the " film disc " switch to " disc "
position and stroke the needle of the
pick-up. If sound is heard, the indication
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Fig. 40.—CLEANING THE TERMINAL RACKS OF TYPE PG-30 POWER AMPLIFIER.
A stiff brush is useful for cleaning terminal racks.

Fig. 41.—CORRECT METHOD OF REMOVING A VALVE.
Do not remove a valve by gripping the glass, as this may loosen the base and breaL the internal
connections.
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is that all the equipment, except the photocell circuit, is O.K. If no sound is obtained
from either pick-up or ph9tocell, try the
other projector. If sound can be heard
from one projector and not the other,
the indication is that the defect is in
the fader or possibly film disc switch,
since it is not probable that both pick-up
and photocell would fail at the same
time.

561

is that the defect is in the voltage amplifier.

Checking for Continuity.
If no sound is obtained at the stage
loud-speakers and sound is O.K. at the
monitor in the projection room, the
trouble must be somewhere in the line
from the amplifier to the stage units.

Trouble With Amplifiers.
If sound cannot be
obtained from either
projector, the trouble
probably lies in the
amplifier. The voltage
amplifier can be checked
by switching over to the
stand-by amplifier; if
one is available, or if a
non-synchronous gramophone is available, the
amplifier can be checked
by plugging in the
gramophone into the
jack provided and listening for sound whilst
stroking the needle of
the gramophone pickup. If sound is obtained
from the gramophone
and not from the projectors, the amplifier is
O.K., and the trouble
lies in the fader or wiring
to the sound-heads.
If sound is not obtained
from the gramophone,
the indication is that
the trouble is in one of
Fig. 42.-ADJUSTING THE CENTRING OF THE VOICE COIL IN THE
the amplifiers. If only
AIR GAP OF A STAGE LOUD-SPEAKER UNIT.
one voltage amplifier and
one power amplifier are
used, no simple test can be made to Possibly the stage plugs, if used, have not
isolate the defect to one of them, and it is been inserted, or only partially inserted,
necessary to check over both units for resulting in an open circuit on one or more
defects.
lines. Check for continuity of the field
circuit by removing each of the field
When Two Amplifiers are Used.
plugs one at a time. If a small arc
If two power amplifiers are used, it is is formed at the moment of breaking
reasonable to assume that both of them contact, the field supply is O.K. Alterwill not develop a defect at the same time. nately, the leads of a no-volt 25-watt lamp
Therefore, if no sound can be obtained or voltmeter may be inserted in the field
from either power amplifier, the indication plug.
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Fig. 43.—INSERTING THE PICK-UP INTO THE TONE-ARM.
The two flat spring contacts complete the electrical connections and the screw underneath clamps
the pick-up in position.

Checking Voice-Coil Continuity.
The voice-coil continuity may be
checked at each speaker by using a pair
of headphones across the incoming voicecoil leads.
If when using sound on disc, sound
can be obtained from one pick-up and
not from the other, it is probable that the
pick-up itself has becorne defective, and
it will be necessary to substitute the spare
pick-up. When removing a pick-up
loosen, but do not remove, the set screw
which holds it to the tone-arm and pull
the pick-up straight out.
Look for Burnt-Out Exciter Lamps.
No sound when using sound on film
may be due to a burnt-out exciter lamp,
sound gate aperture completely clogged
or a defective photocell. If unequal
volume is obtained from the two projectors and the exciter lamps are correctly
focused and drawing their correct current,
it is probable that one of the photocells
requires replacing.

What to do When Valves Fail to Light.
If the valves fail to light, either in
voltage or power amplifier, look for blown
fuses in the battery or motor generator
output. If the voltmeter on the panel
indicates normal conditions, an open
circuit has occurred in the wiring to
amplifier units. If some of the valves
light and some do not, it is almost certain
that the unlighted valves have burnt out
and must be replaced.
Causes of Noisy Reproduction.
Excessive noisy reproduction may be
due to :—
(A) Dirt and acid on the top of storage
batteries (if used).
(u) Loose storage battery terminal connections.
(c) Loose connections to dry batteries,
or dry batteries which have become
old.
(D) Poor earth connections to the projectors.
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Fig. 44.—SYNCHRONOUS DISC TONE-ARM AS VIEWED FROM BELOW.
Note the correct position of the sponge rubber cushions.

(E) Dirty contact between valve base
prongs and sockets.
(F) Dirty switch contacts.
Should an unusual whistling sound be
heard with equipments employing UX-25o
Radiotrons in the power amplifier, it is
usually a sign that one of the Radiotrons
has lost most of its " emission," resulting
in greatly unbalanced plate current.
The Radiotrons should be replaced by
suitable spares.

Points to Check Each Day.
Always make certain that the supply
of spare parts is complete and in good
condition.
Each day check the following points :—
(I) Oil the projectaors, turntables, chains,
etc.
(2) Clean sprockets and sound gate,
taking particular pains with the
constant speed sprocket.

(3) Clean the outside lenses of the
optical system if necessary.
(4) Check storage batteries for state
of charge (if used).
(5) Check the exciter lamps for position
and see that they are clean.
(6) Check voltages at the amplifier
panel or motor generator panel.
(7) Run all projectors for five to ten
minutes before starting the show.
(8) Check the sound from each projector by flicking a card across the
light beam in the sound head.
If advice is required about any point,
ask the service engineer. He is always
available to help in any way possible.
Always report to him any unusual
occurrence connected with the equipment.
Above everything else, keep the equipment thoroughly CLEAN.
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HOW TO PROVIDE ADEQUATE
ILLUMINATION
By E. H. FREEMAN, M.I.E.E.
HE first article on this subject apply the principles of ordinary illumina(which appears on page 404) tion calculations to ensure adequate lightdealt with the general principles ing, the difficulties of applying the light
of illumination, defining the various units to obtain satisfactory results are very
employed and giving consideration to great. The glazing over the picture or
certain important features that must be its natural glossy surface gives varying
kept in mind when designing a lighting reflections from different angles, and it is
installation—such as the avoidance of almost impossible to obtain really efficient
glare and of undesirable shadows. The lighting without some special system of
detailed design of the installation with a indirect reflectors or flood lighting through
view to the provision of adequate illumina- distant wall or ceiling panels. Such
tion was postschemes can
poned, and the
rarely be applied
present article
to existing builddeals with this
ings,the structure
question.
of the building
needing to be deIllumination of
signed to provide
Vertical Surfaces.
suitable sources
Apart from
of light.
flood lighting of
Horizontal
buildings,
the
Surfaces.
need for illuminaFig. 1.—}i Ow PENDANT LIGHTS SHOULD BE
tion of vertical
The problem
ARRANGED FOR ILLUMINATING BOOKSHELVES.
surfaces is conmost
usually
As a rule these do not require more light than is
fined in general
necessary to read titles or labels and detailed designneeding solution
ing is not called for.
to a few special
is the lighting of
cases. Of these
horizontal areas,
the most important is the lighting such as desk surfaces in offices, schools,
of pictures, diagrams or charts, and etc., floor areas in shops, halls, factories,
so forth, hanging on walls. Occasionally churches and similar buildings, and the
special lighting is required for vertical general lighting of workshops or domestic
filing cabinets, for book shelves, storage rooms. Each class of building needs its
bins, etc., but as a rule these do own kind and intensity of illumination,
not need more light than is required to and the notes here deal with the problem
read titles or labels, and detailed designing in a general way that apply to all such
is not necessary. Ordinary pendants or schemes.
brackets spaced at reasonable distances
Intensity of Illumination.
provide all that is required.
The lighting of ordinary charts and plans
The first point to be decided when
hanging on walls can be carried out either designing an installation is the intensity
by tilting ordinary type reflectors, or by of illumination required, and this naturally
the use of special angle reflectors as varies for different buildings. The followindicated in Fig. 2.
ing examples will give a general guide as
Picture lighting is a much more compli- to the standards desirable, and the results
cated problem and, whilst it is possible to that should be attained :—

T
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Churches
Club rooms, halls,
etc.
Shops
Shop windows ..
Drawing offices ..
Library reading

4 to 5 candle feet.
5 to 6 candle feet.
From 5 to 15 candle feet
according to locality, class
of goods sold, etc.
ro to 5o candle feet, also
according to locality, etc
20 to 3o candle feet or more.
8 candle feet.

rooms.

Hotel reception
rooms.
Office areas

Textile facto]. ies

6 to 8 candle feet.
5 to 6 candle feet if local
lighting is also provided
8 to 10 candle feet if only
general lighting is provided.
5 to pp candle feet according
to class of work carried
out

as is required to make good losses in
reflection, absorption in wall surfaces,
etc., and also an allowance to cover the
gradual diminution in the light due to
ageing of lamps, deposit of dust on fittings
and lamps and finally due to the losses in
the fittings themselves. The cumulative
effect of all these losses is a formidable
total and even with a well-designed scheme
and favourable conditions these causes
may involve a total loss of 5o per cent.
or more of the actual light given out by
the lamps.
The following examples indicate the
general position.
Loss of Light by Reflection from Walls
and Ceilings.
Very light colours
Fairly light colours
Fairly dark colours

Fig 2.—LIGHTING FOR CHARTS OR PLANS
HANGING ON WALLS.

This can be carried out by tilting ordinary type reflectors or by the use of special
angle reflectors, as shown.
Machine shops .. For rough work, 6 to 8
candle feet.
For fine work, ro to 20
candle feet.
Corridors, stair- 2 to 3 candle feet.
cases, etc.

It will be seen that the range of illumination is very considerable, but from the
examples given the intensity of the light
desirable in other cases can probably be
estimated.
Total Quantity of Light Required.
Having decided the intensity of light
required, the total quantity can be ascertained by multiplying the total floor
area of the room or building to be lit by
the candle feet considered desirable,
based on the data given above. The
result will give the total lumens required
for the total area. This figure is the
actual effective volume of light required
and to this must be added such margin

25% to 40%
35% to 5o%
5o% to 7o%

This factor is not of great importance
if the room to be lit is of considerable
dimensions in proportion to its height,
i.e., if the length and width are several
times the working height. This is usually
the case with most large stores, factories
or offices, and for such areas an allowance
of io per cent. to 15 per cent. for losses
due to reflection or absorption in walls
and ceilings will be sufficient.
Losses Due to Fittings.
Good quality dispersive reflectors 15% to 20%
.. 3o% to 4o%
Enclosed unit fittings ..
.. 40% to 5o%
Opal glass bowl fittings ..
.. 5o% to 70%
Mirrored (opaque) bowl..
Losses due to dusty fittings From 2o% to 25%
and upwards
It is rarely possible in practice to calculate any of these losses in advance with
close accuracy. At the date when the
lighting installation is being designed the
exact colours of walls, for example, are
frequently undecided. The care with
which the installation will be maintained
cannot be known and other factors of a
similar kind make close calculation difficult
or impossible. Frequently the type of
fitting to be used may be molified at the
last moment on account of cost, delivery,
etc.
In designing the installation it is therefore usually impossible to do more than
calculate the nett or effective lumens and
to multiply this by some factor suitable to
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the probable circumstances. This
is not likely to be
less than if to
and it is usually
best to allow i4
to 2 times the nett
lumens in preliminary calculations, even if conditions are likely
Fig. 3.—How LIGHTING UNITS SHOULD BE SPACED (i).
to be of a satisThis shows the units spaced too far apart, giving uneven illumination.
factory character.
Lamps can easily
be cut down later on if larger than Use of Reflectors.
necessary, but cannot be increased if
Concentrating reflectors are usually
the wiring is too small due to under- employed for special work, such as
estimating the lamp sizes.
window lighting, whilst diffusing reflectors are more suitable for ordinary general
Spacing of Lighting Units.
lighting.
With such reflectors, to ensure
The final step is to decide how to utilise
even
lighting,
the installation should be
the total lumens thus found to be necessary
planned
so
that
the distance between
for adequate illumination, i.e., to decide
adjacent
reflectors
is not more than
on the number and spacing of the lighting
i4
to
ri
times
the
distance
from the
units. This also depends on several conreflector
to
the
surface
to
be
lit.
siderations, the two decisive points being :
Thus if an office is 12 feet high the re(r) Distance apart to ensure even
flector can be hung with the lamp about
illumination.
i foot down from the ceiling, and the
(2) Distance apart to suit method of
fixing (on tie bars, roof trusses, etc.) or office desks will be about 2 feet 6 inches
to suit architectural features (spacing of from the floor. The distance from the
lamp to desk will thus be about 8 feet
visible beams, ceiling decoration, etc.).
6 inches, and the spacing of the fittings
Types of Reflectors Available.
should be not more than i4 to ri times
Of the above two items the first is the this, i.e., from 12 feet to 15 feet apart.
more important. A fairly wide latitude
Fig. 3 shows the effect of fixing the
is possible, due to various types of reflector lighting units too far apart resulting in
being available, some designed for con- uneven and patchy lighting, and Fig. 4
centrating the reflected light into a fairly the improvement resulting from fixing
narrow compass (suitable for high build- the units at the correct spacing. The size
ings), and others for diffusing the light of the lamp units can obviously be reduced
over a wide area
(suitable for positions where the
ceiling height is not
great).
Fig. 2 on page
405 shows several
types of reflectors
with their polar
curves which indicate how the
light from the lamp
is concentrated or
Fig. 4.—How LIGHTING UNITS SHOULD BE SPACED (2).
distributed by the
reflector.
Here, the lighting units are correctly spaced, resulting in even illumination.
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in this case to give the same
average illumination as is obtained in the former scheme.

Spacing to Suit Architectural
Features.
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Having thus decided the
approximate spacing to suit the
height of the building, a further
I
I
t
I
adjustment is frequently neces' 1 1 1
01 Ot 01010 1 0
0'01 01010
sary to suit
al chitectural
__
features. Fittings in an office
0I 0 0 0 1 0 0
1
-L.
L
J_
-o---e—f—e- 4-oor shop, for example, must be
Ctio:olo10 1 0
I
I
arranged to fit into the spacing
of windows or ceiling panels or
o
olo
o o
,
0;010:0:CtIo
!
to form features in some scheme
of decoration. In factories the
fittings must frequently be
supported from roof ties, and
t
should in any case form a
o
1 o
10
1
symmetrical layout in relation
1
to the roof construction.
o 11
o
O1
Considerations of this charo
o
1
0
acter may involve a substantial
1
el
1
alteration in the design of the
0
0
installation, but usually the
adjustments required are not
Fig. 5.—SIX DIFFERENT SCHEMES, EACH WITH A
sufficient to spoil a scheme. The
SYMMETRICAL ARRANGEMENT OF THE FITTINGS TO SUIT
margins allowable due to the use
DIFFERENT ARRANGEMENTS OF THE CEILING DESIGN
of various types of reflectors or to
(INDICATED BY DOTTED LINES),
adjustments in the suspension
heights, are in almost all cases
wide enough to rectify any errors due to arrangements of the lamps will be found
enforced alterations to the theoretical possible, each of which will give reasonably
design to suit architectural features.
satisfactory results.
Fig. 5 shows six different schemes, each
Alternative Arrangements.
with a symmetrical arrangement of the
In most buildings several alternative fittings to suit different arrangements of
the ceiling design
(indicated by
dotted lines), and
1 1,9/.1P OF
~c~sMP OF
any one of these
A. Ctswiruz might be suitP. CA 7A101.4"
1? fbw.e...2
able, according to
AvkAcLe
the calculated
ratio of working
O. IP- 1-4
height to spacing
°"1
distance. The
Fig. 6.—TESTING FOR ILLUMINATION
scheme
most suitThis is the simplest method and consists of a screen placed between
able must be
a standard lamp or other source of light and the lamp which is to be
tested. The lamp under test is fixed to a sliding base and is moved to
selected to suit all
and fro until the screen is judged to be equally illuminated on both
the
factors
sides. The illumination from the lamp can then be calculated by meainvolved.
suring the distances from the screen of the two lamps.

c
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Number and Size of Units
Required.
Having fixed on the
arrangement and spacing of
the lighting units, the positions can be marked out on
the plan of the building and
the total number of units
required for the complete
area is then known.
By dividing this number
into the total lumens required,
as calculated earlier, the
lumens that must be given out
by each unit is obtained and
the size of lamp to be used
is then found by reference
to a lamp catalogue which
gives the lumens per lamp
for various sizes and voltages. The design of the
installation is thus comFig. 7.—LUXOMETER PORTABLE PHOTOMETER IN USE.
(Everett, Edgcumbe.)
pleted, the spacing, type
and size of the lighting
units all having been calculated. thus :—
(1) Decide the intensity of illumination
The Procedure—Step by Step.
(candle feet) required to light the
area.
Summarising the steps in the design
of the lighting scheme the procedure is (2) Measure the total floor area to be lit.

A,
TEST SURFACE

9.—INTERIOR VIEW OF THE LUXOMETER.
(Everett, Edgcumbe.)
A, test surface ; B, half silvered mirror ; C, focusing lens ; D, internal comparison lamp ; E, viewpoint ; F, adjustable comparison surface ; N, mirror.
Fig.

Fig. 8.--LUXOMETER
COMPLETE.
(Everett, Edgcumbe.)
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(3) Ascertain the total quantity of light
required (nett lumens) by multiplying the candle feet by the floor area.
(4) Correct this nett figure to allow for
losses in reflection, absorption in
walls and ceilings, dust on fittings,
etc.
This correction will mean increasing the nett lumens i a to 2 times.
(5) Decide the spacing of the lighting
units to suit :
(a) the height of the room ;
(b) the architectural features,
and thus settle the number of
lighting units to be used.

Fig.

I0.—ANOTHER TYPE OF PORTABLE PHOTOMETER. (Edison Swan Electric Co.)

Closed ready for carrying.
(6) Ascertain the lumens required per
unit by dividing the total lumens
(Item 4) by the number of units
(Item 5).
(7) Select the size of lamp required that
will give out the lumens as calculated
(Item 6).

Testing for Illumination.
Before considering the application of
the general principles of illumination
design to special cases some reference to
the methods of testing for illumination
will be desirable.
It has already been stated in the earlier
article that the unit of illumination is the
standard candle and that the illumination
obtained for a source of light varies as
the square of the distance from that
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source. The various instruments designed
for testing illumination and known as
photometers mainly depend on this fact,
comparison between a known and unknown
source of light being made and the relative
strengths of the sources being then
calculated.

Simplest Form of Test.
In its simplest form a screen is placed
between a standard lamp or other source
of light and the lamp which is to be tested
(see Fig. 6).
The lamp under test is fixed to a sliding
base and is moved to and fro until the
screen is judged to be equally illuminated
on both sides. The illumination from
the lamps can then be calculated by
measuring the distances from the screen
of the two lamps.
Thus if P is the candle-power of the
standard lamp
D is the distance of this lamp
from the screen,
p is the candle-power of the
lamp under test,
and d is the distance of the lamp
from the screen
we shall have, as the illumination varies
as the square of the distances,
P p
D — d2
d2

p= b--2 X P
and as all these are known the value of
p can be calculated.
Thus if an 8 c.p. lamp were used as a
standard and the distances of this lamp and
the tested lamp were 2 feet and 5 feet
respectively from the screen, the c.p.
given by the tested lamp would be :8 x 52
= 5o c.p.
22

An Improved Method of Testing.
In practice this simple photometer is
rather difficult to use. It is not easy to
judge equal illumination by looking first
at one side of the screen and then at the
other, and a great improvement was
devised by Bunsen, who added a grease
spot in the centre of the screen. This
reflects less light and transmits more
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light than the white, ungreased screen, and
therefore shows as a dark spot when
lit from one side only. When lit equally
from both sides the grease spot apparently
disappears, as the reflected light plus the
transmitted light from the two sides,
amount to the same total. It is therefore only necessary to look at one side of
the screen and to move one lamp until
the spot fades out. The candle-power
can then be calculated as on page 569.

maximum ranges of 2, 20, 200 and 2,000
foot-candles respectively.
Another similar portable instrument
is supplied by the Edison Swan
Electric Company, and is illustrated in
Figs. 10 and zi. The white screen shown
at the top of the instrument consists of
two thicknesses of paper, one only of
which is perforated.
The screen is illuminated from insiae
from a small electric lamp from one end,

Portable Photometers.
In recent years, as a result of the
steady development of the science
of illumination and the consequent
desire for accurate records, many
portable forms of photometer have
been produced. Of these the
Everett Edgcumbe " Luxometer " is a good example.
The instrument itself is shown
in use in Fig. 7, and as arranged
for convenient transport in Fig. 8.
The principles of operation can
be followed from Fig. 9, which
also shows the internal electrical
connections.
Method of Using Instrument.
The test surface A, which receives the illumination to be
measured, is viewed by the observer
at E through the clear portion
Fig. 11.—EDISON SWAN PORTABLE PHOTOMETER.
The screen is illuminated from inside by a small electric
of the half-silvered mirror B
at one end and the holes in the screen vary in
and the focusing lens C. At lamp
brightness. The point at which the brightness of the
the same time, the light from the holes corresponds with the brightness of the exterior surinternal comparison lamp D falls face indicates the illumination on this surface. The
upon the adjustable comparison screen is calibrated to read direct in foot-candles.
surface F, which is likewise
viewed from E by reflection at the mirrors and the holes in the screen vary in brightN and B. The brightness of F can be ness, those near the lamp appearing bright
varied by turning an external milled knob in relation to the exterior surface of the
until it exactly matches the brightness of screen and those remote from the lamp
the test surface A as evidenced by the appearing relatively dark. The point at
disappearance of the line of demarcation which the brightness of the holes corresbetween the two when viewed from E. ponds with the brightness of the exterior
The scale, which is so graduated that the surface indicates the illumination on this
illumination at the surface A can be read surface and the screen is calibrated to read
direct in foot-candles, is shown in Fig. 8. direct in foot-candles.
Four " zero " positions are obtainable
The range is extended by the use of
neutral filters carried in the rotating holder —one for direct readings in foot-candles,
G, which reduces the transmitted light to others for one-tenth, one hundredth or
I/loth, Viooth and I/I000th, thus giving double the direct reading scale.
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FITTING ADDITIONAL POINTS
OF SUPPLY
By T. LINSTEAD.

F

LECTRICITY in
most districts is
to-day supplied
under various schemes,
and in most cases so
cheaply that it is a
false economy to be too
sparing in the question
of additional points of
supply in the home.
Many a bright light may
be shed in dark places,
and many a laborious
duty converted to a
pleasurable pastime by
its aid, and not least is
the added comfort and
air of friendly welcome
that is imparted by its
use along properly
directed channels.

posed to the weather,
an enclosed fitting
should be used, while
any of the usual makes
of lanterns may be
safely used in a
sheltered position. One
such lantern for use
only in sheltered positions or enclosed
porches is shown in
Fig. r.

Running Cable Out to
Porch.

Assuming that the
lead cable has been
fixed to a position
inside the front door,
a suitable means of
passing the cable to
the exterior must be
found. The construcThe Entrance.
tion of a building is
One particularly dark
usually such that the
spot in an otherwise
weight above the door
Fig. i.—A PORCH LAMP.
well-lighted house is inis carried on a conThis type is suitable for use in
variably found at the
crete lintel and it will
sheltered positions or enclosed porches
porch or exterior of the
be useless to attempt
where there is no likelihood of the lar"
front door. A dark or
making a hole through
being exposed to the weather.
dismal entrance does
this, and the brickwork
not inspire a
immediately
feeling of welabove is
come, but rather
usually in the
the reverse.
floor. The best
method is to
bore a hole of
A Porch Lamp.
sufficient size
The type to be'
in a corner of
used here dethe wooden
pends upon the
frame. If a
manner in which
porch exists,
the entrance is
the cable may
constructed. If
Fig. 2A.—A THREE-WAY TWO-PIN PLUG ADAPTER.
be
then
there is any
This enables three appliances to be supplied from
fastened along
possibility of the
one socket. The third pair of sockets is at the rear
its ceiling and
lamp being exof the two pins.
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remove thelampholder.
Mold the
bracket in position on the wall,
and shape the
cable around the
swan neck. Cut
the cable to the
required length,
being sure that
sufficient is left
to make the connections to the
holder. Remove
the lead casing
for about 3
inches from the
end and- thfead
the cable through
the swan neck,
commencing
Fig. 2B.—USING A THREE-WAY TWO-PIN PLUG ADAPTOR.
from the back
Showing how a fan can be used from a wall socket and set in motion by a plate, until the
switch without having to insert the plug in the socket each time.
plate fits close
to the wall, with
terminated at a ceiling rose or wooden the slot in the back plate fitting neatly
block to which the lantern may be hung. over the cable. Screw the bracket to
A Watertight Fitting
for an Exterior
WfiLL.
Light.
PLR5TER.
Where no porch
exists, the method is
somewhat different
and great care must
be taken that water
is not allowed to find
its way to the
unprotected wires.
For this purpose
WOOD
the fitting is
BLOCK TO
.5I/PFORT
provided with a
.51N/TCH
swan-neck bracket,
DOOR PR/7/1f
and the lamp ency
closed in a waterRUTOMIT/C
r
tight glass well.
5 W/TC/
Having brought
PLUNGe-,
our cable through
Fig. 3A.—FIXING AN AUTOMATIC DOOR SWITCH.
the door frame and
switch is screwed to the head of the door frame in such a position
fixed it on the wall thatThe
the closing of the door depresses the push to its fullest extent without
to the position chosen strain. It may be necessary to fix a small wood block at the back if the
for the fitting, head of the door frame is not wide enough.
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3B.—AUTOMATIC

DOOR SWITCH IN
POSITION.

This shows the switch with the cover removed and the cupboard door open.

Fig.

3C.—AUTOMATIC DOOR SWITCH IN
POSITION.

Showing the cover on and the switch complete as it would appear normally.

the wall, using Rawlplugs
to ensure a sound fixing.
Remove the insulation
from the wires for about
inch from the end, and
connect them to their
respective sockets in the
lampholder. Place a lamp
in the holder and fix the
glass cover between the
rubber rings provided, thereby making the whole fitting
completely watertight.
Lighting Up Cupboards.
These are another of the
most neglected spots. How
often one finds on opening
a cupboard door that the
light of the room is in such
a position as to be completely blacked out by the
person framed in the door
opening. Or it may be that
a linen cupboard is placed on
a landing with the hall
light projected to one side,
and yet how simple to so
arrange a light inside the
cupboard that on opening
the door the light is
switched on, and on closing
is immediately extinguished.
The amount of current that
would be used in removing
or replacing an article in a
cupboard so fitted is so small
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that a thousand openings and
closings would make no
appreciable increase in the
electricity account.

Fig. 3 D .—AN AUTOMATIC
DOOR SWITCH.

This is suitable for
fixing to a cupboard door,
for when the door is shut
the contacts are held
apart by pressure at A
and the light is switched
off. Immediately the
door is opened a spring
exerts its pressure, brings
the contacts together and
the light is switched on.

An Automatic Door Switch.
A switch suitable for
fixing to a cupboard door is
shown in Figs. 3A to 3n, and is
composed of a pair of contactpoints operated by a spring.
When the door is closed
the contacts are held apart,
but immediately the door is
opened the spring exerts its
pressure, brings the contacts
together, and switches on the
light.
Reference is made elsewhere in this article to the
wiring of a new point, and
these instructions apply in
this case, the only exception
being that the wires feeding
the switch are carried to a
position at the top of the
door.
The automatic push is
next screwed to the head
of the frame in such a
position that the closing
of the door will depress
the push to its fullest
extent without strain. It
may be , necessary to
fix a wooden block
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at the head of the door frame to
support the switch, and Fig. 3A shows how
this should be done.
Next remove the cover from the switch,
and having bared the ends of the wires to
be connected to the switch, secure them
each in their respective sockets and replace
the cover.
Electricity in the Larder.
Here we have another part of the house
which may come in for its share of electrical
attention. A small electric fan so placed
inside that a current of cool air is kept
circulating through the place where fresh
food is stored, is no small boon in times of
excessive heat, and would merit its small
cost being expended in any home, whereas
the heavy expense of any of the usual
makes of refrigerators would be prohibitive
in a small household.
Supplying a Fan to the Larder.
This may be done in either of two
methods. If the fan is required to be a
fixture, a pair of wires may be run to the
inside of the larder, and connected directly
to the fan. This can be done in the same
manner as if the fan were a lamp, one wire

Fig.

Fig. 4A.—AN ILLUMINATED MIRROR.
This is to cut out shadows while
shaving. Note the frosted lens for concentrating light.

being taken from the black wire of the
nearest light and connected to the fan.
Another wire should be connected to the
live wire of the nearest switch and connected to one side of a new switch which
controls the fan. From the other
terminal of this switch a wire
should be joined to the other
terminal of the fan.
How to find the live wire of
a switch is explained on page 117.
An Alternative Method—Using
a Plug.
Should the provision of new
wiring entail more work than it
is convenient to attempt, the
same result can be achieved by
using a nearby live plug if one
is in existence. Fig. 2A shows a
very useful adapter that can be
brought into use in many places.
It is made in several combinations
to enable two or more appliances
to be connected to it.

413.—AN ILLUMINATED MIRROR.

Back view, showing the mirror with lamp in position.

Using a Plug Adapter.
For the purpose of supplying
our fan we can use a piece of
twin flexible cable with one pair
of ends prepared and connected
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to the terminals on the fan. The other
pair of ends is prepared and connected
to the sockets in one of the plugs provided
with the adapter. This is inserted in its
sockets on the adapter, and the latter
placed in the skirting socket.
The advantage of the permanent method
of fixing, over the latter, is that the fan
can be set in motion by a movement of
the switch, whereas in the latter the plug
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Cutting Out the Shadows While Shaving.
To secure the best conditions, the face
must be illuminated from the front, and
at the same time being reflected in a
mirror. Figs. 4A and 48 show a mirror
designed on these lines. Upon examination it is seen that it consists of an ordinary
mirror with a circular hole cut at the bottom.
In front of this hole is placed a frosted
lens. Fixed on the back of the frame
is a lampholder, so placed
that the light is absorbed by
the lens add concentrated on
the lower part of the face, but
avoiding any glare to the eyes.
A length of flex and an adapter
is supplied and can be inserted
in an ordinary lampholder.
If necessary the adapter can
be substituted for a two-pin
plug and used with a live
socket.

An Improvement in the Garage.

Fig. 5.—A COMBINED SWITCH AND PLUG.
This enables you to have the light either " on " or
" off " while another appliance is being used. By means
of the bridge shown in the inset the sockets are rendered
" live " whatever the position of the switch.
must be inserted in its socket each time
the working of the fan is required, unless
a switch is provided on the fan.

An Illuminated Shaving Mirror.
Another instance of usefully applied
light is in the bathroom. A ceiling light
if placed in the correct position, namely,
as near to the window as possible (this
is to prevent shadows being thrown on
the glass) is hardly ever an ideal position
to assist in the daily discomfort of shaving.
The main fault is that the under side of
the chin is thrown in shadow.

If the garage is fitted with
electric light several uses for
electricity may have been
apparent to the owner, but
have been discarded owing
to the lack of suitable connections. To be compelled to
remove the lamp from its
holder is at all times inconvenient, and at night almost
impossible since there may be
no other means of illumination.
By means of the following
small addition to the wiring, a
useful adaptation can be made.

Fixing a Combined Switch and Plug.
Fix a length of single lead-covered wire
across the ceiling from the ceiling rose,
and continue down the wall to the switch.
Remove the ceiling rase or batten holder
together with its fixing block. Next
strip and prepare the end of the new wire
and twist it together with the black or
" dead " wire. Replace the fixing block
and ceiling rose after clamping the wires
in their original terminals.
The switch has now to be replaced by a
combined switch and plug of the type
shown in Fig. 5, and must therefore be
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removed with its block.
BLFICK OR ''Dfi3O" WIRE:
Examine the new switch
T.L.
plug and you will find
that it has two sockets
for the insertion of a
plug and three smaller
REED
sockets with clamping
W/Rf.5
"LIVE"
screws. Having made
E/17fR/I1G *,z1
WIRE
an additional hole in
0/YE -5OCKE7:
the block to correspond
with the extra terminal
socket, strip and prepare
the end of the new
wire. Thread the three
/YEW WIRE.
wires each through the
block with the new
wire in the last made
NEW
hole and the live wire
-5W/Tat
in the hole connected
to the bridged terminal.
Fix the block and METRL
insert the wires in the "BODGE
sockets of the switch 5f7INfErf
LIVE P0//775
in the order shown in "TERM//y/7L,5,
FOR 111552770 7
Fig. 6.
PLUG..
ra
We now have a
" live " pair of sockets
for the insertion of a
Fig. 6.--HOW TO CONNECT UP THE COMBINED SWITCH AND PLUG.
plug, and they remain
so, irrespective of the switch controlling such appliances as a radiator heater or
the light being " on " or " off." It will hand lamp, without switching off the
thus be seen that this can be used for light.

VOLTS E.M.F. AND P.D.
The electromotive force, or E.M.F., of
an electrical supply is the total driving
force in the circuit. It is measured in
volts. The E.M.F. measured at the
terminals of an electrical supply, whether
it be a battery, dynamo or public supply
main, is the same as the potential difference,
or P.D., when no current is being taken from
the source of supply. When, however, a
current is drawn from the supply, the P.D.
at the terminals is always less than the
E.M.F. Consider a practical example.
A house lighting dynamo is supplying
20 5o-watt lamps, and a voltmeter connected across the terminals of the dynamo
gives a reading of 102 volts, while the P.D.
measured at a lamp socket in the house is
exactly roo volts. When all the lamps
are switched off, the dynamo voltage is
rio volts. The E.M.F. of the dynamo
s no volts, while the P.D. at the terminals

of the dynamo, when supplying io
amperes, is 102 volts. If all the lamps
were switched off, the voltage measured
at the lamp holder would be the same as
the E.M.F. of the dynamo, namely II()
volts.
The difference between the no-load
E.M.F. and the P.D. on load gives the
voltage necessary to overcome the internal
resistance of the source of supply. In the
above example the difference is 8 volts
for a load of ro amperes. The internal
resistance of the dynamo is therefore Tsb- or
.8 ohm.
This result is obtained by applying Ohm's
Law:—
Current = Voltage
Resistance
Voltage Drop
or Resistance =
Current
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ELECTRIC RAILWAYS
By JOHN DUMMELOW, B.A. (CANTAB.)

Fig. I.—SIX-COACH MULTIPLE-UNIT TRAIN (1,500 VOLT D.C.I.
Showing pantagraph and compound catenary overhead construction.

LECTRIC trains may be driven
either by electric locomotives or by
motors carried on the passenger
coaches (motor coaches). Current may
be supplied by :—
(r) Storage batteries carried on locomotives and charged at fixed supply
points,
(2) Electric generators driven by diesel
engines and carried on the train,
or
(3) Track conductors fed from a high
tension transmission system through
sub-stations.
The first two methods avoid the necessity
for elaborate track equipment. On the
other hand, with diesel-electric trains
the space limitations prevent large quantities of power being generated as cheaply
as in a fixed power station, and battery
locomotives are only feasible where the

E

(G.E.C.)

average demand on the batteries is low.
The track conductor system thus holds the
field.
The First Electric Railway.
The first electric railway was opened
5o years ago in Germany, and to-day
over ro,000 route miles are electrified,
chiefly in the United States (1,87o miles),
Switzerland, France, Italy and Germany.
In Great Britain 496 miles of surburban
lines have been equipped, and the electrification of the whole railway system has
been suggested by a Ministry of Transport
Committee.
Systems of Electrification.
Direct current, single-phase alternating
current and three-phase alternating current
are all used for electric trains in different
parts of the world.
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unit " system), the motor
capacity being always sufficient, and
(3) The trains can be driven from
either end, thus increasing
the capacity of the termini.
The varied types of passenger
rolling stock used on main lines
must be hauled by electric locomotives, and electric locomotives
are also essential for goods trains
and shunting operations.
How the Power Reaches the Train.
The supply from the three-phase
alternating current transmission
lines is stepped down by transformers and converted to direct
current by rotary converters or
mercury arc rectifiers at substations, spaced 2 or 3 miles apart
on suburban lines• and 10-20 miles
apart on main lines. The direct
current from the sub-stations is
fed through cables to the positive
track conductor (either a third rail
or an overhead wire), from which
it is collected by the train. The
return path for the current is
provided by the running rails or
by a negative conductor.
METHODS OF " PICKING UP "
Fig. 2.—A DRIVING CAR IN A MOTOR COACH OF AN
CURRENT.
ELECTRIC TRAIN.
Below 1,50o volts the large
Note the master controller with its " dead man's
currents that may be required
handle." (G.E.C.)
necessitate a conductor rail
along which slide collector
Only Direct Current Used in this Country. shoes fixed underneath the train. For
D.C. at 1,50o volts has been standardised higher voltages and for complicated
for main lines in Great Britain (and also sidings bow collectors or pantagraphs
France, Holland, Belgium and elsewhere), on the roof of the train collect current
and in the United States 3,000 volts D.C. from an overhead contact wire. The
was adopted for a trans-continental route return circuit is usually provided by the
of over 800 miles electrified recently. running rails, via the axles and wheels,
On suburban lines D.C. from 600 to 1,3oo but the small voltage drop required by the
volts is almost universal. The direct B.O.T. Regulations necessitates a negative
current system only will therefore be dealt conductor rail on some low voltage systems.
with in this article.
For suburban elctrification motor Third-rail Systems.
Positive or negative conductor rails
coaches and trailers are generally used,
are of high conductivity steel with a.
because :—
(I) The adhesive weight is a maximum, specific resistance about 6 or 7 times that
(2) Trains can be made up of any of copper. The contact surface may be
number of coaches (the " multiple- at the top, at the side, or underneath.
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The rails are carried on porcelain
insulators mounted on the sleepers,
the under-contact type being
supported with its insulators from
cast-iron brackets. The rail joints
are electrically connected by
flexible copper-stranded bonds.
Where the running rails are
used for the return circuit, stranded
copper bonds are necessary at the
joints and cross bonds at frequent
intervals between the rails.
Collector shoes are made of
cast iron or cast steel and are
supported from the coach underframe or the axle boxes. Contact
is maintained by springs or,
with top-contact rails, by the
weight of the shoe. On multipleunit trains trailers are often
equipped with shoes as well as
motor coaches; all the shoes on
the train are connected by a power
cable to bridge the gaps at points,
level crossings, etc.
Overhead Systems.
The contact wire is usually of
hard-drawn copper, supported by
short " droppers " from a catenary
of stranded steel, which is suspended from supports about 150300 feet apart.
Fig. 3.—A MASTER CONTROLLER (WITH COVER REMOVED)
A compound catenary is often
FOR A MULTIPLE-UNIT TRAIN.
Showing tIle main (right) and reversing (left) handles.
used with the contact wire
(G.E.C.)
resting on droppers hung from
intermediate small catenaries,
which in turn are suspended between contact pressure at different heights is
long droppers from the main catenary. maintained by springs. The bow itself
The catenaries may have a considerable consists of an aluminium contact strip,
sag, but the contact wire must be as level but with pantagraphs the contact strip
as possible for efficient current collection. is of copper and is carried in a steel
The supports may consist of bracket " pan " or skate." Each motor coach
arms on steel poles or of cross catenaries or locomotive is equipped with one or two
current collectors and also with lightning
or gantries between pairs of poles.
The framework of bow collectors (two arresters.
parallel members with a curved " bow "
ELECTRIC TRAIN MOTORS.
across the ends) and pantagraphs is of
Series-wound motors are used, giving
light tubular steel and is fixed to shafts
(r) A high free-running speed.
carried on a channel-steel base which is
(2) A high starting torque, which for
mounted on porcelain insulators. The
a given current is independent of
framework can be raised or lowered by
fluctuations in the line voltage
compressed air ; the pneumatic valves
but falls off as the load rises and
are controlled electrically from a switch
the speed increases, and
in the driving cab. A fairly uniform
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(3) A speed that under a given load
varies as the terminal voltage.
The output of the motor equals the product of the torque and the speed, so that
high rates of acceleration can be used
without excessive power demand. Starting
is effected by inserting resistances, consisting of cast-iron grids, in the motor
circuits. Main fuses and automatic
circuit-breakers protect the equipment
from short circuits and overloads.
Motor coaches have 2 or 4 motors,
each developing up to 35o h.p. on the onehour rating. Moderate and high-speed
locomotives may have four or more
motors, each developing 150-1,000 h.p. on
the continuous rating, the maximum total
output being at present about 6,000 h.p.
Geared Motors.
On multiple-unit trains and slow and
moderate speed locomotives the motors
are generally axle-mounted, one side of
the motor frame being supported on the
axle by suitable bearings and a nose on
the other side resting on the bogie. Power
is transmitted to the wheels by singlereduction spur gearing. For high-speed
locomotives the heavier motors must be
mounted on the frame to relieve the axles
of dead weight and raise the centre of
gravity. As the frame is spring-supported
a flexible transmission is necessary.
The motors usually have solid frames of
cast steel, and the armature shafts may
run in either sleeve or roller bearings.
Small motors have a two-circuit winding
with 4 field poles, but for locomotives
a multiple-circuit lap winding with 6 poles
is advisable. Commutating poles are
almost always used and are essential for
weak field control. The motors are either
self-ventilated by means of an internal
fan or forced-ventilated (on locomotives)
by an external blower.
Gearless Motors.
For high-speed locomotives gearless
motors may be used, either :
(r) A number of small bi-polar machines
with their armatures mounted
directly on the axles and their
field poles built into the bogie, or
(2) One or two large multi-polar
machines (mechanically similar to

stationary motors) mounted on the
frame.
The motors are forced ventilated.
Motor Operation.
When two motors are used they are
connected first in series, which halves
the current taken from the line, the
terminal voltage and the maximum speed,
and then in parallel for full speed (" seriesparallel " operation) ; the current per
motor and the resulting torque are
unchanged throughout. Four motors may
be operated as two independent seriesparallel groups. For 1,500 volts upwards
on passenger trains four motors are
usually permanently connected in pairs
in series, the terminal voltage of each
being halved and the two pairs being
operated in series-parallel. Four motors
may also be operated with three combinations—full series, two series pairs in
parallel, and full parallel ; six motors
also give three combinations. The last
two methods are suitable for freight
locomotives where a number of slow speeds
are essential.
The full resistance is in circuit when
each connection is made and is cut out
step by step until an economical running
speed with no rheostatic losses is reached.
Further economical speeds may be
obtained by weakening the motor fields
and thus increasing the speed at any of
the normal combinations.
Energy Consumption.
The output of the motors has to overcome :—
(r) The friction of the track, axles and
air, and
(2) The weight of the train when
ascending an incline.
It has also to provide power for acceleration.
The train motion is made up of periods
of acceleration, constant speed, coasting
retardation, and braking. The current
used in acceleration is converted into
kinetic energy, part of which is used on
coasting and the remainder dissipated in
heat in the brake shoes.
The energy consumption for a given
schedule depends on :—
(r) The distance between stops and
the configuration of the tracks,

ELECTRIC RAILWAYS

581

FA% 4.-GROUPS OF CONTACTORS (UNIT SWITCHES), ACCELERATING RELAY AND REVERSER, MOUNTED
ON UNDERFRAME OF MOTOR COACH. (G.E.C.)

(2) The acceleration, retardation and
maximum speed specified, and
(3) The type of train and equipment.
From the speed-time curve for a given
schedule and the characteristic curves
of the motors the energy consumed can be
calculated.
CONTROL GEAR.
Driving cabs are provided on all motor
coaches and locomotives, and also on
some trailers. They contain a master
controller from which the motors are
operated by :—
(I) All-electric (or " electro-magnetic ")
control, up to 600 or 800 volts, or
(2) Electro-pneumatic control, on the
higher voltages.
On multiple-unit trains the acceleration
is nearly always automatic, being governed
by a relay ; jumper cables between the
coaches enable any number of motors
to be controlled in unison by one driver.

Control Apparatus.
For each motor group the various
connections are made by a set of switches
or " contactors," operated either as
separate units or as a group by cams
mounted on a common shaft. Each contactor consists essentially of a fixed and
a moving contact. With unit switches
the moving contact is actuated by the
plunger of an electro-magnet or by the
piston of a compressed air cylinder,
to which the air supply is controlled by
magnet valves. Cam-shafts are driven
either by a low-voltage motor under the
control of a contactor or by a pneumatically operated rack and pinion.
The direction of motion of the motors
is reversed by a drum-type throw-over
switch or by a group of contactors operated
similarly to the switch-group3.
The master controller has two drums,
main and reverse, each with its own controlling handle and interlocked so that the
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train cannot be reversed unless the motors
are disconnected from the supply. The
drums carry a number of insulated segments, which, when rotated, make contact
with fixed spring fingers, thus making or
breaking the control circuits.
With electro-pneumatic control the control current is supplied at low voltage
(e.g., 14-600 volts) from a battery, motor
generator, or other auxiliary supply ; the
compressed air is obtained from a motordriven compressor.

Operation.
By moving the main handle of the
master controller, magnet coils are energised causing their plungers to operate
contactors either directly (all-electric control) or by opening compressed air valves
(electro-pneumatic control). With automatic acceleration the handle has only
three or four positions and can be moved
right across, the intermediate operations
taking place automatically.

BRAKING.
Standard air or vacuum brakes are
used. In the event of an accident to the
driver a small knob in the main master
controller handle (the " dead man's
handle "), or the
handle itself,
which is normally
depressed, is released ; power is
cut off from the
control circuits,
and the brakes
are applied automatically.
On mountain
railways or main
lines with considerable gradients trains may
be braked electrically, the kinetic
energy being
Fig. 5. —A 105 H.P. 500 - VOLT D.C. GEARED TRACTION MOTOR. • (G.E.C.)
utilised to operate the motors
as generators
plunger carrying contacts in the control when running downhill. This saves concircuit. When a step of resistance is cut siderable wear on the mechanical brakes
out the current in the motors rises, and and returns energy to the supply system
when it falls to a definite value the relay instead of dissipating it in the form of
closes the appropriate control circuits heat. It is, however, only in special cases
to operate the next contactor.
that regenerative braking is economical.
How Automatic Acceleration is Obtained.
Automatic acceleration is governed by
a current limit relay embodying a coil
connected in the motor circuit with a

Where the Control Gear is Housed.
On locomotives the control gear is
mounted in the body. On motor coaches
it may be mounted in a compartment
behind the driving cab or on the underframe. The doors of compartments containing high voltage apparatus are electrically interlocked with the current collector•
so that they cannot be opened unless the
train is isolated from the line.

LIGHTING AND HEATING.
The lighting circuit may be fed from :—
(t) Accumulators,
(2) The main power supply, up to
800 volts, or
(3) The low voltage auxiliary supply,
when electro-pneumatic control is
used.
The heating circuit is generally supplied
direct from the line ; electric boilers on

ELECTRIC RAILWAYS

Fig. 6.—A 2,130 H.P. HIGH-SPEED PASSENGER LOCOMOTIVE.
The normal maximum running speed of this locomotive is 75 m.p.h.

the locomotive or radiators on the coaches
are employed where necessary.
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(G.E.C.)

(2) Trains always ready for use to full

capacity of motors.
Trains
in service nearly twenty-four
(3)
ADVANTAGES OF ELECTRIFIED
hours a day, due to simple overRAILWAYS.
hauling and maintenance.
These may be summarised as follows :—
(4) High acceleration (i-i' m.p.h.p.s.—
two or three times that of the
(1) No energy wasted in hauling power
average steam train) and hillgenerating plant.
climbing powers due
to the unlimited
Contact Wire
/Warn
power
supply and
Isolating Circuit
Pantograph
Fuse Switch Breaker
the steep torquespeed characteristic
Resistances
of the motors.
Line
Motor Cut-out contactons
Switch
Hence, higher
HI
average speed.
(5) Trains driven from
Field
either end, reducing
shunting at terminals.
(6) Need for special
driving skill eliminated by automatic acceleration.
Accelerating
Earth
Reversible action of
(7)
HI—
motors allows
Line
Contactors
electrical braking,
MOTOR
Field
2
saving power and
reducing wear on
mechanical brakes.
Fig. 7—SIMPLIFIED DIAGRAM 0 F POWER CIRCUIT
(8) Elimination of smoke
1,500 volts D.C., two motors, overhead collection, seriesparallel operation.
nuisance.
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HOW TO MAKE AN ELECTRIC
KETTLE
By H. J. BALDWIN.

Fig. I.—ASSEMBLING THE COMPONENTS OF THE ELECTRIC KETTLE.
This shows the heater elements fixed in position approximately of an inch from the central bolt.
The thick brass cover plate (which is being held in the right hand) is placed in position with the
concave side against the elements.
N this article the reader is shown an
easy and interesting method of converting an ordinary kettle into a
useful and reliable electrical untensil.
The idea can be equally well applied to
any vessel used for boiling, such as a
saucepan or coffee pot. The result will be
an efficient, durable article, made at about
one-third of the cost of the ready-made
production.

I

Materials Required.
Select a two-pint copper kettle in which
the sides and base are all in one piece, or
difficulty may be experienced in fixing
on the flange if the bottom is soldered to the
sides. In addition, we shall need :—
A strip of copper, gauge 24-26, 20 inches
by ri inches, for the flange.

Piece of tinned iron wire, gauge i6, and
20 inches long, to wire the edge.
Sheet brass, gauge 22, 6 inches square,
for the base.
Piece of brass or iron, 3 inches by 4
inches by inch, to clamp down the
elements.
Two " Creda " elements of the correct
voltage rated at 325 watts each.
Sheet mica, one piece 31 inches by
4 inches, and the other 3 inches by 5/
inches.
Other items include A-inch bolt and
three nuts, three brass balls .inch diameter, two hollow sockets with external
thread, strip of fibre 2 inches by inch,
and few odd strips of gauge 22 brass.
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Fig. 2.—ASSEMBLING THE COMPONENTS OF THE ELECTRIC KETTLE.
This shows the thick brass cover plate and the first sheet of mica in position and screwed down
by the centre nut. The heating element contacts are then screwed on to the brass strips with 2 B.A.
bolts.

How to Make the Flange.
Take a strip of copper f inches wide
and I inch longer than the circumference of
the kettle and scribe a line inch from the
edge. Bend over the edge as shown in A,
Fig. 3, by tapping it with a mallet while
the strip is held against a metal straightedge or block.
Now take a length of the tinned iron
wire and lay it in position so that it
projects slightly beyond the ends of the
copper strip, see B, Fig. 3. Commencing
at one end, gently hammer the edge over
so that it surrounds the wire.
Cut out a circular piece of wood the

Coppers
Flange

same diameter as the kettle ; this forms a
template upon which to shape the flange.
Pull the wire out slightly at one end of the
copper strip so that the round edge is
free of the wire core for i inch from the
end. Cut off the surplus wire, leaving
inch projecting and trim away z inch
of the hollow edging to allow for the overlap where the soldered joint is made.
The flange can now be shaped round the
template, engaging the projecting wire
in the hollow end, and held securely in
place with a twisted cord and stick as
shown in Fig. 4. The lapped joint can
then be soldered. It now remains to
cut the slot in the back of the flange, see
Round Block
of Wood

Copper
Flange \
Cord

,Coppers Wined
Edge
Wire
Fig. 3.—HOW

TO MAKE
THE FLANGE.

Stik
✓oin,neady to so/den

Fig. 4..—USING

A PIECE OF WOOD AS A TEMPLATE
ON WHICH TO SHAPE THE FLANGE.

586

HOW TO MAKE AN ELECTRIC KETTLE

Fig. 5, behind which is bolted the insulating strip of fibre.
Fixing the Flange.
Having tinned the inner edge of the
flange, fit in position with about inch
overlapping the sides of the kettle and
-1 inch projecting beyond the base. Make
sure the ring is square and fix temporarily
with a couple of blobs of solder. Now
wind a length of insulating tape round the
body of the kettle immediately above the
edge of the flange ; this will prevent any
solder running up the side of the kettle
Copper Flange

Slot in back
of flange

Wire

F2g 5 —How TO CUT THE SLOT
IN THE BACK OF THE FLANGE.

and spoiling the appearance of the work.
The kettle should now be inverted and
a neat soldered joint made between the
base and the inner surface of the flange.
Another useful hint to prevent unwanted solder taking to the sides of the
kettle above the joint is to run a wide
line of Brunswick black immediately
above the union ; this is easily cleaned
away afterwards with a little turpentine.
How to Fix the Central Bolt.
Bore a hole A• inch in diameter in

Fig. 6.—DIMENSIONS OF THE
FIBRE INSULATING STRIP.

the centre of the base of the kettle and
well tin the surface surrounding it. In
like manner, tin the head of the bolt,
insert in the hole with the head inside,
and hold firmly in place by stuffing some
clean rag inside the kettle. Pressing on
the head with the left hand securely
solder the bolt in position from the
underside.
The Fibre Insulating Strip.
Take a piece of fibre the size shown in
Fig. 6 and file up the edges, finishing
with fine emery cloth ; burnish the surface to prevent the fibre absorbing
moisture which may spoil its insulating
properties.
Set out the holes as shown in Fig. 6 ;
the two outside ones should be I inch
diameter, and the inner ones 33u inch
diameter. The two sockets A in Fig. 6
can then be screwed into the larger holes,
B. Place the fibre in position on the
inside of the flange, making sure that the
sockets lie centrally within the slot in the

Brass Strips.

Hollow Sockets with
2 8.A.Nuts.

D
Brass Tags

A
d/

34; Hole —

fibreInsulating
Strip

Mica containing
Element.

Mica

Brass Cover Plate
( Piece cut out showing element underneath.)
Thin Brass
Clip

Sheet Mica on top
of Brass Cover Plate

Fig. 7.—THE LAYOUT OF THE ELEMENTS AND COVER PLATE.
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Stout Sheet Brass

B

Approx.6"Dia
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bending the two strips
A and B it is necessary to
heat and soften the ends,
otherwise they may
crack in the operation.

Making the Base.
This consists of a circular
Ilia
piece of brass or other
available metal cut to
exactly fit into the base o:
Ball Feet
the kettle, a hole being
Fig. 8 —THE CIRCULAR BASE.
drilled in the middle perShowing ball feet and right-angled brackets.
mitting the central bolt to
pass through. On the
flange, then punch mark the two holes underside three small brass balls are solC and Cl, Fig. 5. Drill these holes dered, acting as feet to lift the kettle. Above
and fasten the insulating strip in place these small feet right-angled brackets are
with 4 B.A. bolts.
soldered as shown in Fig. 8. The
c134g Hole

Making the Cover Plate.
The brass cover plate, see C, Fig. 7,
holds the elements tightly against the
base of the kettle ; its size is 3 inches by
41- inches by I- inch, but as kettles of the
same capacity vary in diameter it is best
to lay the elements in position and make
sure that the plate clears the contact
strips D and E in Fig. 7 by ± inch.
Having squared up the brass (iron will
do at a pinch) plate, scribe the diagonals
Fig. 9.—THE EBONITE ADAPTOR.
and bore a 1A- -inch hole .in the centre.
The
pins fit into the sockets, which
Now support the plate at its corners
are mounted on the fibre.
and give the centre a sharp blow with a
hammer, so that it becomes slightly
concave. This ensures a tight grip on the length of these must be so adjusted that
they come in contact with the true base
outer edges of the element strips.
of the kettle when the false base or
The Connecting Bars.
cover plate is screwed down in position ;
pieces
The
marked A, B and H Flange
si
Foote 0
in Fig. 7 are made
out of stiff springy
E.,
_Fi
r,
H
gauge 22 brass.
N
IC
—
They are Iss inch
wide, and their
`Head of 3/16 Bolt
exact length must
inside Kettle
Side of Kettle
be found by experiment, as the size of
Fig. I0.—SECTION THROUGH THE BASE OF THE KETTLE WHEN HELD
kettles varies. The
IN AN INVERTED POSITION.
holes at the ends
A, element strip ; B, brass cover plate ; C, sheet of mica ; D, brass
are A inch to take
washer ; E, second brass washer ; F, second sheet of mica ; G, base
2 B.A. bolts and
or false bottom of the kettle ; H, connecting link ; J, one of the
sockets.
When
brass connecting strips ; NI, first nut ; I\T2, second nut.
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two holes communicate with
the larger Finch
hole at the back
of the adaptor
through which
the flex is introduced.
How to Assemble
the Parts.
Invert the
kettle and then
lay the " Creda "
elements in position so that
they are
approximately
8 inch from the
central bolt. Now
place the thick
brass cover plate
in position with
the concave side
against the eleFig. II.—ASSEMBLING THE COMPONENTS OF THE ELECTRIC KETTLE.
Showing how the base plate is fitted in position.
ments, and see
that it is square
this relieves much of the strain on the with the mica strips. The next
thing is to place the sheet of mica, C,
central bolt.
When shaping this base plate to fit the see Fig. Do, on the top of this cover plate ;
bottom of the flange arrange that one note that it has a central hole and over8 inch at the ends. A
foot comes directly to the front of the laps the brass ' 1
1-inch washer, D, is now placed on the
kettle.
mica, and the first nut, N, is screwed
The Ebonite Adaptor.
down firmly in position.
The connecting tags, E and D in
Fig. 9 shows the details of this : it is
simply a block of ebonite with two Fig. io, should now be bent to lie snugly
h-inch holes tapped out 2 B.A. into which on the top of the mica sheet C ; the ends
the contact pins are screwed. These must be bent up at right angles so that the
link H (Fig. 1o)
can be attached.
Middle Strip of Mica on which
Contact Strip
The tags D
the element wipe IS wound
must now be
with 2
\ \
1.
Back Layer fastened
B.A. bolts to the
of Mica
strips A and B,
\ W\
which, in turn,
SpPing Bnass Clip which holds
are clamped down
the NM Strips together.
to the sockets
attached to the
fibre insulating
Top Strip of Mica
strip. It is a
good plan to secure the nuts on
Fig 12.—HOW THE ELEMENT IS WOUND ON A MICA FORMER.
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Fig. 13.—ASSEMBLING THE COMPONENTS OF THE ELECTRIC KETTLE.
The base plate is fixed firmly in position by means of centre nut.

the sockets with small spring washers,
as the heat tends to shrink the fibre, and
it is fatal for either of the strips A or B
to work loose.
The nut N', in Fig. io, should now be
screwed down and on top of this rests a
i4-inch brass washer, which supports the
mica sheet F. This sheet is 4 inches wide
and reaches right across the base of the
kettle to prevent the connecting tags
from coming into electrical contact with
the base. The ends of the mica strip
must be rounded to fit snugly against the
edge of the copper flange, a little slot being
cut in the front to admit the bracket
attached to the base plate immediately
above the ball foot. The other two
brackets will then fall to the rear and
miss the mica strip.
Finally, fit in the base plate and bolt
down firmly with the nut N 2, Fig. io.
The kettle is now ready for the flex and
its first test.

Testing Out.
It is an excellent plan to fit a lamp holder
with two short lengths of flex, then put one
short end in the plug attached to the
kettle flex and twist up the free end of the
kettle lead with the second short end.

Thus the lamp is in series with the elements in the kettle. Switch on and the
lamp should light feebly owing to the
resistance of the elements ; if it glows
brilliantly a short may be expected.
For the final test, three parts fill the
kettle with water, stand it on the hearth,
when in 7 to 8 minutes it should boil.
Switch off when boiling, as the thick
cover plate becomes very hot, and will
maintain the water at boiling point for
several minutes.
Do not drain the kettle absolutely
dry immediately after boiling ; allow the
cover plate time to lose its heat.

Final Hints.
" Creda " elements have been used in
making this kettle, each rated at 325 watts
ro volts, making a single element of
65o watts for a 220-volt circuit ; similar
elements can be bought for other voltages
and of greater capacity for larger kettles.
Some readers may like to wind their own
elements. Fig. is shows how the element
is wound on a mica former and sandwiched between two outer strips of the
same material. Element wire can be
purchased from the " Creda " company,
in lengths which consume one unit.
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MORE RADIO RECEIVING CIRCUITS
TWO- AND THREE-VALVE A.C.; D.C. SUPERHETERODYNE;
AND THREE-VALVE D.C. RECEIVERS.
By A. E. WATKINS.

Meta/ Case
Earthed

4

Fig. 1.—CIRCUIT FOR A TWO-VALVE RECEIVER OPERATED FROM A.C. MAINS.
This is a powerful short-range set with power-grid detector, followed by a pentode output.
The explanation of the symbols used in this or the following illustrations will be found on pages
374 and 375.)

TWO-VALVE A.C. RECEIVER.
HERE are a number of listeners who
are satified with the local stations
and have no desire for programmes
from afar. Therefore, the opportunity
has been taken of designing a powerful
short-range set with power-grid detector,
followed by a pentode output (see Fig. 1).

T

The Power-Grid Detector.
With the conventional grid-leak detector,
there is considerable high note loss, due
to the fact that the necessary value of
grid leak and condenser, to produce good
sensibility, shunts away the higher fiequency. Moreover, with 6o volts H.T.
the signal which is rectified on the grid
is applied to a very curved anode characteristic, and, therefore, if the signal
could be applied after rectification on
the grid of the 15o-anode curve, the output
would be nearly proportional to the input,
and curvature distortions in the anode
circuit would be absent.

High Anode Voltage.
Thus one of the first considerations
with a power-grid detector is a high anode
voltage. A valve used under these conditions at approximately near a zero-grid
voltage passes a very heavy anode
current and it is as well to ascertain
from the manufacturers whether the
valve is suitable for use under such conditions, and that the life of the valve will
not be shortened. The valve used in this
receiver is an A.C./11.L., with a 4-watt
dissipation limit, so that with 8 milliaamperes and 140 volts H.T. there is a safe
wattage of just over r watt. Other
valves which are suitable are the Marconi,
and Osram M.H.L.4 and Mullard 354V.
All these valves have the same dissipation limit and can be used as powergrid detectors with 15o volts actually
on the plate.
With A.C. valves, grid current flows
when the grid and the cathode are joined
together. No positive bias is thus required.
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The Inter-Valve L.F. Coupling.
Having given the detector a good signal
there should be in the anode circuit a
rectified output worthy of a good intervalve coupling. It was therefore decided
to use in this receiver a resistance
filter feed with auto-choke coupling. This
has the advantage of transformer coupling
with the step-up amplification of an
ordinary transformer, and for this type
of choke an ordinary transformer can
be used, such as the Ferranti A.F.6. The
G and H.T. are connected together, the
P being connected to the bias and the
G.B. connected to the grid.
Fig. 4 shows the correct connections.
This method of connecting with intervalve coupling is, in the writer's opinion,
one of the most satisfactory forms of
inter-valve L.F. coupling, as it gives a
practically straight-line output.
The Output Pentode.
The valve used in the output stage of
this receiver is a P.M.24A. and when
properly used, the pentode will give
satisfactory reproduction. It is quite
certain that no valve will give as many
milliwatts output per volt input, but it
is necessary when using a pentode to use
a filter feed to the loud speaker as a
pentode must always have a constant
load upon the plate. Further, a tone
control is necessary. This tone control
is a very simple contrivance, it being
a 50,000-ohm wire-wound potentiometer
or variable resistance in series with a
fixed condenser. This condenser should
be of the mica type. The resistance and
condenser are connected directly across
the filter choke, as shown in the circuit,
and by varying the resistance, an excellent
tone control results. To obtain a large
undistorted output from a pentode with
loud speakers designed for triode valves,
it is necessary that the impedance does
not rise above io,000 ohms at any frequency, and to fulfil these conditions
it is necessary that the input choke is
tapped at various points so that the
speaker may be adjusted to give the best
results. This is easily done by trial,
that is to say, by connecting the output
condensers of the speaker to various
tappings on the input choke. There is
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one other variation in this receiver not
noticed in many designs, and that is in
the aerial tuning. It will be noticed
that there is a slab coil and that the top
end of the winding of the tuning inductance
is connected by a small condenser. This
slab coil is serving two purposes. First,
it increases the selectivity and secondly
it improves the reception on the long
waves.
THREE-VALVE A.C. MAINS-OPERATED
RECEIVER, CONTAINING BAND-PASS
TUNING, POWER-GRID DETECTOR
AND PENTODE OUTPUT.
This circuit, which has screened-grid
H.F. amplification, will be found to be
free from trouble and easy to maintain.
Hum, the principal trouble in mains sets,
is not likely to be encountered. The
circuit is simple and straightforward.
It will be found very easy to wire, and
the pentode valve gives generous output
and is quite suitable for operating a
moving-coil speaker with sufficient volume
to fill a large-sized room (see Fig. 2).
Controlling Input to the Grid of the
Screened-Grid Valve.
It will be noticed in the circuit that
the band-pass tuner is fed from the
aerial by the choke feed. This system
has the advantage that various-sized
aerials do not affect the ganging of the
band-pass tuner. The circuit is highly
selective and meets all modern broadcasting conditions, and as the band-pass
tuner and the H.F. tuner can be ganged
together, single-dial tuning may be used.
That is to say, all three condensers may
be ganged together providing that the
coils are correctly matched. With all
screened-grid receivers it is necessary
to have some means of controlling the
input to the grid of the screened-grid
valve, as, otherwise, when working on
powerful local stations, the valve will be
over-loaded and this will cause not only
distortion but poor selectivity.
Using a 50,000-ohm Potentiometer.
It will be noticed that in this circuit
a 50,00o-ohm potentiometer is placed
across the second band-pass tuner and
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I% g 2.—CIRCUIT FOR THREE-VALVE A.G. MAINS OPERATED SET.
This is a receiver containing band-pass tuning, ewer-grid detector and pentode output.
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alve set, and it will be seen that the filaments are connected in series, and not in parallel

as is the case in C recel\ ers

Tapped Resistance
104 ohms.
e
To carry 0.5 amp. +

•
•
D.C. Mains

594

MORE RADIO RECEIVING CIRCUITS

the rotor contact is taken to the grid
of the screened valve. Now this system
has several points to commend it,
particularly as a steady increase in negative
voltage is developed across the control
of the potentiometer as its earth end is
approached. By this method a steady
increase of grid bias is introduced as
the volume control is turned down for
the reception of strong local stations.
It is particularly important that if a metal
front panel is used on this receiver, the
spindle of the potentiometer must be very
efficiently insulated from the panel, also
that the screw for holding the knob to
the spindle of the potentiometer is sunk
to prevent any contact with the hand
during operations, for it will be noticed
that the spindle is connected direct
to the grid of the valve.
How Reaction is Applied.
Reaction is applied to the H.F. tuner
in the usual manner by means of a differential condenser. The connections are also
shown for gramophone pick-up, but these
may be omitted if they are not required.
The detector valve is coupled to the
pentode by the auto-choke coupling,
as it is always desired in a mains receiver
to obtain the highest quality possible.
Connecting Up the Transformer.
A standard three-to-one transformer
will serve this purpose and it is only
necessary to connect the primary and
secondary windings together, using the
connected terminal as the tap for the
feed of the z mfd. condenser. It is
important that the correct direction of
winding be maintained, and as some
transformer manufacturers mark their
transformers differently, alternative
methods of connection must be tried.
That is to say, if G.B. and the plate have
been connected together and are not
satisfactory, the G.B. and the H.T.
should be connected together. Either of
these two connections will be the correct
one which will give the best results.
The Tone Control.
Across the pentode choke is connected
a 25,00o-ohm variable resistance in series
with a .or mica condenser. This is the
tone control and is a very necessary

Step- up

depends

on ratio

of

'windings
Fig. 4 —THE
AUTOCHO HE
COUPLING CAN
BE UNDERSTOOD WHEN
THE CIRCUIT
IS REDRAWN
AS ABOVE.

Bias

requirement to a receiver of this description.
The rectifying unit and the smoothing
circuit are quite conventional and clearly
shown in the diagram. They need no
explanation, other than that the components must be good.
The Resistances.
The various resistances should be wirewound and the necessary filter condensers
of a high test value.
The Soo-ohm resistance in the main
negative lead of the H.T. must be capable
of carrying at least 5o milliamps., otherwise it will over-heat.
The 5,000-ohm resistance in the detector
plate circuit must be capable of carrying
ro/12 milliamps. This circuit has been
designed for the use of screened coils
of modern design. That is to say, coils
designed similarly to those employed in
the superheterodyne receivers described
in a previous article, but, for the benefit of
those who may wish to construct their
coils, full details of the winding are given
in the accompanying sketch and coils
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identical to these specifications are manufactured
f by the Watmel Wireless
Company, Ltd.
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D.C. SUPERHETERODYNE RECEIVER.
The problems of D.C.
mains operation are more
difficult than those of
A.C. mains largely because little attention has
been devoted to many of
the difficulties. These
have disappeared recently, however, owing to the
introduction of special
indirectly heated D.C.
mains valves, the characteristics of which are
almost identical to those
of the A.C. mains type.
The chief difference of
the D.C. valve is that
the current of I amp. at
6 volts is taken for the
valve filament and 8 volts
for the pentode filament.
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Filaments Connected in
Series.
On reference to the
circuit diagram it will be
seen that there are five
valves, and that the
filaments are connected
in series. This, of course,
is quite different to A.C.
mains or battery-operated
receivers in which all
filaments are in parallel.
In the filament circuit
also will be noticed two
carbon filament lamps ;
on no account must metal
filament lamps be used for
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this purpose. These carbon lamps have
a further property of possessing a higher
resistance when cold than when hot,
and this is a protection to the valve when
the current is switched on.
Why Fuses are Fitted.
The set is intended to work on the normal
voltages from 200 mains, and, in order
to accommodate higher voltages, a tapped
resistance is included. As the lamp
resistance is not exactly correct to give
I amp. through the heaters, a small
portion of this resistance must be included
even on 200 volts. Fuses are fitted in
each mains lead to guard against a
short-circuit, while a double-pole switch
is also necessary.
Earth Connections and Their Importance.
Another very important point in D.C.
mains sets is that they must not be
connected directly to earth. Therefore,
the condenser C2 is inserted in the earth
lead. Also, the condenser CI is inserted
in the aerial lead. This is also important
for D.C. sets because it must be remembered
that one side of the main is always earthed,
and in a D.C. operated set there is no
isolation transformer; that is to say,
the mains are connected directly to the
receiver's various circuits. Therefore, any
accidental shortage of the aerial to earth
would cause serious damage, and the
only way to isolate the receiver from such
short-circuits is by means of the condensers Cr and Cz. Care should be
taken that no parts of the receiver come
into contact with any metal substances
or anything which would cause a direct
connection to earth. The whole receiver
should be contained in a non-metallic
case so as to guard all the component
parts. There should be no open terminals
or any part of the circuit which could be
touched. Never attempt any adjustments while the mains are switched on.
On no account should these precautions
be disregarded.
The aerial circuit, band-pass filter and
intermediate frequency transformers are
exactly the same as those in the set
described in the previous article (page 388),
and the only difference in the D.C. receiver is the value of the various resis-

tances and condensers. Each of these is
clearly marked in Fig. 3.
The Grid Bias.
The bias for the valves in this receiver
is obtained in exactly the same manner
as in an A.C. set. That is, by the use
of a resistance in each cathode lead,
and tests have shown that this is extremely
satisfactory. The circuit is very simple
and is clearly shown in Fig. 3.
This superheterodyne receiver and those
described in the previous article (page 384)
can be thoroughly recommended when
high amplification and high quality are
required, to say nothing of their simple
and easy construction, and they offer
the most satisfactory approach to the
deal receiver yet obtained.
THREE-VALVE D.C. RECEIVER.
This receiver is not an ambitious one,
as it consists of three valves and an
arrangement of band-pass tuning, screened
grid, H.F. power-grid detector and pentode
output. The circuit is shown in Fig. 5.
Coupling the Detector and Power Valves.
Transformer coupling is employed between the detector and the power valve.
This transformer should not have a larger
ratio than i to 2 as the pentode necessarily
imposes a limitation upon the permissible
stage gain. By choosing a transformer
capable of carrying the detector anode
current it is possible to simplify the
coupling arrangements, and also in view
of the fact that the voltage is limited this
allows for a higher voltage on the detector
valve. It must be remembered that we
cannot obtain a higher voltage than the
mains, and as the H.T. is smoothed, a
certain amount of voltage must be lost in
the smoothing. It should be mentioned
here, however, that it is useless to think
of operating a D.C. mains receiver on
anything under a 200 volts circuit, and in
districts where the voltage is only no
we must, if we wish for a mains-operated
receiver, use a motor generator. In
these instances it will be better to use a
motor generator which gives an A.C.
output and to use then an ordinary A.C.operated receiver.
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Using a Motor Generator.
When a motor generator is used it is
advisable that it should be of the twomachine type, that is to say, one motor
driving an independent generator. The
two machines should be housed in a
heavy metal case and the case securely
earthed, as otherwise trouble will be
experienced from the commutation of
the motor. Also, it would be a wise
precaution to connect inductances and
condensers across the input lead from the
main. This will be dealt with more
fully in a later article on " Preventing
Interference from Electrical Appliances,
such as Small Motors, etc."
The Circuit Diagram.
On reference to the circuit diagram,
it will be noted that the usual form of
band-pass aerial tuning is used. This is
particularly necessary in the case of a
mains-operated grid receiver, as without
band-pass tuning the selectivity would
be useless under the present-day broadcasting conditions. A condenser is inserted between the aerial and also between
the earth to prevent any chance of shortcircuit, due to one side of the mains being
earthed, as pointed out with the superheterodyne D.C. receiver dealt with previously.
Why Aerial and Earth Must be Isolated.
In every D.C. main one pole is earthed ;
it may be the positive or it may be the
negative. It is, therefore, essential that
the aerial and the earth are isolated.
The only means of doing this is by means of
a condenser in the aerial lead and the earth.
There is one other method, and that is
to use a separate aerial coupling. This,
however, adds a complication and is
unnecessary.
Values of Resistances.
The various values of the resistances are
stated on the diagram, and all the values
hold good for receivers constructed to
operate between 200 and 250 volts.
Smoothing Chokes and Condensers.
In the smoothing circuit, it will be
noticed that there are three smoothing
chokes and also a pentode choke, and
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that the smoothing condensers are of a
larger size than are usually employed in
A.C. sets. This is because D.C. mains
require more smoothing than A.C. mains.
The smoothing chokes should be wound to
a low resistance of approximately 200
ohms. The wire used must be of a heavier
gauge to obtain the necessary number of
turns for a given inductance. The lower
the resistance of these chokes and the
higher the inductance the better will
be the results, as otherwise the voltage
dropped across the choke will reduce the
voltage on the plate of the valve. This,
of course, is particularly so in the case
of the choke preceding the pentode. The
usual system of tone control is connected
across the pentode choke and consists of a
wire-wound potentiometer and mica condenser.
The valve filaments are connected in
series and the voltage dropped by means
of two 130 volts 32 c.p. carbon filament
lamps in series with a tapped resistance
to regulate the various voltages, as it is
not possible to obtain a correct regulation
of the lamps alone.
What to Do when Fitting Up the Receiver.
When fitting up the receiver, or before
putting it on test, it is advisable to connect
a small ampere meter in series with the
filaments so that the current can be adjusted to 2 amp. When once the correct
tapping is found on the adjustable resistance no further adjustment is necessary
and the ampere meter can then be taken
off the circuit.
A double-pole switch and fuses must be
added to a mains receiver. The fuses
should be rated to carry I to i 2 amps.
Never use a metal panel for this type of
receiver. Always use one which can be
insulated. Any screws used for fixing
the components to the panel should be
well countersunk and covered with wax.
Screening Coils and Condensers.
Each coil and condenser should be
separately screened, and all the screens
connected to the filament of the cathode
circuit.
Never, however, connect any screens
or other components to the series connecting wire between the valve filaments,
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otherwise the filaments will not be in
series and will be short-circuited.
Keep Terminals Inside the Cabinet.
All terminals should be inside the
cabinet so that when the cabinet is closed
all metal parts are protected, for a shock
from a D.C. mains receiver may be serious,
and even result in a casualty, because
with a D.C. receiver there is no isolating
transformer between the parts of the
receiver and the mains, whereas in the
A.C. mains receiver the transformer
secondary is insulated from the primary,
therefore the parts of the receiver are not
directly connected to the mains.
Ventilation.
One other important point is the question of ventilation : because we have, in
the cabinet, two carbon lamps which
generate a considerable amount of heat,

also the valves themselves generate heat,
therefore it is wise that the back of the
receiver should be a frame covered with
perforated metal, and the resistance
lamps placed at the back of the receiver
so as to give free radiation to the heat.
The receiver should not be placed directly
against the back of a wall, but should
have an air space between. If possible,
the cabinet should be lined with metal, or,
failing this, asbestos, for it must be
remembered that where a wire is passed
through the metal it must be bushed to
insulate the lead wires. In any case,
all the connecting wires should be covered
with good quality insulation, for the ordinary connecting wire used for battery
receivers is not sufficiently insulated.
The actual lay-out and design of the
cabinet is left to the reader's imagination,
but if the lay-out is kept in accordance
with the diagram, no trouble will be
experienced.

AN IDEA FOR THE WIRING CONTRACTOR
Cases occasionally arise
where for some
reason or other
it is not desirable to fix electrical switches
on the walls.
It may be that
the owner will
not have the
valuable panelling interfered
with, or it may
be that he considers switches
are unsightly
projections
which spoil the
appearance of a
room.
The use of
sunk switches
necessitates
cutting
a
recess in the

A

CEILING SWITCH FOR PANELLED

ROOMS.

surface of the
wall, and there
are cases where
anything of
this kind would
be considered
sacrilegious.
The method
illustrated
in
the picture
herewith provides a very
convenient
solution to this
problem.
It
will be seen
that the switch
is mounted
above the ceiling, and two
actuating cords
or light chains
are provided for
turning the
switch on or off
as required.
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SAFETY RULES FOR ELECTRICAL
ENGINEERS
By PROFESSOR W. M. THORNTON, O.B.E., D.Sc., D.ENG., M.I.E.E.

Fig. 1.—MEASURING THE RESISTANCE OF A LIGHTNING CONDUCTOR EARTH PLATE.
Unless the resistance 'of an earth plate is low, it is quite useless as a protection. In dry ground, the
resistance tends to increase and periodical testing is essential. A test is being made above with a
"Metrohm" Earth Plate Tester, one terminal being connected to the lightning conductor and t ie °trier
to a water main. On turning the handle, the resistance of the earth plate is read off direct. If it proves
to be too high for effective protection, dig a small hole in the ground over the eartii plate and pour
salt water into it. This will render the soil more conducting.

LECTRICITY is used for power supply
and lighting because it is so conveniently led to the point where the supply
is required, and is so readily switched on and
off and controlled. Its one disadvantage,
by no means negligible, is that it gives no
warning of whether a conductor is alive
or not. In the early days of electric
lighting at voltages about 5o, for which
lamps were then available, the danger of
shock was remote except in electric powerstations and substations where high tension conductors were in those days

E

exposed. Fifty volts is, under normal
conditions, scarcely to be felt by contact
with the hands.
A Point of Law.
Lamp makers gradually succeeded in
raising the voltage at which lamps could
be continuously run and there came a time
when it was necessary to limit this voltage
to prevent danger from shock. After a
long series of accidents and some direct
experiment it was made law that the
highest voltages of incandescent filament
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lamps for general use was 250. The threewire system of distributing current had,
therefore, a voltage of 50o between the
power conductors.
The Danger of Running Lamps in Series
on a High Voltage Circuit.
It is highly undesirable to have several
lamps in series across 480-volt mains, for
if one lamp breaks, the whole voltage is
across the broken lamp, and in renewals
there is grave risk of shock.
Permitted Voltages.
The wiring rules of the Institution of
Electrical Engineers make clear what is
permissible and are in fact safety rules
so far as they go. These permitted voltages
depend on the laws of probability. A certain risk is acknowledged to be present,
for it is impossible to obtain perfect
immunity from accident by any human
device, and even at voltages as low as
8o fatal shocks have occurred. When the
current is taken between, say, a moist
hand or foot and the more sensitive skin
of the mouth or eye, or a cut or abrasion,
25 volts alternating have been fatal, to
animals if not to man. The question is
then what safety rules are reasonable
having regard to the vast ramification of
electrical leads and apparatus.
Effects of Current and Voltage.
The answer is in two parts, the voltages
that man can stand under a given condition and the probability of exposure to
them in the daily use of the house or works.
The sensation of shock depends not in
itself on voltage but on the current passing.
A third of an ampere is invariably fatal
taken through the body, io milliamperes
causes sharp muscular contraction and a
little more than that an electric wound,
the skin disintegrating and sloughing.
250 volts is about the highest that a
man with normally dry hands can grasp
fully and let go of. One cannot let go of
35o volts alternating or 48o volts direct,
the muscles of the hands and arms are
paralysed and in most cases one cannot
speak or cry out. Under these circumstances death is only a matter of time of
contact.

Two Methods of Rescue.
One leading rule of safety is never to
attempt to remove anyone so held in
contact with live terminals by trying to
unlock the hands. The best way is to
charge him as in football without touching
him with the hands ; one may receive a
capacity shock in the process, but it is
only momentary, and if one leaps at him
there is little risk of that. This has been
done many times. An alternative is to put
a non-conducting band around him such
as a dry jacket held by the sleeves and
endeavour to jerk him away.
If the switch controlling the live circuit
is near the right thing is, of course, to open
it ; the muscles then relax and artificial
respiration can be applied as to a halfdrowned man.
Golden Rules.
There are a few golden rules to ensure
safety. The first is never to touch exposed
conductors if one doss not know the voltage
upon thsm, the next to touch only one at a
time with one hand held behind the back.
In the old test room days, before safety
enclosures were enforced, one hand used
to be tied behind one's back to prevent
any chance of shock between the hands.
Low Voltage and High Voltage Shocks.
Low voltage shocks taken from hand to
hand paralyse the breathing muscles of
the chest and artificial respiration restores
this function. High voltage penetrates
deeper and paralyses the muscles of the
heart.
One hears constantly that very high
voltage shocks are not so dangerous as
low voltage shocks. The reasons for this
belief are not satisfactory. In approaching
too near a live conductor at say 30,000
volts, a pilot spark may jump across and
be followed by a power arc causing serious
burns, without having fatal effects, but it
must not be said that one has received and
survived a 30,000-volt shock. Shocks can
be had even when one is standing on a
rubber mat, due then to the body acting
as a condenser to earth. Such sparks,
though rarely fatal, may be very uncomfortable.
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Some Figures Relating to Electrical
Accidents.
The reports of the Senior Electrical
Inspector under the Factory and Workshop
Acts are valuable reading. They deal only
with accidents in such places, not with
shocks in dwelling houses as such. In the
Report for the year 1929 there is a record
of 42o electrical accidents of which 35
were fatal. These are classified under the
head of high
tension accidents
(over 65o volts),
and medium low
pressure accidents. Twice as
many fatalities
occurred on voltages at or below
400 as on systems from 1,000
to 33,000 volts.
All the cases but
one were on A.C.
systems, and in
all but a few the
accident occurred by carelessness or was
preventable.
Better Sure than
Sorry.
The conclusion
to be drawn from
this and other
reports and from
the record of
accidents which
do not come
under the Factory Acts may
b e summarised
as follows. No
electrican having
a regard for his
own or his comrades' life must
merely think, he
must KNOW. If
he is not sure
that the line is
dead or that
anyone is work-

6ot

ing on it he cannot afford to take risks,
he must sacrifice time and find out,
the penalty may be death, lifelong disability or regret.
It is not correct to say that one must
never take risks oneself. Risk is a very
debatable word. In a power station risk
is in many places where there is running
machinery. It is undue risk or carelessness that may become criminal. When life

Fig. 2.—TESTING THE RESISTANCE OF JOINTS IN A RUN OF CONDUIT.
It is essential on grounds of safety for the conductivity of the conduit,
armouring, or other cable enclosure, to be high. The Mining Regulations, for
example, lay down that the ohmic resistance of a length, including any joints
(in the length under test there are seen to be two joints),shall not be more than
twice that of the same length of the cable inside it. The Earth Conductivity
Tester shown in use enables the resistance to be read off direct in ohms, upon
pressing the two hand spikes firmly into contact with the sheathing.
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is concerned no electrician can afford to
rely on someone else doing the right thing
if it is in his power to check it.

switches alone. If the fuse on one side
only is drawn or blown there may be risk
if that is the earthed side.

When Working on a Low Voltage Installation.
When working on a low voltage existing
installation the simplest rule is to draw the
fuses. It is not sufficient to open the

A Note on the Three-Wire System.
The earthing link in the neutral of a
three-wire system must never be broken
until the supply to the outer conductors
has been cut off, for if the system is out
of balance a
dangerous pressure may be
thrown on to the
less loaded side.
Ironclad Switch
Gear.
The use of
ironclad switch
gear, introduced
by Messrs.
Reyrolle & Co.
for mining p u r poses many years
ago and now
universal, had so
beneficial an
effect in reducing
risk of shock,
and by the use
of mechanical
interlocks of
preventing mistakes in operation, that in
places where it is
desirable to enclose live parts
safety as complete as human
ingenuity can devise is now available.

Fig. 3.—A " FLAMEPROOF " AMMETER FOR USE IN FIERY MINES.
Note the wide, roughly machined joint. Should an explosion occur inside
the enclosure, the flame and hot gases in passing out through the narrow gap
so formed are cooled down to such an extent that no external ignition can take
place, even if the surrounding air is charged with fire-damp. The erector is
carefully wiping any dirt from the flange before screwing down. If this precaution is omitted, too wide a space may be left. It is important to replace
all the screws, but the design must be such that if one is accidentally left out,
the open hole does not pass into the interior of the enclosure.

The Grid Supply
System.
In the approaching era of
grid " supply
there is, however,
the necessity for
using bare conductors at high
tension in places
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which can be reached by ladder. There
are two courses to pursue in such a
case. The responsible person must ensure
by examination that the lines are made
dead before operations are carried out of
cleaning or alterations, or the workman
must be provided with an infallible means
of ascertaining from a safe distance
whether the voltage is on or off.
A Useful Instrument.
When there is current flowing this is
possible now by the use of a telephone
and search coil which when placed in
an alternating magnetic field indicate by
the characteristic hum that a current is
flowing in neighbouring conductors.
A Chance for the Inventor.
But in the case, for example, of armoured
and lead sheathed three-core cables, there
is no external magnetic field for that is all
stopped by the iron wire armouring and
no external electric field for that cannot
pass the lead sheath. There is need for a
device which will indicate whether such a
cable is carrying voltage or is dead. At
present there seems to be no remedy but
to drive a conducting spike into the cable
in the same way that workers on a thirdrail electric railway are enjoined to see
that a crowbar is placed across the live
and running rails, but this is an operation
not to be carried out except after doing all
that is possible to ensure that the pressure
is cut off. Numerous fatalities have
occurred from the omission of this precaution.
A merely negative indicator is rarely
sufficient—for safety one must have an
apparatus which can be tested without
the need of an electric field to see whether
it is in perfect working condition, before
testing whether there is a field present.
At the moment there is no device in common use for this test, but experiments are
being made to this end.
The Importance of Efficient Earthing.
There would be few accidents from
shock if the rule that the metallic enclosures of machines or cables must be
efficiently connected to earth were rigidly
carried out. The subject of earthing is
itself extensive, but it might be taken that
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all large metal parts such as piping laid
in earth, not like tropical sand dry most
of the time, provides an earth within the
meaning of the Act. Earthing an electric
system on to a gas pipe is of course not
advisable if any other place is possible,
but where there is any doubt or difficulty
a special earthing plate must be installed
in such a way that its contact with the
ground cannot be broken.
Every care must be taken to make
perfect contact between the earthing wire
and the apparatus at one end and the
earthed metal at the other ; merely
twisting a wire around a pipe is not
sufficient for voltage of 250 or over. The
contact should be fixed by a screw or band
contact or soldering. In carrying out an
installation the metal conduits carrying
the insulated wires must be earthed
efficiently in the above manner and enamel
removed. It is not sufficient to place an
enamelled tube through a hole in a junction box and trust to it making satisfactory
connection ; a thin layer of insulation or
paint may support a voltage sufficient to
give a dangerous shock.
The great safety rules are :—
(r) Earth all metallic parts of
machines, switches, plugs, lampholders
and the like which may come in contact
with live conductors or by acting as a
condenser surface acquire voltage above
earth potential.
(2) Never attempt to work on or near
a supply system, however safely one
may seem to be placed, if there is the
least chance of a contact with parts which
may be live unless you are satisfied by
seeing the parts short-circuited to earth
that there is no danger of shock.
Electric Cranes.
Crane trolley wires are a frequent source
of danger. The above rule (2) holds in their
case perhaps more urgently than in any
other for it is sometimes necessary to work
near crane wires which should be run in
places inaccessible to any workman under
ordinary conditions. If it is impossible so
to run the leads, a reduction of voltage to
25o greatly reduces the risk.
The Importance of Good Jointing.
A constant cause of fatal accidents is
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the careless making of joints in wires or
cables. All sharp ends or edges of conductors should be smoothed down before
applying the rubber tape. This is usually
an excellent insulator but when drawn
tight and thin over a sharp edge its electric
strength may be weakened " a hundredfold or more, making it quite unreliable
and the taped joint quite unsafe to touch."

machinery and switch gear in good condition is the chief source of danger. A screw
omitted, dirt not removed from " flame
proof " flanges, a trailing cable not properly inspected, may have fatal consequences. Incessant alertness and attention
to details should be the electrician's
leading characteristic. To make a bad
connection is his worst offence.
The publishers are indebted to Messrs.
Maintenance.
Everett Edgcumbe for assistance in
In all electrical work, in mining practice staging the photographs which illustrate
in particular, lack of maintenance of this section.

QUESTIONS AND ANSWERS
What is the law regarding the highest What would you consider to be dangerous
voltages permissible for incandescent
voltages ?
Anything above 25o volts. An alterlamps ?
The pressure across the lamp terminals nating voltage is more dangerous than
must not exceed 250 volts. With the a direct voltage.
3-wire D.C. system the pressure must not What is a leading rule of safety in rescuing
exceed 500 volts between the outers.
a person from live terminals ?
Never attempt to unlock the person's
Why is it dangerous to run several lamps hands. The best way is to charge him
in series across a high-voltage as in football.
circuit ?
Because if one lamp fails the whole What must be borne in mind when working
on a 3-wire system ?
voltage is across the lamp terminals.
The
earthing link in the neutral must
This introduces a grave risk of shock
never
be
broken until the supply has been
when the lamp current is being renewed.
cut off from the outer conductors.
What current is fatal to the human What is the worst offence against safety
body ?
rules when installing electrical equipOne-third of an ampere.
ment in mines and what maintenance
work is essential ?
If this is so, why can low voltage conThe worst offence is to make a bad or
ductors carrying much larger currents faulty connection. All flameproof flange
be handled with safety ?
joints should be made with particular care.
Because the resistance of the body is Machinery switchgear and trailing cables
high, so that a fairly high voltage is should be inspected at frequent intervals,
required to pass a current of one-third of an and any incipient faults immediately
ampere through it.
remedied.
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ELECTRIC HEAT TREATMENT
FURNACES
By E. P. BARFIELD, A.M.I.E.E.
LECTRIC furnaces used for heat- How to Install the Pomace.
treatment purposes in works and
The furnace maker will in due course
engineering shops vary widely both submit his estimated cost of furnace,
in size, shape and design, due to the together with an outline blue-print of the
numerous purposes for
which these appliances
are installed. Briefly,
heat - treating equipments may be classified
as follows :—Tempering ovens or furnaces
working up to about
600° .C.; hardening
furnaces for carbon
and alloy steel up to
1050° C., and electric
furnaces for hardening
high speed steels up
to a temperature of
1400° C. In addition,
there are, of course,
other kinds of furnaces, such as continuous or conveyer
types, rotary hearth,
and numerous others
designed specially to
suit the requirements
of different industries,
and like all types of
electric furnaces, depending in size mainly
upon the output desired by the user.
When approaching
the question of installing electric furnaces
in works, it is most
important that the
fullest details of the
user's requirements
should be conveyed to
the furnace maker.
Fig. 2 shows what
details should be
Fig. I.-ELECTRIC HIGH-SPEED STEEL HARDENING AND TEMPERING
FURNACE.
supplied.

E
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proposed furnace, and in addition, a may be, in the case of small furnaces, just
schedule of operating costs. Should the a simple regulating rheostat, but in the
furnace be of such a size that it has to be case of furnaces over about io kw. conbuilt on site, the supplier will in all sumption, automatic temperature control
probability desire to see the actual site is most usually adopted. In any case,
on which it is to be erected.
blue-prints of the electrical control and
Foundations and any excavations connections are invariably sent to the user,
necessary are usually carried out by the and from the electrical point of view the
connections to furnace rheostat and mains
user to plans supplied by the maker.
become
quite an ordinary matter.
Smaller types of electric furnaces which
can be built in the maker's own works and Two Ways of Controlling the Temperature.
transported may require an angle iron
There are various types of automatic
stand or brick
temperature
piers only. In
control suitable
the latter case,
for use in conENQUIRY FORM
it is customary
nection with
We should appreciate the following particulars to enable us to put
for the firm
furnaces a n d
forward plant suitable for your requirements :—
building the
tempering
MATER IAL.
furnace to supbaths or ovens.
Nature of Material to be Heat-Treated
Dimensions of Largest Article—Length ....Width ....Height
ply the user
Two distinctive
Weight in lbs. of—Largest piece
Average
Smallest
with a plan a
types may be
Total weight of Material required to be handled per hour
few days after
described. The
OPERATION.
acceptance of
first, which is of
Nature of Heat-Treatment required.
the order, so
the expansion
Maximum temperature required
that the purIf charge requires soaking—period in hours
type for temCooling of iVlaterial—? In Furnace—in Air—Quench
chaser may properatures up to
Complete Cycle of operation (preferably for a period of one week),
ceed with the
about 400° C.,
giving number of hours worked.
erection of the
is used for
ELECTRIC POWER AVAILABLE.
piers ready to
tempering
D.C. or A.C. Periodicity.
Volts.
Phase.
receive the furovens and other
Name
nace when de1 o w temperaAddress
livered by the
ture operations.
maker.
Date
The second type
Should t h e
is the thermoFig. 2.—HOw TO SPECIFY REQUIREMENTS FOR A FURNACE
furnace be of
electric controlsuch small size
ler, which is
that it will stand on a bench—for example, suitable for temperatures up to
in the tool-room--the maker will, upon 1200° C. Expansion controllers usually
request, send details of the space occupied, consist of a tube of heat-resisting
or any other information required to metal containing two strips or
enable the user to install same in a con- rods of dissimilar materials, such as
venient position.
silica and nickel chrome, in order that
they may have different coefficients of
Connecting the Furnace to your Electric expansion when heated. Means are proSupply.
vided to regulate contacts which operate
Furnaces, tempering ovens and other at different temperatures and provision is
industrial appliances heated electrically made by means of a relay and, if necessary,
are invariably provided with the necessary an electro-magnetic switch, to make and
terminals or sockets to which connections break the heating current in order to
have to be made to the main electric obtain temperature control.
supply. Between the main switch (which
will be specially installed to control the For Higher Temperatures.
furnace) and the furnace itself is the
Above 400° C., a thermo-electric temtemperature controller. This controller perature regulator is necessary. The one
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described here has been chosen
on account of its rugged construction, simplicity of operation and freedom from
trouble, three factors which
make it eminently suitable
for continual service in heattreatment shops.
The actual controller is a
standard thermo-electric indicating pyrometer of the millivolt
meter pattern, with certain
additional parts. The instrument has a moving coil
mounted in the patent
" Resilia " suspension, which
renders it immune from trouble
due to vibration. The moving
coil has a pointer attached to
it, which is deflected when the
thernio-couple in the furnace is
heated, the magnitude of the
deflection depending upon the
temperature of the furnace.
How the Automatic Control
Works.
An additional pointer is
fitted, which can be set at
any point on the scale according to the temperature at which
the furnace is required to be
maintained. The arm to which
this pointer is fixed carries a
Fig. 3.--A TYPICAL CONTROL PANEL FOR AN ELECTRIC
contact piece above the scale,
FURNACE.
whilst an additional contact is
This shows the apparatus closed and ready for use. (See
fitted on the instrument frame Fig. 4 for the inside connections.)
below the zero on the scale.
A " chopper bar " extends across the top below the control pointer, the chopper bar
of the scale from one end to the other, the falls on the contacts below zero, known
indicating pointer swinging between the as the " on " contact. As soon, however,
bar and the scale. This chopper bar is as the indicating pointer reaches the
pivoted at the rear of the instrument, required point, the chopper bar, instead
and is held up by a spring loaded lever. of falling on the " on " contact, traps the
A periodic release of the lever and con- pointer arm on to the other, or " off,"
sequent depression of the bar is made by a contact.
push rod projecting down the side of the The Connections Explained.
instrument, and running on a cam, the
Both these contacts are connected to a
cam being driven through suitable reducrelay
of the mercury switch type, fitted
tion gearing by a fractional horse-power
with two energising coils. Reference to
motor.
the circuits shown in the wiring diagram
" On " and " Off " Contacts.
(Fig. 4A) will assist in explaining the
As long as the indicating pointer is operation.
The " on " contact A is

608

ELECTRIC HEAT TREATMENT

connected to the " on " coil B of the
relay R, whilst the " off " contact C is
connected to the " off " coil D. These
relay coils are fed through the contacts
from a small double wound transformer T,
which has an output at 20 volts. It will
be readily seen that when the " on "
contact is depressed, the mercury switch is
pulled into the " on " position, whilst
making the " off " contact brings the
mercury switch into the " off " position.
The Main Contactor.
So far, all the instruments described are
mounted on the control panel, and Figs. 3
and 4 show, respectively, closed as in use,
and opened as when being connected up.
The relay, however, operates a main
contactor or electro-magnetic switch, which
is used for breaking the main supply to
the furnace, and which, owing to its size,
cannot conveniently be mounted on the
panel. Leads are connected to this from
the terminal strip seen in the view of the
panel open. Reference to the external
wiring diagram (Fig. 9) will make these
circuits clear, when taken in conjunction
with the internal diagram previously
mentioned. It will be seen that the
mercury switch is connected to the coil of
the contactor switch, so that breaking
circuit in the mercury switch causes the
contactor to open, and vice-versa. In
practice, the door switch and thermal
fuse, which are described elsewhere, are
placed in this same coil circuit so that the
supply is cut off when the door is opened
or when the furnace is accidentally overheated. These items are shown in the
diagram, but only passing reference need
be made here.
Installation is Easy.
Installation of the controller in this form
is simple enough to enable the actual user
to carry it through without difficulty. All
the instruments on the panel are fully
wired up and connected to the terminal
strip above mentioned. Connections have
to be made between these terminals and
the contactor switch, door switch and
thermal fuse. Main supply connections are
made to the contactor, and leads from the
contactor are fed to the furnace terminals.
The equipment is then ready for operation.

How Faults are Caused.
Faults on this type of controller are few
and far between, and are usually due to
such simple things as the panel not being
level, or bad connections to the thermocouple. A panel which is leaning backwards or forwards to any great extent
will tend to make the mercury switch
sticky in operation, sometimes causing it
to remain in the " on " position when it
should be " off," and vice-versa. Detection
of this fault is easy if the relay cover is
removed, for it will be noted that the relay
gives a " kick " but does not move over.
Levelling the instrument will cure this
trouble immediately. The contacts inside
the instrument should be cleaned if the
relay shows no sign of movement when
one or other of the contacts should be
made. A loose connection of the leads to
the thermo-couple or a burnt thermocouple will cause an unsteady movement
of the pointer, whilst a broken couple will
fail to give a reading on the pointer at all.
Both these faults are easily traced and
equally easily remedied by the user, at
little or no expense, whilst for years the
controller will operate without any
expense.
Take the Usual Precautions.
Usual precautions should be taken with
these equipments as would be taken with
any other electrical apparatus. The
contactor contacts should be examined
three or four times a year, and cleaned
when necessary. The thermo-couple
should be examined at the same time, and
if badly burnt, should be replaced by a
new one. The whole equipment should be
kept dry and as clean as possible. If these
precautions are taken, the controller will
give perfect and reliable service free from
trouble for years.
In cases where automatic temperature
control apparatus is installed, the actual
controller as pointed out is in the form of a
pyrometer so that the temperature of the
furnace or oven can be ascertained at any
time desired. In the case of units that
have the temperature controlled by hand,
an ordinary indicating pyrometer is
invariably installed.
As the outer cases of both controllers
and pyrometers are sealed by the maker,
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Fig. 4.—IN SIDE CONNECTIONS OF A TYPICAL CONTROL PANEL FOR AN ELECTRIC FURNACE.
The mercury switch is connected to the coil of the contactor switch so that breaking circuit in the
mercury switch causes the contactor to open, and vice-versa. (See Fig. 4A for wiring circuit.)
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be measured, the
ends of the wires
being connected to
a millivolt-meter
graduated to read
directly in degrees
of temperature.

External Wiring.
In the case of
automatic control,
the invariable
13
custom
is to supply
A
the equipment with
L2.
a time switch,
O C. t
mounted and ready
L2
wired on a panel,
O L
j so that it is only
necessary to run
and connect mains
from furnace to
panel and from the
panel to the main
switch. It is gener.L
ally left to the user
or his electrical conFig. 4A.—WIRING DIAGRAM FOR AUTO-CONTROL WITH TIME SWITCH
tractor to run all
The "on" contact A is connected to the "on" coil B of the relay R, external wiring rewhilst the "off" contact C is connected to the "off" coil D. The panel
quired for furnaces,
is hinged on the left-hand side. Remove bolts to open.
but where it is
any repairs must be carried out by the necessary, the maker will usually contract
instrument manufacturers.
for this work if required.
How Pyrometers are Constructed.
The principle on which thermo-electric
pyrometers are constructed is as follows :—
If two wires of dissimilar metals are
joined at their ends to form an electric
circuit, and one junction is heated, an
electro-motive force is set up which gives
rise to an electric current in the circuit.
The magnitude of the electro-motive force
depends on the difference in the temperatures of the hot and cold junctions. If a
galvanometer is included in the circuit,
it is possible to determine the temperature
of the hot junction, provided the cold
junction temperature and the relation
between temperature and electro-motive
force for the two metals used are known.
In practice the two dissimilar wires,
suitably insulated and protected, are
joined at one end to form a thermo-couple
which is exposed to the temperature to

Starting up the Equipment.
After completing the erection of large
installations, it is customary for the furnace
maker to send an erector to inspect and
start up the equipment and to give any
instructions or advice to the user that
may be required to assist him in the
working and maintenance of the furnaces.
In a well-constructed electric furnace,
designed to withstand reasonable wear and
tear, the upkeep offers no difficulties and
little expense. The greatest care and
consideration should be shown before
purchase to ascertain that the heating
elements are designed and fitted in such a
manner that the work of replacement can
be easily and safely carried out by the
user's electricians. The most suitable
form, from the user's point of view, both
in regard to life and ease of replacement, is
one in which a furnace element can be
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withdrawn whilst
t h e furnace is
still hot and a
new element inserted at once. It
will be obvious
what a very great
saving in time
this effects.
Two Simple
Methods of
Heating.
Two simple
methods of furnace heating are
shown in the
accompanying
illustration. The
hairpin rods in
Fig. 6 are pulled
through from the
front after unbolting on back
bus bars and a
new hairpin
pushed back in
its place. In the
case of Fig. 7,
Fig. 6.—A SIMPLE METHOD OF FURNACE HEATING.
the heating eleThe hairpin rods are pulled through from the front after unbolting
ment is a conon back bus bars, and a new hairpin pushed back in its place.
tinuous helix of
nickel chrome
wire, which can be withdrawn and replaced grooved. Fig. 8 shows such a chamber
in much the same way as the hairpin rod.
being wound. Such provision permits
It will be observed that the two methods comparatively easy winding and correct
6f fixing described entail no cutting or spacing of the wire or wires, for at times
actual fixing to the refractory bricks in several nickel chromium wires are used in
the furnace lining. Such work could not parallel.
be easily or safely carried out by the user.
It is unnecessary in this article to make
reference to the method of making off or
anchoring the ends of the wire to the,
Rewinding a Muffle Chamber.
corresponding ends of the muffle chamber,
In dealing with muffle furnaces, i.e., or how to assemble and replace lagging.
bench furnaces, maintenance is such a This information can always be obtained
simple matter that no suggestions are by the user from the maker, who invariably
necessary. As in the case of larger has printed instructions and prints to
furnaces, tempering ovens, and all indus- assist customers who wish to carry out
trial units, a few spares should be carried, their own repairs.
particulars of which will be found on
The nickel chrome rod or wire used for
another page. The repairing of a muffle the elements should always be obtained
or bench type furnace when the time comes from the original manufacturer of the
for rewinding is much simplified if the furnace to ensure the correct quality and
original chamber is deeply and continuously gauge being supplied.
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The Safety Fuse.
Practically all electric furnaces are fitted
with some form of protection against
thermal overload, usually in the form of a
safety fuse which blows at a temperature
well below that likely to endanger the
windings.
How to Replace a Fuse.
A standard fuse consists of a loop of
silver (or gold) wire in series with the
main heating circuit, in the case of small
furnaces, or in circuit with the coils of
the contactor switch in the case of larger
furnaces. The fuse often consists of pure

Another Safety Device.
A further protective device, consisting
of a switch fitted to the door, is usually
employed in the case of larger furnaces.
Such a switch automatically cuts off the
power supply from the heating elements
when the door is opened for charging or
discharging, thus obviating any possible
risk of electric shock due to the charge or
rakes, etc., in the hands of the operator
coming into contact with the heating
elements. Some forms of door switch are
of the single pole variety, but in order to
ensure absolute protection it is necessary
that the switch should be of the double
pole type, otherwise it may be
found that portions of the
chamber, i,e., the
silver thermal
fuse, may still be
in circuit when
the door is open.

A New Alloy for
High Temperatures.
The furnaces,
etc., so far described are invariably heated
by rods or wire
Fig. 7.—ANOTHER METHOD OF FURNACE HEATING.
of nickel chrome
The heating element is a continuous helix of nickel chrome wire which
and suitable for
can be withdrawn and replaced in much the same way as the hairpin
rod .in Fig. 6.
temperatures up
to about 1050° C.
As a result, howsilver wire which fuses at a temperature ever, of researches extending over several
of 96o° C. and automatically cuts off the years, a new alloy has been produced suitpower supply from the furnace windings. able for temperatures up to 1200° C., and
The insertion and replacement of these already continuous electric pottery kilns are
fuses is a perfectly simple matter, it being utilising the new alloy as the heating
only necessary to disconnect the burnt-out elements. Generally speaking, however,
fuse from the terminals of the fuse plug, and particularly in the case of smaller
which projects at a convenient point on furnaces where temperatures in excess of
the casing of the furnace, and to fit a new 1050° C. are required, the heating elements
length of the requisite gauge of silver wire consist of recrystallised carborundum,
to be obtained from the manufacturers. which is suitable for temperatures up to
It is important to note, however, that old 1400° C. and are consequently largely
fuses should never be used a second time made for hardening high speed steel.
by twisting the ends together or otherwise,
as the depth of insertion in the furnace Resistor Troubles.
chamber is fixed by the design of the
All resistor bars of carborundum have
furnace.
the drawback that at temperatures in the

ELECTRIC HEAT TREATMENT

neighbourhood of r3o0° C., the carborundum partially dissociates and oxidises,
causing the bars continuously to increase
in resistance with age. Actually their
resistance increases about fourfold during
their life before rupture occurs.
Overcoming Increased Resistance.
To overcome this effect of increasing
resistance, some means have to be adopted
to reduce the power input to the furnace
when the bars are new, lest the rate of
heating be so
great as to cause
damage, and
where carborundum bars are old,
the rate of heating becomes so
diminished that
they must be
discarded before
they are really
worn out, unless
some equalising
device is employed.
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The Danger of Too High a Voltage.
Without some further safeguard it
would be possible for the operator to apply
too high a voltage to the furnace and too
much power, resulting in burning out the
heating elements and very likely destroying
the furnace lining also.
This is prevented by the inclusion in the
primary circuit of an excess current circuit
breaker. This is sealed so that the operator
cannot alter its adjustment. He can,
however, reset it after it has interrupted

When to use an
Auto -transformer.
In order to
obtain constant
time in heating
Fig. 8.—REWINDING A MUFFLE CHAMBER.
the furnace from
The nickel-chrome wire for winding should be obtained from the furnace-maker.
Cold to working
temperature, the power supply must be the circuit if he first puts back the seconduniform throughout the life of the elements. ary tapping switch to the amount required
This involves increasing the applied voltage reducing the power to the safe limit.
As a transformer, especially when loaded,
in several steps until it finally is twice
that which it was at the start. This is is liable to create a surge on being switched
effected by employing an auto-transformer on, the circuit breaker is further furnished
with a delayed action device which prewith a plurality of secondary tappings.
So that the operator may be informed vents it from operating until the excess
as to when it is necessary to add a step current has been established for a few
to the secondary voltage, an ammeter is seconds.
connected in the primary circuit. When
the current has fallen by, say, 20 per cent., Points to Remember.
To sum up :—
the power applied to the furnace has fallen
The tapped transformer compensates for
20 per cent. An increase of ro per cent.
to the secondary voltage, effected by ageing of the elements.
The ammeter instructs the operator how
changing to the next higher tapping,
brings the power up again to its original to change the tappings of the transformer.
The circuit breaker safeguards the
value.
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perature control, together with
regulation of chamber atmosphere, are vitally important.
The subsequent tempering,
or secondary hardening, is
carried out at about 600° C.,
in a muffle heated by a resistance winding often fitted
with automatic temperature
control.
Fig. i shows a complete
electric high-speed steel hardening and tempering equipment, with the operator inserting the steel in the high
temperature (hardening)
chamber.

Don't Forget the Equipment
Number.
CONTACTOR, FURNACE, ETC.
All electric furnaces and
The mercury switch is connected to the coil of
industrial heating apparatus
the contactor switch, so that breaking circuit in
manufactured by firms of
the mercury switch causes the contactor to open
and vice-versa.
repute bear an equipment
furnace should the judgment of the number on the name plate and when
operator be at fault. The delayed action corresponding with makers regarding
prevents the circuit breaker operating on spares, etc., this number should be given.
momentary surges occurring on switching
on. All these features are essential to The Importance of Periodical Inspection.
In many works the maintenance of
successful operation of a furnace furnished
electric furnace is divided between the
with carborundum elements.
It must be pointed out that the above electrical and mechanical staff. It is
advisable, however, that the electrical
method of control is the subject-matter of staff
should closely inspect the interior of
patents, both in this country and abroad.
The secret of working high speed steel furnaces and ovens with a view to ascertaining the condition of the heating
tools successfully lies mainly in correct elements.
Care should be taken to watch
heating.
for any accumulation of scale which may
Apply the Heat Slowly and Evenly.
fall from boxes or work and become a
As the thermal conductivity of high source of danger to the elements, or, in
Tungsten steel, when cold, is considerably the case of a pit type furnace, possibly
lower than that of ordinary steels, it is shield the thermal fuse or thermo-couple.
particularly important to heat it very Periodic inspection of industrial heating
slowly and evenly over the lower tempera- equipments are advisable and such inspecture ranges. A preliminary warming of the tions should be recorded.
tools near the furnace, followed by " preSome Spares in Stock.
heating " in a furnace chamber to about Keep
for various equipments should
800° C. gives the best results provided beSpares
carried
in stock. These may consist
that the preheating chamber is uniformly
a few heating elements, one or two
heated and the temperature is properly of
and closely controlled. The final heating thermal fuses and some thermo-couples.
from about 800° C. to the hardening point Repairs Should Be Easy.
Repairs to furnaces are usually a simple
(say, 1250°-1400° C.), must be carried
out as rapidly as possible ; but here again matter, but, as already pointed out in this
uniformity of heating and accuracy of tem- article, it is a matter of importance to
Fig. 9 —EXTERNAL WIRING DIAGRAM OF CONTROL,
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prospective users that they ascertain
before purchase what repairs to elements
necessitate, and quite apart from any
guarantee of life, simplicity and ease of
replacement will save users considerable
expense in the future.
Assuming that the maker has supplied
instructions for replacing heating units
and provided the design of furnace used
does not embody elements permanently
fixed to metal supports in the refractories,
repair to heating elements is a perfectly
simple matter. Repairs to pyrometers,
automatic temperature controls, time
switches, and other form of instruments
installed are best left to the maker should
trouble occur. It may be said that
modern instruments and switches of the
type adopted for furnaces, if properly and
intelligently installed, are most reliable,
and no anxiety need be felt as to their
upkeep.
Little more remains to be considered in
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regard to repair and maintenance of
electric furnaces. Motors used for fans
in ovens and for the heat-treatment of
non-ferrous metals should have periodic
inspection, oiling and cleaning. Contacts
of electromagnetic switches, where used
for temperature control and similarly
selector switches on tapped transformers,
will all receive a reasonable inspection
from time to time.
The Advantages of an Electric Furnace.
Provided the various points mentioned
are observed, it will be found that electric
furnaces and their associated equipments
used in all engineering works for heattreatment, will give long and faithful
service, and will amply repay their users
both in regard to economy and the better
results obtained by reason of the uniformity
of heating and the simplicity and certainty
of correct temperature control.

STARTING D.C. MOTORS
When a shunt-wound motor is running,
the mains are directly connected across
the armature of the motor. The resistance of the armature, or even the armature
and field of a series-wound motor, is only
a fraction of an ohm in a machine of
several h.p. output. Consider an actual
example. A 40 h.p. shunt motor has an
armature resistance of one tenth of an
ohm, and the mains pressure is 50o volts.
By applying Ohm's Law (c
it is
evident that if the armature of this motor
were connected to the mains without any
resistance in series with it, a current of
5,000 amperes would flow, if there were
no fuse or circuit breaker in the supply
system. This large current not only puts
a sudden strain on the mains of the supply
company, for many factories would be
starting their motors simultaneously, but
would give rise to very heavy sparking at
the commutator with consequent damage.

The actual current which is permitted
to flow when starting a motor is from one
to one and a quarter times full-load
current. In the above example the
maximum current would be 8o amperes.
A motor starter having a maximum
resistance of not less than 64 ohms is
used.
As the motor speeds up the armature
generates an E.M.F. which opposes the
supply and so the resistance is gradually
reduced step by step until the machine
attains full speed, when on no-load the
motor passed a current sufficient only to
overcome the electrical and mechanical
losses. It is not necessary to use a
starter with motors of 4 h.p. and under.
Other functions of a motor starter are
to switch on the field winding before the
armature, to disconnect the motor from
the mains should the supply fail, and to
switch off the motor when it is overloaded.
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X-RAY APPARATUS
By E. M. SUTTON

Fig.

I.--METHOD OF ATTACHING X-RAY TUBE TO HOLDER.

-RAY apparatus has evolved through
many phases during its comparatively short life, and for this
reason there are still quite a number of
different types of apparatus in use. It
will, therefore, be necessary to review
very briefly some of the earlier types
before we discuss in greater detail the
more up-to-date apparatus.

X

General Principles.
X-rays are of an extremely short wave
length and occur in that band of the
spectrum which comes between the ultraviolet and gamma rays of radium. They
are generated by the bombardment of a
solid by a stream of fast-moving electrons.
In actual practice, this is brought about
by applying a high voltage current to
two electrodes situated opposite to each
other in a vacuum tube. One electrode,
the anode, serves as the target and the
negative electrode, or cathode, with its
hot filament, liberates the stream of electrons, which then impinges against the
target.

The X-ray Tube.
The modern X-ray tube consists of a
glass bulb evacuated of air and hermetically
sealed. Inside this are the anode and the
cathode. The cathode takes the form of a
copper rod terminating in an inclined
plane on the surface of which is a tungsten
button. This piece of tungsten has to
withstand the bombardment of the electronic stream. A considerable amount of
heat is generated at this spot. This heat is
dissipated by a system of cooling, which
takes different forms, depending upon the
type of work for which the X-ray tube is
designed. Generally, the copper stem of
the anode is hollow, so that it can be used
to hold water, which is fed to it from a
reservoir situated on the X-ray tube itself.
The cathode consists of a cup-shaped
electrode inside which is a spiral filament.
Sometimes this filament is elongated,
and is then mounted in a trough-shaped
electrode. In the newer types of tubes,
two filaments are fitted side by side.
Either one or the other of these filaments
may be switched into circuit as required.

X-RAY APPARATUS

Fig. 2.—SHOWING METHOD OF OBTAINING
ACCESS TO CONNECTIONS INSIDE SIMPLE
TYPE SWITCHTABLE.
The switch for this is on the end of the
tube (see Fig. 8). By means of this
arrangement either a broad or fine focus
can be used as desired.
Protection Against Unwanted X-radiation
and High Voltage.
Most X-ray tubes are now designed with
a protective lead band round the centre
of the tube. This is provided with an
aperture to allow for the emission of the
normal beam of X-rays. Additional protection can be afforded along the insulating
sleeves on either side of this central portion.
The latest advance in the design of X-ray
tubes consists of employing means to

Fig.
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3.—INTERIOR OF SIMPLE TYPE
SWITCHTABLE.

insulate the tubes against high voltage—
thus rendering them shock-proof. This
will be referred to later.
Control of the Rays.
The penetration of the rays depends on
the voltage applied to the terminals of the
X-ray tube. The quantity cf radiation
is determined by the state of incandescence of the filament, i.e., the hotter
the filament, the more current will pass,
the greater the quantity of X-rays and
vice versa. From this it will be seen
' that two circuits are required for the
proper functioning of an X-ray tube.
One is the high tension circuit up to
11
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oo,000 volts for radiography and anything up to 450,000 volts for treatment
work. The other is the filament-heating
circuit of about iz to 15 volts. The
different methods employed for carrying
out these adjustments will be explained
when discussing the high tension units.
HIGH TENSION GENERATORS.

X-ray tubes have to be fed with high
tension uni-directional current. At one
time the usual method of generating such
a current was by means of the induction
coil and interrupter working from
direct current mains. Such an
arrangement had many drawbacks. The interrupter, in which
the current was made and broken
many times per second, was the
chief source of trouble. Experiments were then made, chiefly in
America and Germany, to rectify
the high tension current given
by a transformer working from a
source of alternating current.

No. i can be sub-divided into unrectified
transformers and transformers in which
one valve tube only is used. No. 4 can
be sub-divided into diagnostic sets and
therapy • sets.
What the Radiologist Requires.

Before we discuss these sets in detail
it will be necessary to explain briefly
the requirements of the radiologist. It
is usually necessary for the doctor to see
the shadow of the bones, or internal
organism of the patient, on a fluorescent

How High Tension Rectifiers
Developed.

The high tension rectifiers first
consisted of rotating contacts
which revolved inside corresponding stationary contacts. The
former contacts were rotated in
synchronism with the periodicity
of the supply. This method has
Fig. 4.—METHOD OF CONNECTING PRIMARY LEADS. TO
now been discarded in favour of
HIGH TENSION TRANSFORMER.
valve rectification. This form of
rectification has great advantages
over the mechanical rectifier, the chief of screen. For this purpose a small current
which are that it is noiseless and it of about 4 milliamperes is required. The
does not generate nitrous fumes or high screen examinations will last from about
frequency surges in the high tension 3 to 4 minutes. A film is then exposed
system.
in order to obtain a permanent record
Valve tubes also allow heavier currents and also to enable the radiologist to report
to be passed through the rectifying in detail upon the radiograph. For this it
system.
is necessary to use a comparatively heavy
current, say, 200 or 300 milliamperes for
Types of High Tension Transformers.
a fraction of a second. In some cases it
There are many different types of high is also necessary to vary the kilovoltage.
tension transformers in use. These can In most cases it is very important that no
time should be lost in resetting the
be classified as under .controls between the screen examination
1. Half-wave transformers.
and the exposure.
2. Fully rectified transformers.
If one keeps these requirements in
3. Three-phase transformers.
mind one will be able to grasp the arrange4. Condenser units.
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ment of the controls better as they are necessary for the heating of the filament
of the X-ray tube. It must be rememexplained below.
bered that the secondary winding of this
HALF-WAVE APPARATUS.
transformer is in contact with one pole
The first class consists of transformer of the high tension transformer, thus the
sets in which one-half of the phase is primary has to be well insulated from the
suppressed by the X-ray tube or by the secondary. The high tension current is
valve tube. In this case the current led through the metal top of the tank by
is able to pass along the electronic stream means of heavy porcelain insulators.
liberated by the hot cathode, but is un- One of these leads also includes the two
able to pass in the reverse direction. Where filament connections. The controls are
a valve tube is not used, the X-ray tube mounted on a separate trolley switchitself offers the necessary resistance to the table and generally include a coarse and a
inverse current. Care must be taken to fine control for the filament of the X-ray
tube, an automatic time clock
which controls the exposures from
one-tenth of a second up to ten
seconds, a dual control switch, a
voltmeter and an automatic cutout.
Method of Control.
The kilovoltage regulating
crank moves over contact studs
which are connected to various
tappings on the primary of the
high tension transformer. Some
times this regulation is carried
out by means of an autotransformer. This method, however, has the disadvantage that
it increases the internal voltage
drop of the apparatus. The fine
voltage control consists either of
Fig. 5.-SECURING THE HIGH TENSION LEADS.
a regulating resistance or an
inductive regulator.
ensure that the X-ray tube is not overloaded, as this might cause the focal spot Filament Control.
The filament controls are generally
on the anode to attain a state of incandescence, in which case electrons would resistances with sliding contacts. The
be given off from both electrodes, and dual control switch enables the operator to
inverse current would pass. With a switch on either a small current suitable
valve tube in series with an X-ray tube for screening, or a heavy current suitable
this is guarded against. This type of for radiography. The switch is of the
transformer gives a pulsating uni-direc- rotary type with five positions. In one
tional current. The pause between each position all the current is switched off.
pulsation equals the time taken by the If the switch is then turned to the left
the filament heating circuit is closed,
pulsation.
which only allows sufficient current to
Construction of Half-wave Apparatus.
pass for a screen examination. The next
Half-wave apparatus is usually of the position also switches on the high tension
closed iron core type, the whole being current. If the switch is brought back
immersed in oil in a welded steel tank. to the zero position and then turned to
Enclosed in the same tank is a step-down the right, some resistance in the filament
transformer which provides the current heating circuit is cut out, with the result

620

X-RAY APPARATUS

that when the switch is again moved in
the same direction the radiographic high
voltage current is switched on. At the
same time the automatic time clock is
brought into action. This should have
been set beforehand to the desired time for
the exposure. At the end of this period
two contacts open and the main switch
falls out. The dual control switch must
then be brought back to zero. It will be
seen that the dual control switch is in the
nature of a remote control. That is to say,
it closes the solenoid circuit of the main
switch. The latter
switch can be clearly seen
in Fig. 2. The voltmeter
serves to show the
primary voltage and thus
the actual kilovoltage
can be ascertained. The
overload release switch
is connected in the
screening circuit, and
protects the X-ray tube
against accidental overloads. Such an apparatus
is shown in Figs. 1, 2
and 3.

except that the electrical balance is better,
and so, for the same output, the dimensions
can be kept smaller.
Controls for Four-valve Transformer.
The controls for a four-valve transformer are generally rather more elaborate
than for a half-wave apparatus. The
radiographic filament control and the
screening filament control are entirely
separated in the better-class sets. The
kilovoltage controls are also separate.
The mechanism of the time clock is also

THE FULLY RECTI FIED TRANSFORMER
TYPE.
In the second class
are those transformers
Fig. 6.-CONTROLS ON SWITCHTABLE OF THREE-PHASE HIGH TENSION
which employ four valve
TRANSFORMER.
tubes, which have the
effect of rectifying both
half phases of the high tension current. generally more accurate. We must
Each of the high tension terminals is con- again pause here while we consider
nected to the negative terminal of one valve the special functions of medium-powered
tube and the positive terminal of another, four-valve apparatus. First, the output
the opposite ends of each pair of valves of the apparatus in milliamperes is roughly
being connected to each side of the X-ray double that of the half-wave apparatus.
tube. This type of transformer also gives This calls for a more efficient form of
a pulsating uni-directional current, but in milliamperage control. It also calls for
this case the pulsations follow after one a more efficient method of timing the
exposures, as an error of one-tenth of a
another without any appreciable pause.
Both this and the half-wave types are second, when using a heavy current, may
mean a failure, so far as the resultant
fed with single-phase alternating current.
radiograph is concerned. It is also necesConstruction of Fully Rectified Apparatus. sary to guard against undue voltage drop
In fully rectified apparatus the general in the apparatus, and especially against
design of the high tension transformer is the voltage drop in the filament circuits of the
same as for the half-wave apparatus, valve tube and X-ray tube.
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Auto-transformer Control.
It is possible to use an autotransformer to provide the
necessary kilovoltage control, but
this would entail a certain amount
of voltage drop when using heavy
currents. A better method is to
arrange various tappings on the
primary winding of the high
tension transformer, these being
connected to a crank regulator
situated on the switchboard.
This provides kilovoltage control
for radiography. The kilovoltage
for screening is provided for by
means of a small auto-transformer. Voltage drop need not
be taken into consideration here,
as only small currents are used
for screening. This method of
control has the additional advantage that it provides the radiologist with two entirely separate
controls for screening and radiography.
How the Filament Currents are
Kept Constant.
To protect the valve filaments
against voltage drop when the
main circuit is closed it is necessary to provide a small compensating transformer. This
generally takes the form of an
open core transformer, the primary
winding of which is in series with
the primary winding of the high
Fig. 7.—VALVE RECTIFIER AND CONTROL GEAR OF THREEtension transformer. A secondary
PHASE HIGH TENSION TRANSFORMER (TRANSFORMER
winding is in series with the
NOT SHOWN.)
primaries of the valve and X-ray
tube filament transformers. It
How the Controls are Arranged.
will thus be seen that the greater
It is obviously an easy matter to arrange the current passing through the
separate controls for the filament of the main circuit, the greater will be the
X-ray tube. These are so connected to compensating effect in the filament transthe dual control switch that one set is former circuits.
cut out of circuit when the other set is
Meters on the switch-table show the
switched in. The clockwork mechanism operator what the output of the apparatus
of the time clock is replaced by a syn- will be before actually switching on the
chronous motor. Incidentally, this clock high tension current. A milliamperecan be made to reset itself immediately meter in the high tension circuit
the exposure is made. This is useful serves as an additional check on the
milliamperage.
when taking a series of radiographs.
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Fig.

8.-SWITCHING OVER FROM NO. I FILAMENT TO NO. 2 FILAMENT.

THE THREE-PHASE TRANSFORMER
TYPE.
Three-phase transformers utilise all
three phases of the main supply. For
this purpose six valves have to be employed.
As in the four-valve unit, these valves have
the effect of suppressing the inverse potential, but allowing it to pass in the right
direction only.
If one imagines an oscillogram of a
three-phase alternating current, it would
appear as three separate sine curves
overlapping one another. Half of these
curves would be above the zero line and
half would be below.

Construction of Three-phase Apparatus.
Transformers utilising three phases of
the main supply are usually fitted with
much the same form of control as the
single-phase apparatus. Additional windings and controls are, of course, needed
for the two extra phases. Voltage drop
is further eliminated by doing away with
the voltage control leads between the
transformer and the switch-table. The
three crank regulators are, in this case,
mounted on the side of the transformer
tank, the different primary tappings
being connected to the respective studs
with which the crank arm makes contact.
These crank regulators are actuated by
an electric motor working through a
train of gear wheels. This motor is

Current Curves After Rectification.
After the current has been rectified by the
valve tubes, the oscillogram
would show that all the
curves on one side of the zero
line had been transferred to
the other side of the line.
In other words, the voltage
curves would all appear on
the same side of the line
and all overlapping each
other. The resultant effective voltage would be
represented by a series of
In effect, this
" peaks."
gives a continuous potential Fig. 9.-TESTING FILAMENT CURRENT ON DOUBLE FOCUS FROTECTED X-RAY TUBE.
which has a slight "
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I0.—WITHDRAWING SIEMENS MULTIX X-RAY TUBE FROM ITS PROTECTIVE COVERING.

controlled from the switch-table and can
be made to rotate either one way or the
other, depending upon whether the kilovoltage is to be raised or lowered. A
sliding contact on a small transformer is
electrically imposed between each pair
of studs so as to provide continuous
voltage regulation.
CONDENSER APPARATUS.

The condenser diagnostic unit consists
of a high tension transformer, which is
used to charge two condensers through
two valve tubes. When a sufficient
charge has been accumulated the charging
current is switched off and the X-ray
tube put into circuit. The latter operation only consists of switching on the
filament current of the X-ray tube.
When it is necessary to excite the X-ray
tube continuously (during screen examinations), both the filament of the X-ray tube
and the high tension transformer are
connected to the main supply for the
necessary period. In this case the connections are the same as for the condenser therapy apparatus of the Stabilivolt type.
The latter type of apparatus gives a
constant continuous current, which is
used to excite the tube for treatment
purposes. The usual voltage of such an
apparatus would be 23o kilovolts, but
apparatus of this nature are available
to give up to 88o kilovolts.

Construction of Condenser Apparatus.

Condenser diagnostic apparatus are
particularly useful when the current
supply is limited, as in. some country
places where the hospital has its own
generating plant.
Condenser apparatus for deep therapy
work has been used with great success
for a number of years. The high tension
transformer charges two condensers via
two valve tubes so that one condenser
receives the full potential of one-half
phase and the other is charged by the
hall-phase of opposite sign. Thus across
the inner layers of these condensers we
have double the potential delivered by
the transformer. This charge is led
away to the X-ray tube. The rate of
discharge being limited by the internal
resistance of the tube and hence by the
state of the filament.
The controls for this type of apparatus
follow the lines already described, but
no provision is made for taking radiographs. The dual control switch is replaced by a simple " off " and " on "
switch.
HIGH TENSION LEADS.
Up to the present the high tension
current has been fed to the X-ray tube
from the transformer by means of tubing,
about 1 inch in diameter, held by insulators fixed to the ceiling. As the result
of extensive research work on insulating

X-RAY APPARATUS

624

materials, these leads can now be insulated to withstand over zoo kilovolts to
earth without being too cumbersome.
X-ray tubes and tube holders are also
similarly insulated, so that a modern
X-ray installation is shock-proof as well
as ray-proof. The illustrations show the
" coronaless " type of high tension gear
as this is, at present, most commonly met
with, but it will not be long before this is
superseded by the shock-proof high tension
system mentioned above.
DOUBLE FOCUS X-RAY TUBES.
One of the ray-proof X-ray tubes is
illustrated. This is fitted with two filaments. One of these is arranged to
focus the cathodal stream on to a small
spot on the target and the other filament
gives a broader focus. The fine focus
gives radiographs showing fine detail,
but the current carrying capacity of the
tube is limited. Where heavy currents

have to be used, the broad focus can be
switched into circuit.
Testing for Faults.
When testing an apparatus for faults
the various circuits must be taken separately, and by a process of elimination
the fault can be discovered. For instance, if the filament of the X-ray tube
fails to light, it may be a fault in the
tube itself, in the secondary circuit of the
step-down transformer, or in the primary
connections of same. Another test which
should be made is an insulation test
between the primary and secondary windings and also between the high tension
gear and earth.
A modern X-ray apparatus, however,
has now reached the stage where it can
be relied upon to do its work almost
unfailingly. Any trouble can generally
be traced to a faulty contact as might
be met with in any commercial electrical
apparatus.

QUESTIONS AND ANSWERS

What is the special characteristic of
X-rays ?

What substance offers the greatest resistance to the penetration of X-rays ?
Lead is practically opaque to these
radiations.
How can the penetrating power of the
rays be controlled ?
The penetration of the rays depends
on the voltage applied to the terminals
of the X-ray tube. The quantity of
radiation is determined by the state of
incandescence of the filament, i.e., the
hotter the filament, the more current
will pass, the greater the quantity and
penetrating power of the rays.

These rays have great penetrating
power. They will pass through many
materials which are opaque to light ; thus
wood, flesh, and, to a lesser extent,
bone, are all capable of being penetrated
by X-rays. It is this property which
makes the rays so useful for taking X-ray
photographs. It has been found that
X-rays also exert a special action on the
tissues. This factor is utilised in X-ray
treatment.

Why is a fluorescent screen sometimes
used in X-ray work ?
The X-rays falling on a fluorescent
screen cause it to glow. The screen is,
therefore, very useful for rapid examination
of a patient by X-rays. The X-rays are
allowed to pass through the patient and
on to the screen so that an X-ray picture
is possible. For permanent records a
photographic plate is substituted for the
fluorescent screen.

What are X-rays ?
X-rays are radiations of extremely
short wave length. The wave length is
rather shorter than that of ultra-violet
light.
How are X-rays produced ?
By bombarding a tungsten plate with
a stream of electrons.
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DOMESTIC POWER APPLIANCES AND
THEIR CONTROL
By H. W. JOHNSON
HE installation and use
of domestic
power appliances
in the home has
revolutionised the
carrying out of
houS'elibld duties.
The home is healthy,
bright, and the
housewife is able to
manage the home
with a minimum of
help and to reduce
the expenditure on
its maintenance.
The money which
is paid for the installation of these
appliances and the
energy consumed by
them, does not only
represent the work
done by them, but
includes the expense
which would be incurred by employing
help to carry out
certain of the work,
which could not be
done without the aid
of these appliances.
Coal fires used for
heating purposes,
and old - fashioned
methods of removing dust and
dirt, with their disastrous effects on
the decorations and
furnishings of the
home, is entirely
done away with by
the use of these

appliances, and considerable saving is
effected in the renewals to furnishings and decorations.

T

Supply of Electricity
to the Appliances.
The supply of
electricity to the
appliances is generally given through
a plug and socket,
with 51'he exception
of- large cooking
stoves. Cooking
stoves are supplied
on a separate circuif, controlled with
a double-pole switch
and fuses mounted
on a suitable board
which is fixed in a
convenient position
near the stove.

Fig. I A.—A TYPICAL ELECTRIC COOKER.
The oven of the stove has two elements each
separately controlled with a 3-heat switch. The
loading of these elements is 1.25 kilowatts each.
The fuse-holders may be inspected and removed
for renewal of fuses by lifting up the hob plate at
the top of the stove.

Size and Type of
Plugs and Sockets.
The plugs and
sockets which are
installed must be designed to carry the
full- rated currents
taken by the particular appliances
connected to them.
They should be of
the three-pin type
so that the noncurrent carrying
metal parts of the
appliances are connected to earth. The
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plugs and sockets installed should all be
of the same type and so arranged in the
various rooms that portable appliances,
radiators, vacuum cleaners, etc., may be
conveniently used in any desired room.
Radiators, imitation coal fires, cylinder
water heaters, wash boilers and large
grillers will require a supply from a io to
15-ampere plug and socket.
Vacuum cleaners, washing machines,
kettles, toasters, small water cistern
heaters, irons f and hair dryers may be
SUPPLV

I

1

safely supplied from a 5-ampere plug and
socket.
The Number of Plugs and Sockets to be
Connected on a Circuit.
The number of plugs and sockets
allowed on a circuit fed from a distributing
board is determined by the total current
taken by them. The regulations of the
I.E.E. allow four plug points on a circuit,
the maximum current of which does not
exceed 10 amperes, and two plug points,
when the maximum
current does not
exceed zo amperes.

e
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Fig. IB.--THE WIRING DIAGRAM OF AN ELECTRIC COOKER.
Each element circuit is controlled with a three-heat rotary
switch. A fuse is connected in each circuit, and a double-pole
switch and fuses in each feed control the supply to the cooker.

Inadvisability of Taking a Supply horn
a Bayonet Cap
Lampholder.
Avoid supplying a
portable appliance
from a lampholder
through a lamp adaptor, even if the appliance takes only a very
small current. The
connection is not rigid
and arcing may take
place at the plunger
contacts of the lampholder, also an efficient
earth connection to the
exposed metal casing
of the appliance cannot
easily be made.
COOKING STOVES.
Most cooking stoves
have an oven, a grill,
and two boiling plates.
Each of these parts
will have its own heating element controlled
with a three-heat
switch.
The Heating Elements.
The modern heating element for a
cooking stove consists of a resistance
spiral which is enclosed in a steel tube.
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Fig. 2.—THE GRILLER ELEMENT OF AN ELECTRIC COOKING STOVE.
The element, which is enclosed in a steel tube, is fixed under the top plate of the stove. It is controlled with a switch which gives full, medium, and low heat. The connections to the element are
insulated with porcelain beads, and shielded with an iron plate. The element may be cleaned without
any detriment to the heating coil embedded inside the steel tubing. The loading of the griller
element is 2 Kw. on full heat, r Kw. for medium heat, and 0.5 Kw. for low heat.

The spiral is insulated from the tube with
a special insulating cement, which is run
into the tube when the spiral is in position,
and baked hard.
When the current passes through the
resistance, the whole of the element is
heated up, but as the tube is insulated
from the resistance spiral it is shockproof,
and should any water or food stuffs boil
over on to the tube, the resistance heater is
not affected in any way.
The Element Control from the Three-Heat
Switch.
A special form of rotary switch having
four positions giving full heat, medium
heat, low heat, and off, is used for controlling the supply of electricity to the
heating element. The heating element is
in two parts and when the switch is in
the " full " position the two parts of the
element are connected in parallel and the
element is taking its full rated current.
When the switch is in the " medium "
position one part only of the element is
connected to the supply and the element
is now taking one half of its full rated
current. The " low " position of the switch
connects the two parts of the element in

series and the current is reduced to one
quarter of its full value.
The oven is supplied with two elements,
each element having its own three-heat
control switch.
The Consumption of a Cooking Stove.
The total loading of an average cooker
is about 7 kilowatts which means it will
consume 7 units per hour.
The Fuses.
A fuse is connected in each of the element
circuits. They are of the hand-grip type,
and are fixed underneath the hob plate.
The Oven Thermometer.
A thermometer is fitted to the oven, the
bulb of the thermometer is enclosed in a
brass sheath for protection. The temperaature for bread and pastry-making is
about 500° Fahrenheit, and this temperature can be maintained constant by
regulating the switches controlling the
oven elements.
WATER HEATERS.
Immersion Heaters for Hot-Water System.
The hot-water system of a house which
is normally heated with a boiler fitted at
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the back of a kitchen fire, can be heated cut by inserting a ring saw and cutting
electrically by using an immersion round the circumference of the marked
heater which is fitted in the hot-water hole.
Two slots opposite to each other are
cylinder.
The cylinder is drilled at the top and a filed in the sides of the hole and the flange
screwed brass flange bolted and soldered base pushed inside the cylinder. A joint
washer is introduced between the base
in the drilled hole.
Tie up the ball tap in cold water feed and the inside of the cylinder, and
tank, and turn off the cold water at the the flange top screwed on. The whole
main. Drain off two or three gallons of can be then " sweated " to the cylinder
water from the cylinder from the drain top.
The Immersion Heater.
The heating element is a resistance spiral fitted in a watertight
steel tube and insulated from it
with an insulating cement. The
steel tube containing the resistance spiral is fitted at the top
with a screwed malethread of the
same pitch and size as the screw
thread in the brass flange which
has been soldered in the top of
the cylinder.

Fig. 3.—AN ELECTRIC IMITATION COAL FIRE.
The heat generated by the elements is radiated into the
room with a polished copper reflector. The elements are
controlled witn switches fixed on the sides of the fire. Before taking out the plug it is advisable to turn off the
radiator element switches. This will prevent a rush
of current when the plug is replaced.

The Circulator Tube.
The steel tube containing the
heater element is placed inside a
water circulator tube which has
two holes drilled in the side, one
near the bottom of the tube and
the other near the top. The cylinder water can circulate freely
through this tube. When the
currenc is switched on to the
immersion heater, the cold water
passes through the hole in the
bottom of the circulator and is
warmed as it rises through the
tube, passing out through the
hole near the top.

The Thermostatic Control of the
Heater.
This consists of a metal rod which
tap on the flow and return taps to the expands as the temperature of the water
in the cylinder increases. The rod is conboiler.
Mark off the hole for the screwed flange nected by a system of toggle levers to a
and describe a circle the outside diameter glass tube containing a quantity of merof the screwed threads on the cylinder top cury. The normal position of this glass
tube is horizontal and the mercury
in the correct position.
A small hole 'is drilled in the top of the contained in the tube short circuits two
cylinder coinciding with the centre of platinum electrodes or contacts, the ends
the screwed flange. The correct dia- of which are sealed inside the tube. The
meter of hole for the flange can now be electrodes and the short-circuiting column
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4A.--THE INTERIOR OF AN IMITATION COAL FIRE.

The pilot lamp illuminates the imitation coal from below and the flickering flame effect is produced
by the shadows of the rotary " spinner " projected on the coal.

of mercury form part of the heater circuit.
When the temperature of the cylinder
water exceeds the limit, generally 160°
Fahrenheit, the expansion of the metal
rod causes the glass tube containing the
mercury to be tilted towards the vertical.
The mercury now runs to one end of the
tube, and the platinum electrodes are no
longer short-circuited, and the current
through the heater is switched off. The
temperature at which the thermostat acts
may be adjusted with a setting device
fixed to it. Various sizes of immersion
heaters may be obtained.
SW/ TCA/ES
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Fig. 4B.—THE ELECTRICAL CIRCUIT OF AN
IMITATION COAL FIRE.

Each heater element is controlled by a
switch. The coloured pilot lamp is switched
on when the plug is inserted in the socket.

Loading of the Immersion Heater.
A useful and convenient size for an
ordinary domestic supply has a loading of
r kilowatt and consumes i unit an hour.
Hot water may be obtained in about
15 minutes after the current has been
switched on.
Electrically Heated Water Cistern for Local
Supply.
When a local supply of hot water to a
sink or wash-bowl is required, an electrically heated water cistern may be installed
directly above the sink or wash-bowl,
the only water connection required being
one from the cold water supply. The
heating element is placed between sheets
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of mica which are enclosed in
a watertight copper sheath.
This element is fitted in the
lower end of the cistern. A
thermostatic control is fitted to
the heater circuit, which will
switch off the current when the
temperature of the water exceeds
160° Fahrenheit.

Drawing Off the Hot Water.
Hot water is forced out from
the outlet pipe fixed in the
bottom of the cistern by turning
on the cold water supply, the
cold water displacing the hot
water thus drawn off. By using
this method, the cistern can
never be run dry, also it is not
subjected to the pressure of the
cold water supply. A baffle
plate is fixed immediately above
the nozzle of the cold water inlet
pipe to prevent the cold water
forcing its way to the top of the
water level in the cistern and
mixing with the hot water.

Loading of the Element.
The heating element for a
cistern having a capacity of
about 42 gallons of water takes
a loading of 50o watts and consumes 2 unit an hour. This
cistern will give i gallon of hot
water per hour.

Fig. 5A.—SHOWING THE AUTOMATIC SWITCH WHICH IS
FITTED TO AN ELECTRIC KETTLE.
When the kettle boils dry, the bottom is distorted and
a trip lever releases the switch which is opened by the
spring. The switch is reset by pushing back the plunger
to its original position when the bottom of the kettle has
cooled down again. The internal connections from the
connector pins to the automatic switch and the element
are insulated with glass beads.
The kettle consumes 0.65 unit per hour, and will boil
the water in 12 minutes.

ELECTRIC KETTLES.
The heating element for an electric
kettle is a long strip of resistance alloy
arranged in a zig-zag fashion and fitted
between two sheets of mica. The element
is fitted immediately under the bottom of
the kettle and covered with a metal plate
which is secured to the bottom of the
kettle with screwed nuts.

The Automatic Switch Control.
An automatic switch is connected in the
element circuit and fitted by the side of
the element. This switch is opened by a
spring which is released by a trip lever
when the bottom of the kettle is distorted,
due to excessive heat. This will occur
when the kettle is boiled dry. When the

switch is opened by the pull of the spring,
the current is switched off and a plunger
is forced out from the side of the kettle.

Resetting the Automatic Switch.
Before the switch can be reset, the
bottom of the kettle must be cooled down
so that it will regain its normal shape.
The plunger is then pushed back again
causing the trip lever to engage with a
slot cut in a bracket fixed to the bottom
of the kettle, which now allows the switch
blade to be replaced in the contacts.

Loading of a Kettle.
The loading of a two-pint kettle is

about 65o watts, which consumes 0.65
unit per hour, and will boil the water in
about 12 minutes.
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6E.—THE

THREE-HEAT ROTARY
SWITCH. OFF POSITION.

The element is disconnected from the
supply.

Fig. 6A.—A THREE-HEAT ROTARY SWITCH
FOR CONTROLLING THE ELEMENTS OF AN
ELECTRIC COOKER.
A thermometer is fitted to the oven, and
the bulb fitted in a brass sheath for protection.

Fig.

DC.—THE THREE-HEAT ROTARY
SWITCH. LOW POSITION.

The two parts of the element are connected in series.

6D.—THE THREE-HEAT ROTARY
SWITCH. MEDIUM POSITION.
Only one of the elements is connected in
circuit.

Fig. 6E.—THE

THREE-HEAT ROTARY
SWITCH. FULL POSITION.

The two parts of the element are connected in parallel.
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The Earthing Connection.
The earthing connection to
the kettle is made with spring
clips, which are fitted on the
outside of the connector,
making connection to a metal
collar, which surrounds the
connector pins to the element.
This collar is fixed to the side
of the kettle. The spring
clips are connected to the
earthing conductor of the
three-core flexible supplying
current to the kettle.
ELECTRIC IRONS.
How the Thermostatic Control
Works.
An electric iron should be
fitted with a thermostatic
control which will open the
element circuit when the
temperature of the ironing
surface becomes excessive.
Much damage may be caused
by leaving the current
switched on to an electric iron
which is not in immediate use.
The thermostat consists

\ 0

Fig. 7.—SAFETY SWITCH FITTED TO AN ELECTRIC KETTLE.
The switch is reset by pushing inwards the plunger, which
causes the operating bar to engage with the trip lever. The
lever is pushed over to the left and the end of the lever falls
into the slot of the bracket which is fixed to the bottom of the
kettle.

I
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Fig. 7A.--SAFETY SWITCH FITTED TO AN ELECTRIC

KETTLE.
When the kettle boils dry the trip lever is released and the spring opens the switch

cf a H.-metal strip which is
normally in contact with another
strip of metal, completing the
element circuit. The thermostat
is fitted inside the iron immediately
above the ironing surface. When
the temperature of the iron
becomes excessive, the bi-metal
strip is bent away from the strip
with which it noiinally makes
contact. This bending is due to
the unequal expansion of the two
different metals of which the bimetal strip is made. The element
circuit is opened and the current
switched off. The circuit cannot be closed again until the
ironing surface of the iron cools
down, when the bi-metal strip
regains its normal shape and
the circuit is again completed.
The average electric iron takes a
loading of about 50o watts and
consumes unit per hour.
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ELECTRIC RADIATORS AND FIRES.
A current of electricity is passed round
a series of spiral coils
of Nichrome resistance
wire. The coils are
mounted on fireclay
formers which are fitted
in the radiator case.
The coils of resistance
wire become red hot,
due to the passage of
the current through
them, and the heat
generated is distributed
in the room by radiation. A polished metal
reflector placed behind
the spirals considerably assists in radiating
the heat into the room.
Imitating a Coal Fire.
A thick orangecoloured plate of glass
is fixed in the radiator
case. Pieces of coal
are embedded in the
glass. The glass is
illuminated with a red
coloured pilot lamp
which is fixed inside
the radiator case imFig. 7.—AN ELECTRICALLY DRIVEN VACUUM CLEANER.
mediately below the
Showing the rotary brush which is driven from the fan shaft. The
glass plate. The re- brush loosens the dust from the surface to be cleaned and the induced
sistance elements of draught created by the rotary fan removes the dust into the dust conThe cover from the fan chamber has been removed to show the
the fire are fitted tainer.
behind a metal plate method of driving the revolving brush.
which is fixed on the
back edge of the glass plate. A polished by the polished reflector which gives a
metal reflector is arranged behind the flame effect to the observer.
heating element to radiate the heat into
Switch-Control of the Heating Spirals.
the room.
A radiator or imitation coal fire may be
The Flickering Flame Effect.
fitted with a number of heating elements
This effect is produced by a " spinner " each of which is controlled with a switch
vihich is rotated by the air convection fixed on the side or front of the radiator
currents produced by the heat of the pilot case. This control will give full, medium,
lamp. The spinner is suspended, so as to and low heat when desired. In a radiator
rotate about a vertical axis, between the it is generally arranged that one of the
pilot lamp and the illuminated plate of heating elements is switched on when the
glass. The shadow of the rotating spinner plug is connected to the socket which
on the illuminated glass plate is reflected supplies the current to the radiator. With
A
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Fig. 8.—AN ELECTRIC RADIATOR FITTED TO THE CEILING OF A BATHROOM.
The reflector directs the heat iays in a downward direction. The radiator is
fitted on a movable spindle which can be turned by the cord in order to direct
the radiated heat in any desired direction. The ceiling radiator cannot be easily
touched and any possibility of being burned when stepping out of the bath is
avoided. This illustration also shows an electrically heated hot-water cistern.

an imitation coal fire only the pilot lamp
is switched on when the plug is connected,
each of the heating elements having a
separate switch control.
Loading of Radiators to Heat a Given
Floor Space.
The loading of a radiator to heat
efficiently a room 9 feet high is approximately z kilowatt per zoo square feet of
floor space.

A room' io feet by Io feet by 9 feet high
will require a z kilowatt radiator which
consumes i unit an hour.
A room 14 feet by 14 feet of the same
height will require a 2 kilowatt radiator
which consumes 2 units an hour.
ELECTRICALLY DRIVEN WASHING
MACHINES.
The machine consists of a set of rollers

DOMES'IIC POWER APPLIANCES AND THEIR CONTROL

Fig. 9 (Right).—AN ELECTRICALLY HEATED TOWEL RAIL.

The towel rail is fitted with a
low-temperature heating element which produces convection
currents of warm air. The supply
is given through a two-core flexible to a plug connector fixed to
the side of the rail. A permanent
earth connection is made to the
base of the rail. The consumption of the heating element is
66o watts, or .66 unit per hour.

Fig. io (Left).—AN ELECTRICALLY DRIVEN WASHING MACHINE.
The motor is fixed to a
bracket on the side of the
washing tub and drives
through gearing an oscillating " dolly " and the rollers. The " dolly " and the
rollers are independently
controlled by hand-operated
clutches.
The " dolly " is raised
clear of the tub by raising
the hinged lid.
Always wipe oft any moisture from the carcase of the
motor after finishing with
the machine.
The clutches for the " dolly " shaft and the roller
drive should be opened before stopping the motor.
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Fig. II (Left).—AN AIRING
FRAME FOR CLOTHES.
A low-temperature electric heating element is fitted inside the triangular
base of the frame, convection currents of warm air
rise from the frame and air
off the clothes hanging
on the pegs of the frame.
The loading of the heating
element for the airing
frame is 66o watts and it
consumes o.66 unit per
hour. The element is a lowtemperature heater.

Fig. 12 (Right).—AN ELECTRICALLY HEATED WASH
BOILER.
The heating element is
controlled with a three-heat
rotary switch. The power
taken by the wash boiler is
2 kilowatts when the regulating switch is in the full
position. The supply is
given through a 4-core
cab-type cable, three of
the cores being connected to
the heating element terminals, and the fourth core
connected to the metal
work of the boiler to make
the earth connection.
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fitted in a frame, and a washing
tub fitted with a hinged cover.
The Drive for the " Oscillating
Dolly."

A wooden " dolly " inside
the tub is given an oscillatory
motion through gears from a
shaft fitted above the hinged
cover of the tub. This shaft is
driven from a side shaft fixed
to the side of the machine.
The electric motor is geared
to the side shaft with suitable
pinion wheels. A hand-operated
clutch puts the " dolly " driving
shaft in or out of gear with the
side shaft driven by the motor.
The " dolly " may be raised
clear of the tub by lifting up
the hinged cover of the washing tub.
The Drive for the Rollers.

The rollers are driven through
reversible gears from the side
shaft which is geared to the
motor.
The rollers are put in or out
of gear, or their direction of
rotation reversed, with a handoperated clutch. The roller
frame may be swung clear of
the washing tub when so
desired.

Fig. 13A.—AN ELECTRICALLY OPERATED REFRIGERATOR.
The electrical circuit is controlled by an automatic switch
which cuts off the electricity supply if the water supply
fails. A switch on the left of the control panel gives two
adjustments for regulating the temperature.

The Electric Motor.

The driving motor develops
and is fitted on a bracket
which is fixed to the frame of
the machine. The supply of
electricity to the motor is given
with a cab tyre cable connected
to a plug. The frame of the
machine is permanently
earthed. The motor will consume about 0.2 unit per hour.
ELECTRICALLY OPERATED
REFRIGERATORS.

There are several types in
general use. One type which
has been found to be satisfactory for domestic use has

Fig. 13B.—CIRCUIT OF REFRIGERATOR.
The heater circuit has two loadings whicn may be selected
by the two-way switch.
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Fig. 14.—AN ELECTRICALLY HEATED WATER CISTERN FOR LOCAL SUPPLY TO A SINK.
The hot water is drawn off. by turning on the cold water supply to the cistern. When first
installing the electrically heated cistern the switch should not be closed until water flows from
the hot water closet. The heating element and the thermostat may be removed from the copper
sheath without emptying the cistern. The loading of the element is goo watts and it consumes
0.5 unit per hour.
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Fig.

15.—FITTING AN IMMERSION HEATER
TO A HOT-WATER CYLINDER.
The cylinder of a hot-water system is
drilled and a screwed flange fitted in the
drilled hole. The immersion heater which
is placed inside the cylinder is fastened to
a screwed nut which makes a watertight
pressure joint with the screwed flange.

no moving parts and requires no attention
beyond turning on or off the water supply
and regulating the heating circuit.
The electrical circuit consists of a
heating element which is fitted inside the
lower part of the generator. The heating
element has two parts which are controlled by a two-way regulating switch
fixed on the left side of the control panel.
The two-way switch gives the low or high
loading of the heating element, and is
marked on the control panel as the cold
and coldest positions of the switch.

The Master Switch.
A master switch, which is operated by a
plunger whose motion is controlled by the
pressure of the water supply to the condenser of the refrigerator, will open the
electrical circuit when the water supply is
cut off or the water pressure fails.

Operation of the Refrigerator.
When the water supply is turned on, and
the electrical circuit closed, the heating

Fig. 16.--AN IMMERSION HEATER FITTED
IN THE CYLINDER OF A HOT-WATER SYSTEM.
The thermostat can be adjusted to
operate at different temperatures with
the graduated dial fixed to the mechanism
of the tilting glass tube.

element boils the liquid contained in the
generator and ammonia gas is driven off
from the liquid. The gas passes into the
condenser coil which is cooled by the water
circulating through the condenser chamber. The ammonia gas is now condensed
to a liquid which runs into the evaporator.
The liquid ammonia which has run into
the evaporator vaporises and cools down
the walls of the evaporator chamber to a
low temperature. The coldness of the walls
of this chamber is communicated to the
interior of the refrigerator where the foodstuffs are placed. The evaporated ammonia
goes from the evaporator to the absorber
where it mixes with water and the liquid
now passes on to the generator. This cycle
of operations continues whilst the refrigerator is in use.

The Loadings of the Heating Element.
The loading of the heating element
when the regulating switch is in the
" cold " position is 15o watts and the
circuit consumes 0.15 unit per hour, and
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order that the whole of the dust may be
completely removed into the dust container by the induced draught of air.
A revolving brush driven from the fan
shaft, and in contact with the surface to
be cleaned, will be found to be completely
efficient in this respect.
The motor circuit may be controlled
with a switch fixed to the handle of the
sweeper, or a switch fixed on the side of
the motor case, which is switched on or off
by the movement of the sweeper handle.
The loading of a vacuum cleaner motor
is about 200 watts, and it consumes 0.2
unit per hour.
MOTOR-CAR RADIATOR HEATER.
This appliance is used to prevent the
water in the radiator of a motor-car from
freezing during frosty weather when the
car is in the garage.

Fig. 17A.—AN IMMERSION HEATER WITH THERMOSTATIC CONTROL, • FOR HEATING THE
DOMESTIC WATER SYSTEM.
The heater is fitted inside the water circulator
tube. The heating element circuit is controlled
by a thermostat, which tilts a glass tube containing mercury, when the temperature exceeds
the limit, and the circuit is opened. The hole
in the top of the circulator tube is the outlet for
the heated water.

when the regulating switch is in the
" coldest " position the loading is 375
watts and the circuit consumes 0.375 unit
per hour.
ELECTRICALLY DRIVEN VACUUM
CLEANERS.
Great care should be exercised to select
a vacuum cleaner which will do its work
efficiently. A good vacuum cleaner will
have a motor large enough to do the work
required of it without overloading, its
mechanical construction should be sound,
and a good suction should be obtained by
the induced draught created by the
rotating fan.
The cleaner should be fitted with a device
which will loosen the particles of dust, etc.,
on the surface which is to be cleaned, in

The Heater.
This consists of a resistance spiral wound
on a fireclay former and the complete
element fixed in a ventilated metal case.
The case is provided with a hook to enable
RES/STANCE
5P/RAL
RESISTANCE

5/m/RAL_

THERMOSTAT

S U PPL V
Fig. I 7B.— CONNECTIONS FOR THERMOSTATICALLY CONTROLLED ELECTRICAL IMMERSION
HEATER.
The terminals of the heating element and
the thermostat are mounted on an ebonite
ring which is fixed on the flanged nut of the
immersion heater. The heater element consists of two resistance spirals which are t-onnected in series.
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Fig. 17C.—THERMOSTATIC CONTROI.
FOR IMMERSION HEATER.
The tilting device for the glass
tube containing mercury. When the
rod expands, die to the excessive
temperature of the cylinder water,
it raises the end of the pivoted
lever which causes the glass tube to
be tilted. The element circuit is
opened by the mercury flowing to
the right-hand end of the tube and
disconnecting the electrodes from
each other.

the heater to be hung on the radiator frame.
When the current is switched on, the
element gets warm, but does not attain a
temperature sufficiently high to be a
source of danger. Convection currents of
warm air are circulated round the frame
of the radiator. The loading of the heater
is 66o watts, and it consumes o.66 unit
per hour. An earth wire should be connected from the case of the heater to a
water-pipe. The connection to the waterpipe should be made with a suitable
earthing clip.
A CLOTHES AIRING FRAME.
A low-temperature resistance element is
fitted at the foot of the frame and protected with a triangular ventilated cover.
When the current to the element is
switched on, the warm air produced by the
hot element rises through the ventilated
cover and drys off any clothing which is
hung on. the adjustable pegs. The pegs are
fitted into slots in the upper part of the
frame. The element has a loading of 66o
watts and consumes o.66 unit per hour.
The supply to the element is given from a
5-ampere plug and socket with earthing
through a three-wire flexible.

Fig. 18.—PREVENTING
THE
RADIATOR OF A MOTOR CAR
FROM FREEZING UP.
A low-temperature electric
heater is fitted in a ventilated
metal case, and hung on the
radiator inside the bonnet of the
car.
The loading of the radiator
heater is 66o watts and it consumes o.66 unit per hour. The
gauze-covered holes in the case
should be in contact with the
radiator, warm air will then circulate freely round the radiator.
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Fig. 19.—THERMOSTATIC

CONTROL OF AN ELECTRIC IRON CIRCUIT.
The element circuit of an electric iron controlled by a bi-metal strip,
which bends in an outward direction when the temperature of the
ironing surface becomes excessive.

ELECTRICALLY HEATED WASH
BOILER.
The boiler is fitted in a cylindrical iron
case provided with metal feet. An air
space between the boiler and the case
increases the heat efficiency of the boiler
and reduces heat losses caused by radiation
and conduction.
The Heating Element Control.
The heating element is controlled with
a three-heat rotary switch which will give
full, medium and low loading of the heater.
The switch is fixed on a pateras which
is fitted in a convenient position near the
boiler.
A four-core cab tyre cable supplies current
to the heating element, three of the cores
being connected to the terminals of the

element to enable the three-heat control
to be obtained. The fourth core connects
the metal case of the boiler to earth.
Care in Earthing the Boiler Case.
Particular attention should be paid to
the earthing, as probably a fatal electric
shock would be received by anyone
touching the metal case of the boiler,
should a leakage occur from the heating
element. This is owing to the fact that a
very good connection, due to the water
about a wash-house floor, will be made by
a person touching the boiler.
The element is fitted directly underneath the bottom of the boiler.
The full loading of the element is 2
kilowatts and it consumes 2 units per
hour.
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ELECTRICAL INSULATING MATERIALS
By M. G. SAY, Ph.D., M.Sc.

Fig. 1.—TESTING THE INSULATION OF A DIRECT CURRENT MOTOR ARMATURE WITH A METROHM.
The armature spindle is connected to the " earth " terminal of the instrument by means of the
bull-dog clip and an insulated hand spike, connected to the other terminal, is pressed on to a conducting part. A few turns of the handle and the insulation in megohms is shown on the dial. When
repairing an armature, each coil should be tested in this way, before soldering on to the commutator
lugs, otherwise a fault is difficult to locate.

Insulation.
T may be a surprising statement to
many readers that it is the insulation,
not the conductor, that provides the
mechanism whereby electrical energy is
conveyed. The matter is intimately concerned with the electrostatic and electromagnetic fields surrounding a live circuit ;
with the nature of electrons ; indeed,
with the very basis of electricity, as yet
but dimly understood. Physicists all
over the world are working strenuously
to give us more light on this dark subject,
and until much more has been discovered

I

and proved, our knowledge of the reason
why insulation does actually insulate
must remain vague.
In view of our great ignorance, it is
perhaps better for the practical study,
which is our present concern, to revert to
the easy conception that an insulator
is like a conductor, but with an extremely
high resistance. It is common knowledge
to most readers that conductors of electricity—all the metals, that is, and a few
other materials like carbon—have resistance. It requires the application of a
greater or lesser voltage to cause a given
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" insulators," the only difference
being one of degree. These materials have, by comparison with
metals, an enormous resistance.
If, therefore, we cover or support
a material of low resistance (e.g.,
copper) with another material of
high resistance (e.g., rubber) and
apply an electric current to the
system, this current will flow
substantially along the lowresistance conductor " and a
very small quantity only will
traverse the high-resistance " insulator."
This, in brief, is the underlying
principle of electrical insulation.
As an example, the resistance
of a length of wire may be, say,
half an ohm, and that of the
insulating material round it may
be of the order of 5,000,000 ohms.
Insulating Materials.
Nature has so arranged matters
that all the substances usable as
insulating materials are essentially
non-metallic. All the metals are
more or less efficient conductors,
silver being the best, copper
second, and aluminium third.
On account of its cost of course,
silver is used to a small extent
only for delicate scientific
apparatus : copper is the almost
universal conductor.
Now man has gone far towards
developing the technique of metal
treatment. Metals may be refined,
purified, cast, drawn, bent, rolled,
extruded, welded, forged, soldered,
so that it is usually possible to
find some simple way of making
the metal conform to the end
desired. Insulating materials,
Fig. 2.—AN EXAMPLE OF HIGH FREQUENCY FLASHOVER.
unfortunately, might almost be
This shows the flashover on 132 kV. post insulator at
1,000 kV., 125,000 cycles. This huge current is produced
classified as including " everyby a high frequency generator consisting of an air core
thing not a metal." This definiTelsa transformer. High frequency tests are made by
tion is, of course, far too wide,
allowing the high frequency to discharge across the insulator
but it serves to indicate the treunder test for a certain period of time.—(G.E.C.)
mendous range and diversity of
current to flow through a circuit the form that insulating materials can show.
conductors of which are made of a given
metal. Precisely the same conditions What the Engineer Wants.
The engineer requires his working
hold, however, for the materials termed
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materials to be
cheap, easily
made up into the
required form,
strong, durable,
resistant to moisture, heat and
shock, and
possessing good
electrical properties. The latter
include high
ohmic resistance,
and high breakdown or dielectric strength (a
term explained
later). No one
material possesses all these
desirable qualities. Most materials are extremely good in
one particular,
and extremely
bad in another
almost equally
essential. Thus
out of all the
known diversity
of Nature, a few
Fig. 3.—TESTINO- SHEET INSULATING MATERIALS, ETC., FOR DEFECTS.
substances only
The sheet is laid flat upon a metal-covered slab and 2,500-3,000 volts are
have been used applied
by means of the insulated hand spike. In this way, any defects such
for
insulation as pin holes or conducting particles or veins can be at once detected. The
purposes.
The voltmeter measures the applied voltage, which can be regulated by the rerange becomes sistance shown on the right. The double-pole switch is normally open and is
closed by a foot pedal, whilst the red lamp on the left lights up as a warning
larger as the that
the hand spike is alive. For testing objects that cannot be conveniently
process of elimi- laid down on a flat surface, the second hand spike is used to form the other pole.
nation and selection goes on, and as improved methods and mentioned by name. They are so imporintensive research reveal new qualities: tant, however, as a measure of the value
it is nevertheless limited. Some success of the materials to the engineer, that
has been had with " synthetic " materials, some further description is necessary.
such as the " bakelite " class of synthetic The mechanical properties are so varied
resin, produced by a composition of that it is not possible to enter into them
certain chemicals in a controlled process. here. They will be mentioned when the
In many cases these man-made materials various insulators are individually conhave ousted the natural product which sidered. It is assumed that the reader
they originally imitated.
understands the terms " compressive
stress," " tensile stress," " torsion,"
Qualities of Insulating Materials.
Some of the electrical qualities of " shearing," and others applied to the
insulating materials have already been mechanical properties of materials.
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Fig. 4.—INSIDE THE HIGH TENSION LABORATORY AT THE WITTON WORKS OF THE G.E C.
This shows a high frequency generator (Telsa coil) capable of giving one million volts.
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Breakdown
Strength,
or
Dielectric
Strength.
This term
refers to ,the
electric stress
and strain set up
in an insulating
material when
subjected to a
voltage
difference. A simple
case to consider
is that of the
testing of a
sample of sheet
insulation
for
this quality.
The sheet is
placed between
flat-faced metal
electrodes, joined
to the opposite
poles of a highvoltage testing
transformer. The
voltage is gradually raised until
the material is so
highly strained
that it breaks
down.
Why Insulation
Breaks Down.
The reason
why breakdown
occurs is not very
well understood.
It seems to
depend on the
kind of insulating
material tested.

Fig. 5.—TESTING THE INSULATION OF A HIGH VOLTAGE CURRENT TRANSFORMER BEFORE INSTALLATION.
This 40,000 -volt current transformer has to withstand a ioo,000-volt test
for one minute. The voltage is generated by the transformer seen on the
right, measured by the Abraham Electrostatic Voltmeter seen in the centre
and applied between the primary and the secondary and carcase, connected
together, of the current transformer seen in the foreground. It will be noticed
that the high tension test cubicle is surrounded by a wire cage. This cage is
earthed and, on grounds of safety, the transformer switch is so interlocked
with the door of the cubicle that nothing can be made alive until the door has
been closed, with the operator outside.

Heating Effect.
For example,
fibrous materials
like paper or " Empire " cloth break down
because the very small current passing
between the electrodes heats them, causing
their resistance to fall: the reduced
resistance allows more current to flow,
which in turn produces more heat. This

process continues until the material " carbonises " or chars. Carbon being a good
conductor, the current now becomes
very large indeed, and a hole is burnt
through the material. The circuitbreakers or other switchgear now cut off
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the transformer, which would otherwise
be damaged were it allowed to pass such
a large current through the insulating
material—now worthless.
Mechanical Forces.
Materials such as mica and porcelain
and glass break down in quite a different
way. Although in their case heat is also
produced, it does not seem to contribute
directly to breakdown. It appears that
the electric stress wrenches the molecules
apart, setting up internal mechanical
forces which tend to split or fracture
the material. In this case breakdown
occurs very suddenly.
Explosive Action of Discharge.
Certain materials exhibit evidence that
a small explosion has occurred in their
interior under the violent action of the
electric stress. All these forms of breakdown depend on the structure of the
tested material, and are important evidence of its suitability for various applications.
Breakdown Voltage.
Reverting to the case of the sheet
material between the metal electrodes,
it is usual to express the breakdown stress
as the voltage at which breakdown occurs
divided by the thickness of the sheet ;
e.g., in volts per mil (r mil =
inch)
or kilovolts per centimetre. Much depends
upon the conditions of the test, such as
the temperature and moisture. Moreover, a test taken on a thick specimen will
give a lower breakdown strength than
one taken on a thinner specimen. The
time of application of the test voltage
is another factor, more particularly for
those materials which break down by
heating. Thus the determination of breakdown strength is a process requiring care
and experience, and the results need expert
interpretation if they are to be of any
value.
The breakdown voltage is of little
significance for low voltage insulation.
As an example, if it were desired to
insulate a wire for, say, 5o volts, with
rubber covering, then the thickness of
the rubber as calculated on its breakdown
strength would be far too thin to be

MATERIALS
durable or to give the necessary mechanical
protection. In high-voltage work, on
the contrary, the dielectric strength
becomes the limiting factor, for insulators
have of necessity to be so large that
their mechanical strength does not come
in question.
Resistivity or Specific Resistance.
Sufficient has already been said to
explain the significance of the resistance
of a material. Unless the resistance is high,
the material is useless for insulating
purposes. A low dielectric strength can
be overcome by using adequate thickness,
but high resistance is an essential characteristic which, if absent, necessitates the
rejection of the material.
For the purposes of comparison, the
resistance of a material is quoted as
for a definite length and cross section :
e.g., the resistance between opposite
faces of an inch cube, or between the ends
of a rod one metre long and one square
millimetre in cross section. The resistance of such a standard size is termed
the specific resistance or resistivity.
The resistivities of insulating materials
are very variable quantities. They are
affected by temperature and moisture
in particular. A rise in temperature is
invariably accompanied by a fall in
resistance, and one of the results of this
has already been referred to. Some
insulators, particularly the cellular
varieties such as cotton and paper,
readily absorb water, and in so doing,
undergo a drastic reduction in their
resistivity. Materials that absorb moisture are termed " hygroscopic," and in
most cases have to be treated by impregnation to close up or fill up the small
cells or pores with some material filler,
which will prevent the absorption of
moisture. The reader will appreciate
that cotton-covered wires, for example,
are rarely left without a coat of varnish
or immersion in oil.
Resistance to Heat.
The insulating materials capable of
withstanding high temperatures are few.
Mica and asbestos are usable at about
Soo' C., but have mechanical disadvantages:
asbestos, for example, is extremely weak
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Fig. 6.—AN

EXAMPLE OF SURGE FLASHOVER.

This shows a small unit post type
insulator under test at 700 kV. (max.).
It is necessary to test insulators as to
their capacity to withstand the application
of electrical surges, in addition to the
high voltage tests .—(G.E.C.)

and fibrous, and cannot be used alone.
Fireclay and steatite withstand fairly
high temperatures and can be used in
electric fires. Quartz, although not a
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Fig. 7.—A

HIGH VOLTAGE TEST AT
NORMAL FREQUENCY.

Showing dry flashover at 385 kV.,
5o cycles, on 66kV. bushing, lower end
immersed in hot oil.—(G,E.C.)

particularly useful insulator, has to be
employed in electric furnaces. The commoner materials such as tape, paper
boards, etc., have to be used under con-

650

ELECTRICAL INSULATING MATERIALS

lain, steatite, glass, etc. Many of the
organic materials such as rubber, varnish
and cotton tape, deteriorate with time,
especially when hot. Tapes and papers,
moreover, only adhere and retain their
flexibility by reason of a small amount
of moisture, and if maintained at high
temperatures will either burn, or dry out
and crumble. This example, incidentally,
illustrates why engineers have so much
more trouble with insulating than with
conducting parts : paper, if wet, is a
bad insulator ; if dry, it falls to pieces !

Fig.

8.—SIMULTANEOUS MECHANICAL
TEST AND DRY FLASHOVER AT 500 kV.,
50 CYCLES, ON FOUR UNITS OF A POST TYPE
INSULATOR.
This type of insulator is used in the
grid open-air substations.—(G.E.C.)

ditions for which the temperature is
strictly limited.
Durability.
This quality is possessed by but few
materials, principally the ceramics—porce-

CLASSIFICATION OF INSULATING
MATERIALS.
An important and serviceable classification is that given by the British (Engineering) Standards Association, upon
which the manufacture and use of
machinery and apparatus in this country
is based. The various classes are :—
Class O.—Cotton, silk, paper and
similar organic materials when
neither impregnated nor oilimmersed.
Class A.—Cotton, silk, paper and
similar organic materials when impregnated or oil-immersed ; also
enamelled wire.
Class B.—Mica, asbestos and similar
materials in built-up form with
binding cement.
Class C.—Mica without binding cement;
porcelain, glass, quartz, etc.
In Table I a summary is made of the
chief characteristics and qualities of a
number of important insulating materials.
Breakdown strengths are quoted as these
are of importance in high voltage work.
Figures for resistivity, however, are not
given, as they are unreliable and in any
case would not convey much information
to the general reader. The resistivities
of the materials quoted are, at normal
temperatures, almost all very high, ranging
between a million and a million-million
ohms between opposite faces of a centimetre cube.
Table II gives an idea of the origin,
production and chief uses of a few of the
more important insulating materials in
the order in which they will be considered
in subsequent articles.
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TABLE I.
ELECTRICAL INSULATION.
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Mica ..
Micanite
Micafolium
Micalex
Porcelain
Steatite
Basalt
Stoneware
Quartz
Glass
Slate
Ebonite
Oil (transformer) ..
Varnish (baking oil)
Cotton (varnished tape)
(black)
(bakelised cloth)
Paper
Pressboard
Vulcanized fibre
Paper board (bakelised)
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Remarks.

Heat resisting, good insulator.
Hard or flexible for machinery.
Wrapping coils.
High frequency insulators.
Transmission line insulators.
Heat resisting.
Cast insulators.
Very large terminal insulators.
Highly heat-resisting,
Internal structure visible.
Switchboards.
Panels, etc., easily machined.
For cooling and insulating.
Impregnating coils.
Taping conductors.
Flexible.
Silent gears.
Backing for mica, etc.
Slot linings.
Easily machined.
Extra high-voltage construction.
Arc resisting, poor insulation.
Better than above for insulation.
High-temperature mouldings.
Good surface, expensive.
Poor surface, heat-resisting.
High polish, good insulator.
Excellent finish, mass production.

TABLE II.
ORIGIN AND USE OF SOME IMPORTANT INSULATING MATERIALS.
Origin.

Process.

Mica rock

Split and stuck with shellac

China clay, quartz, etc.
Marble and slate quarries
Juice from rubber trees

Ground, kneaded and baked
Split, sawn, ground ..
Mixed with fillers and sulphur, and vulcanised.
Gums in linseed oil
Refined
Spun and woven
Pulped
Cocoon fibres woven
Pulped and dried ..
Seasoned and impregnated ..
Carbolic acid and formaldehyde

Bitumen, lac, flax plants,
Oil wells ..
Cotton, flax, trees
..
Silkworm
Asbestos rock ..
..
Trees
Coal tar and trees

Use.

Commutators, h.v.
machine windings.
Porcelain insulators.
Switch panels.
Cables, mouldings.
Varnish.
Transformers.
Cotton tape.
Paper.
Silk.
Asbestos tape, etc.
Switch parts.
Synthetic resin.

All the materials mentioned above are dealt with fully in later articles in this work.
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SHOP LIGHTING AND WIRING
By C. W. HARVEY.

Fig. 1.—How THE ENCLOSED DUST-PROOF TYPE OF UNIT IS FITTED IN A LARGE DEPARTMENTAL STORE.
It will be seen that the illumination over all is very even and of adequate intensity.

T

HE design of a shop lighting and
wiring system is governed by the
type of shop and its position.
For instance, •a shop in a comparatively
poor locality would need a much less pretentious installation than one situated in
the West End area of London. This
point should be borne in mind when
beginning a scheme for a shop installation.

Interior Shop Lighting.
Lighting of a shop interior is substantially the same as that required for any
other commercial purpose. The main
objects in view being adequate illumination with absence of glare and inconvenient shadows.
It is common practice in shops, whether
they be of departmental store class or
of the small specialist class, for the
interior furnishings to be more or less
frequently rearranged. Therefore the

ideal arrangement would be well diffused
lighting at an advantageous intensity for
the shop's requirements, and of uniform
strength over the whole of the working
area. It is then immaterial in what
position the various articles of shop
furniture are placed.

Type of Fitting to Use.
The units should be of diffusive glass,
such as opal or sandblasted or acid
frosted, and constructed in such a manner
that the filament of the lamp cannot be
seen. Various examples of these shop
fittings are shown in Fig. 2. They
should be dust-proof and constructed of
glass with a low light absorption.
It must be borne in mind, however, that
it is not always possible to use a commercial design fitting of this type. For
instance, an antique dealer would probably
insist upon some form of fitting which
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might take the form of a lantern, candela- illumination where possible, and is conbra or an ornamental bowl, in which case structed in such a manner that at night
it probably would be necessary to aug- the same Lay light can be illuminated
ment the main lighting system with a electrically. One must bear in mind
number of local lighting units, such as when designing a lighting installation
showcase lights, wall brackets or floor that the colour of the walls and ceiling
standards.
affects the illumination, intensity to a
The use of the enclosed dust-proof very large degree. In most shops there
type of unit is, however, becoming more are cases and show-cupboards, the goods
and more popular in large departmental in which should be illuminated in a verstores.
tical plane. If the wall surfaces are of a
An example of this fitting in use is good reflecting medium sufficient light is
reflected to light the surfaces of
the goods at whatever angle they
are placed.
When to Use Brackets or
Standards.
If the size of the lighting units
is correct and based on the
requisite foot-candle intensity
required for the adequate display
of goods, it should not be
necessary to augment the main
lighting system with brackets
or standards except for artistic
effect. In exceptional instances,
such as a jeweller's shop, or a
shop dealing in very small intricate goods, it may be necessary
to use some form of local
lighting on the counter.
A Concentrating Unit.
When it is absolutely necessary
that this form of additional
lighting should be used, a
concentrating unit (such as that
shown in Fig. 3) should be installed, in
order that the goods offered for sale should
be seen to better advantage.
The foot-candle intensities recommended
for small shops and departmental store
interiors is as follows :—

Fig. 2.—EXAMPLES OF DUST-PROOF SHOP FITTINGS.
These should be constructed of glass with a low
light absorption.

shown in Fig. 1, which is a photograph
of a ladies' outfitting shop, and it will
be noticed the illumination over all is
very even and of adequate intensity.
Flush Fitting in Ceiling.
An alternative method of treating the
lighting of a shop where the owner does
not approve of the commercial type of
fitting, is by means of a flush fitting in
the ceiling.
Colour and its Effect on Reflection.
A glareless light which is very pleasing
and restful to the eye can be obtained in
this manner. In fact, in some shops it
is the usual practice to have a Lay light
which is used during the day for daylight

Foot-candles
..
..
6 to 12
General interior lighting
(minimum) 5
Shelves ..
.
..
6 „ 12
Counters
25 „ Ioo
..
..
Windows
Stores, packing rooms, etc. ..
••
5

This has been compiled from data that
has been found in practice to give the
best results, and has been obtained from
the study of numerous shops under varying
conditions. The table on page 654 gives
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the average intensity required for efficient
working in each particular instance.
The Lumen is the unit of luminous
flux or quantity of light and is equal to
the quantity of light incident upon a
surface one square foot in area illuminated
uniformly with an intensity of I footcandle.
The Footcandle represents the intensity
of illumination equal to that produced
at a point or plane one foot distance
from a source of one candle power.
The Depreciation Factor is employed to
compensate for loss of light due to lamp
deterioration and normal depreciation of
surroundings and varies between 1.20
and 1.40 according to conditions. Obviously the depreciation factor for a
foundry would be more than for an office
or clean workshop.
In foundries use the higher value. In
offices, shops, etc., the lower value.
A proportion of light emitted is absorbed by reflector equipment, walls and
ceilings. To compensate for this loss
we employ utilisation factors as follows :—
Direct light equipment
..
• • .5
Semi-indirect lighting and enclosed
units
..
..
• • .35
i. Decide first the footcandle intensity
desired on the bench, desk or working
plane (see table below).
2. Multiply area in square feet by footcandles required, and again by the depreciation factor, and divide by the
utilisation factor.
Thus :—
x F.C. x Dep. Factor
Total lumens__ AreaUtilisation
Factor
3. Plan area into squares and arrange
points.

Fig. 3.—A CONCENTRATING UNIT.

This type of lamp is only used when
it is absolutely necessary for some form
of additional lighting.

4. Divide the total lumens by number of
points to find lumens per lamp. Consult
table below for lumens value of lamps,
which will decide the size and wattage
of lamps per point.
5. The mounting height above the working plane is in many cases governed by
local conditions, but the ratio of mounting
height to distance apart should not
exceed 2 : I wherever possible.
Using the spacing ratios given will
provide for an even illumination on the
horizontal working plane, for average
variation of which will not exceed approximately 20 per cent.
Every installation will obviously have
a different value for the utilisation factor,
according to the area to be illuminated,

METHOD OF OBTAINING REQUIRED LAMP WATTAGE FOR A GIVEN FOOTCANDLE INTENSITY.
These calculations do not apply to window lighting or floodlighting where high efficiency reflectors
are used. In those cases the manufacturers' charts should be consulted. An example of one of
these is Fig. 9.
Average Lumen Value of Lamps.—Gasfilled Type.
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could get ioo watts per foot run.
of lighting, which should be
ample intensity for most showcase purposes.
Departmental Signs.
In shops with a number of
departments it is necessary to
make use of signs for directing
the customer. The same type
of sign could also be used to call
attention to any particular form
of goods. The most pleasing and
useful sign of this type is that
embodying the Iternalite principle.
There are, of course, various
other forms of box signs, which
take the form of metal frames
housing sheets of glass on which
is etched or sandblasted the
necessary lettering. Lamps are
fitted in these signs, and the
light from them causes the
lettering to stand out more boldly.
Colour or Corrected Light.
Certain goods may have to
Fig. 4.—EXAMPLES OF REFLECTORS FOR WINDOW
LIGHTING.
be displayed in a light which
These are of the silvered glass variety.
closely approximates to dayFor this purpose the
light.
mounting height of reflectors and colour of ordinary daylight lamps may be used, or,
surroundings. For the average installa- better still, the enclosed dust-proof unit
tion the utilisation factor given being in Fig. 2, but with corrected glass ;
based on practical experience will be found that is, glass which in its construction
embodies a bluish element which causes
very satisfactory.
the light to approximate to daylight.
When to Use Strip Lighting.
The Sheringham unit has been produced
In some shops it is necessary to have for the reproduction of north sky daylight.
glass cases for the display of certain goods. An illustration of this unit is shown in
Usually the space in these is very restricted, Fig. 6. The Sheringham pigments are
and consequently there is not room for the sprayed on the undersurface of the
ordinary reflector type of lighting, in reflector. The porcelain enamel being
which case strip lighting is fitted (a form previously sandblasted, this unit gives
of which is shown in Fig. 5). It is now perhaps the best form of reproduced daypossible to buy these strip lamps in ioo- light.
When using colour or corrected lighting,
watt size, and as the length is approximately iz inches, it can be seen that one it should be borne in mind that to obtain

Fig. 5.—STRIPLIGHTING FOR USE IN GLASS CASES.
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the same intensity as with ordinary white
lighting units, it is necessary to increase
the size of the lamps. It is generally
taken that daylight units require a lamp
of 5o per cent. higher wattage than an
ordinary white glass unit.
Window Lighting.
In designing a scheme for window
lighting, it should be borne in mind that
this is the shopkeeper's most profitable
form of advertising.
There is a distinct tendency for shop
window lighting to become stereotyped,
that is to say, one would probably see the
window of a jeweller's shop lit in the same
manner as a tailor's, and in many cases
it would probably be of the same intensity.
This is wrong, because as has already been

Fig.

7.—EXAMPLE OF A
FLOODLIGHT.

mentioned, the tailor's window would
need much more light because of the high
absorption factor of the goods displayed.
The light source for the ideal installation
should be entirely concealed. This point
is most important, because one is usually
working with very high candlepower lamps
and the glare from the filament from these
is most distressing to the eye, apart from
being detrimental to trade from the shop
owner's point of view.
Generally speaking, the lighting is
obtained from the top of the window,
the source being towards the front. It is
not only necessary that the lamps should
be screened from the customer looking
in the shop window, but also they should
be screened from sight from inside. This
is most important in shops where there is
a low back to the shop front. It is not
advisable to attempt any form of lighting

Fig. 6.—THE SHERINGHAM UNIT.
This is specially designed for the
reproduction of north sky daylight.

other than from the top, because of the
difficulty of screening the lamp filament
from the eye.
Reflectors for Window Lighting.
There are many types of reflectors for
window lighting, the most efficient being
those of the silvered glass variety, some
types of which are seen in Fig. 4. The
most effective way of electric lighting for
the shop window is on the reflector
principle, either in the manner illustrated,
or by fixing the reflectors directly overhead,
and screening them by means of a glass
pelmet. This latter form of lighting lends
itself to many variations.
Silver Glass Type of Reflector.
Crystal glass, having a minimum absorption factor, is used in the construction
of the silver glass type of reflector. It
is heavily silvered direct on to the polished
glass surface, which in turn is heavily
copper-plated. The whole is then finished

Fig.

8.—A STANDARD FORM OF COLOUR SCREEN
EQUIPMENT.
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suit any required purpose or
type of window display, and by
the use of a motor-flasher colour
changes can be effected at predetermined intervals with very
striking results. It may be
required to direct the attention
to some particular feature, in
which case a floodlight or spotlight would be used, to illuminate it with greater intensity
than that of the rest of the
window. An example of a floodlight is shown in Fig. 7.
Intensity of Illumination with
Reflector.
Fig. 9 is a diagram showing
the intensity of illumination at
all points in a window equipped
with a reflector like that shown
in (a) , Fig. 4, and is typical of any
window of which the height is
approximately two-thirds the
depth. In this instance the
reflectors are equipped with

Fig. 9.—DIAGRAM SHOWING THE INTENSITY OF ILLUMINATION
AT ALL POINTS IN A WINDOW EQUIPPED WITH A REFLECTOR
SIMILAR TO (a) IN FIG. 4.
The reflectors are equipped with Too-watt lamps spaced about
12 inches apart.
- CENTRE or ,..Amp FILAK.N'
10

with either silver or gold
coloured paint, which is neutral
in tone, and will harmonise
easily with its surroundings.
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Adding Colour Screens.
8
By simply adding colour
120 6
6t 150,,
screens which most manufacturers market, many interesting
5
5 150
0
effects can be obtained to bring
Cu
out the salient points of a
4 15-o
a
window display. These screens
-J
6-0 3
3 15.0
are made to clip on to the
reflector quickly and , easily
2 15.0
45 2
without alteration of the fixing.
Fig. 8 shows a standard form of
45 1
A
1
135
colour screen equipment, which
is neat in design. The colour
/
45 0
0 120
.1
film is held in place between two
0
2
7 75
3
4
5
6
WIDTH IN FEET
rings with a retaining wire
300 345 375 375 345 300 240 150 no
stretching across the opening of
ILLUMINATION IN FOOT-CANDLES
each. The two spiral springs
Fig.
I0.—DIAGRAM
SHOWING
THE INTENSITY OF ILLUMINATION
serve to attach the film to the AT ALL POINTS OF WINDOW, USING
DIFFERENT SPACING FROM
gallery. Colour schemes obtained
THAT SHOWN IN FIG. 9.
in this way can be adapted to The reflectors are spaced at 24-inch centres instead of 12-inch.
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Fig. 11.-A SHOP ILLUMINATED BY SILVER GLASS REFLECTORS.

all

Fig. 12.-ANOTHER EXAMPLE OF THE USE OF

A SILVER GLASS REFLECTOR FOR LIGHTING SHOP

WINDOWS.

SHOP

LIGHTING AND WIRING

2

Fig. 13.—SECTIONAL VIEW OF A STANDARD
TYPE OF TIME SWITCH, USED FOR THE CONTROL
OF WINDOW LIGHTING.
A, bell-crank lever ; B2, B2, ebonite blocks ;
C, lever ; D, right-angled pawl ; E, double arm ;
Gt, G2, banking pins ; H, peg ; K1, K2, copper
plungers ; M2, M2, mercury cups ; N, peg ;
P2-P', pivots ; Q, spring ; S, star wheel.
Ioo watts Pearl gasfilled lamps and spaced
about 12 inches apart.
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portion B. The three smaller shaded
sections marked C, D and E enable
the intensity of illumination on goods
placed in the centre of the window at
heights of 1, 2 and 3 feet, or upon shelves
similarly placed, to be ascertained. In
each case the height of the shaded curve
must be measured against the footcandle
scale G. The actual illumination upon
the glass of the window itself is ascertained
by the thickness of the shaded portion F
on the left-hand side of the curve. A welldesigned reflector properly placed should
have a curve for this portion of the window
similar to that in the illustration, since all
light directed on the glass and consequently outside the window is wasted;
this curve should have a minimum value.
Using Different Spacing.
Fig. io is an example of the same type
of window lit with the same design of
reflector spaced at 24-inch centres instead
of 12-inch. A window lit in this way will
probably be used for light-coloured goods
with good reflecting values.
How Outside Lighting Affects the Shop.
When deciding on the necessary intensity
for a shop window, it must be borne in
mind that this is not determined only
by the light necessary to show the goods.
A higher value should be provided in
order to produce a striking contrast
with external conditions and with adjacent
windows.
It is clear from this that consideration
must be given to the standard of lighting
in the street where the shop is situated
or any other external lighting conditions,
because the window which is not so
brightly lighted as those on either side
of it, is almost bound to suffer from the
unfavourable contrast, although the neces-

Calculating the Intensity of Illumination.
The illumination upon the floor of the
window at distances of from i foot to
7 feet 6 inches from the glass is given at
the bottom of the diagram. Intermediate values can be obtained by measuring
the height of the shaded portion of the
diagram marked A to the
ooWINDOW
footcandle scale G. Similarly the illumination at
LIGHTING
SPECIAL
ORD'Y
the back of the window
RATE
RATE
at various heights is given
METER
METER
MAIN
GENERAL
on the right-hand side of
SWITCH
LIGHTING
the diagram, and interH•ND SWITCH
0
mediate values can be
obtained by measuring
the width of the shaded
Fig. i4.—A CONVENIENT SYSTEM OF METERING.
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sary calculated intensity may be
ample to see the goods clearly.
Generally speaking, in main
thoroughfares, the window lighting intensity should be higher
than a shop situated in a side
street.
Fig. ii is a photograph of a
shop window illuminated by
silver glass reflectors in a main
thoroughfare which has quite
bright street lighting. It can be
seen that the intensity of this
window is such that it stands
out boldly from its surroundings.
Fig. 12 is an example of a shop
window lit with a silver glass
reflector; the pelmet screens can
be just seen at the top of the
photograph.
It will be noticed that there
are no heavy shadows, and the
illumination of the whole of the
shop window area is very diffused,
and yet is of ample intensity.
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Making
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Neon Lighting.
Various lighting devices are
used for attracting attention to
a window. For instance, some
form of sign which could possibly
be made to switch on and off at
various intervals, or, better still,
where expense is not such a
limiting factor, Neon tubing can
be used.
(Owing to the highly specialised
nature of this form of lighting,
the manufacturer should be consulted regarding the best method
of installation. It is only possible
in the scope of this article to
mention a few facts regarding its
general use)

Ls;

FACIA

Diagram Key
©
200

Diffusers, 200-watt Lamps

CD
150

Elliptical Angle Reflectors, 150-watt Lamps

300
0

Parabolic Angle Reflectors, 300-watt Lamps
Local Angle Reflectors, 60-watt Lamps
Power or Heating- Point

Fig. 15.—A TYPICAL BUTCHER'S SHOP IN MAIN ROAD.
The same form of lighting, but with smaller lamps,
would be suitable for side streets.

Coloured Tubes.
These tubes can be had in red, green
and blue colours, and they represent a
most efficient form of electric sign, because
of their low power consumption. Another
big factor in their use for internal decorative lighting of a shop window is the fact
that they burn very " cold," the working
temperature being only a few degrees
above the surrounding temperature of the

air. The life of the tube is in the nature
of some 2,000 to 3,000 hours, after which
period it is necessary to refill the tube with
gas. The red Neon tube has a very high
intrinsic brilliancy, and can be seen even
in foggy weather, whereas the ordinary
brilliant white light in a shop window
would appear quite dull. If the general
lighting effect is assisted by Neon lighting,
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operating pressure being
in the nature of
3,000 volts A.C., therefore considerable care
must be exercised in their
Plugs for
installation and the seShowcase
31cW Heating lection of the controlling
Lighting
Vac. Cleaner position. Where direct
behind
current forms the source
Counter
of supply it is necessary
Possible
to install a small rotary
Lighting
convertor or motor alterPlug
nator and step-up transformers to obtain the
Burglar
Alarm
necessary high tension
voltage. The current
consumption of Neon
tubing is aproximately
about 90 watts per io-foot
length, when one colour
is used. For a combination of colours the
consumption is approximately about 600 watts
3
306 0
300
per io-f oot length.
0
0
0 3 0 3
Lights made up of
60 60 60 60 60 60 60 60 60
Neon
tubing can be used
FACIA
on the shop facia board,
or the window may be
Diagram Key
framed with Neon tubes
of a combination of
0 Enclosed Unit- (type 8) 200-watt Lamps
200
colours. In this way
many striking effects can
Parabolic Angle Reflectors, 300-watt Lamps
be obtained.
300
Floodlighting for Use in
Local Angle Reflectors 60-watt Lamps .
60
Shops.
Floodlighting
of shop
0 Power or Heating Point
interiors is becoming
more important now that
0 Lighting Plug
most shop owners realise
the advertising value of
Burglar Alarm
light. Floodlighting is
the illumination of large
Shop Window Reflectors 4-100-watt Lamps
surfaces by projectors.
4-700
These floodlights are, in
Fig. 16.—A TYPICAL DRAPER'S SHOP IN MAIN ROAD.
fact, very large models
The same form of lighting, but with smaller lamps, would
be suitable for side streets.
of the silver reflector
previously mentioned for
window lighting. A floodthe window can become a great centre of lit building has a very great appeal,
and cannot fail to attract the attention
attraction.
of the passer-by. It calls attention to
Drawback of Neon Tubes.
the building where it is installed for a
Neon tubes have one drawback, their large number of hours.

3kW Heat
Vac. Cleaner
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How to Avoid Shadows.
O

Care must be exercised
when designing a flood- 3kIVIleater4D
lighting scheme, because Vac. Cleaner
it' should be realised that
owing to the intensity
of the light used, very
strong shadows are proFop Bacon
duced. By careful selecCutting
tion of the floodlight
Machine
positions, and by directing beams from several
angles, any hard shadows
can usually be avoided.

Lights Must be Hidden.

Cash
Desk
3kW. Heater

100
200

Vac. Cleaner

200
INTER/OR
Coffee
Grinding
Machine

WINDOW

\
@ WINDOW

It must be borne in
mind that in the best
form of floodlighting,
like shop window lighting,
it should be impossible
for the observer to see
where the light is coming
from. In fact, it is well
known that the most
effective way of securing
public interest is to
present an effect without
an apparent cause. On
existing buildings it
would probably be impossible to conceal the
source of light, but by
careful arrangement and
planning, this difficulty
can be reduced, and
many interesting effects
can be obtained.

CD Local Intensive Reflector, 100-watt Lamps
100
®
Diffusers, 200-watt Lamps
200
CO Enclosed Unit (type IV 200-watt Lamps
200
&- Eli,otica/ Angle Reflectors, 300-watt Lamps
3 00

Types of Building Suitable
for Floodlighting.

®
60
•

200

4-100
300

4-100

300

300 300

60 60 60 60 60 60 60 60 60

FACIA
Diagram Key

Local Angle Reflectors, 60-watt Lamps

Power or Heating Point
Of course, it must be
borne in mind that floodIs-wRI
4-100 Shop Window Reflectors, 4-100-watt Lamps
lighting is not always
possible on every type
Fig. 17.—A TYPICAL GROCER'S SHOP IN MAIN ROAD. ALSO
of building surface, and
SUITABLE FOR A CONFECTIONER, TOBACCONIST, ETC.
Table 2 shows the footThe same form of lighting, but with smaller lamps, would
be suitable for side streets.
candle intensity required
on various building surfaces. From this it can
be seen that to endeavour to flood- interesting combinations of light on the
light a very dirty stone or concrete building surfaces can be obtained. Colour
building would not be an economic floodlighting, however, should only be
proposition.
attempted on a white building. The
By the use of colour screens many very combination of floodlighting and Neon

SHOP LIGHTING AND WIRING

lighting on a shop facia furnishes a most
striking example of interest.
INSTALLATIONS.
Having designed the lighting of the
interior and exterior of a shop, it is now
necessary to consider the wiring installation
to supply current for it. The circuits
would be arranged in much the same way
as for any other type of installation. One
point that should be borne in mind, however, is that usually in shops, switches
should be fixed in one central position,
and also arrangement should be made for
time switching, for " after-hours " display
to take place on the various circuits, since
supply authorities have different rates
for shop window lighting, exterior lighting
and interior lighting, and a shop which is
lit at night will always have a number of
people interested in its display.
How a Time Switch Works.
Fig. 13 is a sectional view of a standard
type of time switch, used for the control
of window lighting.
The double arm E is pivoted at P3
and carries copper plungers (Kr, K2) at
each end, these being insulated from E
by ebonite blocks Br, B2. E also carries
a peg N, the latter resting on detent of
lever C when No r. circuit is closed.
The hand 2, at the desired hour, trips C
(which is pivoted at P2) and allows K2
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to be pulled into mercury cups M2 by a
spring at back of plate. When the time
for changing circuits arrives, the hand i
engages with bell-crank lever A, which
is pivoted at Pi and has pivoted on it
(at P4) a right-angle pawl D. As A is
pushed to the right D is carried down
vertically until its bottom end meets the
banking pin Gr. The further movement
of A then causes D to be rotated until
its top end is below N. At this moment
the clock hand releases A, which is pulled
sharply back to its original position by
spring r, and brings D up at the same
time. D, in ascending, engages with N
and thus carries the right-hand arm of E
up until N is caught and held by detent C,
which is controlled by spring F. One
circuit is thus broken in cups M2 and
another made in cups Mr. The banking
pin G2 causes D to take up a final position
clear of N, so as to allow E to drop over
to the right at the next operation.
The star wheel S has a pin at the
back of " Sunday " which on that day
comes into notch at top end of " Day "
pointer (this pointer being rigidly fixed
to E) and so prevents E changing over
from Mr to M2 on that day.
Another peg on the tront of spoke
corresponding to " Early Closing Day "
on that day presses against left-hand end
of 0 (which is pivoted at P5 and controlled
by spring Q) when star wheel is turned by

TABLE 2 . -FOOTCANDLE INTENSITY REQUIRED ON DIFFERENT BUILDING SURFACES, TAKING INTO
CONSIDERATION THE BRIGHTNESS OF SURROUNDINGS.

Footcandles.
Condition.

Material.

Reflection
Factor.

White marble
..
Light concrete or stone
Dark concrete or stone
Granite
..
..
Concrete or stone ..

..
..
..
..
..

Fairly clean
Fairly clean
Fairly clean
Fairly clean
Very dirty

Per cent.
6o-65
40-50
25
10-15
5

Concrete painted buff
White glazed brick ..
Yellow brick ..
..
..
..
Red brick
Brick ..
..
..

..
..
..
..
..

New
Clean
New
New
Dirty

5o
85
35
25
1-5

Poorly
Lighted
District.

Medium
Lighted
District.

Brightly
Lighted
District.

31
6
2
8
3
5
15
6
9
21
13
33
Usually require too much
light to be practicable.
8
5
3
2f
ri
4
Jo
6
4
15
6
9
Usually require too much
light to be practicable.
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" Early Hour " hand, causing the other
end to engage with peg 1-1, on lever C,
thus actuating C, as described above, by
" Early Hour " hand and star wheel
instead of by hand z as on other days.
System of Metering.
Fig. 14 is a diagram showing the most
widely adopted system of metering. It
will be seen that it adds an additional
mete' and change-over time switch to the
existing installation. The time switch
does the double job of controlling the
meters and the window lights.
The cheap rate on the window lighting
automatically comes on at the proper
time, independent of outside control.
There are various other ways of arranging shop lighting for time switch control,
varying with local electric supply companies' regulations, but this example is
the most usual.
Time switching lends the finished touch
to the correctly designed and installed
shop lighting system. Without it the
installation would not be complete.
Use Screwed Steel Conduit for Wiring.
There are no especial public regulations
governing the wiring of shops other than
those imposed by the supply authorities
concerned, and the insurance company
or any other interested body, but whenever
possible it is always advisable to install the
wiring in screwed steel conduit, which
allows for the complete and safe concealment of the wiring.
Size of Wire.
A point that should always be borne
in mind is that the lamp sizes employed are
larger than is customary in most installations. The wiring therefore should be
large enough to prevent any excessive
voltage drop at full load, or overheating.
Another point in favour of installing
screwed steel conduit is ease of renewal
of the wiring without damaging the
decorations of the shop.
In small shops there are often many
high powered and consequently very hot
lamps installed in a confined space, and
the insulation of the cables often suffers

in consequence. This sometimes necessitates their early renewal. Not a big job
with a " pull in " type of installation.
Wiring Should be Watertight.
With regard to any wiring to be done
on the outside of the shop, this would
definitely be of the watertight variety,
and suitably protected against mechanical
damage if in lead-covered sheathing.
Fuses.
The fuseboard, main switches and fuses
should be in an easily accessible position.
It is a very damaging event to a shopkeeper to be more or less temporarily
plunged into darkness. For this reason,
wherever possible the number of lights
controlled by a single local fuse should be
the lowest minimum, no more than three
points per fuse if possible. This is, of
course, controlled by the question of
expense, but the electrician should always
make this point clear to his customer.
Use of Electricity in Shops.
It is impossible to give a detailed list
of the various uses to which electricity
can be put in every type of shop. But
a grocer would no doubt need a power
point for his coffee-grinding and his baconcutting machine, and possibly a refrigerator point, and most certainly the question
of electric heating should be raised.
Since it is almost impossible to have a
coal fire in the average shop, what more
attractive proposition than the electric
imitation coal fire, with its decided heating
efficiency. Then the tailor, draper, milliner, etc., would need provision for the
use of the vacuum cleaner, and of course
electric heating.
In the case of places such as fish shops,
restaurants, etc., the question of electric
cooking should be raised.
It should be borne in mind that it is
much better to suggest the uses of electricity, other than for lighting, to the
client before the wiring is begun rather
than during its installation. Also the
best positions for the outlet positions
should be discussed with him rather
than they should be installed where the
electrician thinks best.
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Bells and Burglar Alarms.

A Grocer's Shop.

The question of bells and burglar alarms
should also be raised. Sometimes it is
necessary to call a messenger from a
store to the shop, or the manager from
his office. This work should be done at
the time of the original installation. The
positions for burglar alarms, of course,
suggest themselves, on doors and windows.
It only remains a question of type.

The interior general lighting explains
itself (see Fig. iv).
It will be noted
that points have been taken to allow
the use of a coffee-grinding machine,
and also a bacon - cutting machine.
Heating points have also been arranged.
The window and facia are lit by the
standard type of equipment. A burglar
alarm is fitted on the door, and on a
laylight over the shop, and also over two
windows in the basement.
The Elliptical and Parabolic angle
reflectors used for the exterior are not
essential in this instance, and the same
remarks apply as for the draper's shop.

TYPICAL SMALL SHOP
INSTALLATIONS.
The following are one or two examples
of typical small shop installations which
should be found of use when designing the
lay-out for a shop installation.

A Draper's Shop.
It will be noted (see Fig. 16) that
even lighting is obtained over the whole
shop area by means of four 20o-watt
enclosed units. Also provision has been
made for cleaning and heating purposes,
and lighting plugs have been installed
for possible extensions for showcase lighting. Shop window reflectors of standard
variety are installed in the window,
and angle type reflectors are used for
illuminating the facia board. The average intensity in this particular installation
is on the high side, but this could be
reduced by cutting down the lamp sizes.
A burglar alarm has been provided for
on the door since valuable goods are
displayed at night.
The Parabolic and Elliptical angle
reflectors used for the exterior are not
strictly necessary for the window lighting,
but are suggested as being useful for
compelling interest in the shop. If they
are dispensed with it would be advisable
to increase the lamp sizes in the window
and the number of reflectors.

A Butcher's Shop.
Here again the general lighting is selfexplanatory (see Fig. 15). It will be
noted that powerpoints are taken for
a sausage machine, and also a refrigerator display counter. The latter is an
innovation likely to become the rule
in the near future. In this particular
installation considerable power was needed
for a large cold room, which is not
shown on the plan. With regard to the
window lighting display, it was found
by experiment that considerable interest
was added by the provision of orange
sprayed lamps at certain intervals. Say
one orange lamp in every five. By this
means the meat on show was given the
best appearance.
In the case of this shop, the question
of a burglar alarm did not arise, since
easily removable articles of value were not
left in the shop overnight. Should an
alarm be considered necessary, the door
and show window, and also the window
at the back of the shop, would probably
be the selected positions.
Exterior lighting in this type of installation would probably be necessary, since
it is customary for an outside display on
certain occasions.
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MAGNETS AND MAGNETISM
By H. GREENLY.

I

T will no doubt have been
observed in the reader's
more elementary experiments with electricity that
magnetic effects can be obtained without using what
is usually called a magnet, and
when the various phenomena
which arise at e reviewed in
a detailed manner the close
linkage between electricity
and magnetism should be more
fully understood. Further,
the interconnection between
electricity and mechanical
motion will also be revealed.

normal state of the conductor before it was energised
can be made to do useful
work just the same as a rubber
diaphragm would act if a hand
which has been pressing on it
and stretching it is suddenly
released. The collapse of field
has much the same effect as
a moving field.
Fig. I.—Magnetism is
present in concentric
circles around any wire
which is conducting an
electric current. This illustration shows the field
round a wire and this can
be proved by the experiment shown in Fig. 4.

Faraday's Discovery of
Electro-magnetism.
Another feature of electromagnetism—the discovery of
which is due to the
immortal Michael Faraday
What is Magnetism ?
—is that when a magnetic
Magnetism is a force. It
field is made to pass across
is present in concentric circles around any an electrical conductor, if the circuit in
wire which is conducting an electric this wire is closed—by a measuring or
current. Its effects remain constant while detecting instrument, for instance—a curthe current is flowing in proportion to the rent will flow momentarily in the conductor
strength of the current. The farther away so long as the field is maintained and
the detecting instrument is placed from the kept moving. The converse is also true,
electric wire creating the magnetic effects a current will flow if the conductor is
the more feeble does it appear to become. kept moving in the maintained field of
The magnetism also shows a sense of force. Further, there will be a mechanidirection, and it is capable of being cal resistance to the movement of a
led into paths other
conductor wire if it
than those it would
is passed across a
naturally traverse in
magnetic field, which
passing from pole to
effect is again only
pole. This direction
present so long as th e
of the lines of force
circuit is complete.
depends on the
It is also as well to
material through
note at this juncture
which the magnetism
that this retarding
is made to flow.
effect to mechanical
Finally, when the
motion is directly
energising current in
comparable with the
the conducting wire is
amount
of electrical
shut off the rings of
energy, viz., electric
magnetic force—the
cui rent in volts and
magnetic field, as it Fig. 2 —THIS INDICATES THAT A WIRE IN A
amperes, that is
is called—collapse. MAGNETIC FIELD SHOWS AN ELECTRIC
obtained.
The return to the
CURRENT.
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amount of electricity, measured as before
in volts and amperes, that is passed through
the coils of the motor when the circuit
is closed by the switch.
, / /
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Fig. 3.—A SIMPLE ANALOGY BETWEEN
THE MECHANICAL EFFECT OF A HOLE IN
A WATER VESSEL AND THE MAGNETIC EFFECT OF A PIECE OF IRON IN THE LINES OF
FORCE.
Imagine a pot of water with a pumicestone bottom hanging up full of water.
The water will ooze out all over the surface
of the bottom, as the material is permeable
to it in a certain degree. But if a hole is
drilled in the centre all the water will concentrate to this hole and flow out quite
rapidly. The hole becomes a spot of
greatest permeability, just as a piece of
soft iron in a magnetic field.

Mechanical Power from an Electro Motor.
In an electro motor mechanical power
is obtained by passing a current through
the coils of wire forming the revolving
armature while they are moving in a
" field " between the poles of a magnet
made up either of magnetic bars or a
wound field magnet, as the case may be.
In such a machine the rotative power
obtained is directly comparable with the

Reluctance—What it Means to Electrical
Engineers.
All these are bald statements of fact
which while they cannot be gainsaid or
even put into simpler language will
perhaps need some experimental justification. Before these tangible proofs are
considered in detail, one other attribute of
magnetism may be referred to. While
magnetic forces can pass through air
or a vacuum they may be made to alter
their direction and density in a more or
less degree when their paths encounter
other substances. Pure soft wrought iron
is a material which for some reason or
other offers the least resistance to passage
of a magnetic force. Therefore it is
known as a substance of the greatest
magnetic permeability. In addition, it
has been found that as the hardness and
impurities of the iron are increased so is
its permeability impaired. Steels, which
are alloys of iron, have different magnetic
characteristics according to their exact
composition and state of hardness, the
value as a conductor of magnetic lines
of force of some manganese steels, for
example, being very comparatively low
indeed. Cobalt and nickel also reduce the
permeability of the steels of which they
may form a part, but the former material
is now used as an alloy of steel to produce
a better permanence and strength in the
finished permanent magnet, such as are
used in all kinds of magneto machines.
This question of permanence has, therefore, a different bearing on the subject
to that of permeability.
Magnetic Permeability.
The magnetic permeability of some
metals, among which may be mentioned
bismuth and copper, is actually slightly
less than that of air, and taking air as I,
the figure for bismuth is 0.999 and for
soft iron 2,50o. This means 2,50o more
lines of magnetic force can be accommodated (i.e., concentrated) in a given
cross-sectional area of soft iron than in
the same area of air.
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make the verbal explanations clear.

Make these Experiments.
A wire pushed through a sheet of stiff
paper having iron filings spread lightly
over it readily indicates that the lines of
magnetic force range themselves round
the conductor in circles, as soon as the
current is switched on. That the movement of a wire connected to the two
VAR/ABLE
terminals of a detecting instrument, such
RES/ETA/VCE
5w/ rc/i_ rAi as a galvanometer, between poles of an
" PosmoN electro-magnet will definitely cause a
current to flow in it while there is moveFig. 4 —A SIMPLE EXPERIMENT TO PROVE
THAT THE LINES OF MAGNETIC FORCE
ment and also while the field is mainRANGE THEMSELVES ROUND THE CONDUCtained, can be demonstrated by a " rig up "
TOR IN CIRCLES.
arranged as shown in Fig. 7. The
A wire is pushed through a sneet of stiff
same
apparatus may be made to show
paper having iron filings spread lightly
that the strength of the induced current
over it. A large accumulator or other
source of power capable of standing a disin the circuit will increase with both the
charge of at least io amperes is necessary
speed of movement and with the power
to show this experiment successfully.
of the magnetic field. For this experiment a wound electro-magnet separately
It is, of course, understood by the excited by a battery with a means of
merest novice in electrical engineering altering the strength of the energising
that
current is necessary.
Electro motive force,
Current strength =
Proving Resistance to Mechanical Movement
Resistance

Between Poles of an Electro-magnet.

or, in other words,
Amperes =

Volts
Ohms

In the same way there is a ratio
between number of lines of force, the
force itself and the resistance to the
magnetic flow, which may be stated as
follows :—
Magnetic motive force
Total No. of
force lines — Magnetic resistance
This analogy must, however, not be
pushed too far, otherwise difficulties
may arise. The density of the lines of
magnetic force is often termed the magnetic " flux " and the resistance to the
flow of these lines called the magnetic
" reluctance." It is very important, therefore, in practical design and construction
to know something about the magnetic
qualities of the materials employed.
Referring back to the various points
that have been raised in dealing with the
phenomena of electro-magnetism, the
illustrations of experimental proofs reproduced in Figs. i and 2 should

The next experiment, Fig. 7, shows
that there is resistance to the mechanical
movement of a closed coil between the
fo-T/FA" INSULATED W/RE
514.va//va ON EYELETS

MILL

/-VoLrmere,7

Fig. 5.--An EXPERIMENT TO SHOW THAT
THE STRENGTH OF THE INDUCED CURRENT
IN THE CIRCUIT WILL INCREASE WITH
BOTH THE SPEED OF MOVEMENT AND THE
POWER OF THE MAGNETIC FIELD,
For this experiment a a ound electromagnet, separately excited by a battery
with a means of altering the strength of
the energising current, is necessary.
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poles of an electro-magnet. This only
occurs if two other things are happening
at the same moment : (i) when the magnet
is being energised so that there is a
field concentrated between its poles and
the lines of this force are being cut at
more or less right angles by the conductors
of the moving coil or coils, and (2) when
the circuit in the coils is completed so that
an induced current will flow. There will
be no braking effect on the pendulum
Eivz-/?3/sir

BATTERY

1-4

Avor
.41

CO/L

A rn4cHz-0

T

Ta Sivkvows

PENDULUM
PENDULUM

Fzg 6 —SHOWING THE RESISTANCE TO
.MECH ANICAL WORK OF AN ENERGISED
COIL IN A MAGNETIC FIELD.

which carries the swinging coil, when
it is moved, if the magnet is not
energised and is not, therefore, exerting lines of force between its poles.
Even if the latter are made magnetic
there will be no retardation other than
that due to its natural slowing down
observed in the swing of the pendulum if
the current is broken in the coil by the
switch shown in the diagram.
An Experiment with Induced Currents.
Another experiment may be devised as
illustrated in Fig. 8 to show what
happens on the collapse of the lines of
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force which surround a conductor when a
current that has been passing through it
is shut off ; and also what happens when
the current is started. For this simple
experiment a delicate galvanometer may
be necessary if the currents used are
small in strength. The secondary circuit
is arranged parallel but not touching
(i.e., not electrically touching) the main
or primary circuit. This secondary has
the aforesaid sensitive detector in ch cuit
to show the passage of any current induced in it. When the switch of the
primary circuit is closed a current flows
in the conductor (P) and, as has been shown
by the experiment Fig. i, the lines of
force spread out and surround the primary
wire. In doing so they have crossed the
path, or " cut " to use the term so much
used in this connection—the secondary
wire and the galvo will deflect, showing
that a current has been induced in it.
This deflection is only observed at start,
showing that a movement of the magnetic
field is essential to the propagation of an
induced current in the secondary wire.
The same momentary flow occurs in the
secondary conductor when the primary
current ceases. In both cases the more
violent the action the greater is the
observed deflection on the detecting
instrument.
Using Soft Iron Wires as a Core.
The same effects may be shown if the
primary and secondary circuits are arranged to be made in many convolutions
round a bundle of soft iron wires as a core.
The windings must of course be made
in insulated wire so that the turns as well
as the two separate circuits are insulated
from each other. The lines of magnetic
force are concentrated by the presence
of the iron and the results obtained from
a given expenditure of electric current
because of the smaller losses. The magnetic lines cannot stray away from the
job in hand so to speak.
What the Experiments Show.
These experiments are useful in leading
the way to an understanding of the action
of the transformer. In the apparatus
illustrated in Figs. 8 and y the starting
and stopping of the primary current
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—or, in effect, the changing state of no all over the surface of the bottom as the
current to full current and full current material is permeable to it in a certain
to no current—is obtained by the medium degree. But if a hole is drilled in the
of a plain switch. The same results centre of the pumice-stone all the water
could be obtained, only more rapidly, by will concentrate to this hole and flow out
supplying the primary with an ordinary quite rapidly, in proportion to its size.
alternating current supply. The second- The hole becomes a spot of greatest
ary would exhibit a similar state of permeability, just as a piece of soft iron
alternations in current flow, both in acts in a magnetic field. (See Fig. 3.)
incidence and magnitude. This leads, of
course, directly to the consideration of Horseshoe Magnets.
the action of a modern transformer. The
In the case of a magnet of horseshoe
apparatus can also be made to demon- form the magnetism is concentrated in
strate that the rate of movement
of the lines of force has some
influence on the effects produced
EXIBLE CONNECT/DNS
ON CE.4‘777 Li/ye OF
in the secondary by the currents
PAWOULZW, Pivor
in the primary. If the primary
L/GNTLYOOOEN A77-41,1E
currents are started and stopped AlOY/AVCO/L.A"
TO
NA/LEO
with a very slow rise and fall in FRAME —
41,45,ver
strength then the secondary will PLACED
AWAY
Pla041
not respond so readily. This can THE AfAavEr
be illustrated by using an So .4s Nor
7,;) BE
1/417/.48,E
infinitely variable resistance as the 5149fEcr
74,
qes/s-r.aNce
switching-in device in the primary A/rEnr-earnectSW/TC1,
in place of a quick-acting tumbler
Flu
switch.
4.J
Why the Poles of an Electromagnet Attract Iron.
That the poles of an electromagnet of any type will attract
a piece of iron is common knowBoa
ledge, but the causes under-lying
WeioNr
this phenomenon are perhaps not so
apparent. The high magnetic
7.—EXPERIMENT TO SHOW THE RETARDATION
permeability of soft wrought iron
TO MECHANICAL MOTION OF A WIRE CARRYING
A CURRENT IN A MAGNETIC FIELD.
and the small degree of reluctance
to the passage of lines of magnetic
force through such material compared the steel and it is only at the tips or
with that through other substances, poles that the exterior effects are most
say, air, for example, have been remarked pronounced. At this air gap between
on.
the poles the substance (air) not being
The poles of an electro-magnet show, so permeable to the lines of force, in trying
as is well known, a field of force traversing to get from one pole to the other, spread
the space between them in ever-spreading out because the air will not take them
curves of ;magnitude and direction, but so closely packed together. A piece of
by placing a piece of iron in the air gap iron if brought within the magnetic
the effect is immediately to concentrate influence of the poles forms a splendid
them.
path for the lines of force and the magnet
This action of crowding up the lines therefore attracts it into the gap to provide
of force may be explained by a simple a shorter and easier course for the maganalogy. Imagine a pot of water with netism. The piece of iron becomes to
a pumice-stone bottom hanging up full all intents and purposes a part of the
of the fluid. The water will ooze out magnetic circuit. (See Fig. io.)
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until it is brought into the influence of
the field, but as this material is so susceptible and permeable to magnetism it
fits in the space with almost equal alacrity.
Questions of Polarity.
This question of polarity is bound up
with the direction of electrical currents
in a conductor. In a permanent horseFig. 8.—AN EXPERIMENT TO SHOW THAT
A CURRENT CAN BE INDUCED IN A WIRE
BY ANOTHER SEPARATE CIRCUIT,

Why Poles Repel and Attract.
Should the gap between the poles
be filled by another magnet and the
polarity and field strength of this
magnet is arranged to be the same as
that of the main one, i.e., north seeking
pole to north seeking pole and south pole
to south pole, they mutually resent the
action. Virtually, the main magnet cannot make a magnet of the second one,
and therefore it resists its intrusion.
Hence the rule " like poles repel and unlike poles attract."
If the second magnet is turned the other
way round it will rush into the gap, with
double power, just like the piece of soft
iron. The soft iron is not a magnet

Fig. 9.—SHOWING INDUCED CURRENT DUE
TO MAGNETIC LINES.

shoe or bar magnet the poles are marked
" N " and " S " respectively, i.e., north
seeking and south seeking, and this
polarity is immutable. To alter it the
only course is to destroy the magnetism
in the bar and remagnetise it with a new
force of the opposite polarity.
With a wound magnet the polarity
depends on the direction of the current
in the electric circuit which produces it.
There are many rules for remembering
which way round the current should flow

Fig. 11.—A

RUDIMENTARY TRANSFORMER.

/

___

Fig. io.—A PIECE OF IRON IF
BROUGHT WITHIN THE MAGNETIC INFLUENCE OF THE
POLES OF A HORSESHOE MAGNET FORMS A SPLENDID PATH
FOR THE LINES OF FORCE, AND
THE MAGNET THEREFORE
ATTRACTS IT INTO THE GAP TO
PROVIDE A SHORTER AND EASIER
COURSE FOR THE MAGNETISM,

Fig. 12.—THE RIGHTHAND SCREW RULE FOR
POLARITY,
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arrive at a useful result
we must know something
about the resistance to
the magnetic circuit. The
useful part of the flux is,
of course, the gap the
place where we can put
something that wil be
worked by the magnletism.
.
.
The subject of electro magnetism usually contains
A
C
a number of difficult symFig. 13 —THREE MAGNETS AND ARMATURES OF DIFFERENT
MATERIALS WHICH CARRY THE SAME NUMBER OF LINES OF
bols and formulee which
FORCE WITH A GIVEN ENERGISING CURRENT. THE LESS
although excellent for the
PERMEABLE THE MATERIAL, THE GREATER IS THE AMOUNT
scientist are not so useful
REQUIRED.
for the practical man. A
A, soft pure wrought iron ; B, hard drawn iron wire or grey
later article will deal in a
cast iron; C, average quality carbon steel in unhardened state.
simple manner with all calto produce a north pole at any one end culations relating to electricity and the
of the iron core which the coil of wire reader is advised to refer to this for
usually encircles. The presence of the further information.
iron does not, of course, affect this The Importance of a Small Air Gap.
polarity : the end of the coil will be
As in a magnetic circuit the carrying
N and S respectively, whether there is value (the flux) is limited by the air gap,
an iron core or not.
it is important that this shall be reduced
A Point to Bear in Mind.
to the minimum. The presence of iron
It is useful to bear in mind in making of even a low grade of permeability will
analogies between the flow of an electric concentrate a large number of lines
current and the state of magnetism that of force, but the reluctance offered by
with the electric current there is a true quite a small air gap is proportionately
flow. With a magnetic flux there is no very considerable. Hence designers put
true flow. The lines of force just take a a large value on a small air gap.
certain path as if they were flowing in that
In air magnetic attraction and repulsion
direction and exhibit polarities. Under of iron armatures varies as the square
given temperature conditions the specific of the distance from the pole to the
conductivity is independent of the strength armature affected.
of an electric current, but in the case Magnetic Leakage.
of magnetic permeability the value of
Considerable attention is necessary in
material as expressed in the text books the design of magnets to prevent unby the symbol iu (a Greek letter pro- necessary leakage of magnetic lines. To
nounced " mu ") is not independent of test the relative value of different designs
the total flux.
the iron filings spread on a card method
Further, in electricity the energy is may
be adopted if there is any doubt as
expended so long as the current flows, to these values when judged in the drawing
but in a magnetic circuit the energy is office stages. The test magnets may be
only required in producing the flux quite thin sheets of iron plate with a
and not in maintaining it.
single layer coiled round it in the proper
Magnetic Effect in Solenoid or Other place arranged to carry a fairly heavy
Magnet.
current. The cardboard will then lay
The magnetic effect produced in a up quite close to the magnet.
solenoid or other magnet depends directly
In the sketch of the magnet, Fig. 1o,
on the number of turns multiplied by the the straight dark lines represent the useful
amperes of the current, viz., " ampere magnetic flux and the dotted lines the
turns," in the energising coil. But to leakage paths—lines of force which are lost.

HOW TO INSTALL A POWER
TRANSFORMER
By T. J. BARFIELD

T

HIS article deals with the installa- may be twice as much ; thus, ignoring
tion, care and operation of trans- losses, the power taken out is the same as
formers in works and factories,
that put in.
Principle of Static Transformers.
How the Transformer is Constructed.
A very brief outline of the principle and
The modern transformer consists of a
construction of static transformers may closed magnetic circuit formed of a
be of use. If a coil is wound round an iron large number of laminations of sheet iron.
bar and the bar is magnetised, the mag- Round the limbs of this circuit are placed,
netism varying in strength, a current will first insulating material, next the low
be induced in
this coil. Conversely, if a
current is passed
through the coil,
it will magnetise
the iron. If now
two coils are
wound round the
iron, a current
flowing in the
first and regularly varying in
strength or reversing its direction, a corresponding current
will be induced
in the second
coil. This is the
principle of the
transformer ; the
primary current
is passed through
one coil and
induces current
in the second.
If there are twice
as many turns
on the first coil
Fig I.—THREE-PHASE TRANSFORMER IN COURSE OF CONSTRUCTION.
as on the second,
The right-hand limb has been taped, ready to receive an insulating cylinder.
the voltage The middle limb has this cylinder in position, over which the L.T. coils have
been slipped. Over the left-hand limb, in addition, first, spacing pieces (to
across the second give
a gap or duct for oil circulation) have been placed; next, an insulating
coil will be half cylinder,
and finally, the H.T. winding. The top yoke has to be interleaved
that of the first, with the laminations of the limb and the connections taken from the windings
but the current to suitable terminals.
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tension winding, another layer of insulating
material, and finally the high tension
winding. The windings and insulating
cylinders are spaced apart, leaving ducts
through which oil can circulate. The
whole core, as the magnetic circuit is
termed, with windings, is placed in a
suitably designed tank and immersed in a
special oil, which has the double function of
adding to the strength of the insulating
mateiials used and carrying away heat
generated in the core and windings by
magnetic and resistance losses. On small
transformers, up to about 3o K.V.A.
capacity, a plain tank is used, the surface
being sufficient to radiate the heat
evolved. Larger transformers have cooling
tubes to increase the radiating surface,
the oil circulating through these tubes in
the same way as hot water circulates in a
radiator.
Fig. I shows a transformer in course of
construction, before the top of the magnetic circuit, or yoke, has been fitted.
Fig. z shows a similar transformer completed, and Fig. 3A the appearance of the
transformer in its tank. This construction
is typical of all transformers for ordinary
indoor use except the smallest. The latter
may be in plain tanks, as already mentioned, and if for comparatively low
voltage on both sides, say transforming
from 44o volts down to a lower voltage,
they may not be immersed in oil.
INSPECTION ON DELIVERY.
The great enemy of the insulating
materials used in transformers is damp.
To prevent the windings absorbing
moisture, therefore, transformers are dispatched in the tanks in oil wherever
possible. Sometimes, to reduce the weight
and facilitate handling, only enough oil is
put into the tanks just to cover the
windings, the extra required being sent in
steel drums.
What to Do When the Transformer
Arrives.
On arrival unload the transformer by
means of a crane or suitable lifting tackle
(the weight of the transformer, if not
marked on the rating plate on the tank,
will be stated on the delivery note), lifting
by means of the shackles provided on the

sides of the tank. The transformer should
then be got under cover, in its final
position if that affords head-room for
lifting the core. If rollers have not been
ordered, it will be necessary to move the
transformer on temporary rollers. In
handling the transformer do not use levers
on the tank itself, but on the base of
angle or channel iron.
The protecting battens, if provided, may
be removed from the tank and a thorough
external inspection made. Note especially
any exposed insulators, projecting fittings,
such as oil level indicators, etc., and
examine for oil leakage.
Inspecting the Core and Windings.
The core and windings should now be
lifted for inspection. The tank cover will
probably be a plain sheet with no fittings
requiring removal before it can be lifted.
Remove the fixing bolts, lift the cover and
carefully raise the gasket of cork sheet or
similar material. If left in position while
the cover is off this gasket may be
damaged.
Note now any obstructions, which must
be removed before the core and windings
can be lifted. These include any connections from the transformer to insulators
or terminals on the tank, including
earthing leads and long insulators projecting through the tank. Common terminal arrangements are shown in Fig. 4,
from which it will be seen that the connections from the H.T. windings and the
H.T. insulators must be removed. This
is done by removing the nuts on the
screwed stems passing through the insulators, unbolting the clamping collar
which secures the insulators to the tank,
and drawing the insulators out complete
with their stems. If a terminal box is
fitted for paper insulated cable (see Fig. 3A),
this also may need to be removed.
Make a Systematic Examination.
When all is clear lift the core straight
upwards by means of a crane or suitable
tackle high enough for the whole of the
windings to be inspected, and go over
everything systematically, examining for
loose nuts or bolts in the mechanical
structure or connections, and making sure
that nothing loose has lodged anywhere.
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(It is not unknown for careless workmen
at the factory to leave spanners inside!)
Voltage Adjusting Tappings.
The connections may now be traced out
by reference to the diagram plate, and if
voltage adjusting tappings are provided
they may be set to the required position
either now or after the core has been
partly lowered. These tappings are connected so that a few turns in the primary
winding can be cut in or out of circuit to
give a slightly
lower or higher
voltage on the
secondary side.
Usually
these
tappings are
brought up to
a terminal board
at oil level, and
are (see Fig. z)
connected by
means of a bolted
link. This link
must never be
touched while
the transformer
is alive, and after
reconnection the
bolts must be
securely tightened. Sometimes
a tapping switch
is provided so
that an alteration
in the tapping
can be made
without removing the tank
cover (Fig. 7).
Less frequently
an
" on-load "
tapping switch is
provided, by
means of which
the voltage can
be adjusted while
the transformer
is supplying
current.
INSTALLATION.
The core should
now be lowered
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into the tank, the insulators replaced and
any connections which have been disturbed
should be replaced and the nuts made
tight. The cover should not yet be replaced.
Oil may require to be added to bring
the level up to the mark or the height
indicated by the oil gauge. Only special
transformer oil may be used, and the
drums should be clean and dry externally
before the oil is poured into the tank.

2.—COMPLETED CORE AND WINDINGS OF A THREE-PHASE TRANSFORMER.
A shows the three-phase terminals and the neutral on the L.T. side ; B, the
H.T. terminals ; C, one of the three link-type voltage-adjusting terminals.
On the tops of the,windings may oe seen packing pieces, D.

Fig.
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oil from the
bottom of the
tank, after the
oil has stood for
some time, and
forward this for
examination, in a
scrupulously
clean and wellsealed bottle, to
the
manufacturers or the oil
suppliers. If
they report the
presence of
moisture dryingout must be
undertaken.
Moisture in oil
cannot be detected
by
ordinary insulation testing apparatus. An
insulation test of
the windings, if
it shows resistances in - the
neighbourhood of
megohm, may
point to the
presence of
moisture; on the
other hand, quite
high
readings
may be obtained
when the resistance is tested on
arrival of the
transformer, although considerable
moisture
may be present.
Fig. 3A.—EXTERNAL VIEW OF TYPICAI, THREE-PHASE OIL IMMERSED SELFCOOLED TRANSFORMER FOR INDOOR USE.
The process of
The parts marked are: (A) Cable box for E.H.T. cable; (B) One of the L.T.
drying-out
cable sockets; (c) Earthing terminal; (o) Cooling tubes; (E) Oil level gauge;
simply involves
(F) Thermometer pocket; (o) Diagram plate. (Crompton Parkinson Ltd.)
raising the ternp.rature of the core, windings and oil to as
Drying-Out.
high a temperature as is convenient and
After a short journey in oil, especially safe, and maintaining it until all moisture
in the case of transformers wound for is driven off. The heat required may be
a H.T. voltage of 6,600 or lower, it should produced in a variety of ways, of which
not be necessary to dry-out the windings two only need be considered. The first
and oil. If it is suspected that moisture and best of these involves the use of
has been absorbed, draw off a sample of special resistance heaters which can be
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immersed in the bottom of the
tank. It is unlikely that these
will be available, and therefore
only the second method will be
described in detail. This, the
" short-circuit " method, consists
of passing current from an external
source through one of the windings, the other being shortcircuited. This current will heat
the windings due to the resistance
losses, a current being induced in
the short-circuited windings so
that both are heated uniformly,
and will also energise the magnetic
circuit, the magnetic losses assisting in warming the core.
The First Steps of Drying-Out.
First lag the sides of the tank
so as to conserve the heat as
much as possible, wrapping round
sacking or any similar material
available. The tank cover should
be removed or raised at least a
foot, so that any moisture driven
off may evaporate. The voltage
of the heating current required
is about that of the impedance
voltage of the transformer, which
Fig. 3B.-SMALL POLE-MOUNTING TRANSFORMER WITH
should be marked on the rating
LEADS BROUGHT OUT.
plate. If this is anything less
than the voltage of the supply
available, connections may be made so Obtaining Sufficient Voltage.
that it can be fed into the H.T.
If the available voltage is insufficient to
windings. If 3-phase supply is available pass enough current through the H.T.
connect to the three H.T. terminals
windings, it may be applied to the L.T.
if single phase only is available windings with the H.T. side short-circuited.
connect as in Fig. 5. In either case In this case be very careful not to break
resistances must be provided to adjust the H.T. connections while current is
the current, with an ammeter in each flowing, or a dangerous voltage will be
phase. Probably suitable D.C. motor induced.
starters or similar resistances can be
Failing suitable A.C. supply, direct
found for this purpose ; or a number of current equal to full load current may be
electric fires might be employed.
passed through either winding, or through
both if this can be arranged: This method
Short-Circuit the L.T. Winding Terminals. is not recommended if A.C. is available,
The terminals of the L.T. winding since it directly heats the windings only,
should be short-circuited by means of and the drying of the core, which is not
cable, or by drilling a piece of copper strip heated from within itself by magnetic
and bolting it to the terminals. Make losses, may not be so thorough.
secure connections, for approximately the
full load current will flow in the short- Use Spirit Type Thermometers.
circuited winding.
Having determined by test that the
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voltage of supply and the resistances are
suitable, connect up, using V.I.R. leads
securely bolted to the transformer terminals. Before switching on arrange
thermometers in the upper layer of oil ;
and also if possible in the oil ducts between
the windings, where the highest temperatures may be recorded. These thermometers should be of the spirit type ; mercury
thermometers may give incorrect high
readings, due to eddy currents being
induced in the mercury and generating
heat, and also there is some danger of
mercury causing short-circuits if the bulb
should be broken.

variable resistance is not available the
current must be switched off for, say
15 minutes, switching on again as soor
as the temperature drops perceptibly
Constant attendance during drying-oul
is necessary.

Use a " Megger " to Measure Insulatior
Resistance.

Before starting, and at regular intervals,
measure the insulation resistance of the
windings to earth by connecting one lead
from a " Megger " to a terminal and the
earth lead to the yoke. This should be
done for both H.T. and L.T. windings
and then test the resistance
between windings by connecting
one lead to an H.T. terminal and
the other to an L.T. terminal.
Current must be interrupted while
these measurements are made.
These readings should then be
plotted in the form of a curve
connecting temperature, resistance
and time. This is shown in Fig. 6.
(resistance of one winding to
earth only shown for simplicity),
Fig. 4.—TYPI CAL TERMINAL ARRANGEMENTS.
from which it will be seen that
On the left is a split wood cleat for single-core
at first, as the transformer warms
V.I.R. L.T. cables. On the right, porcelain insulators with recessed sockets for single-core H.T.
up, the resistance drops. Next
cables. The parts marked are : A, L.T. cable ; B,
during the actual drying-out
wood cleat ; C, L.T. connections to transformer
period the resistance remains
windings ; D, H.T. connections to transformer
fairly steady ; during this time
windings; E, porcelain insulator; F, recessed socket;
G, H.T. cable.
small bubbles may be observed
rising to the surface of the oil,
indicating that moisture is being
Switching On the Current.
driven off. When the resistance begins
The current may now be switched on
to rise the drying-out may be considered
and adjusted by means of the resistance
complete and the current switched off.
to not more than normal full load current.
Before drying out the insulation readings
A slightly higher current at first will do
obtained will probably be high-2o
no harm, but will probably have to be
megohms or more. They may then drop
reduced as the transformer heats up.
to a low figure if moisture is present, say
The maximum oil temperature should not
I or 2 megohms. When drying-out is
exceed 90° C. A somewhat lower temcomplete they should again rise to 20
perature will not matter, but will increase
megohms or more. Exact figures cannot
the time required for drying-out. If the
be given, since they depend on the size of
supply available does not permit of a high
transformer, voltage for which it is wound,
enough current to raise the oil temperature
etc.
to the required figure, try more effective
Phasing-in.
lagging to reduce the heat loss.
Keep the Temperature Steady.
If the transformer has to operate in
When the temperature has been raised parallel with another it must be properly
to go° C. lower the current and keep the phased-in. Not all transformers will
temperature as steady as possible. If a operate in parallel, but it is assumed that
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the manufacturers have been provided
with the information required to enable
them to design a transformer to parallel
with the existing one. If the existing and
new transformers are of the same make
a study of the diagram plates on the side
of each tank will show the correct connections, but as an added precaution the
simple operation of phasing-in should be
carried out.
Connections Required for Three-Phase
Transformer.
In the usual case of a three-phase
transformer the connections° required are
shown in Fig. 8. No. r is the existing
transformer, connected to H.T. and L.T.
busbars. No. 2 is the new transformer,
connected to the H.T. busbars only, with
temporary connections between one L.T.
terminal only (the neutral, if available)
and what is believed to be the correct
L.T. busbar. Switch on the primary
supply and with a voltmeter take readings
between D and Dl, E and El, F and Fl.
If these readings are all zero the transformer is correctly phased-in and the
secondary connections may be made,
Dl to the busbar to which D is connected,
and so on. If zero readings are not
obtained try readings between D and El,
etc., until the three correct connections
are obtained.
Connections for Single-Phase Transformer.
For a single-phase transformer connect
both the H.T. terminals of the new
transformer to the busbars and one of
the L.T. terminals to what is thought to
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Fig. 6.—GENERAL SHAPE OF RESISTANCE,
TEMPERATURE AND TIME CURVE FOR
THE DRYING-OUT OF A TRANSFORMER.

Fig. 5.—CONNECTIONS FOR DRYING-OUT
A TRANSFORMER BY THE SHORT-CIRCUIT
METHOD, USING SINGLE-PHASE SUPPLY.
A, B and C are the three-phase windings,
the common connection D being temporarily broken. The other winding of the
transformer, not shown, has the three
terminals short-circuited. For a singlephase transformer, connect single-phase
supply to two terminals (the two H.T. or
the two L.T.) and short-circuit the other
two.

be the correct busbar. Then measure the
voltage between the other L.T. terminal
and the corresponding terminal on the
existing transformer. If the reading is
zero the connections are correct.
The comparatively simple case of a
transformer of correct polarity, i.e. wound
so as to parallel with the existing transformer, has been considered. If it is
found that no arrangement of connections
gives zero readings, the internal connections of the transformer may need alteration and the assistance of an expert
should be sought.
This operation is not necessary for
transformers isolated from all others on
their secondary side. This includes furnace
transformers, transformers supplyiig one
large machine, small transformers supplying one independent section of a factory,
etc.
CONNECTING-UP.
After drying-out and phasing-in, if
these operations have been necessary,
permanent connections may be made.
The actual work of making the cable
connections usually calls for the services
of a skilled jointer. In general, the L.T.
connections will be made by single-core
V.I.R. cables, and these will be taken into
the transformer through a split wood cleat
indicated in Fig. 4, the ends being bared
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and sweated into the sockets provided.
When the core has to be removed for
inspection the sockets may be unbolted
from the transformer terminals, the wood
cleat removed and the cables drawn out
without unsweating the sockets.
Cables for the H.T. Side.
On the H.T. side single-core cables may
be used when the voltage is not above,
say, 6,600, and for short connections.
Here porcelain insulators are provided,
usually with screwed stems with the
sockets shrouded so that all live metal is
shielded. Here again the stems may be
unbolted and drawn out without disturbing sweated connections where the core is
to be lifted. When three-core paper
insulated and lead covered cable is used
on the H.T. side a special terminal box
may be ordered, mounted directly on the
transformer tank, as shown in Fig. 3A.
Small transformers are often ordered
with insulated leads brought out of the
tank, as in Fig. 3B.
Secure the Cables Firmly.
All cables should be secured so that
their weight is taken off the insulators
(Fig. 12), and in the case of heavy current
cables it must be remembered that under
short-circuit conditions very heavy electromagnetic forces are produced between the
cables ; rigid fixing by means of cleats or
racks is therefore necessary. In the case
of single-core cables, particularly for
heavy current, several inches distance
should be allowed between the cable and
any ironwork, or heating of the iron by
induced currents may take place. These
remarks apply particularly to furnace
transformers, the heavy current connections of such transformers requiring
careful planning.
When to Use Bare Copper Rod or Strip.
When the L.T. current exceeds, say,
300 amps. it is often convenient to arrange
for connections of bare copper rod or strip.
These should be rated at a current
density of not more than L000 amps. per
square inch. They must be screened
from accidental contact by means of
expanded metal screens, and where the
lay-out of the substation permits may be

run up to the ceiling, across and down to
the L.T. switchboard. They should be
supported by means of porcelain racks or
busbar insulators. For current of about
boo amps. and over strip should be used,
or a number of copper rods in parallel, to
avoid the " skin " effect which reduces
the effective current carrying capacity of
round conductors carrying heavy A.C.
currents ; for such high currents, also, the
current density should not exceed 800
amps. per sq. in.
Earthing the Tank.
When connecting up, the tank must be
earthed by means of a cable or copper
strip (of about 0.125 sq. in. section)
sweated to the socket provided or bolted
to the tank and connected at the other
end to the general earthing system, or, if
none exists, to a water main or earth plate.
Power earths of this kind must be substantial and of low resistance, for very heavy
currents can flow in the event of a fault in
the transformer, and an uncertain earth is
perhaps as dangerous as none.
When the connections have all been
made replace the tank cover, not forgetting its gasket, and the transformer is
ready for service.
The Transformer Room.
Before the transformer is delivered its
location must be considered. Usually
this will be the factory substation ; and
may be assumed to be reasonably clean,
dry and well ventilated. The latter consideration is important, for lack of
adequate air circulation may cause an
abnormal temperature rise, for which the
only cure, other than artificial ventilation,
is reduction of the load.
Transformers should not be installed
too close to each other or to a wall, or a
" blanketing " effect may be set up,
hindering heat dissipation. The required
spacing varies somewhat with the size
of the transformer, but a minimum of
two feet all round should be allowed.
Leave Enough Head-room.
Where possible enough head-room
should be allowed above the transformer
to permit the lifting of the core and windings for inspection without disturbing the
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tank.
If this is not possible
arrangements must be made for
the cable connections to be disconnected and the complete transformer rolled or lifted to some
convenient place where inspection
can be carried out. If rolling the
transformer in this way is likely
to be necessary, it may be an
advantage to have swivelling
rollers fitted.
The foundation should be firm
and free from vibration. Continuous vibration may set up
movements in the windings and
thus in time lead to a breakdown.
On a level floor it is not necessary
to bolt down the transformek.
A concrete floor should be
provided where possible. Any
other firm floor will serve, provided that it is strong enough for
the concentrated weight of the
transformer. As a guide to what
is required it may be assumed
that a ioo K.V.A. transformer,
with oil, will weigh about a ton,
and one of 25 or 3o K.V.A. about
half as much.
Positions to Avoid.
Locations subject to excessive
temperature rise should be
avoided. Thus a transformer
Fig. 7.—CORE AND WINDINGS OF THREE-PHASE TRANSshould not be installed over or
FORMER.
Showing : A, 3-phase tapping switch operated from outnear a steam main or close to a
boiler. Furnace transformers side the tank by a handle on the end of the shaft B ; and
C, hand-adjustable coil supports, with squared end for
have to be installed close to the spanner,
and locknut at D.
furnace, to reduce the length of
heavy current cables, and in such
cases shields of asbestos sheet or other heat- temperature rise of 50° C. above a maxiinsulating material must be provided, and mum air temperature of 4o° C.
artificial aids to ventilation, such as the
provision of a fan, may be found necessary. Causes of Excessive Temperature.
Excessive temperature may be caused
OPERATION.
by : —
(a) Overload.
The attention needed during ordinary
(b) Other abnormal conditions, such as
operation is very little. Care should be
taken that the transformer temperature incorrect voltage or frequency.
(c) Insufficient ventilation.
is not allowed to exceed the maximum
(d) A fault in the transformer.
specified by the makers. This figure will
probably be quoted on the name plate,
The cure of the first three causes is in
and usually is go° C., corresponding to a each case obvious. The faults which
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may occur in transformers are dealt may be taken of a week-end or holiday,
with later.
when supply can be interrupted, for an
The oil must be kept up to the correct examination. When possible choose dry
level. Ordinarily very little evaporation weather and first clean out the substation.
takes place ; any rapid lowering of the oil The cover should be removed, the conlevel points to a leak in the tank.
nections to the terminals undone, and the
tank and core lifted, as already described.

Fitting a Breather.

The transformer may be fitted with a Make a Thorough Mechanical Examination.
breather, although this is not usual unless
First make a thorough mechanical
the primary voltage exceeds 'Low. examination of all connections, nuts and
This device consists of a small chamber bolts, etc., tightening any found loose.
connected to the top of the tank by means In the case of transformers with a number
of a pipe and filled with calcium chloride of coils or tappings connected in parallel,
or some other substance which absorbs it is very necessary to make sure that all
moisture from the air. Its purpose is common connections are tight, or some
to dry the air which passes into the trans- coils may take more load than the others
former tank when the air above the oil and be damaged. The bolts which pass
contracts on cooling. When fitted, the through the iron laminations will probably
drying agent should be inspected regularly need tightening, and these, being insulated
and renewed if it appears to be wet ; from the magnetic circuit, should be
this will be every week, perhaps, in damp tested with a " Megger " for insulation
weather.
resistance to the laminations by connecting
one lead from the " Megger " to the bolt
Avoid Switching-in More than Necessary. and the other to the laminations ; the
Switching-in of transformers should be points of contact with the iron may need
reduced to a minimum. The sudden scraping to remove paint, which is an
rush of current needed to magnetise the insulator. A very high reading is not
iron circuit imposes a certain mechanical necessary ; provided that there is not a
strain on the windings, which, if repeated short-circuit reading, the condition of the
frequently, may lead to movement of the insulating sleeves and washers may be
coils and consequent damage to the insula- assumed to be satisfactory. At the same
tion. The no-load current of a modern time measure the insulation resistance
transformer is so low (in the neighbour- of the windings to the core and compare
hood of z per cent.) that there is no need the readings obtained with the resistance
to switch off when power is not required measured after drying-out.
for short periods.

Coil Shrinkage.

MAINTENANCE.

After a few months in use the coils of
After a new transformer has been in transformers usually shrink somewhat,
service for two or three months advantage and it is necessary to compensate for this
shrinkage. Means for taking up the
BUS BARS
shrinkage may be provided in the form
of adjustable coil supports, shown in
Fig. 7. These can be screwed down as
much as necessary, care being taken not
to exercise too much force or some of the
windings may be forced out of position.
Enough force should be used to take up all
slack and for a fair resistance to be felt
when using a short spanner with one hand.
Tighten the lock-nuts after this operaL.T BUS BARS
tion. If these adjustable supports are
Fig. 8.—CONNECTIONS FOR PHASING-IN
not fitted the packing pieces between the
A THREE-PHASE TRANSFORMER.
top of the coils and the yoke can be
The switchgear is omitted for simplicity,
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tightened (Fig. 2), new
pieces being inserted if
necessary. These new pieces
may be of well-dried hard
wood, or, preferably, of
insulating material obtained
from the transformer
makers.
The oil should be examined for signs of sludge
(dealt with in more detail
later) and the level corrected
if necessary. The core may
then be lowered, the connections replaced and the
tank cover fitted.
After the first one or two
inspections the period
between examinations may
be increased, but it is recommended that an annual
examination should.be made.
Any sign of abnormal
operation, such as high
temperature or a louder
hum, should be investigated
immediately.
Transformer Oil.
Special oil is needed for
use in transformers. The
oil serves the dual purpose
of insulating and cooling
medium, and should conform
to the specification of the
British Engineering Standards Association. Suitable
oil may be obtained from
the transformer makers.

Fig. I2.—WOOD CLEAT SECURED TO SIDE OF TRANSFORMER TO
SUPPORT THE L.T. CABLES.
Damage Caused by "Sludge."
There are two normal kinds
of transformer oil—the standard grade and conditions, and with a well-designed
a special non-sludging variety. All trans- transformer, this formation of sludge is
former oil, when exposed to bare copper, slow, taking some years even with ordinary
and especially when warm, forms in time oil, but it cannot be prevented entirely,
a thick greasy sludge, which is deposited hence the necessity for regular inspection.
on the windings and in the ducts provided
So-called " non-sludging " oil forms
for the flow of cooling oil. As soon as the sludge at a much slower rate, but under
free circulation of oil is impeded in this continued high temperature conditions
way the transformer operates at a higher some sludge will be deposited.
temperature, sludge is formed faster, and
if the regular inspection is omitted, or Cleaning the Oil Ducts.
the high temperature ignored, a serious
Cleaning a transformer which has bebreakdown may be caused. Under normal come badly covered and choked with
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sludge may involve removal of the yoke
and windings to enable the oil ducts
to be cleaned—a job for the makers ;
and although the transformer may appear
to be in good condition, damage may
have been done to the insulation, due to
high local temperature in the windings,
which will manifest itself finally by a
breakdown.
The insulating properties of oil are
greatly impaired by the presence of
dust or dirt. During inspection, therefore,
care should be taken to prevent impurities
getting into the tank ; under the heading
of impurities, of course, moisture must
be included. The tank should never be
left uncovered for any length of time, and
inspection should not be carried out in
exceptionally dusty or damp conditions.
A Filter Press or Centrifugal Purifier.
Where a number of transformers are
used a filter press or centrifugal purifier
may be installed for the periodical reconditioning of transformer oil. With the
filter press oil is pumped through a
number of filter plates in series, the filters
being removed in turn as they become
moist and dirty. The centrifugal purifier
throws out the dirt and moisture in the
oil, and is very suitable for use where a
large volume of oil has to be treated.
Transformer oil is liable to give off an
inflammable vapour. It is therefore
dangerous to bring a naked flame near
the oil surface or in a tank unless the
tank is empty and well ventilated.
TRANSFORMER TROUBLES.
The following is a list of the chief causes
of transformer failure. The precautions
to be taken to avoid most of these causes
have been dealt with in the previous sections, but are repeated in brief form for
convenience of reference.
(a) The insulation of core clamping bolts

may fail, permitting the circulation
of eddy currents and causing local
heating which may damage coil insulation. The cause is often vibration due
to looseness, which may be detected by
an increase in the normal quiet hum
of the transformer on load. Proper

inspection should lead to loose bolts
being detected and tightened in time.
The cure is to trace the faulty bolt
or bolts by a systematic " Megger "
test (see notes under " Maintenance ")
and replace the insulating bushes and
washers.
(b) Loose core and tie bolts may permit
vibration, leading in time to displacement of turns in the windings or
rubbing between turns, resulting in
failure of insulation between turns.
Such failures cause local overheating,
which quickly leads to a serious
insulation failure. Here again inspection should reveal such likely
causes of failure, or an increase in
the hum may point to looseness and
vibration. If undetected, the resulting failure will necessitate a partial
or complete rewind of the transformer
by the makers.
(c) Short circuits between turns may also
be caused by mechanical stresses
set up by external short-circuits or
by repeated switching on load. This
cause of failure will probably give
no warning ; but at the regular inspection a careful examination should
be made for any displaced coils.
It is unlikely that defects of this
nature can be corrected without
removing the winding.
(d) Over-adjustment of the adjustable
coil supports, or careless tightening
of packing pieces, may force turns
out of position, leading to rubbing,
destruction of insulation and shortcircuit. Care in adjustment of supports will prevent this trouble. The
cure, like (b) and (c), will probably be
expensive.
(e) Insulation failure may follow the
absorption of moisture by the oil, or
may be caused by accidental overpressures due to lightning or surges
on the system. The first of these
causes can be guarded against; the
second is not likely to occur except
on transformers connected to overhead lines and not protected by
lightning arrester equipment.
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(Johnson and Phillips, Ltd.)

Fig. 14.—OIL BEING POURED INTO TANK AFTER FINAL EXAMINATION.

(Johnson and Phillips, Ltd.)
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Overheating,
due to overload, continued use
of a transformer when
badly sludged, very bad
ventilation
of the transformer room
or low oil
level. If the
oil level
drops below
the tops of
the cooling
tubes,
oil
circulation
immediately
ceases and
excessive
temperature
rise will
result.
The steps
to be taken
to avoid
troubles due
to these
causes are
obvious, and
if the cause
of overheating is
removed
promptly no
harm may
16.—PLACING THERMOME TER INTO POSITION IN POCKET. (Johnson
be done to
Phillips, Ltd.)
the windings
This should be done before switching on.
or insulaat the time of the regular inspection,
tion. In unattended sub-stations
when all nuts should be tightened.
it is wise to fit maximum indicating
thermometers which indicate the
It) Incorrect connections, use on wrong
highest temperature reached since
system voltage or frequency, or
the pointer was last set back ; or
mistaken connection of voltage adan attachment may be provided
justing tappings. Wrong connections
to close a bell circuit which gives an
will
probably result in the oil circuit
audible warning of high temperature.
breaker on the primary side tripping
immediately it is switched on. If
(g) Loose terminals, bad joints in conducthis happens immediately suspect
tors, etc., leading to local overheating of coils. These troubles
wrong connections or accidental shortshould be detected before they becircuits. Most cases of use on wrong
voltage or frequency will also result
come serious by careful examination
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in a very big current rush when the such as are met with on supply systems,
transformer is switched on, or in are not of great importance. Larger
rapid overheating. If such symptoms variations, such as the use of a 5o-cycle
are observed when a new trans- transformer on a 4o-cycle system, however,
former is put into service, check the should not be allowed without careful
particulars on the rating plate with the investigation of the possible effect. In
known details of the H.T. supply, general, no transformer should be used on
and with the L.T. system if the trans- a lower frequency than that for which it
former has to operate in parallel was designed, owing to the greatly inwith another. In this connection creased iron loss and magnetising current
the following details should be noted. at the lower frequency. It might be
possible to use the transformer on the
lower frequency at a lower pressure and
USE OF TRANSFORMER ON INCORRECT correspondingly reduced output, but such
VOLTAGE OR FREQUENCY.
cases should be investigated by the manuTransformers should never be used on facturers. On higher than the designed
pressures appreciably higher than the frequency the conditions are more favournormal pressure for which they are de- able. Actually, a 25-cycle transformer,
signed. It is seldom that cases arise in for example, should be capable of giving
which a higher operating pressure is a greater output on 5o cycles, but to get
required, but at times a transformer may the full advantage of the possible extra
in emergency be used on a lower pressure. output the coils would probably require
This is permissible, but the output is rewinding to be able to carry the increased
reduced in proportion ; the normal full current. Here again the manufacturers
load current must not be exceeded, either should be consulted before a transformer
on the primary or secondary side.
is operated on a higher frequency than that
Ordinary slight variations of frequency, stated on the rating plate.

QUESTIONS AND ANSWERS
What is the ideal location for a transformer ?
The foundation should be firm and
free from vibration. A concrete floor
should be provided where possible. Locations subject to excessive temperature rise
should be avoided. A transformer should
not be installed over or near a steam
main or close to a boiler.
What are the causes of overheating of a
transformer ?
(a) Overload.
(b) Other abnormal conditions such as
incorrect voltage or frequency.
(c) Insufficient ventilation.
(d) A fault in the transformer.
What is a breather, and what is its purpose ?
A breather consists of a small chamber
connected to the top of the tank by means
of a pipe and filled with calcium chloride
or some other substance which absorbs
moisture from the air. Its purpose is
to dry the air which passes into the

transformer tank when the air above the
oil contracts on cooling.
What is the no-load current of a modern
transformer ?
This is in the neighbourhood of i per
cent.
What defect is likely to develop in a transformer after a few months' use ?
Coil shrinkage.
What is the remedy for this ?
Means for taking up the shrinkage
may be provided in the form of adjustable
coil supports.
Why is oil used in power transformers ?
(r) For insulating.
(2) As a cooling medium.
What are the two kinds of transformer
oil ?
The standard grade and a special nonsludging variety.

691

THEATRE LIGHTING
By M. MANSELL and L. G. APPLEBEE.

Fig. I.—GENERAL VIEW OF STAGE LIGHTING AT SAVOY THEATRE, STRAND.
Showing A, flys ; B, wing ; C, switchboard ; D, magazine batten ; E, combined spotting and flood
lantern ; F, footlight.

N dealing with the question of theatre
lighting we propose to deal with the
stage section of the theatre first,
and by this we mean all the lighting that
is controlled from that portion of the
building.
In order that the reader shall visualise
the stage section, a glossary of stage terms
(including electric) which are used in
the theatre are enumerated below, with
positions as shown in Fig. 2.
THE STAGE SECTION.
STAGE.—Sometimes called The Green or The
Back. That portion of the theatre on
which the performance takes place (Fig. I).
AUDITORIUM.—Sometimes described as the front
of house. That portion of the building

on the public side of the proscenium
wall (see Proscenium Wall).
DECORATIVE LIGHTING.—That section of the
auditorium lighting which is controlled
from the stage switchboard.
CYCLORAMA.—A curved background used in
Continental theatres, rapidly becoming
very popular in this country, particularly
with the small repertory and amateur
theatres. The " Seecol " tri-colour system of cyclorama lighting is extremely
adaptable, as, unlike its Continental rivals,
it allows its use other than for scenes in
which a cyclorama is used:
By varying the intensity of the component circuits in a combination of the
three primary colours of the spectrum
by means of dimmers specially wound
to C.D. specification prepared by Messrs.
Ridge & Aldred, the well-known lighting
consultants, it is possible to obtain
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natural sky effects with such perfection
that it is impossible for the audience
actually to see the cyclorama background,
the impression being that of looking into
infinite space.
The cyclorama may be constructed of
canvas or plaster. The Continental practice is to use canvas, which can be rolled
up by a motor, out of the way of other
scenes when not required.
PROSCENIUM WALL.—The main wall between
the stage and auditorium.
PROSCENIUM OPENING.—The opening in the
proscenium wall which permits the
audience to view the stage.
PROSCENIUM ARCH.—The topmost height of the
proscenium opening.
" UP " STAGE.—Towards the back wall, away
from the proscenium wall.
" DOWN " STAGE.—Towards the proscenium
wall and the audience.
" OFF " STAGE.—Towards the side walls of the
stage.
" ON " STAGE.—Towards the centre of the stage
between the side walls.
PERCH.—A small platform about 8 to 12 feet
above stage level on the proscenium wall,
from which " limelight " or spotlights
are worked.
FLYS.—The platforms or galleries on either side
wall of the stage, from which the hanging
scenery is operated. They are about
24 feet above the stage level (Fig. 3).
GRID.—A lattice-work of either hardwood or
steel about 5o feet above the stage level
to which the pulleys are fixed for the
ropes to operate scenery.
BRIDGE.—A cradle similar to that used by
decorators, suspended from the grid,
from which special lighting effects can
be operated (Fig. 3).
PROMPT and O.P.—These symbols denote in
stage terms the particular side of the
stage. The prompt side is always that
on which the stage manager (or prompter)
takes up his position. Sometimes this
is on the right and sometimes on the
left (Fig. 4).
The symbol " 0.P." means opposite
prompt.
FOOTLIGHT.—The section of lights fixed to the
front of the stage flooring, on the public
side of the proscenium wall. This is
sometimes called the " float," a relic of
the past when floating wicks in a bath
of oil were used.
BATTENS.—The lengths of lights suspended
from the grid to illuminate the stage
and scenery. They are usually placed
about 7 feet apart, between the proscenium
and back walls.
CHAMBER SET.—A scene of an interior, to which
there is a ceiling, which would only
allow the first batten to be used below
ceiling level.
CHAMBER PLUG.—A plug point fitted in the flys
to which chandeliers and hanging lamps
used in chamber sets can be connected.
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BATTEN PILOT.—A separate circuit in the
battens to provide a light on the stage
for rehearsals, cleaners and such work
as is necessary when the curtain is not
raised, or the public are not present.
CURTAIN.—When this is in the form of heavy
tapestry or tinsel, or other fancy material,
opening in the centre, it is called the
tableau curtain or " Tabs."
When in the form of a painted canvas
stretched on a wood frame, it is known
as the " Act Drop." In these forms the
curtain is generally called by the stage
staff the " Rag."
The fireproof curtain is always known
as " The Iron."
DIMMER.—A variable resistance, so designed
that the lighting can be raised or lowered
in intensity, from full candlepower to a
complete black-out without a flicker.
DIP.—A relic of the days of gas and candles,
now used to denote a heavy plug fitted
under the stage, to which flexible cables
can be connected for the portable apparatus used on the stage. A malleable iron
trap with a slot for the cables is usually
fitted flush with the stage. These dips
are sometimes called stage plugs (Fig. 4).
" LIME."—Another term which has survived the
gas days. Limelight was obtained by
impinging on a piece of lime a mixture
of oxy-hydrogen. The electric arc replaced this method, and now the gasfilled projector lamp has at any rate in
the smaller theatre replaced the arc.
These lights are used for spotting the
artists individually, and are still spoken
of as " Limes " in some theatres.
WINGS.—The portions of the scenery which
are braced to the stage on either side.
LENGTHS.—A strip of holders with wire guards,
which are still used in many theatres to
hang behind the wings to light windows
and backings off stage.
WING FLOODS.—The modern way of lighting
exteriors of windows and backings.
Usually consists of a 500 or L000-watt
gasfilled lamp with suitable reflector on
telescopic stand with heavy base (Fig. 4).
SPECIAL EFFECT BOARD.—A large ironclad
switch with special terminals to which
the mains for temporary switchboards
travelled by touring companies can be
connected (Fig. 4).

The above list, together with the
diagram, will give the reader a good idea
of the stage terms he is likely to meet with,
and enable him to interpret the " language " of the stage. We will now deal
with the stage installation step by step
from the company's mains and explain
the rules and regulations which affect the
sections of the work.
In all cases the regulations are those of
the London County Council, which embody
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most of the rules of authorities in other
parts of the country, and those for electrical equipment of buildings, as issued
by the Institute of Electrical Engineers.

INTAKE.
The main switches—meters—and other
electrical apparatus in connection with the
intake from each supply must be installed
in an enclosure. The enclosure should be
in a dry position, of adequate size,
constructed of fire-resisting material and
ventilated to the open. The enclosures
provided are exclusively for the accommodation of such apparatus, and water and
gas pipes must be excluded therefrom.
Means must be adopted to the satisfaction
of the Council to prevent smoke or gases
passing into the enclosure.

When the Pressure Exceeds 250 Volts.
If a transformer on which the pressure
exceeds 250 volts is installed, the enclosure has to be under lock and key, which
key must be kept in a lock-up case outside
the enclosure. If the transformers are
installed by the supply authority, the
authority's emergency telephone number
has to be clearly painted on the door to
the enclosure.

Wiring Systems that May be Used.
Only the wiring systems in the following
classes described in clause 87 of the I.E.E.
regulations may be used :—
Class R. (Armoured cables.)
Class T.I. (Screwed conduits.)
Class T.2. (Metal conduits, not screwed.)
Even though the authorities allow the
use of the metal conduits, not screwed, it
is not recommended.
It will be seen that lead-covered and like
systems of wiring are not allowed.
It should be noted that the use of wood
for mounting or enclosing electrical apparatus is not looked on with favour. If used
it must be of English oak, teak or
mahogany, but the authorities prefer a
totally enclosed job.

Three- or Four-wire Systems.
To satisfy the L.C.C., three- or four-wire
systems, except in special circumstances,
must be divided at or near the intake for
lighting, into two-conductor services, from

which all main lighting circuits must be
taken.
Local authorities outside the London
area vary in this respect, and the L.C.C.
are open to consider three- or four-core
cables being used for sub-mains.

How the Intake is Split Up.
The installation at the stage intake must
be split up, one set of cables being taken
to the stage switchboard to feed the stage,
orchestra, stage locals, and the auditorium
decorative lighting, and separate mains
to feed the circuits for the dressing or
retiring rooms, exits and staircases from
the stage and dressing rooms.

STAGE SWITCHBOARD.
As the modern tendency is for threephase supply, the necessity of balancing
the stage lighting and assembling the
controls on all three phases into a small
space has made it necessary that the stage
switchboard be entirely dead front—the
whole of the current-carrying metal being
situated behind the main panels, or so
protected as to prevent accidental shock.

Connections Must be Accessible.
All connections to stage switchboards
must be readily accessible, and the board
should therefore be mounted in such a
position that access can be obtained to the
back as well as the front. A local pilot
light should be provided to give adequate
illumination of the back of the board when
required. Internal connections on stage
boards should all be carried out with bare
conductors or cables, insulated with rockbestos or other similar fire-resisting
material.

Dimmers.
In the majority of cases the dimmers,
when metallic, are part of the switchboard
structure, and internal wiring is thus
subject to a certain amount of rise in
temperature, therefore all V.I.R. conductors should finish at terminals as
distant from the dimmers as possible.
From these terminals the conductors are
continued to the various control points,
with leads insulated with a fire-resisting
covering. The dimmers must be placed in
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an accessible
position, and
should be controlled by means
of levers carried
on shafting, each
" colour " section
being carried on
its own colour
These
shaft.
levers should be
capable of working the dimmers
individually or of
being locked to
the colour shaft,
so that all on one
colour may be
operated together by a
master lever.
Liquid Dimmers.
I n some
theatres liquid
dimmers are met
with (Fig. 9),
these being coupled by their
tracker wire (a
steel-stranded
galvanised rope,
in. in circumference) to
wheel levers
mounted on
shafts at the
switchboard, in
a similar manner
Fig. 3.—THE FLYS IN A MODERN THEATRE.
described for
The counterweight gear is shown on the right, whilst the old-fashioned rope
metallic
dim- gear
appears on the left. An operator can be seen in position on a bridge
mers.
with some of the lighting apparatus. The act drop is shown in its position
Liquid dim- when raised. A, act drop ; B, cyclorama lanterns ; C, bridge ; D, countermers are usually weight gear ; E, fire curtain winch.
placed in a room
beneath the stage, as near under the advantages, as the liquid is constantly
stage switchboard as possible, so that evaporating and requires " topping." This
the number of tracker-wire guide pulleys is a job that requires skill and patience,
as to set the dimmers so that there is no
is reduced to a minimum.
The liquid dimmer has the advantage jump at the beginning and end of the
over the metal-,type in that varying loads " dim " is intricate and tiresome.
up to 3o and 4o amperes can be dealt with
in one unit, but from a maintenance point Dimmer Controls.
Many designs are on the market regarding
of view the liquid dimmer has many dis-
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Fig. 4.—A VIEW OF THE PROMPT CORNER AND VARIOUS SECTIONS OF STAGE LIGHTING.
A, wing flood ; B, special effect ; C, fire curtain control ; D, sprinkler control ; E, signal board ;
F, " limes " ; G, prompt corner ; H, dip.

the dimmer control section with interlocks—
grand master cross connection control,
etc.—but we do not propose to enter deeply
into these, as the reader when he meets
a job of this type cannot do bettei than
consult a firm of experienced stage switchboard manufacturers, such as the Strand
Electric arid Engineering Company of
Floral Street, Covent Garden, who specialise in theatrical lighting apparatus.
How Stage Lighting Installations are
Divided and Controlled.
Most stage lighting installations to-day
are divided into four sections, each section
a different colour, and the controls are
accordingly arranged in colour banks,
with a master switch to each. On threephase boards this becomes a problem,
which is usually solved by the use of
remote control triple-pole contactors. The
best practice is to mount these contactors

away from the stage (usually underneath)
on account of the noise in operation. The
sub-mains are then fused and carried up
to the " colour " bus-bars on the stage
board.
The framework of the board must
always be independently earthed. Conduits are usually bonded to a sheet steel
trough at the top of the board.
Economy in space is a big advantage
of the metallic dimmer, and looking at the
question from all points we strongly
recommend this type, as with the exception of the dips most loads on the stage
are constant, and the dip dimmers can be
made with a plus and minus one-third
capacity. (Fig. Ir.)
STAGE SWITCHBOARD PLATFORM.
The platform provided for the stage
switchboard must be of fire-resisting
construction, and the floor must be of
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It

Fig. 5.—A BATTEN LOWERED ON COUNTERWEIGHT LINES FOR REPLACING LAMPS.
This illustration also shows the ease with which colours can be changed by the use of gelatine
mediums.

non-conducting material, or should be
covered with an insulating mat. Guard
rails, step ladders, and handrails must be
of English oak, and any metal within reach
of a person on the platform has to be
satisfactorily protected.
From the stage switchboard the wiring
in screwed conduit is run to the various
circuits, such as :—
I. Battens.—Terminating in a special
connector box, usually fixed to the
fly rail, the connections from this box
being taken to the batten by means of a
flexible multicore asbestos-covered cable,
which is efficiently anchored to the connector box by clamp grips, to take the
weight of the cable off the terminals.
2. Footlight.—The same as the batten
connections, except that in this case
V.I.R. connections are carried to the
footlight in a flexible metallic hose from

the connector box, which is usually fixed
under the stage.
3. Dips.—These usually consist of 25ampere " Stage " sockets, mounted in iron
boxes, just below the stage level, with a
heavy malleable hinged iron cover trap let
into the stage.
4. Other stage points as required by the
stage specialists, on the perches, bridges,
etc.
5. Points in the auditorium, generally
in front of circles, for serving spot and
floodlights.
6. Auditorium decorative.

Regulations Regarding Battens.
The London County Council regulations
regarding battens, footlights and lanterns,
are as follows :—
" The outer cases of battens, footlights,
lanterns and similar fittings shall be of
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hard metal of not less than zo B.G.
(.039 in.). If wood be used for the construction of portable lengths it shall be
teak or English oak, of such thickness as
may be approved by the Council.
" Battens, lanterns and similar fittings
shall be efficiently ventilated, and the
cases and all metalwork shall be earthed.
The lamps and any part of such apparatus
liable to become hot shall be so arranged
and guarded as not to endanger scenery,
etc. The guard shall be of wire mesh or

the heat of the modern gasfilled lamp
quickly destroys the lacquered surface.
The modern method therefore is to use
coloured gelatine screens. Care should be
taken to use only gelatine which is noninflammable, and does not fade quickly.
A word of warning. There are many makes
of colour mediums on the market sold as
" non-flam " that are highly inflammable,
and should be avoided as their use will
certainly be condemned by the L.C.C.
or any other licensing authority.

CORRECT ANGLE OF CUT- OFF OF LIGHT

-4----TOP SHADOW

RISING SHADOW

FOOTLIGHT

Fig. 6.-COMMON FAULTS IN FOOTLIGHT DESIGN.

such type as will afford ventilation, and
where practicable shall be at a distance
of at least r in. vertically and 3 in. horizontally from the casing of the lamp or
holder." (See Fig. ‘5.)
The number of lamps in the batten must
conform to the I.E.E. ruling in regard to
the number of points to each sub-fuse,
and each lamp in a batten has to be
regarded as a point.
STAGE LIGHTING IN AUDITORIUM.
Should any lantern be required to be
fixed in the auditorium for stage purposes,
it must be contained in a suitable
enclosure.
COLOUR EFFECTS.
Colour lighting on the stage is produced
by either colouring the lamps with a
lacquer or by means of coloured mediums.
The first method is rapidly dying out, as

Designing the Footlights and Battens.
A word regarding their design will not
be amiss.
The footlight must be so designed that
it illuminates the actor at whatever
position he occupies on the stage. In order
to do this the lamp itself, irrespective of
its reflector, must not be sunk below the
stage, otherwise a rising shadow will
result, which will increase as the actor
passes up stage. The result is disastrous
from a stage lighting point of view, as
Fig. 6 will show.
Further, when the actor is standing
near the footlight, the reflector must be
so designed that the light is thrown up on
to his face.
All this sounds very simple, but there is
the public to be considered, and the footlight must not project above the stage
so as to obscure the view of those sitting
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in the stalls of the dancer's feet. In
practice, a well-designed footlight will
only be 34 in. above the actual stage
level. In addition the reflector must be
designed to give a wide side distribution
of light when a shallow scene is being
played.
Battens.
The opposite effect is desired in the
battens, the light being required to
illuminate the area, as described in Fig. 7.
Great care must be taken that they are
designed and positioned so that scenery
being hauled up and down from the grid
does not catch and lodge on any projections.
Batten Suspensions.
The battens should, if possible, be
suspended on counterweight gear, of the
same design as that used for the scenery,
to enable them to be raised or
lowered with the minimum of effort and
time.
If this is not possible then the alternative is by means of stranded-steel lines
and a winch, as shown in Fig. ro. Again,
great care should be taken with this
method. The pulleys should be at least
three to four inches in diameter, whilst
the grip on the steel rope by means of
which they are " tied off " must be carefully fitted. The chains must be of closed
link, and supplied by the makers under a
guarantee. Also the winch must be selfsustaining, and fitted with a ratchet and
pawl, which must be in mesh when the
batten is stationary.
ARCS.
The use of arc lamps (other than
cinema projectors) in the theatre is very
extensive. They are desirable for the
following :—
(r) As a spot for following the artists.
For this purpose they are usually operated
from the perches and front of house,
preferably from a special chamber above
the main ceiling, or at the back of the
gallery, whilst in cinemas they are part of
the equipment of the bio box.
(2) For effect lanterns, to present
optical illusions on the stage, such as

CORRECT ANGLE
OF CUT -OFF
V OF LIGHT
I

IIF THIS W ERE
IN' I BATTEN,
LIGHT VJ
.,..„.1THIS
IBE SPILLED INTO
THE ORCHESTRA

Fig.

7.-COMMON FAULTS IN THE DESIGN OF
STAGE BATTENS.

" rain," " lightning," " snow," " flames,"
etc.
(3) Where greater, illumination is required this is obtainable from gasfilled
In each case D.C. is definitely necessary
on account of the fact that A.C. arcs for
stage work are a nuisance, due to the
humming noise created by the alternations
of the current. Therefore, if D.C. is not
available from the mains, a motor generator or mercury rectifier should be
installed.
RESISTANCES.
It is advisable to have a fair margin of
voltage from the supply source, beyond
that required at the arc-lamp terminals,
and this excess of voltage has to be absorbed in the resistance. At first sight
this may be regarded as wasteful, but it
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flare, with the
risk of breaking condensers.
It can be taken
as a safe guide
that between 3o
and 5o volts
should be dealt
with by the reThis
sistance.
happy medium
should make
working the arc
comfortable
a
job.
Types of Resistances.
Resistances
may be of the
fixed or variable
current type, and
where moderate
currents are used,
say, 20 to 3o amperes, the fixed
type are quite
satisfactory.
Where larger
currents are required the resistances should be
designed so that
the arc can be
" struck " . with
a reasonably
current,
small
which can be
Fig. 8.—THE BEST WAY OF LIGHTING A DRESSING-ROOM.
gradually increased to the
maximum required. This makes " burnmust be borne in mind that the special
resistances used by arc lamps function ing in " more simple, and prevents
electrically similar to the way fly-wheels a previously well-formed crater being
act mechanically. That is to say, they destroyed by a sudden rush of curprevent sudden increases or diminutions rent. Variable current resistances are
in the value of the current which may be made in two types. The current in ,
caused by an alteration in line voltage, or one case is regulated by a number of
by a sudden change in the formation of the switches in parallel, each switch bringing
in an additional section of resistance.
carbon crater.
Further, the liability of the arc going This type is to be preferred always on high
voltage, as the control, being by means
out is reduced and feeding is lessened.
On the other hand, a limit should be of " quick break " switches, prevents burnset to the voltage to be absorbed, on the ing of contacts. It is also to be preferred
grounds of economy and because too high for heavy currents, as the heat generated
a voltage tends to make the carbons in the resistance is better distributed.
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Fig. 9.—THE BACK VIEW OF A SWITCHBOARD.
Where metallic and liquid dimmers are used.

The other type of resistance is regulated
by means of a multi-contact radial switch,
and is quite satisfactory on low voltages,
and where the maximum current does not
exceed 4o amps.

to prevent accidental contact, and should
never reach such a temperature that a
piece of dry paper would char if brought
into contact with the coils.

Location of Resistances.
The location of resistances in a
theatre or cinema is an important
matter, and the local authorities'
rules should always be consulted.
Generally speaking, they are not permitted in operating rooms or where
inflammable material is liable to come in
contact with them. The resistance coils
should be enclosed with a ventilated cover

DIMMERS.
The remarks regarding location protection and heating permissible apply
to dimmers similarly to resistances. The
method of operating dimmers from a
stage switchboard has been referred to
earlier, but care should be taken where
metallic dimmers are being used that there
is an adequate number of contact studs
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between the " dim and " full on "
position. From an artistic point of view,
the type of dimmer in which the contact
brush slides on turns of wire wound on a
former cannot be excelled, as a very large
number of contact points are economically
provided. It cannot be said, however,
that they are mechanically satisfactory,
the risk of breakdown being very great.
They should, therefore, never be used
where financial considerations permit the
more expensive stud type. Dimming is
either good or bad, and is bad whenever the
light is diminished or raised in perceptible
steps. It has been found that 8o steps
of resistance are necessary for reasonably
good results, and ioo to 120 contacts
should be provided whenever possible.
With this larger number of contacts
it is possible to design a dimmer that will
deal satisfactorily with a load varying
3 \A/AY GRID PULLEY

3 V. DIA
STEEL LINES

SIGNALS.
It is customary for the stage manager to
have a set of signals operated from the
P. corner, which are both visual and
audible. The visual signals take the
form of two lamps in series, one at the
signal control board, and the other at the
position it is to be read. Two lamps in
series are used, so that the stage manager
would be aware of a failure of current.
Facilities are generally provided for the
stage manager to signal to the following
points :—
Perch, P.
Perch, O.P.
Up stage, right.
Up stage, left.
F.O.H. spots.

Switchboard.
Orchestra.
O.P. corner.
Under Stage.
Flys, P.
Flys, O.P.
WAY GRID PULLEYS

GRID

TAILS IN
CANVAS HOSE
OR ASBESTCS
MULTIPLE F
PEAR RINGS

)\:\

CHAIN BRIDLES
BARREL CLAMPS
D" SHACKLED

I Be DIA

\\

STEEL LINE

BATTEN
WINCH

FLY GALLERY

Fig. I0.—SHOWING USE OF STRANDED-STEEL LINES AND A WINCH FOR SUSPENDING BATTENS.

down to 5o per cent. of maximum, but
when this is a definite requirement it
should always be specified to the dimmer
manufacturer.
Dimmers for Cyclorama Lighting.
For cyclorama lighting dimmers should
always be wound to C.D. specification
as standard dimmers used for this purpose
are quite useless, it being impossible to
get the micrometer control of the component colours necessary to obtain the
delicate tints of sunset and sunrise,
which can be so beautifully portrayed
with suitable apparatus.

The signal lamps are generally housed
in a sheet-steel box with two bull's-eye
lenses, one coloured red for " warning "
and one green, which is always known as
the " go " signal.
For the audible signals a quiet buzzer
is installed, so that in the event of a
failure in the light a signal can still be
transmitted (Fig. 4).
Buzzers (or bells) are usually installed
in refreshment rooms and vestibule in
the front of house, in order that the stage
manager may signal a few minutes before
the rise of the curtain.
So much for the actual stage wiring
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and installing of apparatus. We will now
consider the separate circuits to feed the
dressing rooms and local lighting.
DRESSING ROOMS.
These require special care, and the
points should fmish in a heavy bracket
over each mirror, and all pendants
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retiring room, and the exit notices from
same, must be provided with two independent systems of lighting. See paragraph
headed " Safety Lighting."
THE SECTION OF THE THEATRE
OTHER THAN STAGE.
In the stage section we have dealt

Fig. I .-THE " CECIL " REMOTE CONTROL COLOUR-CHANGING DIMMER.

should be conduit construction. Flexible
pendants should never be used. If standard lamps beside the mirrors are installed
they must have a heavy base so that
they cannot be overturned, and if metal,
earthed. The flex must be of heavy
cabtyre (Fig. 8).
Local Lighting.
Local lighting such as corridors and
staircases which form the means of escape
from any stage, platform, dressing or

rather fully with the type of stage that
is used more for the theatre or playhouse
where stage plays or variety is the performance, and we now pass to the remainder of the building, our remarks
applying in this case for any type of
entertainment, whether it is a stage play,
cinema, circus, exhibition, dance hall or
skating rink. The various licensing authorities in this country have wiring rules
for this part of the building, and, like the
stage, in the main they practically agree
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THEATRE LIGHTING

with those of the London County Council
Fire Brigade.
Safety Lighting.
All portions of the premises to
which the public are admitted must be

connected to the original supply.
(Should the cables come from the
same power station, even though they
are fed from two distinct machines,
the source is regarded as the same.
In the West End of London it is

Fig. 13.—BACK

VIEW OF A THREE-PHASE " DEAD FRONT " STAGE
SWITCHBOARD AND DIMMER REGULATOR.

provided with two independent systems
of lighting, and these two systems must not
originate from the same source. For
example, if the main lighting is from an
electric supply company, the other system
may be from :—
(a) Electric street mains, in no way

possible to connect to two distinct
supply companies, but as the grid
system develops this may become
' ineffective if the companies ultimately
link up in any way.)
(b) A battery.
(c) Gas.

THEATRE LIGHTING
(d) Oil lamps. (Not burning paraffin or
other mineral oil.)
(e) Candles.
The last two are rather remote, but
even now there are houses using these
methods.
One of the above systems is accepted
as the " safety lighting " called for in the
Cinematograph Act of 1909.
The degree of lighting maintained in
each system must not be less than is
sufficient to enable the public to see their
way out of the premises.
Each system must be so installed
that a fault in one cannot in any way
affect the other.
Exit Signs.
Over each exit door in the auditorium,
and certain doors in the corridors, etc.,
selected by the licensing authorities, an
illuminated sign with the word " Exit "
in 7-inch letters must be fitted. Every
such direction sign must be illuminated
by the two systems of lighting, and
must never be extinguished or dimmed
during the time the audience is within
the building.
In addition, no other sign must be used
inside the building that is internally
illuminated.
Fireproof Shades.
Decorative shades, fittings, etc., used
in the theatre must be of incombustible
material, unless they have been specially
treated to render them non-inflammable.
Safety Hangings for Fittings.
All decorative fittings in the public
portion of the building must be provided
with a secondary suspension; such suspension must be independent of the flexible
cable carrying the current.
Auditorium Dimming.
The auditorium decorative lighting
should, in all theatres, be made to " dim,"
if only for the health effect on the public
eyesight, apart from the artistic atmosphere given to the opening of the
show.
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How Dimming is Carried Out.
The dimming can be carried out in
several ways—first, it can be operated
from the stage switchboard by hand, and,
secondly, if a cinema, it can be hand
operated from the bioscope operating
box. The most modern way is for the
dimmers to be placed in some convenient
room reserved for electrical gear, and
operated by means of a remote controlled
motor. This has the advantage of control
from two or more positions, as push
buttons can be placed on the stage, in
the bio box, and in as many other positions
as desired.
The tendency to-day, in the cinema, is
for colour lighting in the auditorium and
motor driven dimmers, which by the simple
operation of a push button set the necessary machinery going, which raises the
lights and then commences to blend
the colours into various shades by means
of the dimmers. The operator is then
left clear to carry out other duties, and
when ready for the next picture a press
of the button and the colour mixing dies
down ready for the picture to open.
They can be made to carry out prearranged changes of colour which have the
effect of completely altering the decorative
appearance of a building. The design of
these dimmers is an expert business, and
it is amazing what has been done in this
direction, but these problems should
always be put to the dimmer manufacturer, who always seems to have another
card up his sleeve when something more
intricate than usual is asked for.
The actual cinema picture and talking
apparatus we have not dealt with, as
these are the subject of separate articles,
and we have confined ourselves to the
peculiar conditions that arise with the
contractor and electrician who installs
apparatus in the theatre.
If the reader or student desires to probe
more deeply into the use of the apparatus
in lighting of stage plays, sometimes called
the art of stage lighting, we recommend
him to read " Stage Lighting," by Harold
Ridge, which deals with the subject from
a stage producer's point of view.
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HOW TO MAKE SIMPLE BATTERY
CHARGERS
FOR A.C. AND D.C. SUPPLIES
By A. W. JUDGE, and H. J. BUTLER.

Fig. 1.—THE COMPLETE L.T. CHARGER FOR A.C. MAINS.
Showing the transformer, dry rectifier, ammeter, etc.

HIS article describes the method
of constructing simple and inexpensive small battery chargers
from A.C. or D.C. supplies.

T

BATTERY CHARGER FOR A.C.
SUPPLY.
The battery charger here described is
capable of giving a maximum steady
charging current of 2 amperes, from a
23o-volt alternating current source of
supply.
It can, of course, be used for any other
A.C. supply voltages between 200 and 24o
volts with little alteration in the amperes
output.

Uses of the Charger.
The battery charger in question is
particularly suitable for the charging of
2, 4 and 6-volt wireless batteries, and it
has frequently been used to charge up a
6-volt car lighting and starting battery.
Further, it can also be employed for a
i2-volt motor-car battery by charging
each 6-volt half of the battery at a time ;
it will naturally charge at a lower rate than
the more elaborate garage chargers.
If the reader's source of alternating
current supply is ioo to 120 volts, the
only alteration necessary in the case of
the battery charger described is to alter
the terminal connections on the Igranic
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transformer shown at C in Figs. 2 and 3.
Components Used.
The following is a list of the actual
components used in building the battery
charger illustrated in the photograph :—
I Westinghouse rectifier, Type A4.
Igranic or Ferranti power transformer,
zzo to 12 or 14 volts. (Terminals
are also provided on this transformer for no-volt supply.)
• io-ohm resistance ; this was built up
by the writer.
• 0-3 ampere ammeter.
• bakelite electric lamp adaptor.
2 yards Glazite wire and 2 terminals.
Baseboard, 81 inches by 6 inches by
I inch, in deal.
C
12 V
A.C.

10 ohms

SE

Bo A
Fig.

2.—CIRCUIT DIAGRAM OF L T.
BATTERY CHARGER FOR A C.
SUPPLY.

Explaining the Principle of the Charger.
Before one can charge an ordinary
low tension battery from an alternating
current source of supply it is necessary
to convert the alternating current voltage
from its high value of 230 or Ito volts
(according to the supply voltage provided
in the house, or district) down to a low
voltage. This latter voltage is a little
higher than the greatest voltage of the
batteries to be charged ; for most purposes
about 8 volts is sufficient. Having stepped
down this voltage to the figure mentioned,
this low voltage alternating current must
be converted into direct current of nearly
the same voltage. It is this direct current
supply that is used for battery charging
purposes.
Actually, the so-called direct current
obtained from the rectifying unit is not
perfectly uniform, but is constantly fluctuating above and below a mean value
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of the voltage in question. Whilst this
kind of direct current is not suitable for
heating the valves of a wireless set, without
the addition of smoothing chokes and
fixed condensers, it is perfectly satisfactory for battery charging purposes.
The Circuit Employed.
Once the principle of the charging
apparatus previously outlined is understood, the reader should experience little
difficulty in following the circuit diagram
illustrated in Fig. 2.
Commencing from the left-hand side
it will be seen that the 230-volt alternating
current supply from the mains (taken from
a wall plug or lamp adaptor) is fed direct
to the transformer C. This is a special
transformer consisting of the usual primary
and secondary windings and core plates.
The ratio of the number of turns of the
secondary to those of the primary windings
is roughly about 20 to I, so that the 230volt A.C. supply to the secondary winding
is transformed down to about onetwentieth 'of its original value, that is
to say, the primary voltage is, roughly,
about 2,2 r , or III-.
In order to be able to regulate the value
of the charging current obtained from this
device it is a most convenient plan to
insert a small variable resistance of about
ro ohms in one of the transformer output
leads ; this resistance is shown at Din
Fig. 2.
Passing Current Through a Rectifier.
Now the III volts alternating current
is transfoinied, or rectified, into direct
current by passing it through a " rectifier." There are many kinds of A.C.
rectifiers on the market, of which that
known as the dry plate or metal rectifier
is the most convenient and efficient to
employ.
This rectifier consists of a number of
discs or plates of copper and copper oxide
clamped together in a special manner.
It has the property of allowing current
to flow through it in one direction only,
so that if alternating current is fed into
it at one end, only direct current can be
taken out at the other end.
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Output Current.
The dry rectifier is shown at E in Fig. 2.
It will be seen that there are two input
terminals, marked A.C., and two output
terminals, marked " Plus " and " Minus "
respectively. There is a small drop in
voltage through the rectifier, amounting
in the present case to about 3 volts. The
output current from the rectifier, at about
9 volts, is taken to the terminals A and B
of the charger. These are the battery
charging termVariable Resistance
inals. An am10 ohms
meter, F, reading from o to 3
amperes should
be inserted in the
le ad
positive
from the rectifier
unit E.

Assembling the
Components.

be fitted in order to vary the resistance value. One end of the resistance
wire is connected to one of the dry rectifier
A.C. input terminals, and the moving arm,
or slider, to one of the output terminals
of the transformer, as shown in Fig. 2.

Using the Battery Charger.
It is important to observe one or two
simple precautions when using the charger
described.
Westinghouse
Dry Rectifier Type

--7
1:11
.4 5
J1 1nF of 11
n IFI
n
11
II Fl
n in
FIT 11
Fll fl
fl D1

Fig. 3 shows
11 11
ill 11
11 in n1 Fl
the layout of
Eli
Fl tEl
the components
Eli n
fl II
on the baseboard.
flr IT
These parts
should be screwed
down in approxiC
mately the positions shown and
then wired up
according to the
Ammeter
arrangement
Mansf'ormer
-----A.C.Supply
shown in Fig. 2.
Phi(
An insulated
Fig.
3.—LAYOUT OF L.T BATTERY CHARGER TO OPERATE FROM A.C. MAINS.
type of wire of
about 18 S.W.G.,
preferably Glazite, or tinned copper
In the first place, always connect up the
wire with Systoflex sleeving slipped over it, charger to the battery to be charged
should be used to make the connections. first, i.e., before inserting the A.C. supply
Although there is no objection to making plug in its socket or holder. Connect the
screw-down contacts or joints, it is better positive terminal of the battery to the
to solder all connections ; this ensures positive terminal B (Fig. 2) of the charger,
permanence to the finished charger.
and negative battery terminal to the
In regard to the resistance unit, this is negative terminal A.
readily made by winding about 4 yards of
Secondly, before switching on the A.C.
26 S.W.G. Eureka or Nichrome resistance supply current see that the resistance
wire on a piece of slate, bakelite or arm or slider is in the position that puts
fibre. The former used measured 3 inches all of the resistance in the circuit. Thus,
by Z inch by inch and was of rectangular in the case of the unit shown in Fig. 3,
section with the 1-inch side horizontal. A the contact arm will be on the extreme
sliding or rotating contact arm should left-hand side.
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Now switch on the A.C. supply, when it
will be noticed that the ammeter probably
reads very low—usually about e to
ampere. Next, move the slider arm of the
resistance D to the right so as to take out
some of the resistance, and therefore to
increase the current as shown by the
ammeter. The best charging current
value for most small wireless receivers is
about 4- to 2 amperes. No greater
current should be taken from this battery
charger, otherwise both the rectifier unit
and the transformer will be working
above the maximum current values laid
down by the manufacturers and will heat
up.
A Convenient Battery Charging Arrangement.
A particularly convenient method of
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charger described gives a maximum of
2 amperes at 6 volts.
BATTERY CHARGER FOR D.C. SUPPLY.
This charging set is simply a switchboard for putting the low tension batteries
in circuit with the house lighting, so that
when the lights are in use the battery
may be charged. It enables anyone
with D.C. mains to charge their low tension batteries without extra cost. The
switch on the charging board is arranged
alternatively to place the battery on
charge or connect it to the set. It may be
used in conjunction with any size of 2, 4
or 6-volt accumulator.

Material and Parts Required.
The following are the components
required to make the charging board :—
Baseboard, 8 by
rust
12 inches by inch
plywood.
Two battens, inch
by 3 by 12 inches.
5-ampere porcelain
fuse.
Triple pole changeover switch.
6 insulated terminals-3 red and 3
Fig. 4.-A CONVENIENT CIRCUIT ARRANGEMENT FOR CHARGING
THE L.T. BATTERIES OF WIRELESS RECEIVERS FROM A.C. MAINS.
black.
Short lengths of
charging a wireless battery in place in 16 S.W.G. insulated wire for wiring the
the cabinet of the receiver is shown in panel.
Fig. 4.
4 brass 1-inch looking-glass or lip
In this arrangement, by means of a plates for hanging the charging set.
The change-over switch is a " Utility "
double-pole single-throw switch,the battery
may either be connected to the wireless type.
receiver or to the charger. Thus, when
the battery is not actually in use for Making the Set.
wireless purposes, the switch can be
The first step is to square up the basethrown over and the battery left " on board, then cut the two battens each
charge." After the wireless has been 12 inches long. Screw the battens to the
switched off at night, the charger can be board and drill the holes for the six terconnected up by means of the switch and minals with a
h -inch drill. The two
the battery left " on charge " through the terminals for the mains connection are
night.
2 inches apart, while the other four terHere it should be mentioned that by minals are set out in two pairs, each
using the smaller, and cheaper, Westing- inches apart, the outside terminals being
house unit known as the Type A3, a 4 inches from the side of the panel. The
convenient trickle charger is available terminals are placed about t inch from the
for the wireless set. This unit will give edges of the panel (see Fig. 5). Cut an
up to i ampere charging rate for a 6-volt oblong hole to take the switch (Fig. 7),
battery. The A4 unit used for the mount the terminals, the switch and the
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fuse. It will be necessary to
drill two holes for wires to the
fuse. To do this, screw the
fuse temporarily in position,
then mark the board through
the connecting collars with a nail
or other pointed article. Then
remove the fuse and drill the
two holes about twice the size
of the wire to be used. Finally,
connect up the set, as shown in
Fig. 6. The wiring of the set
is done with 16 S.W.G. insulated wire, all connections being
made behind the board. All the
joints, except those to the fuse
are soldered (Fig. 8).
Start the wiring by soldering the
two connections between the
switch contacts 2 and 9, and i
and 6 (Fig. 6). The other wires
are quite straightforward, and
may be fixed in any order, while
keeping the wires well spaced
they should be as short as possible.
It should be noted that one of the
points (3) on the switch is left
blank: The board is now mounted
on the wall next to the house
fuse-board with the four lip plates
mentioned in the list of parts.
Connecting Up to the Mains.
The set is for preference
connected to the earthed side of
Fig. 5. —FRONT VIEW OF L.T. CHARGING SET TO OPERATE
FROM D.C. MAINS.
the supply mains. The earthed
Switch in " down," or charging, position.
main may be distinguished from
the other main in the following
way : Connect up a spare lampholder with connected at each end to this house fuse.
two insulated wires, so that one wire is long These should consist of 3/.029 in.
enough to reach the nearest gaspipe or lighting cable.
water pipe. This end is then bound to the
pipe and a lamp put in the holder. Remove Polarity of the Mains.
the covers of the house supply main fuses
Although it is usual for the negative side
and touch the bared end of the other wire of the mains to be earthed, it must not be
from the lampholder on each fuse in turn. taken for granted that it is so. To deterThe lamp will light when connection is mine which of the wires from the main fuse
made to one of the fuses, but will not light is negative, switch on one of the lights in
at all when connection is made to the the house and dip the two bared ends of the
other. The latter fuse is the one in the wires from this fuse into a cup of salt
earthed side of the mains. The main water. The negative wire immediately
switch should be off while the set is becomes surrounded with gas bubbles,
connected up. The fuse wire is then while the positive wire gives off practically
removed from this fuse and the wires, none. The negative wire, thus distinwhich are to run to the charging set, are guished, is connected to the negative
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mains terminal on the charging
set, and the other to the positive
(see Fig. 5). The other two pairs
of terminals are then similarly
positive and negative, the positive accumulator terminal on the
board being connected to the red
or positive terminal of the
accumulator. This is important.
Operation of the Set.
It will be seen that the low
tension battery may be kept near
the switchboard, and two wires
convey the low tension to the
set. If this arrangement is carried
out, there is no need to disconnect
the battery from the set every
time it is desired to charge. To

Fig. 6.—SIDE VIEW OF
L.T. CHARGING SET FOR
D.C. MAINS.
With switch in charging
position.

Fig. 7.—BACK VIEW OF L.T. CHARGING

SET FOR

D.C. MAINS.
Showing back of change-over and wiring.

charge the battery, all that is
necessary is to put the changeover
switch in the " down " position
(that is, contacts i and 4, 2 and
5, and 3 and 6 are connected)
while the wireless set is out of use,
and when the wireless is to be
used, put the switch up (that is,
contacts 4 and 7, 5 and 8, and 6
and 9 are connected). It is
0
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Fig. 8.—SOLDERING THE CONNECTIONS ON L.T. CHARGING SET FOR D.C. MAINS.
Hold the point of a piece of resin-covered solder between the hot soldering iron and joint.

advisable to switch off the house mains
when changing over the switch on the
charging board, otherwise the switch may
be damaged if there are many lights
burning in the house. If it is not convenient to use the switch-board in the
above manner, as with a portable set, the
pair of terminals " to set " are not used,
and the accumulator is simply connected to
the left-hand pair of terminals when it is
desired to charge it. With this type of
charging set the low tension is always
kept in the charging position whenever the

wireless set is out of use, more especially
in the summer when little light is used.
The wiring of the change-over switch is so
arranged that it is impossible to connect
the battery to the mains when the wireless
set is in use, thus avoiding any risk of
damaging the valves. It must be remembered that the change-over switch
on the panel must not be left in the
central position, nor may it be left in the
" charge " position when no battery is
connected to the board, or the supply to
the house lights will be cut off.
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THE INSTALLATION AND ERECTION
OF MEDIUM AND LARGE SIZED
ELECTRIC MOTORS
1 ROBERT RAWLINSON.

Fig. I.—ELECTRICALLY DRIVEN WOODWORKING TOOL.
The method of protecting the motor against piled-up wood shavings should be noticed. The
high boarding at the ends of the motor and the low wooden barrier in front of it prevent its being
buried ; at the same time, the ventilation is not obstructed. (Metropolitan-Vickers.)

HE importance of the proper erection and installation of an electric
motor is seldom realised. It frequently happens that this important
matter is left to the tender mercies of
some quite unsuitable person, with the
natural result that the full advantages
of the machine's characteristics are never
obtained, and many points of potential
failure are created in the wiring and
drive arrangements.
Let us suppose that a certain factory
has decided to install additional plant

T

and that electric motors will form the
motive power for the various machines.
In this imaginary case we will examine
every aspect of installing the motors ;
we will, in fact, proceed as though we had
to d9 the job, and will put down all the
features we would consider in such
circumstances.
The motors, which have just been received, are lying in the store. Let us
start the installation immediately by
unpacking them and carrying out a
thorough inspection.
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F4. 2.—TESTING THE INSULATION RESISTANCE OF A MOTOR.
This should be done before a motor is put to work. Note that one connection from the instrument is held in contact
with one of the winding terminals, while the other connection is placed upon the motor frame. If the reading obtained
is lower than given in Table r, the motor should be dried out or repaired. (Metropolitan-Vickers.)
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Unpacking and Checking the Motor.
As soon as a motor is received it should
be carefully unpacked, taking care not
to damage the packing material excessively,
since there will probably be a fairly high
charge on this if it is not returned within
a month or so. After the machine has
been freed from all packing material, the
apparatus which has been received should
be checked against the advice note so as
to ensure that there has been no loss in
transit. If it is found that the advice
note and items received do not agree,
or if any parts are broken, a letter should
be sent immediately to both the carriers
and manufacturers, giving full details of
the loss or breakage. To comply with
the railway companies' rules, this letter
should be sent within three days of the
delivery of the material, and care should
be taken to do this, since otherwise considerable difficulty will be experienced in
upholding a claim.
Inspect All Parts.
After unpacking and checking, the
machine should be wiped or brushed
down to remove all small pieces of wood
wool, packing paper, dust, etc., and a
careful inspection of all the parts should
be made to see that nothing has become
loose during carriage. Sometimes a machine is interfered with during transit,
terminal box lids and covers being left
loose. Everything should be well tightened
up before proceeding with the installation.
Test Insulation Resistance Between the
Windings and Frame.
If it is possible the insulation resistance
between the windings and frame should
now be tested by means of a " Megger "
or similar instrument. It often happens
that motors are stored by factors or
stockists for long periods, and in some
cases the storehouse is damp or the machine
may become wet during carriage. When
any of these things happen the insulation
is lowered, and it may be dangerous to
connect the motor up until it has been
dried out.
Drying Out the Motor.
To decide whether drying out is neces-
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sary, the insulation resistance should be
measured. If it is found that the resistance, when measured between any terminal and the frame, is less than is given
in Table I, the motor should be moved
to a warm, dry place where the air is
free from dust and where the temperature
does not exceed 90° C. (194° F.).
Another Method of Drying Out.
Very often it will be impossible to find
such a situation (down a mine, for instance), and in these cases carbon lamps
or heaters may be placed around the
motor, and inside it if it is of a fair size.
These will give a certain amount of heat,
and if the atmosphere is reasonably dry
this method is satisfactory, though slow.
Another way in which the insulation may
RIGHT

WRONG
FOUNDATION BOLTS

PACKING

GROUTING
CLEARANCE
g MIN
Fig. 3.—PACKING UP A BEDPLATE FOR
GROUTING IN.
Showing the right and wrong ways of
packing up a bedplate to provide the . in.
grouting clearance. Note that on the left
the packing is placed as close as possible
to the foundation bolt, whereas in the
incorrect method shown on the right,
the packing is placed some distance from
the bolt. The wrong method will result
in the bedplate being bent or distorted
when the foundation bolts are tightened
down. The packing should consist of
sheet iron or sheet steel, not wood.

be dried out is to pass a current through
the windings from a low voltage source.
The current should be adjusted so that the
temperature read by a thermometer
placed on the windings never exceeds
7o° C. (158° F.), and it is quite safe to
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start off with the current at the full
load value as given on the motor nameplate, taking care, of course, to reduce
the current value if the thermometer
reading reaches the above figure.

permitting re-absorption of moisture. In
order to ascertain how the drying out is
proceeding, " Megger " readings should
be taken every 12 hours and the drying
should be continued until the figures
obtained are constant and have remained
at the same amount for four successive
readings.
The figure finally obtained should
not be less than one megohm in the case
of motors for normal voltage (up to
2,000 volts) circuits ; for high voltage
machines the manufacturer should be
consulted when the insulation resistance
is less than that given in Table I.
TABLE I.
Minimum Insulation Resistances for Industrial
Type Motors of I h.p. and over.

Supply Voltage as Minimum insulation
stamped on Motor Resistance on Setting
Nameplate.
to Work.

Below z,000 volts

2, 000/3, 000
3,000/4,000
4,000/3, 000
5,000/6, 000
6, 000h, 000
Fig. 4 —LINING UP COUPLINGS.
The two half couplings are here
shown in various states of malalignment and out of centre, and a
straight edge is shown across the
flanges in each case. The lack of
alignment is at once obvious when
the contact between the straight
edge and both coupling flanges is
inspected ;
note also how the
distance between the two coupling
faces differs at the top and bottom
edges in those cases where the shafts
are inclined to each other. In A the
shafts are parallel but out of centre ;
in B the couplings aie on the same
centre but the shafts are inclined
to each other ; C shows the shafts
both inclined and out of centre.

Heating Should be Continuous.
Whichever method of drying out is
adopted, the heating should be continuous
and carefully controlled so that it does
not rise too high, thus scorching and
damaging the insulation ; or fall too low,

7,000/8,000
8, 000/ro, 000

r.o meghom

2.0
2.5
30
3.5
4.0
5.0

IP

INSTALLATION.
Deciding the Location of the Motor.
Having made sure that everything is in
order and ready, we can proceed with the
installation. The first thing to be done
is to put down a suitable foundation,
but before doing this let us consider the
place in which the motor is to be installed. The most desirable point about
the location for an electrical machine is
that it should be dry. Unless the motor
is one of the totally enclosed varieties
(see page 151) there is a danger that any
excessive moisture in the atmosphere
will lower the insulation to such a level
that the normal voltage of the supply
circuit will break it down. For this reason
the situation should be dry, although
special forms of insulation and enclosure
can be obtained to combat moisture-laden
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atmosphere. For further details of these
the reader is directed to the article
beginning on page 149.

Danger from Dust or Fumes.
If any considerable amount of dust
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should be taken to ensure that the location
for the motor is reasonably clean and
free from atmospheric contamination.
Another point to watch is that the local
temperature is not too high. For normal
motors, an air temperature of 4o°C. (,o 4°F.)

Fig. 5.—LARGE SLIP-RING MOTORS FOR AN IRRIGATION SCHEME.
These form a good illustration of flexible coupled and gear drives. The
covers are removed from the flexible couplings which are of the all-metal
variety. The gears are contained in the cases at the left-hand side and the
alignment is assured by the strong cast-iron bedplates. These motors are
designed to run with their shafts at 45° above horizontal, as shown, and the
operating handle of the brush lifting and short circuiting gear may be seen
just below the uppermost portion of the motor. This is " Handle C " to
which later reference is made. (Metropolitan-Vickers.;

or fumes are in the air an ordinary screenprotected type motor will most certainly
suffer damage, and for this reason care

is the maximum which should be tolerated,
unless a specially designed machine has been
ordered. If the manufacturer is told at
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Fig. 6.—LINING UP A COUPLING (I).
A straight edge placed across the coupling flanges makes full contact only when the shafts are in
line, always providing that the flanges are of exactly the same diameter. (Metropolitan-Vickers.)

the time of ordering that the atmospheric
temperature is high he can take steps to
see that no damage will be done to the
motor.
The Ideal Location.
Let us now summarise our conclusions.
The ideal location for an electric motor
should be :—
I. Dry.
2. Clean.
3. Cool (not exceeding 4o° C. [104° F.]).
Any departure from these desirable
states will require offsetting, either by
the designer or the installer of the motor,
and as it is best that the design should
be as suitable as possible the maker
should be informed of any abnormal site
conditions.

Protecting the Motor.
While we are on the subject, it is as
well to sound a note of warning. There is
a. practice which is very easy to fall into
and which will most certainly result in
damage to the motor.

If it happens that the site conditions
are bad, perhaps wet or dusty, it is a
natural thing to endeavour to protect
the machine. This is a very proper
thing to do, providing care is taken that
the ventilating air supply of the motor
is not interferred with.
Protected Motors Must Never be Covered.
A protected, screen-protected, or dripproof type motor must never, under any
circumstances, be covered by a box or case.
If this is done the ventilation will be
affected and the motor will burn out if a
load of reasonable size is placed on it for
any length of time. When the site conditions are bad a special form of motor
should be used to combat these. The
reader is referred to " Types and Applications of D.C. Motors," page 149, and to
the equivalent article on A.C. machines,
for details of these special motors.

Planning the Foundations.
The foundations should be firm, solid
and level, and the motor or its bedplate or
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Fig. 7.—LINING UP A COUPLING (2).
The distance between the coupling faces should be measured by a feeler gauge at four points go°
apart. If all four measurements are equal, the shafts are in line. (Metropolitan-Vickers.)

slide rails should be securely bolted down.
The best material for the foundations is
concrete or stone, and since concrete
bases are so easy to shape they are almost
universally used.
Strictly speaking, if the drive conditions
are good, i.e., if the belt is not too tight
or if vibration is not present, a motor up
to about 5o h.p. may be used without
specially prepared foundations. In this
case the machine should be mounted
upon strong timbers, which will in turn
be secured to and supported from the
floor or walls of the building in which the
motor is installed, providing these are of
sufficient strength. It seldom happens
in industrial practice, however, that the
drive can be kept so sweet and smooth
as to enable a foundation to be dispensed
with, and whenever the installation is to
be permanent, or even semi-permanent, it
will pay to put in a good concrete foundation.
Bolting a Motor to the Steelwork.
This, of course, only applies to those

cases where the motor is to be mounted
on an earth floor. It is quite in order
to bolt a motor to the structural steelwork
of a building, for instance, providing the
steelwork is of sufficient strength. In
any case, the sole object to aim at is that
the motor shall be well supported and
firmly secured so that it will not move or
vibrate when running.
Size of Concrete Foundation.
A concrete foundation should be carried
down to solid earth and should be sufficiently large to prevent vibration and give
a good grip to the holding down bolts. It
can generally be said that a concrete base
should be about 6 inches larger in both
length and breadth than the motor feet,
bedplate or slide rails ; these dimensions
refer to the top of the foundation base,
of course ; further mention is made of the
taper on the sides of foundations. As
regards the depth of foundation, for motors
up to ro h.p. an ordinary concrete workshop floor (or a good brick floor) about
3 to 4 inches thick and bedded on well-
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stage that when doubt is felt as to the
exact nature and carrying capacity of the
subsoil, the local surveyor should be
consulted.

Solid Rock Foundation.
In those rare cases where the foundation can be placed on solid rock, it is,
of course, quite sufficient to grout the
fixing bolts into the rock strata, simply
providing a concrete facing when the
nature of the rock or appearances demand
it.

How to Make a Concrete Foundation.

Fzg. 8.—THE USE OF AN IDLER PULLEY.
In short centre distance or large ratio
belt drives, the use of an idler pulley
will, very often, make an otherwise
impossible drive perform satisfactorily.
Observe how the arc of contact on the
motor pulley has been increased by
nearly 3o per cent, in the above drawing.
This may quite easily mean the difference
between a bad and troublesome drive
and one whic:f runs smoothly and
efficiently.

rammed earth is quite adequate. Above
this size the depth of foundation, assuming
average solid ground, well rammed both
below and around the foundation pad,
should be as follows :
6 to 8 inches deep
ro to 25 h.p.
25 to 5o h.p.
8 to ro
„
ro to 15
„
5o to 75 h.p.
15 to 24
75 to Too h.p.
,,
These figures assume average drives ;
for special drives, shock loading and
larger powers, the motor makers should be
consulted. It should also be noted that
the figures given above refer to the depth
of concrete below the ground level.
The height of plinth, etc., must be added
to the depths given.

When Solid Ground Cannot be Reached.
In cases where it is impossible to reach
solid ground a larger foundation is required, and this must be of sufficient
area to support the weight of the motor
and the force of drive, such as belt or
chain pull. It may be stated at this

When making a concrete foundation
it is necessary, first, to excavate the ground
to the size and depth of the finished
foundation base. This foundation pit
should be carried well down, and around
its outside edge a wooden mould should
be erected to shape the plinth or that part
of the concrete base which projects above
the floor. This mould should provide for
all cable trenches and any pipes or other
details which are to be carried through or
under the foundation. Care should also
be taken that the foundation is properly
drained.

Two Methods of Fixing the Foundation
Bolts.
It is usual to shape the sides of the
concrete base so that it is larger at the
bottom than the top, and a suitable
figure for this taper is about z inches per
foot. Another thing to which attention
must be paid is the fixing of the foundation
bolts, and for this purpose either the
foundation bolts may be placed in position
and the concrete allowed to solicity round
them, or else holes may be left in the
concrete base into which the bolts may
subsequently be grouted.

The Most Satisfactory Method.
The latter method is the simplest and
most satisfactory, and we will therefore
devote our attention to it. In order to
leave foundation bolt holes in the concrete,
wooden forms should be prepared which
are the shape and size of the holes which
are required. It should be remembered
that it will be necessary to withdraw these
forms from the solidified concrete, and

THE INSTALLATION AND ERECTION OF ELECTRIC MOTORS

723

for this reason they are usually made
of box section, the sides being very lightly
fastened together so that the box may
be dismantled and withdrawn one side at a
time.
Position of the Bolts.
Having prepared these forms, they
should be placed in position in the foundation pit so that one hole is provided for
each foundation bolt. The positions of
the bolts are given on the manufacturer's
outline drawing, and care should be taken
that the foundation bolts are placed in the
right positions to give correct alignment
with the driven shaft or belt pulley when
the motor is finally fastened down.
Arranging the Bolt Holes.
The bolt hole form should be arranged
so that about 2 inches of it will project
above the finished concrete bed. In
passing, it may be mentioned that foundation bolt forms are usually made of about
1-inch timber, while the foundation plinth
mould may consist of 1-inch planks,
planed on the inside faces and braced at
frequent intervals (say, every 18-24 inches)
along the outside. All woodwork should
be thoroughly wet before the concrete is
poured.
Making and Mixing the Concrete.
When all is ready the concrete should
be mixed and for this type of foundation
the following proportions should be used :1 part cement ; 3 parts sharp sand ;
6 parts broken stone.

Fig.

io. — GROOVING OF A ROPE
PULLEY.
This shows a common form of
groove for a rope pulley. Note
particularly that the rope must
never reach the bottom of the
groove, otherwise all driving force
is lost.

Fig.

9.—CROWNING OF A BELT
PULLEY
The dimension " C " is the
crowning ; as mentioned in the
text, in. on diameter per foot of
pulley face is a good figure. This
means that when F is 12 in , C
should be R in ; when C is in.,
we have, of course,
in. on the
diameter.

Sufficient concrete should be mixed
to make the whole foundation at once
when this is of small size. For larger
foundations the concrete should be mixed
and fed continuously if possible, to ensure
that the whole base is a homogeneous
mass.
To make good concrete the following
precautions should be observed. The
ingredients should be thoroughly mixed
in the dry state and then sufficient water
should be added gradually to make a
thick paste when well worked in. On
no account should sea-shore sand be used,
since it invariably contains salt, and is
usually not • sufficiently sharp to produce
good concrete. The mixed concrete
should not be allowed to stand before
being used ; in any case, concrete which
has been mixed over 15 minutes should
not be employed.
How to Fill the Mould.
The mixture should be fed into the
mould and smoothed down with a shovel.
When the filling is completed the concrete
should be rammed down with a medium
heavy rammer until water just shows on
the top surface. This method will give
a dense and solid foundation mass which
will eliminate all settling and those consequent changes of alignment which are
such a prolific source of trouble.
As soon as the concrete has set the
wooden mould and foundation bolt pockets
should be removed, and if it is necessary
the surface or sides of the base should be
patched and any small holes filled.

724

THE INSTALLATION AND ERECTION OF ELECTRIC MOTORS

Fixing the Motor in Position.
We are now ready to fix the motor in
place and the best way is to mount the
machine, fitted with its pulley, pinion
or coupling, upon its bedplate or slide
rails and to put the foundation bolts
in the bedplate or slide rail holes provided
for them. The foundation bolt nuts are
screwed on to the bolts, leaving these
hanging below the motor base. The whole
unit is then lowered on to the prepared
concrete foundations, each foundation
bolt being placed in the pocket cast for it.
ROUGH

LINING UP AND PUTTING
IN PLACE.

Having reached this stage we must
carefully line up the motor with the
driven shaft or pulley. When the motor
drives a shaft through a flexible or solid
coupling it is essential that the shafts
are exactly in line and on the same
centre ; the following procedure should
be adopted.
Fixing the Shafts Exactly in Line.
The driving and driven half couplings
having been fitted on their respective
shafts they should be brought close to
each other so that they are as nearly as
possible in the same relative positions as
they will finally take up. If it is clear
to the eye that the motor coupling is
lower than the other, the motor should be
wedged up so that the shafts are as nearly
in line as can be judged by the eye. If,
on the other hand, the driven coupling is
the lower, arrangements must be made
to lift the driven machine or to cut down
the top of the concrete bed so as to lower
the motor. In any case, when the shafts
are on the same centre line the motor or
slide rail base should be at least k inch
wedged up from the concrete foundation.
This space will be filled up later with the
grouting mixture.
Levelling Up the Motor Shalt.
Having now made the centre heights
agree and allowed the a inch grouting
clearance mentioned above, the motor
shaft should be levelled up, by spirit
level, taking care to keep the couplings
on the same centre line. This may be

ensured by making all adjustments of
level, such as the insertion or removal
of packing, etc., at that end of the machine
which is without a shaft extension. At
this stage the motor and the driven
machine should be roughly in line, providing always that the driven shaft has
been levelled ; this, by the way, should
always be done, otherwise there is a
danger of 'endthrust and bouncing, thus
ruining the thrust collars and bearings.
GROUTING IN.
The final very accurate alignment
should be left until later. We may now
proceed to grout in the foundation bolts ;
for this purpose the following concrete
mixture should be prepared :1 part cement, i to 2 parts sharp
sand.
The same remarks as before regarding
sea-shore sand apply here ; the cement and
sand should be intimately mixed while
they are dry, and sufficient water should
then be employed to produce a smooth
paste which should be just thin enough to
pour. Only enough of this mixture should
be made to fill one foundation hole at a
time and immediately the mixing is
completed the paste should be poured into
the pocket around the foundation bolt.
Each pocket should be completely filled
and when this has been achieved, the top
of the mixture will be level with the top
of the foundation base.
ALIGNING.
The grouting should be allowed to set
hard and when this has happened the
foundation bolts should be screwed up
so that they just nip the bedplate. The
final lining up should now be carried out
in the following manner. First of all
check that the centre heights have remained unaltered by placing a straight
edge, such as a steel rule, across the two
machined outside flanges of the couplings.
When the centre heights are the same
the straight edge will touch each flange
along its whole length, whereas, when one
shaft is lower than the other, or when the
couplings are on the same centre, but the
shafts are inclined to each other, the
straight edge will only touch the flanges

THE INSTALLATION AND ERECTION OF ELECTRIC MOTORS

725

Fig. II,—A SHAPED-BELT DRIVE.

This drive is interesting since it shows the grooved type pulleys used with this type of belt. Note
also the gib-headed taper keys and the balancing holes in the left-hand pulley. The slide rails should
also be observed and the cable clamp on the small motor terminal box is worthy of note. The
machines form a motor-alternator set for experimental work. (Metropolitan-Vickers.)

at one or two points. This method of
aligning is made clear by the drawings
and photographs. It may be used to check
the centre height, the straight edge being
placed on top of the couplings, and it may
also be employed for the horizontal
alignment by using the straight edge on
the coupling sides.
Using a Feeler Gauge.
The final alignment may be effected by
using a feeler gauge to check the distance
between the coupling faces at four points
go° apart. Neither coupling should be
revolved until all of the four measurements
have been taken, and if the machines are
accurately in line these measurements
will be equal.
Adjustment of the motor position
should be made until the alignment is
complete, as shown by the following :—
i. A straight edge makes full contact
with both coupling flanges, both at
the top and on each side.

2.

The distance between the coupling
faces, when measured at four points
go° apart, should be the same.

FINAL FIXING.
Having effected this, the foundation
bolts should be tightened hard down,
the machine still being packed up inch
from the foundation top, and after checking
the alignment with the tightened foundation bolts, the final grouting should be
carried out. A dam about r inch high
made of wooden strips should be erected
around the bedplate. A suitable size
for this wood is i inch square and it
should be arranged so that there is about
inch clearance between the sides of the
bed and the inside of the wooden frame.
When this is ready, a concrete mixture
should be made up, using the same proportions as for the foundation bolt
grouting (i cement to 2 sand). Sufficient
of this mixture should be made to complete
the job at one pouring, and as soon as it
is mixed pouring should commence, care
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Fig. I2.—THE ELECTRIC HARE.
This illustration shows the application of a motor to driving an electric hare. Note the flexible tubing to withstand vibration and
the live rail and pick-up shoe. (Metropolitan-Vickers.)
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being taken to
work the paste
well into the
i-inch grouting
clearance, and,
finally, filling up
around the bedplate until the
mixture is level
with the top of
the i-inch framing.

Check the Alignment Again.
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Fig. t3.—Curve showing belt horse power with Balata belting.
trimmed up to present a finished appearance. The foundation bearings, even when flexible couplings
bolts should be pulled down as tightly as are employed, and the flexible coupling
possible, and the alignment should be itself will be very quickly ruined when the
checked again to ensure that it has not lining up is bad.
altered. With a properly designed and constructed foundation it will be found that the
BELT DRIVES.
machines have remained in line, so that we
The remarks on belt drives given on
may now fit the coupling bolts and turn page 243 and onwards in the article
the whole equipment round a few revolu- entitled " Installing Small Motors " will
tions by hand, just to ensure that every- be equally applicable to the larger machines
thing is as it should be.
with which we are now dealing, always
excepting, of course, that round belts
Final Notes on Coupled Drives.
are never used for large horse power
Before we leave coupled drives to drives. In considering belt drives, thereconsider those of the belt, chain and fore, the reader is referred to the abovegeared variety, it should be stated that mentioned article. This should be read in
a flexible coupling should always be used conjunction with the following notes,
in those cases where the motor and the which refer mainly to drives of medium
driven machine are mounted on separate and large horse power.
When a belt drive is used the belt should
bedplates. The rigid type of coupling
be
flexible and the joint should be smooth
requires such extremely accurate alignment that its use should be confined to and free. The pulleys should be well
those cases where the motor and the driven balanced and, except in special cases,
equipment are mounted on a combined should be of the crowned face type.
bedplate or else to the very largest sizes
of motors. All couplings, however (either
rigid or flexible), demand accurate alignment for satisfactory operation. Lack of
this will result in broken shafts and ruined

Vertical Belt Drives Should be Avoided.
Vertical belt drives (drives in which
the driven pulley is directly above the
motor pulley) are bad practice and they
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the first results
in broken or bent
shafts and damaged bearings,
while a slack belt
gives a noisy
drive and is
dangerous, since
the belt may
break or come
off and hit workpeople in the
vicinity.

1

en

PORREPOWER PER INCH WIDTH

Correct Way to
Fit a Belt.
OAK TANNED
A belt should
LEATHER BELTING
never be forced
on to its pulleys
since this causes
H P PER INCR.
stretching of one
side with consequent bad runFig. r4.—Curve showing belt horse power with oak tanned leather belting.
ning and shortshould be avoided wherever possible. Un- ened life.
The correct way to fit a
less special precautions are taken trouble belt is to move the motor along its slide
may be expected with any belt drive in rails to the limit of its travel towards the
which the distance between the centres driven pulley. The belt should then be
of the two pulleys is less than four times placed on both pulleys and the belt
the diameter of the larger one, and the adjusting screws should be tightened up
same may be said of pulley diameters. to regulate the belt tension.
The larger pulley in a plain belt drive
should never be more than six times the Speed at which Belting Should be Run.
diameter of the smaller, but in certain
The maximum speed at which belting
cases it may be impossible to use a long should be run is 5,500 feet per minute,
centre drive and sometimes one is forced and the pulley sizes should be regulated
to break the rule regarding pulley dia- accordingly. Above this belt speed the
meters. In these cases a jockey or idler drive tends to become noisy and it is prepulley is employed and this is fitted close ferable, in the interests of sweetness of
to the smaller pulley, thus increasing drive and belt life, to keep the belt speed
the arc of contact and allowing a good below about 4,50o feet per minute, if
drive to be obtained without excessive possible. It will generally be found that
belt tension.
this can be done, and to obtain the size
of belt for any given horse power and
Correct Adjustment of Belt.
belt speed it is only necessary to use the
When the motor is running the belt, following curves, which show the horse
if properly adjusted, should transmit the power transmitted per inch of width
full load without slipping, and it must by the various commercial types of
run without flapping on the slack side or belting.
else it will soon be ruined. At the same
time the belt should not be tightened up Installing a Motor for Belt Drive.
to such an extent that it feels board hard
When installing a motor for belt drive
when stationary. Both excessive and the foundation and grouting work is
too little belt tensions are harmful ; exactly the same as has already been
TRANSMITTED BY
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Fig. 15.—STARTING A SQUIRREL CAGE MOTOR,
This starter is of the oil-immersed auto-transformer type, and cable sealing
chambers and an ammeter are fitted. The " start," " off," and "run"
positions mentioned in the text are clearly shown. (Metropolitan-Vickers.)

described for direct coupled machines,
the slide rails or slide base taking the
place of the bedplate. The lining up
between the driving and the driven
pulley should be carried out as shown
in Figs. 42 and 43, page 247, and described on page 251. Care should be
taken to see that the shafts are parallel,
since if this is not so the belt will run off,
or it will run to one side of the smaller
pulley if the out of parallel is not very

large. When the shafts are parallel, but
the pulleys not in line, the belt will run
to one side of the larger pulley.
Jointing the Belt.
When jointing the belt the two ends
should be cut absolutely square and the
belt fastener should be securely fitted.
After the belt is in place the whole drive
should be revolved by hand to make
sure that everything is working correctly.

730

THE INSTALLATION AND ERECTION OF ELECTRIC MOTORS

Finally, pulleys should always be fitted
as close as possible to the bearings so as
to avoid excessive strain on the shaft,
and for the same reason the power side
of fast and loose drives should always be
next to the motor bearing. It also
follows from this that the pulley should
not be too small in diameter, since the
belt pull will increase as the diameter
decreases. The only way in which the
minimum pulley diameter can be arrived
at is to consult the motor maker. In
any case, a pulley of smaller diameter
FORWARD.

REVERSE

drives. The motor pulley diameter in
inches will then be :—
Belt speed x3.8 3,00o X 3.8
— 11.4 ins.
Motor r.p.m.
r,000
An III-inch diameter pulley would
be used here. For the size of pulley
required on the lineshaft we may use the
same formula, which gives us :—
Belt speed X 3.8 3,00o x 3.8
— 45.6 ins.
Lineshaft r.p.m.
25o
Here again the diameter would be
rounded off to 45/ inches.
The pulley face is fixed as follows.
From the curve it is seen that a single
oak tanned leather belt will transmit
4.5 h.p. per inch of width when it runs at
3,000 feet per minute. The rated output
of our motor is 20 h.p., and a standard
ventilated type motor of this size will
carry 25 per cent. overload for two hours.
It is usual to allow for this overload so
that the horse power to be transmitted
by the belt should be taken as 20 X 1.25

=25.

Fig.

16.-CHANGING ROTATION
OF A THREE-PHASE MOTOR.

The alterations in connections
of a three-phase motor to reverse
the direction of rotation are
shown above. Observe that it
is only necessary to change two
of the supply cables at the
motor starter. It is unnecessary
to alter any connections in the
motor terminal box. The connections for a star-delta job
are shown dotted in the centre.
Here also the rotation is reversed by changing over L, and
L2 on the starter.

than is given on the manufacturer's
outline drawing should not be employed
until it has been approved. If this is not
done motor makers will not take any
responsiblity for broken or bent shafts.

Calculating Belt and Pulley Sizes.
Let us work out the belt and pulley
particulars for the following drive. A
motor of 20 h.p. output when running
at i,000 r.p.m. is to be belted to a lineshaft which must run at about 25o r.p.m.
In order to make a start let us take the
belt speed at 3,000 feet per minute. This
is good average practice for main belt

The belt width will therefore be :—
Horsepower load (max.)
25
— 51 inches
Horsepower per inch
4.5
It would be good practice to make the
belt width 6 inches and the pulleys should
be about i inch wider than the belt,
so that both pulleys should be about
7-inches face. Both the pulleys should
be larger in diameter in the centre than
at the edges. This is termed " crowning "
and a good value is I inch per foot of
pulley face ; that is to say, a pulley of
12-inches face and il-inches diameter at
the centre would be io/ inches diameter
at each edge of its face.

Crowning.
The crowning should be independent
of the diameter, so that in our case both
pulleys should be crowned the same
amount, which should be :—
Actual face
7
x Crowning per foot = —
x
12

12

0.146 inch.
In a case like this we should crown the
pulley about / inch (0.125 inch) and we will
round the calculated dimension off to
that figure. The minimum centre distance for this drive should be :—
Centres of pulleys =diameter of large
=
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pulley x 4= 45i x4=182 inches, say, 15
feet.
Summarising our calculations, therefore,
we have :—
Motor pulley : Ili inches diameter x
7 inches crowned face, to sketch.
Lineshaft pulley : 451 inches diameter x
7 inches crowned face, to sketch.
Belting : 6 inches wide, best oak tanned
leather.
Minimum centre distance : 15 feet.
Rope drives are very popular in textile
mills and they are capable of carrying
large powers very efficiently ; the life of
a good rope drive also is very long and the
drive is smooth and sweet.
The ropes which are employed are made
from cotton and the common sizes of
rope are from 4 inch to 2 inches diameter.
While the rope speed which is employed
varies from about 2,000 to 6,000 feet per
minute, 3,000 feet per minute may be
taken as a good average and at this speed
the horse power transmitted per rope will
be approximately as follows, when good
quality cotton ropes are employed :—
Rope
diam.,
inches.
i
7
33-

I
IT,
If

H.P. per,
rope
at
3,000 ft./
min.
7.o
9.5
12.0
15.5
19.o

Rope
diam.,
inches.

H.P. per
rope
at
3,000 ft./
min.

I
ii
It-

I/
2

23.5
27.5
32.5
38.o
49.5

17.—REVERSING

ROTATION OF A
TWO-PHASE MOTOR.

This figure refers to motors connected
on two-phase, three-wire systems. As in
the case of three-phase motors, the rotation is reversed by changing over the
supply cables only, the connections from
motor to starter remaining untouched . As
shown, L3 and L4 should be reversed.

Pulleys for Rope Drives.
The pulleys for rope drives are grooved
and are generally made of cast iron.
The effective diameter of a rope pulley
may be found in the same manner as was
described for a belt drive, but it is necessary
to ensure that the pulley is not too small
for the rope size adopted, and the minimum size of pulley may be found as
follows. These figures refer to rope speeds
of 3,000 feet per minute and under these
conditions the minimum pulley diameter
should be:—
Rope diam.,
inches.

11
FORWARD.

REVERSE.

FORWARD.

Fig

Rope Drives.
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Minimum pulley diam.
in rope diameters.
20

REVERSE.
22
24
25
30

Fig. 18.—CHANGING ROTATION OF
TWO-PHASE, FOUR-WIRE MOTOR.

The motor connections to the
starter should not be interfered
with. To reverse the motor, change
over supply leads LI and L3 as
shown.

As an example, the minimum advisable
pulley diameter for a i2-inch diameter
rope running at 3,000 feet per minute
would be 25 rope diameters, or i inches x
25 = 372 inches.

Foundation Work for Rope-driven Motor.
The foundation work and grouting
for a rope-driven motor will be exactly
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Fig.

19.—STARTING A SLIP-RING MOTOR.

Handle A is shown at " on " and the operator is working handle B to
bring the motor up to speed. The starter is of the oil-immersed type, comprising a circuit breaker for the stator and a resistance controller for the
rotor, the stator breaker is at the top. (Metropolitan-Vickers.)

as already described, and the lining up
will be the same as for a belt drive. The
distance apart of the pulley centres is of
little importance, since the ropes drive
on the sides of the grooves. Some
drives work well with pulleys almost
touching, while the use of idler pulleys
to support the rope makes very long
centre drives quite practicable.
Rope driving is a very specialised matter
and space is too limited to do full justice
to it ; for further information the reader
should consult the cotton driving rope

makers, who have full figures, and will
advise on any drive.
" Texrope," " Whittle " and Other Shaped
Belt Drives.
Drives of this type are becoming very
popular and they certainly have much to
recommend them on the scores of life,
space utilisation and load capacity. It
is not possible to give any information
here regarding these different types of
shaped belt drive, since each manufacturer
has arrived at his own table of loadings,
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and the pulley shaping varies for nearly
every type of belt. It can be stated,
however, that in all cases where the
centre distance will be short, the speed
high, or the space restricted, it will pay
to consult the makers of these special
types of belt.
CHAIN DRIVES.
Chains are of value where a positive
and silent drive with a high load capacity
and long life is required. Here again
chain makers, such as Messrs. Hans
Renold, Ltd., should be consulted, but
the following brief notes may be of
assistance in preliminary considerations
affecting chain drives.
There is practically no centre distance
limit for a chain drive, but it is good
practice to make the distance between
the pinion and wheel centres about 45
chain pitches. That is to say, a good
centre distance for a i-inch pitch chain
would be about 45 inches.
Speed Ratio with Normal Chain Drive.
It is not advisable to have more than
120 teeth in the large wheel and the
pinion should not have fewer than about
19 teeth, although 17 can be used in
certain cases. This means that the speed
ratio with a normal chain drive will
not usually be greater than :—
I20
120
= 7.o6
— = 6.3, or in special cases
10
17
Chains and wheels should be enclosed
in gear cases and well lubricated, and the
lining up should be done on the same lines
as for belt drives. The selection of a correctly proportioned chain drive can only
be done from a maker's list, and application should be made to the manufacturers
when a chain installation is contemplated.
GEAR DRIVES.
There are many types of gear drive
which may be employed, but we may
first state, as a general rule, that the
alignment of the gearing is of the utmost
importance. Lack of attention to this
will result in violent vibration and breakage of gear teeth, and in any case it is
advisable to consult the motor makers
regarding a gear drive in order that the
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REVERSE

MOTOR
TERMINAL BOX

TARTER

Fig. 20 —REVERSING A SHUNT-WOUND
D.0 MOTOR.
For D C. motor reversals, the supply
cables should remain untouched and the
connections should be altered in the motor
terminal box as shown, where the connections from the shunt field to terminals
Z and AZ are changed over. The brush
rocker should be moved if necessary,
when the motor is reversed.

shaft may be suitably proportioned.
All gears must be machine cut.
Types of Gears.
With regard to the types of gears, spur
gear reductions are common and they may
be employed to give a speed reduction of
not more than six to one. It is good
practice to limit the pitch line speed of a
gear train to not more than i,000 feet
per minute, and rawhide, paper or fabric
pinions give good life and impart a certain
resilience to the drive. In this respect the
" Fabroil " pinion of the B.T.H. Co., Ltd.,
can be recommended.
Single helical and bevel drives must
never be used without consulting the
motor makers, since they give rise to
thrust loads which may ruin the motor
bearings unless special provision is made
for them. Worm gears also give rise
to thrust loadings and should be the subject
of special consultation with the motor
manufacturers.
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In general, it may be said that the
designing of a gear train of any type is
the job of a specialist, and for this reason
the reader is advised to consult a gearing
manufacturer before deciding on the type
of gear drive to be used.

TABLE II.
BORES OF SHAFT DETAILS.

Installation of Motor with Gear Drive.
The installation of a motor with a gear
drive is quite straightforward, but great
care must be taken to see that the shafts
are parallel and that the teeth are fully
in mesh, both in depth and also along
the full face width. The lining up can
be done as for a pulley drive and there is
nothing unusual in the foundation work.

BORING AND FITTING COUPLINGS,
PINIONS AND PULLEYS.
When it is required to fit any of these
details to the shaft extension it should
be bored for the correct type of fit, and
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I.

Pulley Bore
for Correct
Fit.

Pinion or
Coupling Bore
for Correct Fit.

Inches.

Inches.
0.501
1.0015
2 002
3.0025
4.003
6.004

Inches.
0.5005
1.0007
2.001
3.0012
4.0015
6.002

2
3
4
6

The sizes given above will ensure a correct
fit for the type of drive specified and assume the
use of a taper key.

this means that the bore should be
larger than the shaft extension by the
amount shown in Table II. The extension
should be micrometered before boring is
commenced and when the pulley, say,
has been finished to the correct dimensions
it should be fitted on the shaft extension
as follows. The shaft should be lightly
greased and the pulley should be started
squarely on the extension and driven on
by light blows if necessary. Care should
be taken that the pulley remains square
with the shaft extension during the whole
operation of fitting, and a suitable wood of
soft metal driver must be used to deader
the hammer blows. Figs. 5o (A, B, C
and D), 53, 54 and 55, page 25o, clearly
show the method of fitting shaft details
When the pulley is being fitted the shaft
zz
keyway and the keyway in the pulley bon
should be kept opposite to each other
and after the pulley is driven to its fina
position a tapered key should be drivel
home. The correct amount for the kei
taper is about inch per foot.

-0-0-0700-

— SE

rrt

Nominal
Shaft
Diameter.

LL

Fig. 2I.—CHANGING ROTATION OF A COMPOUNDWOUND D.C. MOTOR.
Here again the supply connections are unaltered, all changes being made in the motor
terminal box. Reverse the armature and
interpole connections to terminals A and AA,
as shown, and adjust the brush position, if the
motor sparks. Take care not to reverse the
series field current, otherwise the motor may
run up to a dangerous speed.

WIRING AND CONNECTING.
Every manufacturer of repute sends ou
a terminal diagram with his motors an(
this generally shows how the interna
windings are arranged and how th
terminals are lettered. This diagrar
should be frequently consulted during th
connecting up, and it should be use,
in conjunction with the control gea
diagram.
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Size of Cables.
All cables should be of large enough
size to carry the current which is stamped
on the motor nameplate, and the following
table gives the size of cable which will be
required providing the wiring run is not
long enough to cause a voltage drop of
more than 5 per cent. To read the
nameplate current and then select the
appropriate cable for a short run is perfectly simple, but it is not so easy to decide
what cable to use when the voltage drop
question enters into the choice. Let us
therefore take an example.
Our 20 h.p. motor is of the D.C. shunt
wound type and is wound for ioo volts,
its nameplate current being 17o amps.
Its point of location is 15o yards from the
point of supply.
TABLE III.
CURRENT-CARRYING CAPACITIES OF SINGLE-CORE
V. I. R. CABLES.

Nominal Area
of Conductor.

No. and diameter of
Wires
Comprising
Conductor,

Sq. inch.
o.00r
0.0015
0.002
0.003
0.0045
0.007
0.01
0.0145
0.0225
0.03
0.04
0.06
0.075
o.r
0.12
0.15
0.2
0.25
0.3
0.4
0.5
0.6
0.75

Inch.
1/.036
1/.044
3/.029
3/.036
7/.029
7/.036
7/.044
7/.052
7/.064
19/-044
19/.052
19/.064
19/.072
19/.083
37/.064
37/.072
37/.083
37/ 093
37/.103
61/.o93
61/.103
91/.093
91/.103

Total length
circuit
Permissible in
current to (lead and reI.E.E.
turn) for 1
Regulations. volt drop at
rated current.
Amps.
4.1
6.1
7.8
12.0
18 2
24.0
31.0
37 0
46.0
53.o
64.0
83.o
97.0
118.0
130.0
152.0
184.0
214.0
240.0
288.0
332.0
384.0
461.0

Feet.
3o
3o
30
29
28
33
39
45
55
61
71
83
90
98
103
1I2
I23
132
145
162
172
181
185

On consulting Table III we see that
0.2 square inch cable will carry 184 amps.
and it would appear, therefore, that this
will be satisfactory. Let us check the
voltage drop, however. The motor is

735

15o yards from the supply, so that there
will be 150 x 2=30o yards of cable in
circuit, allowing for the two wires (lead
and return), which are necessary. From
Table III we see that 123 feet of cable
causes a drop of 1 volt when carrying
184 amps.
In our case, therefore, the voltage drop
will be :Motor amps.
Yards of cable X 3
Feet per volt drop X Cable rated amps.
170
Say, 6.75 volts.
3°O23 3 x 184
The supply voltage is 100, so that the
percentage drop is :6.75
X 100 = Say, 6.75 per cent.
100
This is too much ; therefore we will try
0.25 square inch cable and check the
voltage drop as before :oo x 3 x 170
Volts drop - 3
= 5.4 volts,
214
132
giving us 5 4 x 100 = 5.4 per cent. drop,
ZOO
which is still above the 5 per cent. limit ;
we must therefore use o.3 square inch
cable, which gives 4.4 per cent. drop.
FORWARD

REVERSE

MOTOR
TERMINAL BEM

Fig. 22.-REVERSING A SERIES MOTOR.
No starter is shown here because the starting
arrangements of series-wound motors are so
diverse. To reverse rotation, change over the
series field connections to terminals Y and YY
and adjust the brush rocker position, if required.
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Earthing the Frame of the Motor.
The frame of the motor must be earthed,
and a copper earth wire is generally
employed, although the steel conduit or
the cable sheathing may be used providing
this is efficiently earthed. When flexible
metallic tubing (" flexible conduit ") is
used (to allow for movement) on a motor
with slide rails, a copper earth wire must
be fitted to comply with Home Office
Rules.
Soldering Cables into Sockets.
All the cables must be soldered into
the sockets which are provided on the
motor terminals and when this has been
done all the terminals should be well
tightened down. Care should be taken
that no cables cross and make contact
with each other, and for this reason it is
inadvisable to fasten the raw cable ends
under the terminal studs, since strands
may stray out and cause short circuits.
When the wiring is completed it should
be very carefully checked against the
terminal and wiring diagrams supplied,
and if all connections are found to be
correct we may proceed to set the overload
MOTOR
TERMINAL BOX.

STARTER.

SHUNT
RHEOSTAT

Fig. 23.—VARYING THE SPEED
OF A SHUNT OR COMPOUND D.C.
MOTOR.
When a variable speed is required on a shunt or compoundwound D.0 motor, a shunt
rheostat should be fitted in the
shunt field circuit between the
motor terminal Z and starter terminal Z. The motor speed will be
increased as the resistance is
increased ; the rheostat should
be fitted with an interlock to
prevent starting the motor with
resistance in circuit with the
fiele.

trips and time lags and to fill up any oilimmersed control gear.
Overloads.
The overloads should be set at about
15o per cent of the current which is
stamped on the motor nameplate, and
oil-immersed time lags, if any, should be
filled with the correct grade of oil to give a
lag of about 3o seconds. The oil grade
required will be settled by the control gear
maker, and if the starter is of the oilimmersed variety it should be filled up
to the level marked upon it with good
grade transformer or switch oil. If fuses
are fitted the correct size of fuse wire for
15o per cent. to 200 per cent. full load
current should be used and the size of the
wire may be obtained from the following
Table.
TABLE IV
TINNED COPPER FUSE WIRE.
Diameter of Wire

Inch
o 0092
o oio
o oio8
o 0120
o 0124
0 0148
o 018
0 022
o 028
o 029
o 036
0.040
0 044
o 048
0 052
0 056
0.064
0.072
0.080

Fir-,ing Current.

Amps.
86
98
.0
12.8
13.5
17
22
30
41
43
62
73
86
98
III

125
156
191
229

Inspection Before Closing the Main Switch.
Before closing the main switch the
installation should be carefully inspected
to ensure that :—
I. The motor is well bolted down.
2. The belt or other driving equipment is
tight.
3. The motor and belt drives, etc., will
revolve freely when turned by hand
or barred round.
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4. All covers, guards, terminal lids, etc.,
are in place.
5. All wiring is tightly and correctly
connected.
6. All starter, switches, controllers and
brushgear handles are in the off
position, if such a position is fitted ;
otherwise these handles should be
in the start position.
7. All driven machines are out of work.
Having made sure that this is so we
may proceed with the
STARTING UP.
In order to start the motor, we must
first close the main switch so as to make
the machine and control gear alive and
we must then operate the starter so as
to bring the motor and load gradually
up to full speed. Let us first consider
two and three-phase A.C. motors of the
squirrel cage type, for each of which
three types of starting are in common use,
namely, direct-on starting, star-delta starting and auto-transformer starting. For
two-phase motors, star-delta starting is
replaced by series parallel starting.
First of all it should be stated that the
type of starting to be used will depend
upon the regulations issued by the supply
authority who will provide current for
the motor. These regulations must be
consulted and complied with. Otherwise
a supply may be refused.
Methods of Starting.
Turning now to the methods of starting
which have already been mentioned,
the equipment for all of these methods is
generally almost identical in outside
appearance, consisting of a case which
contains the starting mechanism, with
an operating handle projecting from it.
This operating handle usually has three
positions marked as in the illustration,
namely, " Off," " Start " and " Run."
A trip knob or button is often, but not
always, fitted. The function of this is
to return the starter to the " Off " position
quickly without the necessity of operating
the starting handle. In all these types
of starter there is only one handle to
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operate, although there may be more
than one case.
Operation of Starting Gear.
We are not concerned here with the
mechanism inside the starter case ; that
and the function of the starting gear is
explained in another article. That in
which we are interested, however, is how
the starting gear should be operated.
The operation of direct, star-delta and
auto-transformer starters is identical. To
start a motor under any of these systems
the procedure is as follows :—
I. Close the main switch.
2. Move the starter handle smartly to the
" Start " position and hold it there
until the motor has got up to a fair
speed.
3. Move the starter handle from " Start "
to " Run." It will stay in this
position, being held by the trip gear.
This last movement should be decisive, but not too quick, or else it
will not be possible to get into
" Run."
Stopping the Motor.
After this the machine should be up to
full speed, and it will be capable of taking
load immediately. When it is desired to
stop the motor :—
I. Operate the trip knob.
2. Open the main switch of button.
3. Return the starter handle to " Off."
Failure to start or carry the load will
be dealt with later.
Starting Gear of Two or Three-phase A.C.
Motors.
We must now consider slip-ring, two
and three-phase A.C. motors. The starting gear for these is usually contained in
two or three cases, but there are always
two handles to operate. The first of
these handles has only two positions,
" Off " and " On," and serves as a main
switch for the motor. A trip knob or
button is generally fitted on this switch.
The second handle usually has five or
more positions, and is the actual starting
controller. In addition to this, there
may be a handle on the motor itself,
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generally projecting from the end bracket
or slip-ring cover. This will always
have only two positions, " Start " and
" Run," and if it is not present the instruction given for its operation should
be ignored.
In order to simplify the instructions,
let us call the handle having " On " and
" Off " positions A ; the handle having
five or more positions B ; the handle
on the motor with " Start " and " Run "
C.
Starting a Slip-ring Motor.
The procedure in starting a slip-ring
motor should be as follows :—
I. See that the handle C is in " Start "
position, and that handle B is at
" Start," " Off " or 1, whichever is
marked on the case or is at the " all
resistance in" position if there is
no marking.
2. Move handle A from " Off " to " On."
3. Operate handle B by moving smartly
from its first position to the second
step and holding there until the
motor has gained some speed ; then
move smartly to the third step
and hold there as before. This
procedure should be gone through
until the handle is in the last position
and the motor should then be up
to full speed.
4. Move handle C from " Start " to " Run."
The motor is now ready to carry its
full load.
Stopping a Slip-ring Motor.
To stop the machine :—
I. Operate the trip knob or button.
2. Open the main switch.
3. Move handle A from " On " to " Off."
4. Move handle B from the last to first
position ; this only applies where
handle C is not fitted.
Single-phase Motors.
We have now dealt with two and threephase motors. The starting arrangements of single-phase motors are usually
similar, but there are several makes of
single-phase machines which have special
starters. In any case, the use of single

phase for anything but the smallest
motors is rapidly decreasing, and these
are always simply switched on the line.
The reader is advised to consult the starting gear and motor makers when he has
any problems involving fair-sized singlephase motors.
The starting and control of D.C. motors
is treated in the article " Starters and
Control Gear for D.C. Industrial Motors "
on page 28o, and the reader is referred
to that article for the method of starting
and stopping this type of machine.
MOTOR WILL NOT START.
When the motor will not start as soon
as the starter is operated, or if it does not
run up to speed in about 3o seconds, the
main switch should be opened and the
starter handle returned to the " Off "
position immediately. If this is not done,
the winding will be burnt out.
Before re-attempting to start the motor,
make the following examination and
rectify any points which are incorrect.
If it is impossible to find the fault consult
the manufacturers immediately.
i. Make sure that the supply voltage is
reaching the starter.
2. Check all connections against the diagrams supplied with the motor and
starter.
3. See that there are no breaks in cables
or wires and that all terminals and
connections are tightened down.
Ensure
that motor is not overloaded ;
4.
remove belt, chain, gear or coupling
bolts and try to start without load.
Examine
each step of starting equip5.
ment to see that there is no bad
contact or short circuit.
6. Make sure that all motor brushes are
down and making good contact with
the commutator or slip rings.
7. See that line voltage at starting does
not drop so much that starting torque
is lost. Measure the voltage and if it
falls more than 15 per cent. put in
new cable of larger size or report
matter to the supply company.
MOTOR WILL NOT CARRY LOAD.
If the motor starts but will not carry
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the load or attain full speed, the following
examination should be made in addition
to the other points enumerated above :—
I. See that overload trips are set correctly
at II to 2 times the nameplate
current.
2. If oil filled time lags are used, see that
these are filled with the right oil.
3. Ascertain that the driven machines
are not in work and that the drive
is free.
4. Starting may be too rapid ; start more
slowly.
The above brief notes refer to faults
with motors when installed. For further
information the reader is referred to the
section on " Faults in Dynamos, Motors
and Rotary Converters," which begins
on page 766.
REVERSING THE MOTORS.
We have now carried out all the installation and the only thing which remains
is that the motor may be running in the
wrong direction. This can easily be
corrected by altering the connections as
shown on the diagrams.
The procedure may be summarised
as follows :—
Three-phase Induction Motors of Any
Kind.
Reverse any two of the three supply
cables entering the starter or motor switch.
Two-phase Induction Motors of Any Kind.
(1) Three-wire supply : Change over the
two outer supply cables entering the starter
or motor switch. The neutral wire should
remain undisturbed.
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(2) Four-wire supply : Reverse one
phase by changing over its two supply
cables at the starter or motor switch
terminals.
Single-phase Motors.
Consult the manufacturer's instructions,
because these vary for nearly every make
of motor.
D.C. Motors.
Shunt and shunt interpole types.—Reverse the shunt field connections in the
motor teiniinal box.
Compound and compound interpole
types.—Reverse the armature and interpoles in the motor terminal box. Care
should be taken not to reverse the• compound
winding, otherwise damage to motor and
driven machine may result.
Series and series interpole types.—Reverse the series field in the motor terminal
box.
On all D.C. motors it may be necessary
to adjust the position of the brushes on
the commutator when the motor is reversed, since otherwise they may spark.
All reputable manufacturers mark the
brush positions for both directions of
rotation and the rocker should be moved,
if necessary, to the correct marking.
INSTALLATION OF GENERATORS.
Although this article deals primarily
with motors, it can be applied also to
generators or dynamos, since these are
in reality only motors which are supplied
with mechanical power, so generating
electrical energy, instead of consuming
energy and giving out mechanical power.
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ELECTRIC AND MAGNETIC CIRCUITS
By PROFESSOR MILES WALKER, M.A., D.Sc., F.R.S.
In this article will be found some simple definitions of the quantities
involved in the electric and magnetic circuits and a simple statement of
the relations which exist between them. This is intended to help readers
to visualise the beautifully symmetrical relations between them. A later
article deals with the applications of these quantities in the development
of electrical machinery.

E

LECTRICITY occurs in positive Similarity Between Electric and Water
and negative grains—protons and
Systems.
electrons. The whole of matter,
The analogy of electricity in a conductor
solid, liquid and gaseous, is built up of to water in a pipe filled with some very
complicated arrangements of these p otons porous substance is very remarkable. No
and electrons. The properties of matter wonder that the early philosophers talked
are due to the ways that they move as about the " electric fluid." To make the
they whirl about one another like analogy more complete we should consider
suns and planets in
a myriad of solar systems.
In a conducting
solid such as copper
(especially when very
cold) the protons, the
positive grains, are
pretty well fixed but
some of the electrons
are free to wander.
Electrons can flow
through solid copper
more easily than water
can flow through a
sponge. It is mainly
be cause electricity
flows through copper
and aluminium more
easily than water
through a pipe and
because great pressure
can be exerted on it
without " bursting "
the insulation that we
use it for transmission
of power in preference
to hydraulic t ran sFig. I.—SHOWING THE ACTIONS AND INTERACTIONS IN THE INTERmission.
LINKED ELECTRIC AND MAGNETIC CIRCUITS.
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closeness of the lines. If we
agreed upon some convention,
say that io lines drawn shall
represent a flux of Io gallons
per minute ; then if the pipe
were reduced to r square inch
cross section so that we draw
io lines per square inch of
area, this density would
represent a flux density of
ro gallons per minute per
square inch.
The drawing of streamlines
to represent some physical
state of matter is very
convenient because it gives
us a picture of the state in
question. The closeness of the
lines represents the intensity
of the state and the direction
of the lines represents the
direction of flow.

Magnetic Fields.
A good instance is the case
of a magnetic field. Take a
straight permanent magnet,
cover it with a piece of
white cardboard and sprinkle
iron filings over it. The filings
arrange themselves in a pattern like that shown in Fig. 2.
This pattern tells us that we
can map out a magnetic field
by drawing lines (or imagFig. 2.—THE APPEARANCE OF A MAGNETIC FIELD.
ining lines drawn) throughout
Take a straight permanent magnet, cover it with a piece
of white cardboard and sprinkle iron filings over it. The
the space occupied by the
filings arrange themselves in a pattern as shown.
field. Where the field is
strong the lines will be close
a closed-circulation system such as we together and where it is weak they will
have for heating a greenhouse. Reduced be farther apart. It is a fortunate circumto its simplest elements, it may be repre- stance that the laws of variation of
sented as in Fig. 3. Water rises in a heater a magnetic field exactly correspond to the
on the left, passes along the top pipe and geometrical arrangement of continuous
returns by the bottom pipe. The cause of lines drawn through space. The density of
the circulation is the difference of head in the lines, that is the number per square
the cold and hot vertical columns. If we centimetres, corresponds to the strength
had pure streamline motion, the three of the magnetic field. The strength of the
streamlines shown would represent the magnetic field is defined as the force in
course of certain particles of water. Where dynes on a unit magnetic pole and a unit
the pipe is wide the streamlines are far pole is defined as a pole of such strength
apart. Where the pipe is narrow the lines that when it is placed one cm. away from
are nearer together. The velocity of the a pole of equal strength repels it with a
water in the pipe is indicated by the force of one dyne. The field strength is
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unity at a distance of one cm.
from a unit pole.

A

The Heaviside Units.
Imagine a sphere of one cm.
radius, see Fig. 4, described around
a unit magnetic pole ; it will have
an area of 4 7r (about 12.57) sq.
cms. Call it about 12 sq. cms. for
short, then as we draw one line
for each sq. cm. in a unit field,
there will be about 12 lines
(actually 4 ir lines) radiating from
a unit pole. It is this circums t a n c e that introduces the
irritating constant, 4 ir, into all
Fig. 3.—THE LINES IN A MAGNETIC FIELD.
our calculations. Oliver Heaviside
This illustration is a good example of the similarity between
proposed new electric and mag- electric
and water systems. Without any alteration it may
netic units that would do away represent either the flow of water in a pipe, the flow of elecwith the 4 r but electrical tricity in a conductor, or the magnetic flux in a closed magengineers of the day were not netic circuit.
sufficiently far-seeing to take his
advice. However, in this article I one quarter as great when the distance
shall adopt the Heaviside units because from the pole is increased to double. Thus
I must not spoil the beautiful symmetry the " law of inverse squares " gives a
of the relations between the electric and result which corresponds with the density
magnetic circuits. Nature has given us a of lines radiating from a point. In considermost beautiful symmetry. Only man is ing an isolated magnetic pole as in Fig. 4,
we are assuming that the pole of opposite
vile with his 4 n.
If we imagine a sphere of two cms. polarity is at such a great distance that
radius described about the unit pole, it the curvature of the lines can be neglected
would have an area four times as great as but in practice the lines always curve
that in Fig. 4, and as the number of lines round and return to the pole of opposite
is the same as before the density of the polarity as in Fig. 2.
lines will be one quarter as great. This Lines in a Magnetic Field.
corresponds to the field strength, which is
In every magnetic field the lines curve
round and form a circuit such as that
illustrated diagrammatically in Fig. 3,
which without any alteration may represent either the flow of water in a pipe, the
flow of electricity in a conductor, or the
magnetic flux in a closed magnetic circuit.
In each case the closeness of the lines
together (e.g., at the right-hand side of the
diagram) indicates the intensity of the
physical state illustrated.

The Total Flux.

Fig. 4.—SHOWING AN IMAGINARY SPHERE
OF I CM. RADIUS DESCRIBED ROUND
A UNIT MAGNETIC POLE

One obvious feature that is common to
all these cases is that the total number of
lines crossing any total section of the path
is a constant. The total number is called
the total flux or simply " the flux." We
will take the water case as the prototype
and see how closely analogous all the other
cases are. It is best to consider the pipe
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units as stated above, appropriate
for each case.

Finding Flux Density at any Point.
Now if we take the drop in
pressure per unit length we arrive at
a quantity of great importance
because if we know it and also the
nature of the medium, we can
arrive at the flux density at any
point. This drop in pressure per
centimetre length of path is often
spoken of as the force at a point.
The electromotive force per centimetre gives us the electric force at a
Fig. 5.-A SIMPLE CASE OF THE INTERLINKING OF
point and tells us the stress on the
ELECTRIC AND MAGNETIC CIRCUITS.
material. The magnetomotive force
filled with some very porous substance in gilberts per centimetre gives us the
that causes a slight resistance to flow magnetic force at a point and is usually
throughout the whole thickness of the pipe denoted by the letter H. The magnetic
otherwise the water will flow more rapidly force at a point is the force in dynes in a
unit pole.
in the centre and spoil our analogy.

How the Motive Force is Calculated.

Electric Force.

The electric force at a point denoted
Note that in all cases we cannot get
multiplied by the distance 1 over
any flux unless we have a motive force by 6
which it is exerted (say distance from
that is a tendency to move the flux in
A to B in Fig. 3) gives us the voltage E
question. We have the water motive force
applied to that distance so that 6 x 1 = E.
in the one case, the electromotive force
The magnetic force at a point H multiplied
and the magnetomotive force in the other
by the distance 1 over which it is applied
cases respectively. We have the resistance
gives us the magnetomotive force applied
of the pipe to the flow of water, the resistto that distance so that H x 1 = M.M.F.
ance to flow of electricity in the electric
circuit and the reluctance of the magnetic Displacement of Electrons.
When an electric force is applied to an
circuit. In each case we have a law
insulating material such as air, ebonite
analogous to Ohm's Law, namely :—
The motive force is equal to the resist- or mica it causes a displacement of elecance multiplied by the flux. The motive trons within the molecules of the material.
force might be measured by grams
per square centimetre in the water
case, by " volts " in electric case E
and by " gilberts " in the magnetic
case. In each of these cases we
can distinguish between the total
motive force or pressure required
to make the flux go round the
411H11111111111111111111111110
whole circuit and the pressure
required for a portion only of the
circuit. We may confine our
attention to a portion of the
circuit, say between the point A
and B one metre apart in Fig. 3.
We may then speak of the drop
of pressure between A and B and Fig. 6.-SHOWING EFFECT OF INSERTING AN AIR GAP (MARKED
this will be measured by the same
N AND S) IN A MAGNETIC CIRCUIT.
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The electrons behave as if
they were tethered with an
elastic tether to the protons
of the molecule. They can
only move so far under
the electric force and they
spring back again when the
force is removed. An insulator will not allow a
continuous flow of electrons,
as occurs in a conductor, but
only a displacement.
The amount of this displacement, denoted by D,
for a given electric force Fig. 7.-EFFECT
depends upon the dielectric
constant denoted by k.
For air this is taken as 1, for ebonite
it is 2.5, for mica about 7. ' We
multiply the electric force by the
dielectric constant to obtain the displacement so that i. x 6 = D. It is the displacement which allows current to flow
into a condenser. While the displacement
is occurring we have an electric current for
the time being. After the displacement has
occurred in the insulation of a condenser
we say that we have put in a certain
quantity of electricity, denoted by Q.
Thus current multiplied by the time it
flows gives us the quantity. An electric
current through a dielectric is the rate at
which the quantity is changing.
We see that Fig. 3 might represent a
structure of homogeneous insulating material subjected to an electromotive force
which has brought about a displacement
of electricity around the whole circuit.

WHEN A CONDENSER (C) IS INTRODUCED INTO
THE ELECTRICAL CIRCUIT.

The-intensity of the displacement is everywhere indicated by the closeness of the
streamlines. To achieve the actual result
shown, the material would have to be
surrounded by another material whose
0 ; no such material exists.
What Happens when a Magnetic Force is
Applied to a Material.
Similarly when a magnetic force H is
applied to a material it brings about a
certain magnetic displacement or magnetic
flux-density denoted by B. The amount
of this depends on the permeability
So
of the material denoted by it.
that B = p H. This corresponds to
the electric case where D = 6. Assuming that B is constant over some complete
cross-section of the magnetic circuit ;
then B multiplied by the area gives us the
total magnetic flux, 0. Assuming that D
is constant over some
complete cross section of
the electric circuit in a
dielectric; then D multiplied by the area gives us
the total quantity of
electricity, Q.
0111111111111111M111111111111110

Fig. 8.-SHOWING

A CONDENSER IN THE ELECTRIC CIRCUIT AND AN
AIR GAP IN THE MAGNETIC CIRCUIT.

Interlinking of Electric
and Magnetic Circuits.
Having now defined the
various electric and magnetic quantities and the
symbols by which they
are denoted we can discuss
the relations which exist
when an electric circuit

ELECTRIC AND MA GNETIC CIRCUITS
is interlinked with a magnetic circuit.
Every electrical apparatus from the
electric bell to the turbo generator
consists of a more or less complicated
interlinking of electric and magnetic
circuits.
A simple case is illustrated in Fig. 5.
The copper ring on the left marked E is
the electric circuit and the iron one on the
right marked M is the magnetic circuit.
A current flowing in E in the direction
shown by the arrow creates a magnetomotive force (M.M.F.) in the iron ring.
Assuming that the ring is uniform and of
length the M.M.F. divided by 1 gives us
H; and H xp=B the flux-density.
B multiplied by the area gives us the total
flux 0.
Effect of Changing Magnetic Flux.
So long as 0 remains constant it has no
effect upon the electric circuit ; but when
it sinks in value it creates an E.M.F. in
the direction of the arrow tending to maintain the current. When it rises in value it
generates an E.M.F. which opposes the
flow of the current. An interesting case to
consider is where the temperature of the
copper is so low as to make the resistance
of E nearly zero. A current once started
will go on flowing until it is killed by the
resistance. At a temperature of liquid
hydrogen it will go on for hours without
showing appreciable diminution. In this
case it is maintained by the minute E.M.F.
supplied by the very small change in 0.
How a Permanent Magnet is Magnetised.
If the resistance were zero the current
would flow for ever and 0 would remain
constant. 4.is would be a case of permanent magnetism. A permanent magnet
is magnetised by moving electrons whose
orbits have no resistance and go on rotating for ever. In the hypothetical case
illustrated in Fig. 5, the iron ring is
supposed to constitute the whole of the
magnetic circuit and the magnetic lines
are supposed to lie wholly within it.
In practice there would also be some
lines in the air space all around and even
within the copper conductor. The electric and magnetic circuits are never
quite distinct from one another but
occupy some of the same space ; but
for the sake of simplicity we will neglect
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the parts of the circuits where they
overlap.
The Air-Gap.
Now make an air-gap like that
marked N and S in Fig. 6. The magnetic
lines must now cross this air-gap and the
magnetomotive force required to drive
the flux round the circuit would be greater
than for a closed iron circuit. The
pieces N and S become magnetic poles.
If we were to straighten the ring out
into a bar the magnetic field would stretch
out on all sides and resemble somewhat
the field illustrated in Fig. 2. Every
line would still form a complete circuit.
Now assume that the iron part of the
circuit becomes smaller and smaller, until
it finally disappears. We will have left
a magnetic field something like that
illustrated in Fig. 2, but maintained
entirely by the current in the circuit E
without the help of the iron core. For a
given current in the copper ring the total
flux in this case would be very much less
than for a complete non circuit, but if
the current were big enough it could
make 0 the same as before.
When a Condenser is Introduced into the
Electrical Circuit.
Now consider the case illustrated in
Fig. 7 where a condenser C is introduced
into the electric circuit. This consists
of a slab of insulating material introduced
between the plates shown at C. The
electric current cannot now flow on
indefinitely. The current I will charge
the condenser, the quantity Q being equal
to I multiplied by the time it is flowing.
The current will not flow at all unless
it is urged by some E.M.F. We may for
the purpose of our argument say the
E.M.F. at the moment shown is supplied
by the late of change of 0 which is
sinking so rapidly as to enable I to charge
the condenser. But 0 cannot go on
changing continually.
When the Condenser Begins to Discharge.
There will come a time when it sinks
to zero and the current also sinks to zero.
The charged condenser will then begin
to discharge. The current will be reversed.
It will be driven by the spring action
of the electrons in the dielectric which
B
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are always trying to discharge the condenser. As the reversed current rises
the reversed 0 must also rise. But
an increasing 0 means that there is a
back E.M.F. generated in E. This
balances the E.M.F. supplied by the
charged condenser. The condenser goes
on discharging until it is empty, but the
current does not stop then.
Charging the Condenser in the Opposite
Direction.
Both 0 and I have been increasing
all the time that the condenser was
discharging because it was the increase of
0 that balanced the E.M.F. of the charged
condenser. The current must, therefore,
go on and charge the condenser in the
opposite direction. The E.M.F. which
maintains it during this operation is
generated by the sinking of 95. Both
and I sink in value until the condenser
is charged in the opposite direction
and as soon as 0 is zero the condenser
again discharges. Thus we get an
oscillatory discharge such as occurs in
the condenser circuits of our radio
apparatus.
Now refer to the symmetrical arrangement shown in Fig. 8. Here we have a
condenser in the electric circuit and an
air-gap in the magnetic circuit. Fill
the space of the condenser with a slab
of material having a dielectric constant K.
Assume for simplicity that the resistance
of the rest of the circuit is zero. Fill
the air-gap with a slab of material having
a permeabilityµ and assume that the
reluctance of the rest of the circuit is
zero. The whole of the E.M.F. in the
electric current is thrown on the condenser
and the whole of the M.M.F. of the
magnetic circuit is thrown on the slab
of material of permeability p. Let us
denote by 1 the effective length of the
electric circuit through the thickness
of the dielectric and the effective length
of the magnetic circuit through the thickness of the slab of material. The effective
areas are the area of the condenser plate
in one case and the area of the pole
pieces in the other.

Actions and Interactions in the Interlinked
Electric and Magnetic Circuits.
All the actions and interactions in the
interlinked electric and magnetic circuits
are then given in Fig. Z. It is necessary
to write these in the form of a circle,
because they are mutually related and
one cannot say where to take the beginning.
In describing the diagram one may
arbitrarily start at the top with Faraday's
discovery that the E.M.F. in a circuit
is equal to the rate of change of flux
through it. If the whole of the E.M.F.
is exerted on a dielectric as in this case,
we get the electric force 6 by dividing
the E.M.F. by 1. We then get the electric
displacement by multiplying by IC and
so on, from one quantity to another,
round the whole circle. The right half
of the circle relates to the electric circuit ;
the left hand is the magnetic. What is
so beautiful and symmetrical about
Nature's invention of this interlinking
is that if we draw a diameter to the circle
at any point we will find exactly analogous
equations opposite to one another. Man
did not make this symmetry, he only
discovered it. Every electrical engineer
ought to understand and appreciate it.
Importance to the Wireless Engineer.
In separating the two circuits for the
sake of simplicity we necessarily fail to
tell the whole story. But in most
apparatus used for the generation and
transmission of power the two circuits
can be separately considered. We have
neglected to take account of the time
taken for the effect in one circuit to reach
the other. This is negligible in most
apparatus not concerned with electric
waves. A correct understanding of Fig. I
is also important to the wireless engineer.
If he opens out the condenser and
straightens out the electric circuit into
a straight bar, he gets his aerial. All
the relations given still hold except that
the time taken for an effect to travel
outward gives rise to electric waves and
the loss of energy by radiation. These
features lie outside the province of this
article.
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THE
PLANNING OF AN INSTALLATION
By H. W. JOHNSON.
HE subject of illumination is a
most important one for the
practical electrical engineer.
Readers who desire to study the important
question of illumination at greater length
will find the subject dealt with fully in the
articles on the illumination of houses,
factories, churches, shops, etc. For the
present purpose the following brief notes
on domestic illumination will suffice to
show the general principles.
Before the work of fixing electric
wires in a building is commenced, careful
attention must be given to the following
points :—
(1) The requirements of the installation.
(2) The type of building, and the system
of wiring which will be most suited
to it.
(3) The illumination which will be
adequate at the various lighting
points.
(4) The convenience and safety of
control.
(5) The arrangements of the various
circuits.
(6) The economical operation and maintenance of the installation.
(7) The initial cost of the installation.
Requirements of an Installation.
After consideration of the work an
installation has to do, it is usual to state
the requirements of the installation in
the form of a schedule. This schedule
will give the exact position of all the
lighting and power points to be fitted and
the controls of these points, the particular
type of lighting fittings and power
apparatus, and the wattage of each point.

T

The Type of Building and Method of
Installing the Wires.
The type of building often determines

the system of wiring which is installed.
The steel conduit system is to be recommended for private houses and public
buildings which are in the course of
erection. This system is mechanically
strong, fireproof, and safe. Steel conduit
may be run between floors and concealed
in the plaster of the walls, and therefore
is entirely hidden from view.
There are many excellent soft-metal and
non-metal sheathed wiring systems which
may be used. They are employed to great
advantage when the building in which the
installation is to be fitted is complete,
as most of the work would be on the
surface, and the decorations are not
interfered with, or damaged in any way.
A lead-covered or Macanite wiring system
would be less unsightly than a conduit
system under these circumstances.
In workshops and mills a cleat system
may be used, provided the cables are
erected in such positions that they are
safe from mechanical injury. The initial
cost is very low, and the system lends itself
readily to extensions and alterations.
Armoured cable should be installed on
those sections of the circuit which are
liable to rough treatment.
If acid or other corrosive fumes are
likely to be present in the atmosphere
of the building, cab tyre or Macanite
wire should be used.
Lounge.
A lounge requires a good general illumination free from sharp shadows. This
effect may be obtained by using a translucent bowl fitting fixed close to the ceiling.
In order to obtain the best effects the
ceiling should be of a white glossy nature.
The bowl throws most of the light on to
the ceiling, where it is reflected downwards
into the room. This light and the light
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diffused through the bowl combine to give
a very pleasing illumination free from
sharp or deep shadows.

Dining Room.
A dining room requires a good warm
light over the table, and in addition a fair
general illumination over the room to
prevent too great a contrast between
the brightly lighted table and the rest
of the furniture.
The table is best lit with a fitting of the
counter-weight type, with a silk or parchment shade to harmonise with the decorations of the room. One or two bracket
lamps or a tall standard lamp served from
a lighting switch plug will supply all the
general illumination required. Ambertinted lamps are sometimes used in these
positions to give a more cheery effect.

Bedrooms.
Bedrooms are too often supplied with
a single lamp suspended in the centre of
the room. This supplies general illumination, but is very inconvenient for lighting
the dressing table. Except in small rooms
two lighting points should be used, one
over the dressing table, and the other a
bracket or pendant light over the bed. A
method which is gaining in popularity
is the use of wired furniture, connected to
switch plugs by lengths of flexible cable.
The furniture can then be arranged without regard to the position of lighting
points.

Kitchen.
A central fitting is invariably installed
in a kitchen. This may be a simple
pendant with a diffusing reflector, or
a totally enclosed opal glass fitting. As
most of the work in a kitchen is done
facing the wall, at the fireplace, stove,
cupboards, sink, etc., a diffusion fitting is
most essential to prevent one having to
work in one's own shadow.
Small lamps in pantries and large cupboards are very convenient. If desired,
these can be fitted with special switches
which will only allow the lamp to light
when the door is open, thus preventing
accidental wastage of current.
In deciding the illumination required
for any particular room or purpose, and

the type of fitting to produce the illumination, always have in mind the use to which
the room will be put, the style of decorations, and the general positions of the
furniture and fitments of the room.

Arrangement of the Circuits.
A careful study of the construction
of the building must be given in order
to obtain the best arrangements of the
various lighting and power circuits. The
architects' plans will give the information
required to get the most economical
arrangement and to reduce the amount
of fabric cut away to a minimum. It is
advisable to feed the lighting and power
circuits from separate distribution boards,
owing to the difference in size of the
lighting and power cables. The mains
from the lighting and power distribution
boards may be looped together at the
main switch where an " all in " tariff
for the cost of the electrical energy is
adopted.
The loading of the circuits should not be
heavier than that specified in the rules
of the Institution of Electrical Engineers.
If the conduit system is employed,
arrange that each of the conduit runs
are uniformly filled with wires. Do not
overcrowd the wires in any conduit,
so that if a faulty wire has been included,
it can easily be withdrawn, and a new
wire drawn in to replace it without disturbing the rest of the wires. A wiring
diagram should be prepared, which gives
the actual connections of the circuits.
This will greatly assist the correct wiring
of the installation. It should be noted
that a wiring diagram is not intended to
give the actual fixed positions of the conduit
runs to the various circuits.

Convenience and Safety of Control.
The controls of the lighting and power
points should be chosen so as to give the
maximum convenience and safety. To
this end the position of each switch must
be carefully considered so that a person
operating the switch should not have to
walk any distance in the dark, or go out
of his way to reach the switch point.
Full advantage should always be taken
of two-way controls, especially for corridor
and staircase lighting. For bedroom light-

SPECIMEN SCHEDULE
OF REQUIREMENTS OF AN INSTALLATION
Position of
Lighting Point.

No. of
Points.

No. and Wattage
of Lamps.

Type and Nature of
Switch Control.

Type of Fitting.

H
Hall
Porch
Lounge
Kitchen
Garage
Larder
..
Dining Room

Back Bedroom

I
I
I
I

5

3

Bathroom
Lavatory
Front Bedroom

3

Box Room
Landing ..

I

I
I

6o-watt (clear)
I 40-watt (cleat)
I 75-watt (clear)
6o-watt (pearl)
6o-watt (pearl)
14o-watt (pearl)
oo-watt (pearl)
3 4o-watt (pearl)
I 3-ampere
2 40-watt (pearl)
14o-watt (pearl)
16o-watt (clear)
I 40-watt (pearl)
2 40-watt (pearl)
I 40-watt (pearl)
I 6o-watt (peal])
16o-watt (clear)

Lantern with chain pendant
Watertight bracket
Semi-indirect bowl
Pendant with opal glass reflector
Pendant with dispersive enamelled iron reflector
Ceiling with dispersive reflector
Counterweight with silk flounce or parchment ornamental deep shade.
Ornamental wall bracket at each position
..
..
Switch plug to supply wireless set
Counterweight z-light with ornamental shades
Bed bracket
Bracket with lamp in enclosed opal glass globe
Pendant with opal glass reflector
Counterweight 2-light with ornamental shades
Bed bracket
Pendant with opal glass reflector
Opal glass enclosed bowl

Lighting circuits are fed from a 4 circuit, 5 amperes per way distributing board, which is fixed in the kitchen.
No. I circuit supplies hall, porch, lounge, kitchen, garage and larder.
No. 2 circuit supplies dining room.
No. 3 circuit supplies back bedroom, bathroom and lavatory.
No. 4 circuit supplies front bedroom, box room and landing.

til
2-way tumblers.
single-way tumbler.
I single-way tumbler.
single-way tumbler.
single-way tumbler (H.O. Pattern).
single-way tumbler.
single-way tumbler.

2

single-way tumbler at each position. 0
single-way tumble'.
2-way tumblers.
single-way tumbler (H.O. Pattern).
single-way tumbler (H.O. Pattern)
single-way tumbler.
2 2-way tumblers.
single-way tumbler.
I 2-way tumblers.
2
I
I
I

Power circuits are fed from a 4 circuit, zo ampere per way, distributing board which is fixed in the kitchen.
No. r circuit supplies kitchen and garage.
No. 2 circuit supplies dining room and lounge.
No. 3 circuit supplies back bedroom and bathroom
No. 4 circuit supplies front bedroom and box room.
A Io-ampere 3-pin switch plug is fixed at each power plug position.

9
„
H
ti
1-3
1-1
0
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ing a two-way control is indispensable.
Home Office type switches should be
used in bathrooms, basements, cellars,
and outbuildings, where the floors and
walls are likely to be damp or semiconducting, and where there is any
earthed metal work, such as gas stoves,
steel girders, etc., in the vicinity of switch
positions. Three-pin plugs should be
installed for supplying current to portable
apparatus with a metal framing, so that
this metal work can be connected to
earth through the third pin. When the
plug is not in use, the supply sockets should
be " dead."
Initial Cost.
The cost of an installation varies over a
large range with the system of wiring
adopted, the type and quality of accessoriei and fittings, and the labour involved.
The approximate life of an installation
which is operated under normal conditions
of working is about twenty years. This
life is only obtainable by using the most
suitable wiring system, good quality
materials and reliable labour. The
switches play an important part in maintenance costs. A switch with a good
mechanical contact, and a quick make and
break,will last much longer than an inferior
switch costing 20 per cent. less. The
saving in renewals and labour will more
than compensate the additional first
cost.
The convenience of one or two spare
points on the lighting or power board
should not be overlooked, as the cost of
these at the time of installation works out
much less than that of fixing them individually whenever an extension of the
system is undertaken.
Prepare Specification and Schedule.
A complete specification and schedule
of the installation should be prepared
according to the following plan, and
competent supervision of the work when
in progress should be undertaken. This
will considerably assist in the reliable
erection and fitting of the installation.
SPECIFICATION.
System.
The whole of the installation is to be

wired on the multiple circuit distributing
board system. A list of points on each
circuit to be fixed near each distributing
board.
Cables.
All the cables to be of the 2,500 megohm
grade Cable Makers' Association cable.
No cable is to be single stranded and of
less sectional area than that of a 3/.o29-in.
cable.
No cable must carry more current than
that permitted by the regulations of the
Institution of Electrical Engineers.
Protection.
The cables are to be drawn into welded
steel conduit with screwed junctions.
The whole of the conduit must form an
electrically continuous and watertight
system, and be efficiently earthed. The
conduit must be of the standard required
by the British Engineering Standards
Association.
Accessories and Switchgear.
All accessories and switchgear must
confoim to the requirements of the British
Engineering Standards Association. Main
switchgear must be ironclad. Lighting
switches must be of the Crabtree sunk
type, with quick " make " and " break "
action.
Flexible Wires for Pendants.
High insulation pure rubber flexible
wires must be used for all pendant lights.
Standard of Work.
All work done must conform to the
Institution of Electrical Engineers' regulations for the electrical equipment of
buildings, and to the requirements of the
electrical supply authority.
Guarantee.
The installation shall be guaranteed for
a period of 12 months.
Testing.
The whole of the wiring shall conform
to the standard of the tests required by
the regulations of the Institution of
Electrical Engineers, and the electrical
supply authority.
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AUTOMATIC RAILWAY SIGNALLING
By JOHN DUMMELOW, B.A. (Cantab.)

Fig. 1.—A MAIN LINE RAILWAY TRACK CIRCUIT.
Showing signals, apparatus case and auto-bonds in position.

HE main objects of railway signalling systems are to prevent
two trains being on the same
section of line at once ; to prevent trains
passing over points, crossings, etc., that
are set against them, and to control the
traffic generally. The signals, points,
and other apparatus may be operated
either manually or by power, e.g., electrically or pneumatically.
With power signalling the link between
the trains and the signals is often provided
automatically by electricity ; each train
on passing certain points opens or closes
electrical circuits controlling the appropriate signal levers.

T

Advantages of Automatic Signalling.
Automatic signalling allows the track
capacity to be increased and the upkeep
of signalling apparatus to be reduced.
It can be used on any railway, whatever
the type of traffic, but it is most advantageous on surburban lines where the
intensive service makes manual signalling
very complicated and expensive to maintain.
An outstanding example is the
London Underground Railways, where
automatic signalling enables each track
to accommodate over 4.0 trains per hour.
The basis of modern automatic signalling
systems is the track circuit.
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TRACK CIRCUITS.
Track circuits depend on the conductivity of the rails and the wheels
and axles of the train. The track is
divided into sections of any length up to
about 6,000 ft., according to the density
of the traffic. One or both rails of each
track-circuited section are electrically
isolated from the adjoining rails by insula-

break the control circuits of the signals,
points, indicators, and so on. When a
train enters the track circuit the wheels
and axles provide a path of low resistance
across the rails, short-circuiting the relay ;
this opens the signalling circuits, the
signal indications showing that the track is
occupied taking placing by gravity. When
the train leaves the track circuit the relay
is energised and a clear signal is
given. The signal governing the
track - circuited section cannot
show clear unless the whole of the
section is clear, and as long as
any part of the section is occupied
the signal is placed and kept at
danger.
When the Track Circuit Supply
Fails.
Failures in the track circuit
supply, in the rails, or in the
cables have the same effect as if
the track were occupied, either
locking the levers or setting the
signals at danger. The human
element as represented by the
signalman is eliminated, and
safety is ensured.

Choice of System.
Single-rail track circuits are the
simplest to insulate at points and
cross-overs, but breaks in the
non-insulated rail may not be
detected. In double-rail track
circuits the apparatus is better
protected from extraneous
currents.
Alternating current is used on
most large modern installations ;
it reduces the cost of wires and
cables as distribution can be
Fig. 2.-COLOUR LIGHT SIGNAL, FOG REPEATER AND
TRACK CIRCUIT APPARATUS CASE.
carried out at a relatively high
voltage through transformers
tion at the end joints, the intermediate instead of by heavy voltage D.C. lines or a
joints being bonded to give electrical large number of small batteries.
Steam railways may be track-circuited
continuity. If steel sleepers are used
on one or both rails with either A.C. or
they must be insulated from the rails.
D.C. supply. On electric railways the
How the Rails are Connected.
track circuit must be protected from stray
The rails are connected at one end of the traction current (due to faulty insulation
track circuit to a D.C. or single phase A.C. in train equipment, power cables, or
supply, and at the other end to a track conductor rails), which may produce a
relay the contacts of which make or false indication.

AUTOMATIC RAILWAY SIGNALLING
Electric Railways.
Where an insulated conductor is used
for the traction return, either single or
double rail-track circuits are permissible.
Railways electrified on the D.C. system
may be equipped with A.C. track circuits,
the relays being arranged not to operate
on D.C. On railways using alternating
current tile traction supply is usually
at a much lower frequency than the track
circuit supply ; either A.C. or D.C. track
circuits can be used, the relays
being arranged, if A.C., not to
operate at other frequencies or,
if D.C., not to operate on A.C.
Where . the traction return is
through the running rails, A.C.
track circuits are necessary.
Either one rail may be insulated,
leaving the other free for the
traction current, or both rails
may be insulated and fitted with
" impedance- " bonds, which
maintain the continuity of the
traction return. For short lengths
and near points or cross-overs
where sufficient traction carrying
capacity can be obtained by cross
bonding non-insulated rails, the
single rail method is satisfactory.
It is, however, limited by the
voltage drop in the traction
rail, which may cause large
currents to flow through the
relay and the transformer
secondary windings with the
risk of burning out. With both
rails available for traction current
much longer track circuits can
be used.
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end of the track circuit ; the relay must
therefore require only a small amount of
energy.
Opening of Relay.
The intermediate rail joints are connected by copper bonds ; the impedance
of the rails is increased by worn rails,
bad bondings, or fractures. Sanded, dirty,
or rusty rails may introduce a contact
resistance which prevents the wheels and

Design Consideration.
Fig. 3.-A.C. TRACK RELAYS, CONDENSERS AND TRANSTrack circuits are insulated by
FORMERS IN CAST IRON CUPBOARDS.
means of fibre between the ends
of the rails, behind the fishplates
and around the bolts ; the point rodding axles (the " train shunt ") from making a
and other metal fittings crossing the track complete short circuit. The relay must,
must also be insulated.
therefore, be arranged to open with some
Some energy is wasted by leakage current still in its coils. For maximum
between the rails through the ballast efficiency the opening current should be
and over the surface of the sleepers, as near as possible to the closing
especially when wet. For economical current.
operation the voltage between the rails
The track relay has two sets of contacts,
is limited by the ballast resistance and one set normally open and the other
may vary from .5 to z volts at the relay normally closed. The contact system
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high potential element, which
is immersed in sal-ammoniac,
is depolarised by contact with
the air.
Accumulators may be maintained either by a trickle
charge from a D.C. power
supply or from a small rectifier
supplied with A.C. through a
transformer.
An adjustable resistance is
inserted in the track feed and
limits the current to a reasonable figure when the relay is
short-circuited.
The D.C. track relay consists
essentially of two large coils
connected in the track circuit
and an iron armature carrying
the contacts. The resistance
of the relay may vary from
2 to 10 ohms. The coils are
normally energised, but when
a train enters the track circuit
they are short-circuited and
the armature drops away,
opening one set of contacts
and closing the other.
4.—D.C. TRACK OR LINE REI \ Y.

is enclosed in a glass or glassfronted case for protection.
Where more than four contact
arms are required or where the
track relay has to be placed some
way away from the functions it
controls, " line " or " repeater "
relays are necessary. These considerably reduce the number of
cable or line wires required and
enable several controls to be
grouped together.
D.C. Track Circuits.
D.C. track circuits may be fed
from primary batteries, accumulators (where charging facilities
are available), or rectified A.C.
from a power supply.
Batteries usually have a caustic
soda electrolyte with copper oxide
and zinc elements. Alternatively,
air depolariser cells may be
used ; in these the surface of. the

Fig. 5.—A TRACK TRANSFORMER FOR CONDENSER-FED
A.C. TRACK CIRCUITS.
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D. C. line relays
may be either of
the multi-contact
type or exactly
similar to track
relays ; the coils
are wound for
considerably
higher resistance.
A.C. Track Circuits.
A.C. track circuits are fed
from transformers, the primary
(signalling
mains) voltage
being
usually
Ho or 440 volts,
5o cycles ; the
secondary voltFig. 6.—A.C. TRACK RELAY (TWO-ELEMENT TYPE).
age depends on
the method of
feed. The voltage across the rails may is used by the " track " winding, which is
be 2-5 volts at the transformer end and supplied from the track circuit at about
volt ; the remainder (say II watts)
.75-2 volts at the relay end.
A.C. track relays being fundamentally is used in the " local " winding and is
less efficient than D.C. relays require supplied at Ho volts from the signalling
more power for operation. They are mains. Long and poorly drained sections
made with either single or double elements. can thus be track-circuited economically
In the single element relay the whole and satisfactorily.
For a double element relay to operate
of the energy (say 8 watts) is supplied
from the track circuit. This is only efficiently, the phase angle of the track
economical on very short sections with winding current should be as nearly as
high ballast resistance, such as for track possible at 90 degrees to that of the local
locking and fouling protection at junctions ; current.
The correction of the phase angle of
elsewhere it is wasteful and the train
the feed current, the limitation of the
shunt is unsatisfactory.
In the double element relay less than current from the transformer when a train
.5 per cent, of the total energy consumed is on the section, and the adjustment of
the track voltage necessitate feeding the
track circuit by means of :—
(I) Through a resistance limiting the
short circuit current, and a reactance adjusting the phase angle ;
(2) Through a resistance adjusting the
phase angle, the short circuit current
being limited by the impedance of
the transformer (and by the impedance bonds where these are
Fig. 7.—MERCURY TREADLE FIXED IN POSITION
used), or
ON RAIL.
(3) Through one or more condensers
The construction of the treadle is shown in
performing both functions.
Fig. 13.
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required voltage at the
rails.
Resistances may be
fitted directly to the
transformer ; when used
with reactances both are
often combined in one
unit.
Condensers are oil-immersed and housed in
sheet steel cases; the
capacities range from 3
to 20 microfarads. On
electric railways they
should be insulated to
withstand the full
traction voltage so as to
allow for a leak or short
circuit in the conductor
rail. One or two condensers (one fixed and
one adjustable) may be
Fig. 8.—THE INTERIOR OF AN IMPEDANCE BOND.
used.
•
The ordinary impedance
Condensers can be used on all single- bond consists of a laminated iron core
rail track circuits and on double-rail wound with a few turns of copper
track circuits for steam lines ; they can wire or strip thick enough to carry
also be used on double-rail track circuits the maximum traction current. The
for electrified lines if special " auto " ends of the winding are connected to
bonds are fitted. The " leading " current the rails, and the centre to a similar
component helps to balance the " lagging " bond in the adjoining track circuit (or
component of the current
taken by much of the
other apparatus, thus improving the power factor
of the system and reducing
the current in the main
cables ; the leading power
factor of auto bonds is a
further advantage.
Air-cooled transformers
of the core or shell types
are used. A number of
tracks or track circuits
can be fed from separate
secondary windings on one
transformer. With a resistance or resistancereactance feed the secondary winding- has tappings
for 6, 8, or io volts ; with
a condenser feed it is
wound for the full 110
volts, and the drop across
Fig. 9.—THE INTERIOR OF AN AUTO-BOND.
the condenser gives the
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direct to the rails if not
Insulation
Insulation
track - circuited).
The
traction current flowing
from the ends of the
winding to the centre or
Adjustable
vice versa produces equal
Track Re/ay
To Signals,
and opposite magnetic Resistance
Signal/ ing
Indicators,etc.
fluxes in the core, which
Sapp/.Y
is therefore not magnetBattery
ised and provides a path
of very low resistance
Fig. io.—D.C. TRACK CIRCUIT.
for the traction current.
Showing track clear.
The track circuit current
flowing from one end of the winding to works at a high voltage and low current,
the other produces an alternating flux decreasing the effects of lead resistance.
and, therefore, an inductive reactance ; The core of the bond is magnetised by the
the impedance is about .5 ohm and is auxiliary winding and not by the main
sufficient to prevent, _sOraction current winding ; as the number of turns is in
from interfering with TEe working of the the ratio of about i to 5o, only one-fiftieth
of the current is required. Resonated
relay.
bonds are somewhat
Insulation
Insulation
similar in construction.
A.C. track relays
depend for their operation on the induction of
eddy currents in an aluAdjustable
Track Relay' To Sitnals,
Resistance
minium vane or disc.
The vane is mounted on
a spindle so that it can
Battery
move in its own plane
to open or close the
Fig. II.—D.C. TRACK CIRCUIT.
contacts. In the double
Showing track occupied.
element relay the local
coil is continuously enerAs the track circuit current lost in the gised, inducing eddy currents with their
windings of impedance bonds increases reactive fields in the vane. The track coil
the energy consumption from, say, 5 to 74 flux is out of phase with the local flux, and
watts per I,000 ft. of track, special auto the interaction between them causes the
or " resonated " bonds are often used. vane to move ; the torque is greatest when
With auto bonds the consumption per the phase displacement is go degrees.
,000 ft. of track is reduced to 14.5 watts.
Traction Return
The auto bond combines
Insulation
the functions of an auto- Insulation
transformer and those of
an impedance bond. The
40016,—.
Track Relay
Ad, 14stable
Reactance 8 ,
main core has a fine
Resistance
Local Coil
6KT
ilOw.
wire auxiliary winding
connected in series with
Transformer
— "Q°4119' 6 Q-9°
To
Signals
the track circuit. The
1108 Supply
etc.
voltage is stepped down
at the feed end and
stepped up again at the
Fig. I2.—A.C. SINGLE RAIL TRACK CIRCUIT ON ELECTRIC
RAILWAY (RESISTANCE-REACTANCE FEED).
relay end so that the relay
1111EIBIWEINI
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S EMER STEEL
PLUNGER

RAIL CLAMPS
TO SUIT ANY
SIZE OR TYPE
OF RAIL

TWO INDEPENDENT
INSULATED RELAY
TYPE CONTACTS
EASILY ACCESSIBLE

NO FIXING HOLES
TO DRILL
NO DAMAGE TO
RAIL

STURDY
CONSTRUCTION

Fig. 13.—A MERCURY TREADLE WITH COVERS REMOVED TO SHOW CONSTRUCTION.
The treadle is shown in position in Fig. 7.

A. C. line relays are similar to the single
element track relays.

They operate
train descriptions, etc.
through the deflection of the rails between
two consecutive sleepers due to the weight
of the passing train.
The mercury treadle is bolted to the
underside of the rail, and the deflection
depresses a simple diaphragm, forcing
mercury from a large chamber into a small
chamber, where it makes or breaks contact
in the signalling circuit.
The action is similar to that of a pump ;
the contact-making part of the apparatus
consists essentially of a steel container
having valves and passages through

Track Circuit Applications.
In addition to the general use of track
circuits in automatic signalling, the following are some typical applications :—
(r) To indicate to the signalman the
presence of a train standing at
signals out of sight of the cabin ;
(2) To replace mechanical fouling bars
at facing points ;
(3) To control " route " locking in a
manually or power-operated interlocking area ;
(4) To operate warning
_I Not TrackTrack-Circuited
apparatus at level
Circuited
crossings, and
Traction Return
d
oe
Impedance II
(5) To give fouling bnped_e
point protection in
Bonds
&
Traction Return Bond
> • ) q
>
sorting or marshalling sidings.
Adjustable
Track Relay
TREADLES.
Treadles are primarily
used for releasing lockand-block instruments
and are also employed
for giving warning at
level crossings, cancelling

Resistance

6fr:

6e8ri

ov.

° 49 4 -4 44-4-4 "4- Transformer
110v. Supply

ITo
Signals
etc.

Fig. 14.—A.C. DOUBLE RAIL TRACK CIRCUIT ON ELECTRIC
RAILWAY.
Using impedance bonds (resistance feed).

AUTOMATIC RAILWAY SIGNALLING
Track Circuited

761
Not Track- I Circuited

which the mercury is
Traction Return
either forced or sucked.
Two types of treadle
> (AL:
are made
with the
signalling circuit normBonds
Auto. Bond
ally open or normally
Variable
Kenabk
Variable
Condenser
closed. There are no
Condenseir
Condenser
Track
levers and no wear of
anarecta
Trkwir
Relay
Relay
Transformer
mechanical parts ; a deflection of i /i000th in. is
To
s,
sufficient for operation
etc
whether the rails are
Fig. 15.—A.C. DOUBLE RAIL TRACK CIRCUIT ON ELECTRIC
light or heavy and
RAILWAY.
Using auto-bonds (condenser feed).
whatever the weight of
the train. Non-insulated
The Publishers are much indebted to
treadles are suitable for circuits one side
of which is earthed, and insulated treadles the Siemens and General Electric Railway
Signal Co., Ltd., for permission to use the
for making or breaking either or both of
photographs which accompany this article.
two insulated circuits.

HOW AN ACCUMULATOR WORKS
HEN an accumulator is fully
charged it contains a certain
quantity of sulphuric acid diluted
with water, known as the electrolyte, one
or more positive plates of lead peroxide
and one or more negative plates consisting of pure lead in a finely divided
condition. The colour of the positive
plates is now puce, while the negatives are
a grey colour.
As the battery is discharged the sulphuric acid reacts with the positive and
negative plates. The positive plate is
gradually converted into lead sulphate,
and the negative plate also, at the expense
of the strength of the acid, which is
chemically hydrogen sulphate. The sulphate radical of the acid is used up by the
plates and the hydrogen radical of the
acid combines with the oxygen liberated
from the lead peroxide plate to form water,
which replaces the acid used up from the
electrolyte.
Lead sulphate is white in colour, which
explains the whitish appearance of the
plates when a battery is discharged. It is
not practicable to use up all the active
material of the plates, so that the plates
still retain a semblance of the puce and
grey colours when the battery is discharged.

W

The same action takes place when a
battery is left idle for an indefinite period.
The lead sulphate deposit on the plates is
then more noticeable and so hard as to be
practically impossible to remove by charging. This explains why a battery is
ruined when it is neglected, for if the lead
sulphate cannot be reduced the active
material is lost.
On charge the reverse chemical change
takes place. The lead sulphate on the
plates is reduced to lead peroxide at the
positive plate and lead in a spongy state
on the negative plate, while the sulphuric acid returns to the electrolyte
and increases the specific gravity.
When an accumulator is nearly fully
charged the current passing through the
battery is no longer used to alter the
chemical nature of the plates, so that it
decomposes the water in the electrolyte
to give hydrogen at the negative plate
and oxygen at the positive. This explains
why a battery gases when fully charged,
although owing to the imperfect nature
of the chemical actions during charging
this is not a sure sign of the completion
of the charge. The specific gravity of the
electrolyte is a good measure of the state
of charge, because the sulphate radical can
only be supplied from the spent plates.
0
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THE CONSTRUCTION OF A DOUBLECONE LOUD-SPEAKER
should be carried
Materials Required.
14 feet of i-inch
out accurately to
square planed
ensure a good joint
red deal.
when the frames
3 feet 6 inches
are made.
of ii-inch by
Cut across the
-i-inch planed
wood just outside
red deal.
the lines squared
2 pieces of threeacross the wood
ply wood, each
i inch from the
20
inches
ends, to a depth of
square.
inch, using the
piece of untenon saw. The
bleached calico
lines should be
sufficient
visible when the
to
make two 24saw cut is made.
In a similar manner
inch squares.
4 6-inch lengths
cut along on the
of A-inch
inside of the lines
which have been
Whit worth
made with the
studding
(brass).
marking gauge, con16 13- ,—inch Whittinuing the saw cut
from the end of the
worth brass
washers.
wood till it meets
Fig. I.- THE COMPLETED LOUD-SPEAKER.
the saw cut already
16 -A-inch Whitworth
made across the
brass
wood, thus removnuts.
Blue Spot loud-speaker unit, type ing a piece of wood z inch by i inch
66K, with an extension spindle, by i inch, which has to be cut away in
or other similar type of unit.
preparation for the joint (Fig. 2).
12 ounces of collodion solution.
Give the cut ends of each piece of wood
a coating of thin glue, and arrange them
Making the Frames.
to form two complete square frames
Cut eight lengths of i-inch square having 20-inch sides. The joints are
planed deal, each piece being zo inches made quite firm with :Finch French nails
long. The ends of each piece should be (Fig. 3).
carefully squared.
Mark off the ends of each piece for Cutting Out the Ply-wood and Fitting it
to the Frames.
making the halved joint in the following
Determine the centre of each 20-inch
manner : Square a line across the wood,
i inch from each end, and continue the square of ply-wood by finding the point
lines down each side for a distance of of intersection of the diagonals of each
inch. Set the marking gauge to mark piece.
On one of them draw a circle of 82-inch
a distance of z inch, and with it make a
line along the sides of the wood from each radius with the compasses, using the
end, to the lines which have been squared point of intersection of the diagonals as
down the sides. These measurements centre. In a similar way draw a circle

THE CONSTRUCTION OF A DOUBLE-CONE LOUD-SPEAKER

2.-SHOWING REMOVAL OF PIECE OF WOOD
1- INCH BY I INCH BY I INCH.

of 62-inch radius on the other piece of
wood.
Drill a 4-inch hole through the wood
inside each circle, with centre inch from
the circumference. With the pad saw
cut round the circumference of both circles.
One piece will now have a hole 17 inches
in diameter, and the other one 13 inches
diameter, cut centrally. The edges of
each hole must be carefully smoothed and
rounded slightly with glass-paper.
Fasten a ply-wood square to each of the
wooden frames with finch gimp pins,
which are driven in at frequent intervals
(Fig. 4).
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by finding the point of intersection of the
diagonals from opposite corners of the
frames. With the scissors make a hole
1 inch diameter in the centre of each
square, and buttonhole-stitch round the
edge of each hole, to prevent the calico
fraying. Four i-inch holes, for the reception of the 3,-inch brass studs, are now
drilled in each frame ; two at the top and
two at the bottom, through the calico,
three-ply and 1-inch square wood at a
distance of 2 inch from the edge and 2
inches from the corners (Fig. 5). Two
-A-inch nuts are screwed to the centre
of each stud, so that the backs of the
nuts are adjacent. A -h-inch washer is
placed against the face of each nut. The
studs are now pushed through the holes
drilled in one of the frames, so that the
washers are flush with the back of the
frame. The second frame is taken, and
fitted over the studs so that its back is
flush with the other four washers. The
calico squares are now on the outside of
the completed double frame.
Fasten the two calico squares together
at the centre with the screwed sleeve and
nuts, which are provided with the loudspeaker unit. The felt and brass washers
are clamped between the calico and fixing
nuts (Fig. 5).
Thoroughly soak the portions of calico

Cutting the Calico and Glueing it to the
Frames.
From the piece of unbleached calico cut
out two 24-inch squares. Cover one of
the frames and the outer side of the plywood square fastened to it with a thin
coating of glue, and quickly transfer one
of the pieces of calico to it, so as to cover
the frame completely, with an overlap of
2 inches on each side. Smooth out all
creases from the calico. The overlap of
the calico is pressed down tightly over the
sides and back portion of the frame.
Repeat the operation with the other frame
and piece of calico. Allow the glue to set
and harden for twenty-four hours.

Fitting the Frames Together and Forming
the Cones.
Mark the exact centre of each calico
square, which has been glued to a frame,

20"

•

20"

Fig. 3.-ARRANGEMENT

OF COMPLETE SQUARE
FRAME.
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20"

20' 20

_ta

"
.1 /T

Fig'. 4 —FRONT AND BACK OF LOUD-SPEAKER, SHOWING SIZE OF CIRCLES AND METHOD OF FASTENING
PLY-WOOD SQUARE TO EACH OF THE WOODEN FRAMES WITH i-INCH GIMP PINS, WHICH ARE DRIVEN
IN AT FREQUENT INTERVALS.

which cover the holes in the ply-wood stretched, and will have begun to take on a
with collodion solution, using a soft conical form.
varnish brush. Great care must be taken
Again soak the calico with collodion
when using this solution, as it is highly solution and screw out each nut for another
inflammable, and must be kept and used
inch. The soaking is repeated for a
well away from naked lights and the heat third time, and the nuts finally screwed
of the fire. When the calico squares are out till the distance between the frames is
thoroughly soaked, screw each nut out- A- inches. The cones will now be of the
wards for a distance of I inch. There will correct form (Fig. 5). They should be
thus be i inch of bare spindle between allowed a full day to dry before being
each pair of nuts and the calico will be touched.

Fig. 5.—FITTING THE FRAMES TOGETHER.

THE CONSTRUCTION OF A DOUBLE-CONE LOUD-SPEAKER

Fitting the Loud-speaker Unit to the
Frame.
From the 3-foot 6-inch length of planed
red deal cut two battens 20 inches long
by i 2 inches by z inch. Half an inch from
their ends drill two holes to take r±-inch
by 7's countersunk screws. Fit the extension spindle to the end of the loud-speaker
unit spindle with the connecting sleeve,
and mount the unit on the battens. Two
1-inch by 6's round-headed screws will
secure the unit to -the battens.
The
spindle must be exactly midway between
the ends of the battens.
The end of -she extension spindle should
now be pushed through the screwed
sleeve which fas tens the two cones together, until the battens come against
the wooden frame. The smaller cone
should be nearest to the loud-speaker
unit. The battens are secured to the
frame with it-inch by 7's countersunk
head wood screws (Fig. 6). The screwed
sleeve is now tightened up on the exten-
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BATTENS 1/2' THICK

Fig. 6 —POSITION OF THE UNIT.
Showing how battens are secured to the frame.
sion spindle with the locking nut, any
excess of spindle now projecting beyond
the sleeve is carefully cut off.

INSTRUMENT WIRE COVERINGS

T

HE wire used for winding coils of
electro-magnets, relays, transformers and armatures may be
obtained with several different kinds of
insulation covering. The more common
varieties are enamel, single and double
silk and single and double cotton. The
thickness of the covering varies with the
gauge of the wire, being heavier for the
larger gauges, and it is made in different
thicknesses for the same gauge of wire.
Enamel-covered wire is used where the
utmost number of turns have to be
accommodated in a given space. Enamel
covering has the advantage that it is nonhydroscopic ; that is to say, it does not
absorb moisture. Single silk covering
is only slightly thicker than enamel, but
has the advantage over enamel that it is
not so liable to mechanical abrasion and is

therefore used for armature winding, where
space is limited. A combination of
enamel and single silk covering is ideal for
certain types of coils because the enamel
provides the necessary protection against
moisture and the silk provides the cushioning and mechanical advantage.
Double silk covering affords higher
insulation and mechanical strength than
the foregoing coverings, but, of course, it
takes up more room. Cotton covering is
used primarily on account of its cheapness.
Wire heavier than 16 S.W.G. is seldom
used, other than cotton insulated, on
account of the rougher handling necessarily
involved in winding.
Coils of silk or cotton insulated wire
should be dried and impregnated with
insulating varnish whenever possible to
prevent the ingress of moisture.
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FAULT TRACING IN DYNAMOS,
MOTORS AND ROTARY
CONVERTERS
By H. E. J. BUTLER.

Fig. 1.—TESTING THE VOLTAGE AT THE MOTOR TERMINALS.

(Lancashire Dynamo and Crypt°, Ltd.)

Note that this test must be made with the starter on the first stud.

AULTS in electrical machinery
usually manifest themselves by
failure to operate, overheating
or sparking at the commutator. More
serious troubles give rise to excessive
speed,' smoke and mechanical vibration.
For the diagnosis of the less obvious
faults the practical electrician should
equip himself with one of the modern types
of multi-range A.C. and D.C. testing sets,
although an ammeter and a voltmeter
of the moving iron type, equally accurate
both on D.C. and A.C., will serve for most
purposes. An A.C. ammeter is essential
for checking the correct working of
two and three-phase motors, in order to

F

verify the current in each phase. The
correct working of a dynamo or alternator
can usually be seen from its switchboard
instruments, but a motor seldom has any
measuring instruments, other than those
of the supply company, in circuit. It is
advisable to have an ammeter in series
with a large motor because it enables
the starting current to be kept below a
dangerous figure, and serves as an indication of the load imposed on the motor
while running
Motor Fails to Start, Fuses Do Not Blow.
Cause.—Supply cut off, or power not
reaching motor through faulty switches

FAULT TRACING IN DYNAMOS, MOTORS, ETC.

Fig.
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(Lancashire Dynamo and Crypto, Ltd.)
This picture illustrates the drop test being applied across the commutator segments.

2.—TESTING THE ARMATURE TO LOCATE A FAULTY COIL.

or disconnection of a wire. Brushes not
bearing on the commutator.
Remedy.—With a voltmeter or a lamp
of suitable voltage, first check the supply
at the main switch, then, if the mains
are in order, test the voltage at the
motor terminals with the starter on the
first stud. Do not hold the starter in
the full-on position, because if the fault is
an intermittent one it may suddenly clear
itself and the full voltage of the mains
be applied to the motor. For a two-or
three-phase supply, test each phase
separately.

Motor Fails to Start When Loaded, Fuses
Blow,
Cause W.—Field winding of D.C.
shunt motor disconnected or broken,
with the result that the full voltage is
applied to the stationary armature when
the starter is moved to the running
position.
Remedy.—Test the continuity of the
field winding with a portable battery and

voltmeter. If the field winding is in
order look for cause (2).
Cause (z).—Short circuit in the motor
or wrong connection of the motor starter.
A short circuit to the frame of some live
part of the motor is equivalent to a short
circuit on the mains when one line of the
mains is earthed. It is usual for one line
of any type of power supply to be earthed.
Remedy.—If the starter connections are
known to be all right from previous
working, disconnect the leads at the motor
terminals and test the different sections
of the motor for a fault, with the brushes,
if any, • lifted from the commutator.
Examine the terminal and brush gear
bushings to see that they are not shortcircuited in any way. If the fault lies
in the armature it may be necessary to
disconnect the wires from the commutator
to determine whether the commutator or
armature insulation has broken down.
Cause (3).—Motor seriously overloaded,
bearings seized up, or bearings so badly
worn that the armature makes contact
with the field magnets.
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Fig. 3.—TIGHTENING

THE BELT OF A MOTOR BY MOVING THE MACHINE ON THE RAIL.

(Lancashire

Dynamo and Crypto, Ltd.)
The belt should be adjusted so that there is no slipping under full load.

Fig. 4.—ADJUSTING BELT ON TEST BENCH. (Lancashire Dynamo and Crypto, Ltd.)
When a motor or dynamo is tested for performance by the maker, special provision is made for
adjusting the belt drive for tightness and alignment. The above picture shows good standard practice
in this connection.
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Fig. 5.—CHANGING OVER THE FIELD WINDINGS WHEN THE MOTOR RUNS IN THE WRONG DIRECTION.
(Lancashire Dynamo and Crypt°, Ltd.) See page 77o.

Fig. 6.—CHECKING MAIN POLES OF FIELD MAGNETS WITH A COMPASS NEEDLE.
and Crypto, Ltd.) See page 771.

( Lancashire Dynamo
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Fig. 7.—BEDDING IN BRUSHES WITH EMERY
CLoTH.(Lancashire Dynamo and Crypto, Ltd.)
The emery side should face the brushes.
Take care that no emery dust remains between
commutator segments.

Remedy.—Remove the motor chain or
belt and turn the armature by hand. If
the bearings are in order, then the fault
lies with the load. Ball-bearings seldom
seize up and this trouble is usually confined
to machines with plain bearings which
have been neglected.
Motor Runs in the Wrong Direction.
The direction of rotation of a D.C.
machine may be reversed by changing
over the field connections, for either a
shunt or series machine. The connections
to the interpoles, if any, remain the same.
To reverse a four-wire two-phase motor
change over the two wires of one phase,
leaving the other pair the same. A threewire two-phase motor is reversed by
changing over the two outer wires, the
phase common wire being thicker than
the two outer ones. A three-phase motor
is reversed by changing over two wires
of one phase at the terminals of the motor
or at the main switch.

Fig. 8.—ADJUSTING A BRUSH ROCKER.
(Lancashire Dynamo and Crypto, Ltd.)
As this can only be done accurately whilst
the machine is running, rubber gloves should
be worn.

slower than it should. If the motor is
connected to a main of much lower
voltage than for which it is rated, the novolt release of the starter usually operates.
Remedy.—Test the mains pressure with a
voltmeter, preferably with the motor
running. There may be a high resistance
contact in the system causing a drop.
This will be located by the heat evolved
from that part.
Belt of Dynamo or Motor Slips When
Machine is Loaded.
Cause (T).—Belt loose or glazed.
Remedy.—Tighten the belt by moving
the machine on the rails. If this is not
possible, the belt is shortened. A glazed
belt is treated with resin or castor oil.
Cause (2).—Machine overloaded by the
machinery or bad alignment of the shafting bearings.
Remedy.—Check the load current of the
armature, and, if it exceeds the maximum,
investigate the condition of the shafting
and the possibility of overload through
Output of Motor Too Low.
too much machinery on the motor.
Cause.—Voltage of mains too low.
Cause (3).—Driving pulley on motor
This causes the motor to run somewhat and main pulley on shafting too small,
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Fig. 9.—TESTING THE BRUSH PRESSURE WITH A SPRING BALANCE. (Lancashire Dynamo & Crypto, Ltd.)
The normal brush pressure should be about 2 lbs. per square inch of brush section for commutators,
about sf lbs. per square inch for slip-rings, and 8-io Its. for car starter motors.

with the result that the driving belt has
not sufficient surface on which to grip.
Remedy.—Fit new driving pulleys to
motor and shafting, taking care not to
alter the ratio of the diameters, if the
speed of the driven member is to be the
same as before.

Motor Races.
Cause.—Unless the voltage of the
mains is higher than it should be, this
condition can arise only when the motor
load is light. If the machine is a series
one it will race dangerously if the load is
entirely removed. A shunt motor will
race if there is a break in the field windings, if there is no current in the field
through a wrong connection or the fields
wrongly interconnected.
Rona y.—A series motor, except in
the smallest sizes, must not be used when
there is a possibility of the load being
entirely removed. Where it is necessary
to have the high starting torque characteristics of the series motor, with safety
on no load, a compound-wound field is
used. The adjacent main poles of the
field magnets must be of opposite polarity.

This is checked with a compass needle.
Do not hold the needle too close to the
field magnets or the polarity of the needle
may be reversed.

Dynamo Fails to Generate.
Cause (r).—No residual magnetism, or
residual magnetism very weak.
Remedy.—A dynamo should give a
reading up to 5 per cent. of its usual
voltage when the machine is run with
no field current. If it does not, and the
magnets do not exhibit any signs of
magnetism when tried with a piece of
iron, the field is remagnetised by passing
a current through the field coils, taking
care to connect the positive of the magnetising current to the positive pole of the
dynamo for a shunt machine and the
positive to the negative for a series-wound
dynamo. The simplest way is to run the
machine for a few seconds as a motor,
but where the supply is not available a
battery of E.M.F. about io per cent, of the
dynamo voltage will be usually sufficient
to re-establish the residual magnetism.
Cause (2).—Direction of rotation reversed. This causes the dynamo to build
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Fig.io.—TESTING

(Lancashire Dynamo and Crypt°, Ltd.)
The megger voltage should be at least twice that of the machine under test.

WITH A MEGGER FOR LEAKAGE FROM WINDINGS TO FRAME,

Fig. II.--CLEANING THE COMMUTATOR WITH FINE GLASS PAPER.
(Lancashire Dynamo and Crypto, Ltd.)
Emery cloth should never be used for this purpose.

Fig. i2.—BENCH BRAKE TEST. (Lancashire Dynamo and Crypto, Ltd.)
This method enables the starting torque to be measured fairly accurately. It can also be used for short b.h•.p. tests on small motors.
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up in the opposite direction, with the result magnets, or fault in the exciter machine
that a current is sent round the field which itself.
Remedy.—Test the continuity of the
neutralises the residual magnetism.
Remedy.—Reverse the direction of ro- field windings and examine the condition
tation, or change over the field connec- of the brushes and slip-rings to ensure
tions.
they are in good condition and make
Cause (3).—Break in the field winding, proper contact.
or fault in the shunt regulator.
Remedy.—Locate the break by testing Sparking at the Brushes.
the exciting circuit of the dynamo with
Cause (1).—Brushes out of position
a cell and voltmeter. If the break is in on the commutator.
one of the field coils, this one is removed
Remedy.—The brush rocker is moved
and rewound. A series dynamo will round until the best position for the avernot start to generate until the load is age load is found. A machine with interput on, because the field can be excited poles does not require any adjustment of
only by the load current.
the brushes with a varying load. As a
Cause (4).—Short-circuit across the precaution, always use rubber gloves
main terminals of a shunt machine will when adjusting a brush rocker.
prevent the machine from generating.
Cause (2).—If varying the angle of the
Remedy.—Remove the short-circuit, brushes does not improve the commutawhich may lie in the machine itself, the tion, the brushes may not be bedding proswitchboard or the external circuit. If perly or the brush pressure on the comthe fault is in the external circuit, the mutator is too light.
dynamo will excite when the machine
Remedy.—Examine the bearing surface
is disconnected from the load.
of the brushes. If the surface shows
imperfect contact, re-bed the brushes.
Dynamo Output Low.
This trouble may arise through reversing
Cause (I).—Speed too low or belt slipping. the machine where the brushes are not
Remedy.—Bef ore increasing the speed too good a fit in the brush holders. Test
make sure there is no other fault, which the brush pressure with a spring balance.
is recognised by overheating of some The normal brush pressure is at least
part. See that the engine governor is 2 lbs. per square inch for commutators,
working properly.
21-3 lbs. for slip-rings, and 8-io lbs. for
Cause (2).—Field current too weak, car starter motors.
or break in one of the field coils where
there is more than one pair of field poles. Sparking at Brushes, Commutator
Blackened.
Remedy.—Verify the field current by
(r).—Open circuit or short circuit
Cause
inserting an ammeter in this circuit.
in
part
of
the armature.
Where the machine is a multi-polar one,
Remedy.—This may be located by some
test each field coil separately if they are
parallel connected. If the coils are series bars being more badly burned than the
connected the failure of one coil will others. When a short circuit develops it
may loosen the soldered connections of
cause a complete breakdown.
Cause (3).—Brushes not in correct the commutator and cause further trouble
relation to one another. On some types to the sound coils. Test the armature
of machines the brush holders can twist by the drop-test method and rewind the
out of position if the nuts become loose. faulty section, and clean the commutator.
Cause (2).—Machine overloaded.
Remedy.—Reset the brushes so that
they are equi-distant round the commuRemedy.—Although a good-class matator, and, if necessary, re-bed them and chine will stand about i4 times full load
adjust the rocker.
for a good period, it is not advisable to
run a machine on a permanent overload.
Alternator Fails to Generate.
Install a larger machine, or an extra one
Cause.—No D.C. current in the field and split up the load.

Fig. 13.—BRAKE TEST ON BEARER MOTOR, (Lancashire Dynamo
and Crypto, Ltd.)
This system of weights, lever and brake band provides a simple
method of testing the torque and output of a motor geared to run at
a slow speed.

Fig. 14. —BRAKE 1 EST ON SMALL MOTOR. (Lancashire Dynamo
and Crypto, Ltd.)
In this picture it can be seen that the brake lever can be pivoted
at various points, according to the load which it is desired to put on
the motor during the brake test.

cn
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Commutator Blackened, Sparking Round
the Commutator.
Cause (r).—Brushes too soft, or brush
pressure too great.
Remedy.—Clean the commutator with
fine glass paper, or one of the special
commstones made for this purpose. Check
the brush pressure and the grade of brushes.
Cause (2).—Micas project above the
commutator bars.
Remedy.—Most
commutators and
brushes work best with the micas undercut,
so that it is necessary to periodically
undercut the micas. Special machines
and tools are made for this. Do not
attempt to smooth down the micas with
glass paper, because glass paper does not
cut mica as easily as it does copper.
Machine Overheats.
Cause (I). Overload.
Remedy.—In a shunt machine or an
alternator the excess heat is generated
in the armature. Check the load with
an ammeter in the main circuit, and
arrange to keep the load within the
capacity of the machine.
Cause (2).—Bearings tight or out of
line. This is located by the fact that the
bearings are hotter than any other part.
Remedy.—Overhaul the bearings and
arrange to lubricate at regular intervals.
Cause (3).—Some cause associated with
sparking at the commutator (q.v.).
Cause (4). One field coil of a bi-polar
shunt machine short-circuited, with the
result that the field resistance is halved
and one coil carries twice its normal
current.
Remedy.—Rewind the faulty coil, which
is the cold one, and make sure that the
insulation of the other coil has not been
damaged by the excess current.
Cause (5).—Ventilating fan, if any, not
working.
Remedy.—Tighten up the fan on the
armature shaft, or replace fan if it is
broken or has been removed.
Pipe-ventilated Machine Overheats.
Cause.—Blockage in ventilating pipe,
especially at the entry, where loose

material may be sucked on to the perforated
inlet. Ventilation fan not working.
Remedy. Clear away the obstruction in
the pipe and check the working of the
ventilating fan.
Machine Vibrates Badly When Running
Up to Speed.
Cause. In large turbo-alternator sets
the machines must be run up to speed
quickly or the machines vibrate badly
when the critical speed is reached owing
to whipping of the shaft.
Remedy.--When the critical speed is
nearly reached, the machines must be
rushed over this period as quickly as the
conditions permit, or damage may be the
result. The same rule applies when
stopping. The machines must be slowed
down quickly past the critical speed.
Machine Vibrates When Running.
Cause (r).—Loose or worn bearings.
Ainiature out of balance due to the
displacement of an armature coil.
Remedy.—Renew or adjust the bearings
and examine the condition of the armature
windings.
Cause (2).—Vibration transmitted from
another machine when the motor or
dynamo is direct coupled to it.
Remedy.—Uncouple the machines and
run the driving one alone to ascertain which
is at fault.
Shock is Felt on Touching Machine
Casing.
Cause.—Machine frame not properly
earthed, and breakdown of the insulation
of some part of the windings or brush
gear.
Remedy.—Renew the earth connection.
Test each part of the machine with a
megger having a testing voltage of at
least twice the output voltage of the
machine. Thus, use a L000-volt megger
for a 500-volt machine. Breakdown of
field windings is often caused by breaking
the field circuit suddenly. On larger
machines special safety devices are used
to prevent a high voltage surge in the
fields when the current is cut off.
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THE DISTRIBUTION OF
ELECTRICITY
By REGINALD 0. KAPP, B.Sc., M.I.E.E.

Fig. 1.—A 66,000-VOLT METAL-CLAD SWITCHING UNIT.
This unit is part of equipment supplied to the Battersea Power Station of the London Power
Company. (Metropolitan Vickers.)

HE electric supply industry in
Great Britain has not escaped the
Briton's habit of under-rating his
nation's achievements. It is very common
for someone to point to some foreign
country as an example of what ought
to be done here, and to imply at the same
time that England lags behind the rest
of the world in electricity supply.
There is a grain of truth in this view,
but if anyone were to take the opposite
line and say that England leads in electrical
matters there would be a grain of truth
in that, too. The error lies in exaggerating
this grain and making of it a complete
cornfield. It is true that the sales of

T

electricity per head of population are low
in this country ; it is true that there is a
regrettable lack of uniformity in electricity supply. In some places only
continuous current is available ; in others
only alternating current.
Variations of Voltages and Frequencies.
There is a great variety of voltages and
frequencies, although the latter, at least,
are becoming standardised to 5o cycles
under the National Scheme. The cost of
electricity varies between less than one
halfpenny and more than a shilling per
unit in different localities and under different circumstances, but these defects
A
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are not peculiar to England. Other
countries have a variety of voltages and
frequencies, if not always quite such a
large variety as Great Britain. Examples
can be found elsewhere of charges for
electricity equal to the highest occurring
here, as well as the lowest, and probably
the methods of charging for electricity are,
if anything, more rational in Great Britain
than in most other parts of Europe.
Where Electricity is Not Available.
Amongst the many indictments brought
against electricity supply in Great Britain
the most unjust is the charge that there
are large and important parts of the country
in which electricity is not available. The
truth is that all but a very small percentage of the inhabitants of this Island
are within reach of an electric supply
main. Every important industrial area is
completely covered by a network of transmission and distribution mains. All the
large and most of the small towns have
an electric supply. It is only in sparsely
populated rural areas that electricity is
not always available, and even in many
purely rural districts intensive development is going on at the present time.
What Grid Lines are For.
Such development is not due, or at
least not directly due, to the British
" Grid." It is perhaps natural that
many people should think that these grid
lines which they see scattered about
the country must be for the purpose of
bringing electricity to places which are
not yet served, but the instances where
the lines owned by the Central Electricity
Board fulfil this purpose are rare. The
real function of the grid lines is to interconnect generating stations or distributing
centres which already have a supply of
electricity. By doing this the British
grid enables the generating stations to
pool their resources and to work to a
common programme. It saves the stations
a certain amount of spare plant by ensuring them outside help in case of emergency, and it saves a considerable proportion of the national coal bill by enabling
the most efficient generating stations to
supply the bulk of the national require-

ments and relieve the less efficient ones
of the necessity for generating, except
at times of peak load or emergency.
Making Electricity Cheaper.
The National Grid, therefore, must
not be looked upon as a means of making
electricity readily available, except incidentally. The primary purpose of the
British grid is to cheapen the generation
of electricity. The British grid lines are
almost always interconnectors between
generating stations and should be regarded
as adjuncts to the generating plant, and
not adjuncts to the distribution systems.
How Electric Supply Undertakings are
Formed.
The distribution of electricity is in the
hands of electricity supply undertakings
and will still be in the hands of the same
undertakings when the whole of the
grid scheme is working. An electric
supply undertaking may be a company
or it may be a local authority such as the
corporation of a town, a borough council,
an urban district council, or a rural district
council. Sometimes a number of various
authorities may combine to form an
electric supply undertaking. In Great
Britain there were last year 276 undertakings owned by companies, and 393
owned by various public bodies, all or
which had powers given them by Parliament to supply electricity in certain
defined areas. Such an area is very
frequently that enclosed within the boundary of a town or district council, but very
frequently the area extends beyond such
boundaries to the neighbouring villages
and rural districts. The greater part of
Great Britain has already been parcelled
out between the 669 undertakings and so
there ale only a few gaps left in which
there is no authority to give an electric
supply. Most of the gaps are in outlying
sparsely populated districts, and even
these are being filled rapidly by enterprising people willing to develop the
electrical possibilities there.
Cost of Transmission Systems.
When an undertaking obtains from
Parliament the necessary authority to
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(B.T.-H. Co.)
The rating is zo,000 K.V.A., three-phase, 11,0(3o/132,00o volts (partly water-cooled).

2.—TRANSFORMER SUPPLIED FOR THE GRAMPIAN ELECTRICITY SUPPLY CO.
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give a supply in a certain district, that
supply is, of course, not immediately
forthcoming. The undertaking must first
design and execute the necessary system
cf distributing mains. If there are not
many people in the district who are likely
to buy electricity, the undertaking will
hesitate before incurring the heavy expenditure of the main. The cheapest
possible transmission system is bound to
cost at least a few hundred pounds per
mile. Where there are only one or two
houses or farms to the mile the proportion
of the cost of the mains for each customer
is obviously too heavy. As the undertaking is not run on philanthropic lines
it would have to charge each customer a
fair proportion of the cost of such lines
and the customer would certainly prefer
to carry on with oil lamps, or similar
primitive illumination, rather than pay
the very heavy charge for electricity which
would be necessary to cover the cost
of bringing it to his home. That explains
why there are bound to be many places
in the country which are within the area
of an authorised undertaking, but which
cannot obtain electricity from that undertaking, and many others where electricity
is expensive.
Present-day Developments.
But even in country districts, where
villages are very close together, intensive
construction of electric distribution systems
is going on at the present time. Last
year, for instance, 1,024 miles of distributing lines were constructed in such rural
districts by 277 of the undertakings in
the country.
In many parts of the country all the
undertakings in a certain district combine
to form a joint electricity authority with
the purpose of co-operating to obtain a
better electrical development of the district.
By far the greatest number of persons
in Great Britain live in towns or urban
districts, and these have almost invariably
an extensive and ever-growing distribution network provided by the local undertaking. Such a network consists of distributors carried in the public streets and
tapped into the houses receiving a supply.
These distributors are supplied with
electricity at certain points through cables
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called " feeders." The feeders in turn
are supplied from generating stations or
sub-stations, and the latter may contain
transformers or rotating machinery.
Feeders and Distributors.
The feeders and distributors are low
tension mains carrying current at the
voltage at which it is supplied to houses.
At this voltage electricity can only be
transmitted over short distances. The
distance is of the order of a mile or less
in a densely populated town, and would
not be more than a few miles in a district
of sparse demand. In quite a small town
a low tension system of feeders and distributors is all that is required, but if
the area of supply covers more than one
or two square miles, it is necessary to
have higher voltage transmission mains
to take the current to suitable distributing
points. At these distributing points transformers reduce the voltage to that required by the householder. Large individual consumers, such as factories,
would also be supplied by the higher
voltage system. The most usual transmission voltages in this country are
6,600 volts, ir,000 volts and 33,000 volts.
A large undertaking will have a network
of mains at one of these voltages with a
centre at the generating station.
We, therefore, may now picture a
generating station owned by a large
undertaking, and from this generating
station high voltage mains going out to
various parts of the district supplied. At
certain points these high tension mains
feed transforming stations, from which
energy is distributed at lower voltages.
How Electricity is Bought.
By no means all of the 669 authorised
undertakings in Great Britain own a
generating station. Nearly all the large
towns own at least one generating station
and some own two or three, but a great
number of the smaller undertakings purchase electricity from some neighbouring
larger undertaking. They find it cheaper
to do so than to incur the cost of a generating station, with all it entails, for their
comparatively small requirements. Thus,
for instance, Hampstead Borough Council
purchases its electricity from Marylebone,
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Fig. 4.-ONE

OF EIGHTY 1,500,000 KVA, 132,000 VOLTS, OUTDOOR THREE-PHASE OIL
CIRCUIT-BREAKERS SUPPLIED BY THE G.E.C. FOR THE NATIONAL GRID.

and Sutton Coldfield from Biimingham
Corporation. Both Marylebone and Birmingham are primarily distributors of
electricity to householders and factories
within their own area. The sales of
bulk supply to their neighbour is somewhat of a side issue. There are, however,
a number of power companies in Great
Britain, the sole purpose of which is to
sell bulk supplies of electricity to undertakings which do not generate their own
requirements. Such power companies may
now be compared with wholesale merchants, whilst their customers, the distributing undertakings, are analogous to
retail shopkeepers. Such power companies
have acquired the necessary authority
from Parliament to give bulk supplies of
electricity to distributing authorities within the area defined by Parliament.

When High Voltages are Used.
These power companies do not do any
of the retail work of electricity supply :
they do not distribute it to individual
customers. They own one or more generating stations suitably situated within
their area, and from these generating
stations they construct a network of
high tension transmission lines, from which
they are able to give the necessary supply
to their customers. Such power companies
generally cover large areas. The Lancashire and Yorkshire Power Companies,
for instance, cover the greater part of
their respective counties. They have to
transmit the electricity they supply over
long distances and, therefore, almost
invariably employ high voltages such as
33,000 volts, and frequently even 66,000
volts.

DISTRIBUTION OF ELECTRICITY
783
Joint Transmission Mains.
connecting network of the British grid.
Such a power company does not supply The primary lines belonging to this system
every town within its area by any means : will work at the highest voltage so far
though Manchester and Liverpool are adopted for Great Britain, namely, 132 kv.
in Lancashire they neither of them pur- Nearly all the most important centres of
chase a bulk supply from the Lancashire distributing undertakings and power comPower Company, but when a large town panies will be interconnected at this
adjoins the area of a power company, the voltage. Where the power to be passed
two may frequently construct a joint over a grid line is small or the distance of
transmission main to interconnect their transmission not too great, the national
generating stations for the purpose of interconnectors will be worked at some
mutual help. We thus have a number of lower voltage, generally 33 kv., but they
interconnectors in different parts of the will still be more in the nature of intercountry as well as the high tension trans- connectors between generating and dismission mains and the elaborate network tributing centres than transmission lines.
of medium and low tension transmission The British grid lines will have the effect
mains that exist between the generating of welding all the generating stations
in the country into one unit. They
stations and the individual consumers.
enable all the generating plant to supply
a common pool and all the distributing
The Effect of Grid Lines.
authorities in the country to draw their
In addition to this network, there will requirements from this common pool.
soon be throughout the country the inter- In this sense they are national bus-bars.

QUESTIONS AND ANSWERS
What is the main purpose of the grid By what stages would a 460-volt D.C.
system ?
installation be supplied from the grid ?
To cheapen the generation of elecA typical system would be as follows :—
tricity.
Grid.
Oil circuit breakers.
How will this be effected ?
Step-down transformer, 132,00oBroadly speaking, by making it possible
6,600 volts.
for the most efficient generating stations
Oil circuit breakers.
to operate at nearly full load during 24
6,600-volt busbars.
hours of the day, whilst the less efficient
Step-down transformer, 6,600-460
stations can in some cases be closed
volts.
down and in other cases they will only
Rotary converter, 460 volts A.C.,
be brought into operation during periods
46o volts D.C.
of peak load. A further gain is in the
D.C. circuit breakers.
reduction of the amount of stand-by plant
D.C. busbars, 460 volts.
necessary.
Distribution pillar.
Feeder cables.
How does the grid system operate ?
Network box.
Generating stations all over the country
Service cable.
supply current to the grid, and electricity
Consumers' main fuses.
supply undertakings for the various areas
An alternative system would be to
will draw the current as required from the step down 132,00o-33,00o volts ; then
grid lines. After the necessary step- 33,000-6,600 volts; then 6,600-460.
down transformation this current is disAnother method adopted is to step down
tributed to consumers' premises.
as follows : 132,00o-11,00o ; then from
What is the voltage at which the grid 11,000-460.
The particular system adopted depends
operates ?
Most of the system is operated at on local conditions, especially as regards
132,000 volts. In a few cases the lower the stations which may have to be interconnected at the intermediate voltages.
voltage of 33,000 is employed.
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PHOTO-ELECTRIC AND SELENIUM
LIGHT CELLS
By A. E. WATKINS.

Fig. 1.—How THE R.ADIOVISOR CELL IS CONNECTED UP FOR MEASURING LIGHT.

Light Cells.

T

HERE are two types of light cells,
the selenium cell or the photoelectric cell. The first is a rare
chemical element, and is found in various
forms, the grey crystalline being the most
essential. Selenium is a bad conductor of
electricity but its resistance diminishes on
exposure to light.
The second type of light cell is the
photo-electric cell, and is the most widely
used as it is much more sensitive and
quicker in action, and it is these properties
which make this class of cell suitable for
use in talking pictures, and without this
cell the sound on films would not be
possible.
Applications of Photo-Electric Cells.
The applications of photo-electric cells
are numerous, for by their use the action
of light can be made to control all kinds of
instruments such as relays, counting

apparatus, starting and stopping motors,
and measuring the intensity of light—and
this is very important for such things as
spectrophotometry and photometry which
require a high standard of constancy,
making the use of vacuum cells essential.

Controlling Switching for Signs.
Another important application to
electrical engineering is that of controlling
switching for signs. As daylight fails, the
signs or lights would be switched on or, if
necessary, switched off in the event of
daylight. For instance, the ordinary time
switch will only switch on the light at a
predetermined time of setting, unless some
special form of solar dial is used ; but by
the addition of a light sensitive cell it
can be made to switch the lights on at the
failing of daylight and to switch off automatically at a predetermined time at
evening by clock. This, therefore, makes
an absolutely automatic time switch, the
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cell operating the switch earlier as
the days shorten, while the clock is
mechanically controlled for switching off.
For this purpose, the selenium cell can be
be used, as the time lag is not important,
but in instances where rapid counting is
required, or in the case of sound reproduction, it is necessary to use the vacuum
photo-electric cell.
Photo-Electric Cells for Wireless.
The future of the radio valve may
depend upon photo-electric cells, for it is
quite probable that it will be possible to
use valves which require no filaments, for
the light falling on the cathode of the
photo-electric cell forms a substitute for
the current in the filaments. Filamentless
valves in which the light is used as a
means of creating an electron discharge
have been used, and while considerable
illumination is at present necessary to
create a workable value of anode current,
the practical results obtained are interesting and they undoubtedly indicate the
trend of development. It may be that in
the near future, instead of using batteries
or mains to heat the filaments of valves,
we shall only need a constant source of
light and it is possible that exposure to
ordinary light will be sufficient.
Using a Valve Amplifier.
As the current of the photo-electric
cell is usually not sufficient to operate
electromagnetic relays, it is usual to use
a valve amplifier, the fundamental circuit
of which is shown in Fig. 2. This is a very

powerful method of detecting light and
enables an electromagnetic relay operated
with about 5 milliamps. to be worked by a
single valve. An amplifier designed to
operate from the supply mains and embodying such a similar circuit is shown in
Fig. 4.
Assuming that the photo cell is kept
dark, there will be an open circuit between
the electrode. Hence, a current of several
milliamps. will flow in the anode circuit of
the valve, energising the coil of the relay
and holding the armature on. When the
cell is illuminated, electron emission from
the cathode charges the grid negatively
and reduces the anode current to zero,
releasing the armature contact M.T. and
closing the contact T.M.
Why Three Contacts are Provided.
It should be clear that the provision of
three contacts enables light on the photo
cells to switch external mechanism on or
off. As the spring contacts of the relays
will usually only carry small current, it is
necessary when large currents are to be
switched on and off to use an extra contactor. That is to say, the small relay
will energise the operating coil of a large
type of relay which can incorporate
mercury switch contacts, therefore, dealing
with large currents.
Control of Light Sensitivity.
The control of the light sensitivity at
which the set operates can be effected by
adjusting the aperture over the light cell
or by altering the value of the resistance R.
Increasing this
resistance makes
the cell less sensitive to light.

Fig. 2.--CIRCUIT FOR USING A VALVE AMPLIFIER WITH A PHOTO-ELECTRIC
CELL.
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Measuring the
Value of Light
Intensity.
If instead of
connecting a relay in the plate
circuit of the
amplifying valve
we use a measuring intrument it
is possible to
measure the
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value of the light intensity and
an instrument of this description
would be extremely useful to the electrical
engineer for comparing the values of
various lamps, as an increase in the intensity of light causes a decrease in the
anode current. It must be remembered,
however, that the limits of measurement
are controlled by the saturation point of
the cells, but this can be made very large
by means of varying the distance of the
source of light. This is the basic principle
on which talking films are operated, as it is
owing to the varying intensity of the light
that the fluctuations in the amplifier are
used to operate the loud speakers. The use
of photo-electric cells for talking picture
work will be found in the article beginning
on page 521.

Types of Photo-Electric Cells.
These are very varied and wide, and it
is almost impossible to classify them as
there are so many different shapes of
cathodes and the different metals and
compounds used in their construction for
the different purposes for which they are
used.
The Cathode.
The cathode may consist of any of
the alkaline metals or a combination of
them. It may consist of a thin film of these
metals either on another alkaline metal
or a metal plate, and may have present an
intermediate layer of some material such
as oxygen. The geometrical construction
of the cells may be of any shape to suit
the purpose for which it is to be used.
Vacuum and Gas-filled Cells.
There is, however, one big division
which should be recognised. A• difference
should be made between vacuum and gasfilled cells. In the former type of cell, the
vacuum has a high degree so that a pure
electron discharge may pass from the
anode to the cathode. In the latter type a
certain amount of inner gas is present and
the primary electron emission from the
cathode surface is amplified by supplying
an electric field to produce ionisation by
collision. It is essential that the purposes
for which the cells are to be used is corn-

TYPE OF VACUUM CELL
EXCITER LAMPS. (G.E.G.)

Fig. 3.—LATEST

AND

municated to the manufacturers and they
will then assist in selecting the correct
cell for the purpose. Secondly, owing to
the development of photo-electric cells
only being of recent years, it naturally
follows that great developments are taking
place and therefore many new types of
cells may have been developed even since
this article was written.
Typical illustrations of the latest type
of cell manufactured by the G.E.Co. are
illustrated in Fig. 3. They consist simply
of cathode and anode, there being only two
elements.

Battery Connections.
The negative of the H.T. battery is
connected to the cathode. The anode is
connected to the grid of the amplifying
valve, while the positive of the H.T.
battery is connected to the filament of the
amplifying valve. It will be seen that we
actually have the reverse action to that of
a radio valve. That is the reason why in
the circuit shown there are two hightension batteries—one for the amplifying
valve and one for the photo-electric cell.
When the photo-electric cell is acted upon
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F4. 4.—CIRCUIT FOR AN AMPLIFIER DESIGNED TO OPERATE FROM THE
SUPPLY MAINS.

by light, a negative current is flowing to
the grid of the amplifying valve and will
cause a current change in the anode
circuit of the amplifying valve. The output of the photo-electric cell can be
amplified to many million times with
remarkable fidelity. With this in mind,
together with simplicity of the apparatus
required, it will be realised that the application of the photo-electric cells to automatic industrial control is still only in its
infancy and is capable of remarkable
applications.

Fig. 5 —THE TWO INTERDIGITATED
COMBS WHICH FORM THE ELECTRODE.

LIGHT SENSITIVE CELLS.
A type of light sensitive cell developed
by Radiovisor, Ltd., is worthy of notice,
as this development has placed selenium
cells in the forefront of light-detecting
devices, particularly for those devices for
recording and operating relays, etc., for,
unlike the photo-electric cell, it is relatively
inexpensive and is also much more simple
to use.
Earlier types of selenium cells were
constructed by covering a narrow gap
with selenium. Thus a bridge was constructed by Liesetang by making a fine
scratch on a piece of silvered glass and
filling the scratch with selenium. Faelfort
Bridwell introduced the practice of winding
two wires on a block of insulated material
and spreading molten selenium over
the surface. Others have spread the
selenium over the edges of a number of
alternate plates of mica and metal and
covered the edges with selenium, but in all
these types the selenium cells were not
very sensitive or quick in action.
How the Radiovisor Bridge is Constructed.
The construction of the Radiovisor
bridge is as follows :—
The base consists of a thin glass
surface on which a gold grid is in the form
of two interdigitated combs which form
the electrode, as shown in Fig. 5.
The gold layer being thin and the combs
only approximated at their edges, the
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capacity is very small. Molten selenium is
spread thinly over the surface and is then
subjected to a carefully controlled thermal
process by which it is converted into
crystalline light sensitive variety. The
selenium layer is of the order of 2.5 by ro3
ems. in thickness and the effect of the thin
layer on a transparent base is to make the
utmost quantity of material accessible to
light and to leave as little as possible to
act as an inert shunt to the active portion.
This forms the actual sensitive surface
which may be varied considerably in size
for special purposes. The standard size
being 25 m, m by 5o in/m.
Holding the Sensitive Surface in Position.
This sensitive surface is held by two
german-silver clips making contact with
the gold electrodes and is enclosed in a
glass container which is exhausted and
filled with an inert gas and mounted in an
ordinary screw socket. It is then subjected
to a process of ageing lasting some weeks,
when its performance is observed, after
which, if satisfactory, it is passed for use.
This ageing is done on direct current, the
centre contact of the taps being positive.
When used on direct current this polarity
should never be changed, but the bridge
should always be so connected because
the crystals in the film are orientated and
uniterminal.
How the Cells are Set Up.
The Radiovisor bridge thus prepared is
permanent, reliable and capable of standing up to high voltages. It can be made to
any resistance from about 2 to 25o
megohms and will pass in darkness a

current of from z to 250 micro-amps. A
standard bridge of about 4 megohms will
give a change between current in darkness
and in light of the order of zoo to 15o
micro-amps. This cell in its finished state
can be seen in Fig. i. The electrical circuit
for the use of these cells is simple and
where they are required to operate a
relay a valve amplifier is used in a similar
manner to that used for the light photoelectric valves, that is to say, the change of
current is amplified by an ordinary radio
valve amplifier. These cells are set up in
the usual manner so that a light falls upon
the surface of the cells. If this is interrupted there is a current change which
takes place in the valve amplifier, therefore
operating the relay.
Selenium Cells for Sound Reproduction.
It is claimed that these selenium cells
can be used for sound reproduction, such
as the reproduction of music and speech
of a talking film, but it is necessary that a
suitable filter circuit should be used, including the low frequency components.
A suitable circuit is shown in Fig. 6 with
the value of the various components
necessary. When the cell is used to reproduce speech it is important that every care
should be taken to see that the value of
these components are adhered to. With
the further development of these cells it is
quite possible that home talking pictures
will be a possibility, that is to say, of the
type using sound on the film, for with the
standard photo-electric cell the equipment
is very expensive. In any case, there is a
lot of experimental work for those who
are interested in this direction.

01mfd
12
1

011/ys.

3
megohms

1=47 Selenium 1700

Bridge ohms
Res
4megohms

3
megohms

T

30,000
ohms
•
Fig.

6.—CIRCUIT SHOWING THE INCLUSION OF A SUITABLE SOUND FILTER
FOR USE WHEN A SELENIUM CELL IS USED FOR SOUND REPRODUCTION.
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THE ILLUMINATION OF A DOMESTIC
INSTALLATION
By E. H. FREEMAN, M.I.E.E.
N designing a
Also, in houses up
lighting scheme
to eight or ten bedfor a private
rooms, the length
house the illuminaof main cables is
ting engineer is
not great and very
little extra cost is
usually forced to
subordinate his own
incurred if these are
put in rather larger
ideas to those of
the architect or the
than is really neceshouse-owner. As a
sary. The result is
rule, the client dethat for a very small
extra cost the whole
cides the principle
installation can be
of the lighting
designed to meet
scheme and the enany special requiregineer has only to
ments likely to
arrange the details
occur and it is alto suit those prinways wise to make
ciples. The position
such provision as
is further complithis.
cated by the fact
The attached
that the decorative
plans (Figs. 2A and
arrangements are
2B) show an imaginpractically never
ary house and the
decided when the
simplest method of
lighting scheme is
illustrating the probeing settled and
blems of a domestic
the engineer has to
installation will be
work out his techto carry through
nical design without
knowing whether Fig .—TYPICAL PENDANT SUITABLE FOR A the complete design
DRAWING-ROOM.
of a suitable lightwalls will be dark
ing scheme.
or light ; whether
The scheme can be begun at the hall,
brackets will be of candle lamp type or
continued through the reception rooms to
something quite different, and so on.
the domestic offices and then on to the
Maximum Number of Points Allowed.
various bedrooms and other rooms on
Fortunately these difficulties do not the first floor.
prove as serious in practice as they appear
THE GROUND FLOOR.
at first sight. The maximum number of
points allowable on a circuit is no under Entrance.
A light will be required outside and
I.E.E. rules, and as domestic loads rarely
average over 40 to 5o watts per point may be either a pendant in the porch or
there is an ample margin on each circuit a bracket outside. This depends on the
for larger lamps to meet any special details of the design, headroom available
requirement in one room or another. in the porch, and, most of all, on the owner's

I

790

THE ILLUMINA1 ION OF A DOMESTIC INSTALLATION

for 1,264 lumens,
whilst the single
pendant requires
only zoo watts
for 1,13o lumens
—i.e.,
the
brackets require
6o per cent. more
current for only
II per cent. extra
lumens.
Staircase Hall.
This is a small
area and a pendant near the
Fig. 2A.—GROUND FLOOR PLAN OF AN IMAGINARY HOUSE.
The complete design of a suitable lighting scheme for this house is described foot of the stairs
will be ample
in the article.
with a 4o-watt
wishes. Whatever fitting is adopted a or 6o-watt lamp, according to the type
lamp of 4o to 6o watts will be sufficient. of fitting used.
With regard to the question of switch
arrangements, particulars of switches and Study.
types of light switches now available,
For a study, the best scheme of lighting
together with appropriate wiring diagrams,
is undoubtedly a central pendant with one
will be found on pages 329-340.
or two plugs for standard lamps—say,
one near the window for a writing table
Hall.
and another near the fire for a reading
A central light will probably be best, lamp (see Fig. 4).
though the owner might wish to have
The room is about 15o square feet in
brackets by the fireplace. The hall is area and the central lamp should give
about 14 feet square or, say, 200 square 5 to 6 candle-feet----say, 800 to goo lumens
feet in total area. Probably 3 to 4 candle- nett or about 1,200 actual from the lamp,
feet will be sufficient so that the total nett i.e., a zoo-watt lamp will suit, as in the hall.
lumens required would be 600 to 800, or,
The lamps for the plugs should be taken
allowing for losses, lamps giving about as 40 to 6o watts.
I,000 to 1,200 lumens would be required.
Assuming the supply is 23o volts, it will
be found from the makers' lamp tables Drawing-room.
The lighting of the drawing-room will
that a zoo-watt pearl gas-filled lamp will
give 1,13o lumens, and this
will therefore suit the requirements.
If two brackets are preferred
—say each two-light — there
will be four lamps, and these
could be 4o-watt with an
output of 316 lumens each,
making a total of 1,264
lumens.
Note, in passing, the relative
efficiency of the two schemes.
The brackets require 15o watts
Fig. 2B.—FIRST FLOOR PLAN.

_1%v- Feet
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Fig. 3.—SUITABLE LIGHTING ARRANGEMENT FOR A DRAWING-ROOM.
Showing a centre pendant and wall brackets.

791

THE ILLUMINATION OF A DOMESTIC INSTALLATION

792

Fig.

4.—SUITABLE SCHEME OF
LIGHTING FOR A STUDY.

Brackets for the Drawing-room.
If brackets are selected, there might
be four or eight of these, and they may
be one, two or three lights each. With
four brackets, the lamps for each must
give about 600 to loo lumens and a 6owatt lamp (570 lumens) or two 4o-watt
(each 316 lumens) would be suitable. If
6o-watt lamps are used, however, care must
be taken in selecting the fittings to avoid
glare. The brackets would normally be
fixed at 7 feet or thereabouts from the
floor and would thus be nearly opposite
the eyes. If not carefully screened they
would be most unpleasantly glaring and
for this reason it would be much better

certainly need to be designed in
accordance with the owner's
personal taste. Pendant lighting
will be most efficient and also
cheapest to install. The roommis
24 feet by 12 feet or, say, 288
square feet, and the illumination
should be 5 to 6 candle-feet requiring a total of, say, 1,600
lumens nett or 2,50o to 3,000
gross. A single 20o-watt lamp
(2,60o lumens) would provide this.
The lighting would certainly be
uneven in an ordinary room of
9 to io feet in height, but as there
Fig. 5.—SCHEME FOR DRAWING-ROOM.
will be plugs for local lighting
Showing position of two pendants and plugs for
local lighting. (Furniture arranged as in Fig. 6.)
this will not be important (see
Fig. 5).
to use eight (or perhaps six) brackets
Two pendants, each with a roo-watt
lamp, would give much more uniform with smaller lamps. Six brackets each
lighting, but may not suit the ceiling with two 3o-watt lamps would certainly
be the most satisfactory scheme (see
decorations, if any.
Fig. 6).
It is quite probable that smaller
lamps than those calculated would
be large enough, as plugs should
be provided at positions to suit
the probable arrangements of
the furniture. There may be a
writing or work table near the
window ; a piano will go near
one of the inner walls and away
from risk of dampness, and a
standard lamp near the fire would
be desirable. Three or four plugs
could thus be located, and if these
are
in use as requited, the
Fig. 6.—AN ALTERNATIVE SCHEME FOR DRAWINGpendant or bracket lamps could
ROOM.
Using six wall brackets.
be reduced. The wiring should be
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installed to carry the larger lamps, however, whether the plugs are available or
not.
Dining-room.
The dining-room of such a house as this
is another room where the opinions of
the owner must decide the lighting
scheme. The room would probably not
be much used, except for meals, and with
a room such as this, with the fireplace
at one end and a large projecting bay at
the other, it is possible that meals might
be served at the inner end in winter and
at the window end in summer. Such a
possibility would call for two pendants—
one opposite the fire and the other near
the bay. On the other hand, many
householders much object to pendant
lighting in a dining-room and prefer
brackets. In either case, with an area
of 20 feet by 14 feet, or 28o square feet,
a total nett light output of about 1,20o
to 1,40o lumens would be required or, say,
2,000 to 2,50o gross—allowing for the
fact that a dining-room may be panelled
or furnished with a darker paper than a
sitting-room (see Fig. 1o).

Fig. 7.—TYPE OF WALL BRACKET SUITABLE FOR
USE IN EITHER DRAWING-ROOM OR DINING-ROOM.

them. If the lamps are limited to 20-watt,
giving '52 lumens each (230 volts being the
assumed voltage), about 14 to i6 such
lamps would be required. Six two- or
Brackets for the Dining-room.
If brackets are used, the individual three-candle brackets would thus be
lamps must be small in size, as guests suitable—one each side of the fire and one
at table will be facing directly towards farther along the same wall ; two on the
opposite wall and one on the inner end
wall where a carving table might well
be located (see Fig. ri).
If pendants are used, two six-light
20-watt candle fittings would suit, as
the lights being directly over the table
the total illumination could be slightly
reduced. Dim lighting in the corners
of the room will not be important, but an
extra light would be advisable over the
carving table—say, a plug with standard
lamp.
Another plug by the window and one
by the fire, in case the room is required
for general purposes, might also be desirable.

Fig. 8.—ANOTHER

TYPE OF PENDANT SUITABLE
FOR A DRAWING-ROOM (SEE ALSO FIG. I).

Loggia.
The loggia does not require any special
lighting as a rule in this country, as the
occasions when it is possible to sit outside
after dark are not frequent. One pendant
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in the centre or a bracket on the wall or a
plug for a standard lamp would be ample,
each suitable for about a 6o-watt lamp.
Pantry.
A single light of 40 watts should be
sufficient for this. The room is more a
passage than a working area and the
light would best be central, unless a sink
or table for cleaning silver is provided
near the window, in which case the light
should be placed to suit this.

Fig.

10 —SCHEME FOR DININGROOM.

Showing position of two pendants and plugs for local lighting. (Furniture arranged as in
Fig. I i.)

Maid's Sitting-room.
A single central pendant will suit this
room, and a 6o-watt lamp will give ample
light over the table for working—or for
reading if sitting in front of the fire.
Cloaks.
Fig. I I.—ANOTHER SCHEME FOR
A pendant in each section of this will be
DINING-ROOM.
best—over the basins, if any in the lavaUsing six wall brackets.
tory, but otherwise central. Lamps of
Kitchen.
25 watts would be sufficient, but it would
The working area of the kitchen will be as well to allow for 40 watts.
almost certainly be a central table, and
a single central pendant with a 6o-watt
lamp will provide all that is required,
except for the range. For this a local
pendant, adjustable bracket or plug and
hand lamps will be desirable, as the cook
will be directly " in her own light " if
only the centre pendant is available.
Scullery.
A pendant over the sink is best in this
room, i.e., at the position where the work
is done. A 25-watt lamp will probably
be sufficient, but 4o watts would be
preferable.
Stores and Larder.
A pendant with 25-watt lamp in each Fig. 12.—A WALI, BRACKET SUITABLE FOR
case will be ample.
EITHER DRAWING-ROOM OR DINING-ROOM.
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Fig. 13.—A SUITABLE PENDANT FOR USE IN A
DINING-ROOM LIGHTING SCHEME.

Corridors.
Lights will be required in the corridors
at a spacing of about 25 feet, with extra
lights if there are awkward corners. For
the plan shown a light will be required
in the covered way and one other near
the trades' door.
One light near the
foot of the service
stairs will be necessary and one in the
centre of the lobby
outside the servery.
Garage.
A pendant and
a plug for hand
lamp will provide
all the lighting
required for the
garage. It is not

Fig.I4 —ANOTHER PENDANT FOR DINING-ROOM.
This is fixed to the ceiling by a hook.

necessary to light the whole area,
and a 6o-watt lamp in the pendant
and a 4o-watt lamp in the hand
lamp will be quite sufficient. Both
points should be located if possible
according to the way the owner drives
in his car. Some
drivers always back
in, and pendant and
plug should then
be near the front
so that the lights
will be over the
bonnet of the car
Alternatively,if the
owner
drives
straight in, the
lights should be towards the back of
the garage. A cenFig. 13 —A FITTING SUITABLE FOR CEILING IN
tral light is nearly
THE CENTRE OF A BEDROOM.
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Fig.

16.-SUITABLE LIGHTING ARRANGEMENT FOR THE CORNER OF &BEDROOM.
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SCHEDULE OF LIGHTING POINTS.

Room.

No.
of
Points.

Type
of
Fitting.

No. and
Type of
Switches.

Position
of
Switch.

Watts
per
Fitting.

Total
Watts.

Inside door ..
..
Front door, stairs and
..
service door
Stairs and first floor
Door ..
..
..
Door . .
..
..
Door ..
..
..
..
..
Door ..
..
..
Door ..
..
..
2 doors
..
Hall door
..
Service door..
..
Hall door
..
..
Kitchen door
-•
..
..
Door ..
Near plug ..
..
Door ..
..
..
Door ..
..
..
..
..
Door ..
Near plug ..
..
Door ..
..
..
Inner end
..
..
Ground and first floors
Door ..
..
..
Door ..
..
..
Doors
••
••
Service stairs and
hall door ..
..

6o

60

Ioo
60
Ioo
40
60
40
40
120
120
40
40
40
60
40
40
60
60
40
25
25
25
25
25
40

Ioo
60
x00
So
360
16o
40
120
120
40
So
40
6o
40
40
60
6o
40
25
25
25
25
25
So

40

40

Ground and first floors
..
..
Door ..
..
..
By bed
Door ..
..
..
..
Door . .
..

6o
50
40
40
50

6o
50
40
40
50

Bed ..
Door ..
Door ..
Near ..
Door ..
Door ..

••
..
..
..
..
..

40
40
40
25
40
50

40
40
40
25
40
50

Bed • •
••
••
Door ..
..
..
Door ..
..
..
Door ..
..
..
..
..
By bed
Door . .
..
..
Door ..
..
..
Door . .
..
..
Door ..
..
..
Ground and firs t floors
Door ..
..
..
By bed
..

40
40
40
5o
40
25
40
25
25
25
50
40

40
40
40
50
40
25
40
25
25
25
50
40

Ground Floor.
Porch
..
..
Hall

..
..

1
1

Pendant
Pendant

1
3, D.C.

Foot of stairs
..
Study

..
..

Drawing-room

..

..
Loggia
Dining-room

..

Pantry
Kitchen

..
..

..
..

Scullery
Maids
Garage

..
..
..

..
..

1
1
2
6
4
1
1
I
I
2
1
I
I
1
1
1
I
1
x
1
1
1
2
I

Pendant
Pendant
Plugs
Brackets
Plugs
Pendant
Pendant
Pendant
Plug
Plugs
Pendant
Pendant
Plug
Pendant
Pendant
Pendant
Plug
Pendant
Pendant
Pendant
Pendant
Pendant
Pendants
Pendant

2, D.C.
1
1
3
2
x
2, D.C.
1
x
1
1
1
1
I
x
1
1
1
1
2, D.C.
1
x
2
2, D.C.

Lobby
..
Trades door
Foot of stairs
..
Store
..
Larder
..
Cloaks
Passage ..

..
..
..
,,
..
.,

First Floor.
..
Landing ..
Dressing-room No.4
Bedroom No. 3 ..

..
Bathroom..
..
..
Lobby
Bedroom No. 2 . .

..
Bathroom..
Bedroom No. I ..
Linen
..
..
Maid's room
..
..
..
Linen
Maid's bathroom..
..
..
Stairs
Bedroom No. 7 ..

x
1
x
1
r
I
I
1
1
T
I
I
I
x
I
I
I
1
1
1
x
I
I

Pendant
2, D.C.
2-light pendant
x
Plug by bed
I
Centre pendant
x
Plug for dressing
I
table
Plug by bed
1
Plug by fire
1
Pendant
1
Pendant
1
Centre pendant
1
Plug for dressing
1
table
Plug by bed
1
Plug by fire
1
Pendant
x
2-light pendant
i
Plug by bed
1
Pendant
1
Pendant
1
Pendant
I
Pendant
1
Pendant
2, D.C.
2-light pendant
x
Plug by bed
1

..
..
..
..
..
..
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SCHEDULE OF LIGHTING POINTS.

Room,
Bedroom No 6 ..
Bedroom No. 5 ..
Passage
A tti c.
Store

..

..

..

..
..

Stairs up ..

No
of
Points.

Type
of
Fitting

No. and
Type of
Switches

i
I
I
i
r

2-light pendant
Plug by bed
2-light pendant
Plug by bed
Pendant

r
r
r
r
2, D.C.

i
i
r

Pendant
Plug
Pendant

i
i
i

useless with the almost universal saloon
car.
THE FIRST FLOOR.
The lighting of the first floor consists
mainly of bedroom lighting, and if the
principles of this are fully considered for
one room, the others can be settled on
the same basis.
The minimum lighting is a single
pendant—one or two lights, as may be
preferred—and if this minimum is adopted
the light should be near the window
at which the dressing table will probably
be placed. In smaller rooms, the table
will be placed against the wall and the
light should then be about 18 inches out
from the wall. In larger rooms, a passage
may be left between the wall and the
table, and, if this is preferred by the
owner, the light would be about 3 feet
from the wall.
Principal Bedroom Lights.
This bare minimum lighting will be
insufficient in the principal rooms, and

—

r--0
ro

Position
of
Switch.
Door ..
By bed

Watts
per
Fitting.

..
••

..
••

5o
40

Door . .

..

..

50

Bed ..
Two stairs

..
..

..
..

40
25

Door ..
..
Near plug ..
Foot of stairs

..
..
..

25
25

25

Total
Watts.
5o
40
5o
40
25
25
25
25

in such a bedside light must certainly
be added. Pendants over beds are undesirable, as the light is directly above
the eyes of anyone lying in bed, and
brackets are not much better. Fixed
fittings such as these also mean that the
bed position is definitely fixed as well,
and this is not always possible. A plug
and suitable standard lamp give much
more opportunity for convenient lighting,
the standard lamp being arranged to stand
on a table or to hang from the wall or
from the back of the bed.
The desirability of being able to move
furniture suggests also that the pendant
by the window is not quite the best
method of lighting and a further improvement would be obtained by substituting
a plug to which two dressing table standards can be connected. If this is done a
central pendant or brackets suitably
located should be added, as portable lamps
alone are not satisfactory for adequate
lighting when the room is being cleaned
or to give illumination in wardrobes, etc.
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Fig. r7.—How THE LOAD SHOULD BE DISTRIBUTED.
As the maximum number of points per circuit must not exceed io, the most suitable number of
ways required would be : Ground floor, five ways , first floor, four ways.
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Any such pendants or brackets must be
effectively screened from the bed, as any
glaring light would be very trying. An
extra plug by the fire can be added, if
desired, or if the room is used partly as a
sitting-room.
Small Lamps may be Used.
Exact calculations for bedroom lighting
are not necessary, as brilliant lighting is
not only unnecessary, but would be
definitely unsuitable. Good lighting is
required only for a few local areas—by the
dressing table and by the bedstead—and
this can be obtained from comparatively
small lamps.
Other Bedrooms.
The three schemes of lighting previously
described would probably all be used in
different bedrooms according to their
importance. In the maids' rooms the
single dressing-table pendant would be
suitable. In the rooms i, 4, 5, 6 and 7
a dressing-table pendant and a bedside
plug would be sufficient. These might,
on the other hand, depending on the views
of the owner (and probably on the question
of cost), be provided with a centre light,
bedside plug and dressing-table plug,
and this same arrangement would certainly
be desirable in bedrooms i and 3, with an
extra fireside plug if the owner wishes it.
The lamp sizes to be used will depend
on the decorations and fittings selected,
but the following should be sufficient :—
Maids' rooms 4o-watt.
Smaller bed- Two 25 or 4o-watt lamps
(5o/8o watts total) for
rooms.
the pendant and 40watt for the bedside
lamps.
Bedrooms i 6o watts for the centre
pendant with two 25and 3.
watt lamps (or 5o watts
total) for the dressingtable standards and 40
watts for the bedside
and fireside plugs.
Other Rooms.
Apart from the bedrooms the lighting
details will be obvious. A single pendant with 25 or 4o-watt lamp will be
wanted in each bathroom or W.C., and

preferably one in the linen cupboard.
A pendant (40-watt) would be required
over the servants' staircase and another
at the bend in the corridor. Finally, one
good fitting with a 6o-watt lamp over
the main staircase will light that and the
section of corridor near.
A Light in the Roof.
If there are rooms in the roof space a
light in each with a 25-watt lamp will
be sufficient if these are used as stores-or if they are bedrooms they should be
treated as described according to their
importance. A plug with a hand lamp
in the roof space will be found very useful,
either when cleaning the water tanks or for
examining contents of boxes if the space
is used as a box room.
LIGHTING SCHEDULES.
Having thus schemed out the details
of the lighting points, largely, as will be
seen, to suit the views of the owner, a
detailed schedule of the lamps to be used
should be prepared as a preliminary to
calculating the cables, fuse-boards and
other details of the wiring. Such schedules
can be made out in many ways, but it is
convenient to include the details of the
switches, and if a column showing the total
wattage of the lamps is included as well as
(or in place of) one showing only the watts
for each lamp, the totalling up of the
loads on the fuse-boards can be carried
out easily.
The supply company's service requirements must be considered before any
distribution scheme can be worked out.
If the supply is 2-wire, any convenient
arrangement of fuse-boards can be adopted;
but if 3-wire or 3-phase, the number of
boards must be schemed out to provide a
suitably balanced load.
Three-wire Supply.
For a 3-wire supply, two fuse-boards
might be used in the example under consideration, and positions must be found
for these which will be (a) inconspicuous
and (b) convenient for access. Suitable
positions would be the lobby outside the
pantry and outside bedroom No. 6, and
the circuits might be arranged so that the
former board supplies all the ground floor
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and the latter all the first floor. An
alternative arrangement would have the
board near the pantry to supply all the
west end, both ground and first floors, and
another board near the service stairs
for the whole of the east end of the house.
Three-phase Supply.
If the supply were 3-phase and the company required a balanced load, the three
boards then necessary could be fixed :—
Phase A near pantry to supply west
end, ground floor.
Phase B near bedroom 6 to supply
west end, first floor.
Phase C, service stairs, east end, ground
and first floors.
Rooms such as the pantry, cloaks, bathroom or bedroom No 6, could be connected
to one or other board as may be necessary
to obtain a balanced load.
How the Load Should be Distributed.
Taking as an example a 3-wire supply
at 220/440 volts, and connecting the
ground floor to one side and the first
floor to the other side of the supply,
the loads on the two boards will be :—
Ground floor-37 lighting points, totalling 1,925 watts.
First floor-3o lighting points, totalling
1,195 watts.

8or

As the maximum number of points
per circuit must not exceed ten, and should
not exceed eight for good work, so that
some margin for alterations will be
available on any circuit, the number of
ways required would be :—
For ground floor-5 ways.
First floor-4 ways.
Current on the Main Cables.
The current on the main cables to these
boards will be 8.7 amps. and 5.4 amps.
respectively. The permissible voltage
drop (3 per cent. plus I volt) is 7.6 and
an allowance of 3 volts is desirable for
the circuit wiring and fittings. The drop
allowable in the mains would therefore
be 4.6 volts. With the company's service
fixed near the fuel store, the length of
cables would be about 50 feet run for
either board (this should be measured
exactly where close calculations are necessary, as, for example, where the runs are
long or where a low voltage is being
used) and for such a length the voltage
drop will be, as given in I.E.E. rules,
only I volt for every 31 feet with 3 (.036
cables (which will carry the current) or
only about i z volts for the run as measured.
The distribution scheme will thus consist
of two 10-amp. main switches ; two nms of
sub-mains each 3/.036 section and two
fuse-boards of 5 and 4 ways respectively.

MAGNETIC CLUTCHES AND CHUCKS
ON A.C.
HE problem of operating magnetic
clutches and chucks from an
A.C. supply is one which must be
faced when the supply mains are eventually
changed over from D.C. A magnetic
chuck will not work on A.C., because
apart from the fact that it would heat up
badly it would not hold the work securely.
A clutch could be designed to work
on an A.C. supply, but an existing type
run from D.C. would not do so on account
of the solid construction of the iron circuit.

T

The conversion of A.C. into D.C. for
this purpose is effectively accomplished
by installing a Westinghouse metal rectifier, or a rotary converter. The metal
rectifier is preferable, because it requires
no attention and is silent in operation.
The output from the metal rectifier is of a
pulsating nature, but is quite suitable for
this purpose without smoothing, because
the inductive nature of the magnet
windings provides all the smoothing
necessary.
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A HANDY ELECTRICAL
DISTRIBUTION BOARD
By DAVID CHARLES
HE purpose of a distribution board, Making the Distribution Board.
as its name indicates, is to distriTo make a distribution board of this
bute a source of electrical current kind all that is required is the necessary
to more than one direction. That is to number of plugs and a switch block of
say, where it is required to make use of suitable size. In the case of the board
several pieces of electrical apparatus and shown in Fig. i the switch block is one
there happens to be only
one plug available, an attachment of this kind makes
it practical to do so without
making alterations in the
house wiring.
Where it is likely that the
necessity for the use of
several plugs in place of one
will be regular and continuous
it is not at all a difficult
matter to disconnect a switch
plug as fitted, for instance,
for a radiator supply and to
screw in its place one of
these • small distribution
Fig. 1.—THE COMPLETED DISTRIBUTION BOARD.
boards with two, three or
This neat and compact piece of apparatus can be made
even more switch plugs of
in half an hour, and enables a single supply to be used
smaller size.
for several purposes at once.

T

Uses of the Distribution Board.

measuring 9 by 3 inches, and this holds
On the other hand, for general use it is three 5-amp. switch-plugs quite convenpreferable to keep the board loose and iently.
to plug it in as required. By this means
the distribution board can often be placed The Wiring.
A length of flex with a spare plug at
or hung on a wall in a more convenient
position for switching on and off than the end for inserting in the wall socket
where the main source of supply happens is required, this being wired " in parallel "
to be situated. By the use of a little with all three switches, as is clearly exboard of this kind, it becomes easy, for plained in Fig. 2, showing a back view of
instance, to keep the radiator for warming the same distribution board. It is adthe room going at the same time as one is visable to err, if anything, on the side of
using an electric flat iron, toaster and so on, using wire on the rather heavy side. This
or even on occasions when circumstances not only obviates any risk of overheating,
demand it, two or more radiators, all but it must be remembered that even if
from one power main. Bear in mind such overheating (due to using more
the maximum " wattage " that the existing current than the wire is made to carry) is
wiring allows for and see that this is not. not sufficient to cause actual danger, it
certainly reacts upon the efficiency of any
exceeded.
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Fig. 2.—THE UNDERSIDE OF THE BOARD IN HO. I.
Showing the simplicity of the wiring.

electrical apparatus that may be in use
by reason of the resistance which it sets
up.

Flex Should be Detachable.
A user of such a distribution board
which is not in regular use may find it a

Fig. 3.—THE " INPUT " FLEX, AS WELL AS
THOSE TO THE APPARATUS, CAN BE MADE DETACHABLE.

rather inconvenient piece of apparatus
to store upon a shelf when it is provided
with rather a long length of flex. The
latter, especially if of a substantial kind,
is apt to be found straggling about none
too tidily. In such cases as these it i$ a
great advantage to have the flex entirely

Fig.

4.—HOW THE BOARD IS FIXED TO
THE CEILING BY MEANS OF A HINGE.
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detachable. This can be achieved by
means of an extra socket, wired also in
parallel, on the distribution board, and
to have a plug attached to each end of
the length of flex. This idea is shown
carried out in Fig. 3, which shows a
bo-amp. distribution board intended for
use in a workshop where movable apparatus
of a rather heavy current consumption
type is employed.
Fixing in a Workshop.
Another feature of this particular switchboard is that it is supported from the
ceiling, where it is just within reach.
In this way loose flexes do not hang about
on benches. The means of support is, as
shown in Fig. 4, an ordinary Tee-hinge

of large size. The back of the distribution
board is first covered in with a piece of
plywood, and the screws to fix the hinge
are put right through this into the thickness of the switch block. The advantage
of fixing in this way is that it is as easy
to fix as any other form of bracket, and it
happens that when an accidental pull occurs
on any particular flex it does not result
(as might happen if the switchboard were
firmly fixed) in the detachment of the
plug from the switch. Moreover, it
happens that the ceiling in this particular workshop is none too high, and if
any bulky article is moved about and gets
knocked against the switchboard, the
latter merely swings and nothing is
damaged.

ADJUSTING A NOISY FAN

Fig.

I.--How TO • AD DIST A BENT BLADE.

OTHING is more irritating than a
fan that works noisily, and the
practical electrician may
often be called in to put the matter
right.
Most probably all that has happened is that the fan has had a knock
which has caused the safety guard to
bend and so catch a blade of the
fan.
Another fault that might have developed
is that one of the blades has become
bent.
The first thing to do is to disconnect
the fan from the source of supply and
revolve it slowly by hand. If it is found
that all the blades just slightly touch
the frame, then the latter should be bent
out. If only one of the blades catches,
it is the blade that needs bending free
of the frame.
If the noise is not cured by either of
these adjustments, it may be that one
of the coils on the armature or field has
worked loose.
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COTTON, PAPER AND FIBRE
IN ELECTRICAL ENGINEERING
By M. G. SAY, PH.D., M.Sc.

Fig. I.—WINDING CONDENSER BUSHINGS FROM BAKELIZED PAPER.
Bakelized paper is used for rolling into condenser-type terminal bushing: used for leading very
high-voltage conductors into transformer tanks or buildings. At the right is a winding machine ;
at the left a baking oven. (loco Rubber and Waterproofing Co.)

HE cotton used for electrical purposes comes from plants cultivated in America, Egypt and
India. In making up and weaving the
cotton, the manufacturers usually size
the threads to facilitate the operation of
the looms. Some of the sizing chemicals
are deleterious for insulating uses, and the
woven cotton may be scoured to remove
them.

T

Uses of Cotton.
Cotton is used as thread, tape, or cloth.
As thread it is employed for covering single
wires in one, two or more layers. The
former are more common and are known as
S.C.C. (single cotton-covered) and D.C.C.
(double cotton-covered). Successive layers
are wound in opposite directions. A useful

arrangement is to cover an enamelled
wire with single cotton covering ; the
enamel gives excellent electric strength
and the S.C.C. protects the enamel skin
from mechanical damage.
Cotton is highly hygroscopic ; it absorbs
water so readily that plain cotton insulation cannot be tolerated in finished
apparatus. It is essential that cotton
covering be " filled " with some impregnating compound, varnish or wax.
Cotton Tapes—Size and Purpose.
Cotton tapes are made in various sizes,
the most common lying in the range
inches. The three varieties are
ordinary straight weave, bias and webbing.
The •bias tape is particularly useful for
" half-lap " insulation, i.e., a winding of
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tape in helical form so that there is a
continuous half-width overlap of successive
turns. The principal function of tape is to
bind other superior insulation (if any) and
the conductors of, say, a coil, in position.
The tape for this purpose should be thin
and strong.
Untreated cloth in widths up to about
i yard is used for backing mica products.
Various thicknesses between 3 and 20 mils
are used.
Linen and Silk.
Besides cotton, linen tapes have certain

vonsargeof

" undressed " or uniformly " dressed "
to take a smooth, regular finish. The fabric
is treated in lengths of about 5o ft., which
are passed through a vat of varnish and
then through a baking oven. Drying may
take 10 hours per coat at I00° C.

The Disadvantage of Bias Tape.
Varnished tapes are cut from sheets.
As with untreated tapes they may be
straight cut or bias. The former is
stronger in tension because the threads
take the strain directly. With bias-cut
tapes, however, the threads cannot take
the direct tension, which
is therefore thrown on
the varnish film. This
is important, as varnish
is mechanically weak,
and may crack, with consequent electrical failure.
Empire cloth is useful
for large wrappings and
for slot linings for lowvoltage machines. Varnished silk can be used
•
where space is limited
and good electric strength
is needed.

Why Treated Cloth is
Weaker.
Treated cloth and tape
are weaker mechanically
than the untreated material. This is because the
latter, when stretched,
contracts laterally and
more threads are drawn
together to take the strain, and the
bunch of threads thus formed gives a
strong strand. When varnished the cloth
cannot stretch. Thus the material tears
and splits if unevenly pulled or overloaded in tension.

Fig. 2.--BAKELIZED CLOTH GEARS.
Bakelized cloth is particularly suitable as a substitute for
metal gears and the distinctive features are : Silent operation ;
no end support required for the teeth ; unaffected by water, oil or
vermin ; will not distort when used at temperatures up to ioo° C.
(Bakelite, Ltd.)

applications, and silk is used as a wire
covering where it is particularly desired
to save space. Silk is useful for very fine
wires.

TREATED FABRICS.
Low-voltage coils may be taped with
treated material—e.g., varnished tapes—
instead of being wound with untreated
tapes and subsequently impregnated. The
common term for varnished cotton fabrics
is " Empire cloth." Although the untreated cloth itself is of but little insulating value and is only used to carry the
films of varnish, the selection of a suitable
fabric is of importance. It must be free
from defects in weaving and be either

Bakelized Cloth.
A comparatively recent development
is the production of materials composed of
cloth impregnated with a synthetic resin
of the bakelite " A " type. Layers of
treated cloth are then assembled in a
stack and placed in a steam-heated press.
The heat treatment completes the change
of the resin from the " A " to the " C "
state, and leaves the material in the form
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of sheets of any desired thickness, hard,
The
solid and mechanically strong.
electrical strength is moderate to good,
but the material is quite suitable for lowvoltage uses. The thin grades (up to
* inch thick) are admirable for punching,
in which form they can be used for assembling small telephone parts, contacts, etc.
The thick grades are manufactured
especially for silent gears.
A Substitute for Metal Gears.
Bakelized cloth is particularly suitable
for this use, and as a substitute for metal
gears or for gears made of untreated paper or raw hide. The
distinctive features are (I)
silent operation •' (2) no end
support required for the teeth ;
(3) unaffected by water, oil or
vermin ; (4) will not distort
when used at temperatures up
to Ioo° C.
In addition to being used
for gears and pinions, cloth
treated with synthetic resin
can be moulded into various
shapes to meet special requirements, such as fish-plate insulators on railways using
electric signalling, rectangular
and round tubes, washers,
bushings, discs, cleats, channels, handles, knobs, pulleys,
liners for tanks. It should
be noted that with bakelite,
a heat and pressure process
is always required to convert
the resin to its final state.
PAPERS.
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largely on the kind of cellulose used in
their production—particularly the length
and nature of the fibres. Cheap paper is
manufactured from wood pulp. The shortness of the fibres makes the paper brittle
and easily torn, as can be demonstrated
by a newspaper read before the fire ;
the outside pages soon become dry, brittle
and weak. A paper that depends too much
on dampness to hold it together is not
suitable for electrical needs. Of course,
moisture is an essential in all papers to
some extent.
The long-fibred manila
papers, however, can keep their mechanical

Fig. 3.— BAKELIZED CLOTH GEAR IN OMNIBUS MAGNETO.
(Bakelite, Ltd.)

To the uninitiated the number of varieties of paper now manufactured
is quite astonishing. The electrical industry
is a comparatively minor consumer of
paper, and consequently a choice has often
to be made from the range manufactured
for other purposes. Many papers are very
suitable, although not specially made for
electrical use.
Paper—How It Varies.
Papers of all classes are cellulose
materials, but their characteristics depend

strength even when comparatively dry,
How Paper is Made.
The process of manufacture of paper is
most ingenious and interesting. Very
briefly, it consists in running a thin, flat,
wide stream of wet pulp on to a moving
tray. The water drains off, leaving a thick
film of damp fibrous pulp. In this state the
film is extremely tender. It is passed
through drying rolls, steam heated, and
calendering or smoothing rolls, finally
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emerging as a sheet of paper. It is wound up
on a drum at the end of the paper machine.
The pulp used contains wood fibre, rags,
plant fibres, straw, etc., also hemp, flax,
jute and esparto grass. The various types
of paper have distinctive trade names,
some of which (with their description) are
given below :—
NAME.

DESCRIPTION.

Cable
..
Core plate..

Cotton, hemp and jute, acid-free.
Thin wood-pulp paper for insulating core discs for armatures, etc.
High-grade flax and linen paper,
coated with tinfoil for making
condensers.
Non-absorbent wood-pulp and
cotton, u-ed for carrying gums.
Strong wood-pulp.
Cotton rags treated IN ith zinc
chloride ; used for slot lining.
If pure, contains only manila ;
strength is its chief characistic.
Condenser and electrical tissue
made from rags.

Foiled
Grease-proof
Kraft
Leather or
fish
Manila
Tissue

Paper for Telephone Cables.
Paper is very rarely used in its untreated
state. Probably the most important use of
untreated paper is for telephone cables.
In these a number of pairs of wires are
made up with dry paper strip insulation
and enclosed in a lead sheath. Great care
has to be taken to prevent the introduction
of moisture, especially when repairing or
jointing.
Paper is porous and hygroscopic, and
deteriorates with time (e.g., old newspapers
and documents). It should not be exposed
to heat above rzo° C., as it carbonises or
chars.
TREATED PAPERS.
Cable papers are impregnated with
heavy mineral oil, sometimes with an
admixture of resin oil. Most other
treated papers, other than that used
for backing mica, etc., is employed in the
manufacture of a number of useful fibrous
sheet materials.
Pressboard and Its Uses.
This is a thick cardboard of high-grade
paper, formerly known as " fullerboard "
or (on the Continent) " presspahn." Its
insulation value is comparatively low,

but it is useful for linings of tanks, slots,
etc. Being somewhat hygroscopic, it is
often varnished to reduce the moisture
absorption.
Vulcanized Fibre.
A common name is " leatheroid " or
" hard fibre." It is manufactured from
thick sheets of cardboard stacked and
compressed after a long chemical process
which unites the layers together in a
solid mass.
It has good machining
qualities, and consequently slot wedges,
rollers, tubes, insulating feet, insulating
nozzles, etc., can be produced from it.
With a skilful use of ordinary tools a
reasonably good screw thread can be
obtained. Fibre is hygroscopic, but its
hardness and density prevent it from being
properly impregnated.

Movemeni of
cry-7,44010r

Rola/ion of
bead

Fig. 5.—METHOD OF WRAPPING CONDUCTORS
WITH PAPER.

Synthetic-Resin-Paper Boards.
Grease-proof papers impregnated with
synthetic resins, such as bakelite " A," are
assembled in stacks and subjected to hot
pressing in the same way as already
described in connection with cloth. Grades
are manufactured for high electrical and
mechanical strength, for use under oil, and
for punching. Tubes and other shaped
sections are also made in these grades.
The oil-immersible tubes are nowadays
used very extensively for the mounting of
coils of core-type transformers, and for
leading the connections up to the top of
the tank.
Bakelized paper is used for rolling into
condenser-type terminal bushings, used
for leading very-high-voltage conductors
into transformer tanks or buildings.
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TYPES OF A.C. INDUSTRIAL MOTORS
AND THEIR APPLICATIONS
By A. T. DOVER, M.I.E.E., Assoc.Amer.I.E.E.
A.C. Motors in Industry.
similar to the corresponding D.C. motors ;
ITH the extension and ultimate (2) the poor starting performance and
completion of the Central Elec- low efficiency of certain types of motors ;
tricity Board's "National Grid " (3) the imposition of tariffs penalising
scheme of three-phase, 5o-cycle, alterna- low power factor; (4) the smaller installating-current transtions having a
mission and distrisingle-phase supply
bution, A.C. motors
instead of a threewill be used in inphase supply (the
creasing numbers
single-phase supply
for industrial purbeing given from a
poses. Their use in
general three-phase,
industry may ultifour - wire, distrimately become
bution system).
universal, except in
Moreover, three
special cases—such
fundamental prinas variable - speed
ciples of operation
reversing motors of
are applicable to
large output, exA.C. motors, whereceptionally severe
as only one prinstarting conditions,
ciple is applicable
etc. — where the
to D.C. motors.
service conditions
CLASSIFICATION
can only be met
OF MOTORS.
satisfactorily
Fig. I.—COMPLETE STATOR OF MODERN THREEby D.C. motors.
The classification
PHASE INDUCTION MOTOR. (B.T.-H. Co.)
A.C. motors, howmay be made
Observe the small radial depth of iron in the
ever, have limitabroadly 'according
stator core and, the large air space between the
tions which are not core and the frame for the circulation of the to : (I) the mechanpossessed by D.C. ventilating air by the fan on the rotor (see ical features, such
motors, and their Fig. 2A).
as the type of encharacteristics
closure ; (2) the
differ considerably from those of D.C. electrical features, such as (a) the number
motors. Whereas the three types of D.C. of phases in the supply system on which
motors (viz., shunt, series, compound) the motor is to operate ; (b) the principle
can meet the whole range of industrial of operation, or method of transferring
requirements, over a. dozen types of A.C. energy to the member in which the useful
motors are necessary to meet the same torque is developed ; (c) the speed characrequirements.
teristics ; (d) the starting characteristics ;
(e) the power-factor characteristics.
Necessity for Numerous Types.
NUMBER OF PHASES.
The necessity for these numerous types
of A.C. motors is due to a number of
The National Grid scheme of electrical
causes, such as : (1) the high cost of A.C. distribution is on the three-phase system,
commutator motors having characteristics and accordingly all large factories will
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the linkage of the two circuits
by an alternating magnetic field.
No electrical connection is necessary between the circuits.
The conductive method of energy
transference is used in singlephase series (commutator) motors ;
three-phase series (commutator)
motors ; three-phase shunt (commutator) motors.
The inductive method of .energy
Fig. 2A.—SLIP-RING ROTOR FOR STATOR ILLUSTRATED IN
transference is used in all inducFIG. I. (B.T.-H. Co.)
tion motors (single - phase and
The rotor conductors consist of insulated bars which
three-phase) and in single-phase
are connected to form a three-phase star winding, the
(commutator) motors.
repulsion
ends being .brought out to the slip-rings for inserting
It is also used in all types of
starting resistances in the rotor circuits.
stationary transformers.
have a three-phase supply, and factories
A combination of both methods is
of medium size may also have a three- used in certain types of three-phase
phase supply, but small factories will variable-speed motors and three-phase comprobably only have a single-phase supply. pensated induction motors.
Private residences, business premises,
hotels and places of entertainment will Energy Transference by Interaction of
Magnetic Fields.
in general have a single-phase supply.
A further principle of operation is
The types of motors which will need
consideration, therefore, are those which available, viz., the interaction between
are suitable for the three-phase and single- two concentric magnetic fields. When
two such magnetic fields rotate at the
phase systems.
same speed in the same direction, their
magnetic axes tend to coincide and to
GENERAL PRINCIPLES OF
remain fixed relatively to each other.
OPERATION.
This principle is applied to A.C. motors
Although the fundamental principle by arranging that one field is produced
governing the action of D.C. motors is by the alternating supply currents and
also applicable to A.C. motors, other the other is produced by a field-magnet
principles are available, due to the alter- system excited with direct current. In
nating voltage and current of the
supply system.

Conductive and Inductive Methods
of Transferring Energy.
In D.C. motors the armature
or rotating member in which the
mechanical power is developed
must receive its electrical energy
conductively from the supply
system, i.e., a direct electrical
connection must exist between
the armature and the supply
system. But with an A.C. supply,
energy may also be transferred
inductively, as well as conductively,
from one circuit to another. The
essential condition for the inductive 'transference of energy is

Fig. 2B.—SQUIRREL-CAGE ROTOR FOR STATOR ILLUSTRATED
IN FIG. I. c.B.T.-H. Co.)
The conductors and end rings are of aluminium and are
cast in one piece by a special process. The projecting
lugs on the end rings act as radiating fins for dissipating
the heat produced in the rotor conductors and end rings.

TYPES OF A.C. INDUSTRIAL MOTORS AND THEIR APPLICATIONS 811

small and fractional h.p. motors the
field-magnet system, if of suitable form,
may be excited by induced magnetism
from the alternating field. Motors operating on this principle are called synchronous
motors.
Summary.
The general principles of operation and
the types of motors in which they are used
are summarised in Table I.
TABLE I.-PRINCIPLES OP OPERATION OF A.C. MOTORS.
Principle of Operation.

Types of Motors in which
Principle is used.

Conductive transference of
energy. Excitation obtained from A.C. supply,
(Principle similar to that
employed in D.C. motors.)

Single-phase
series-wound ;
three-phase series-wound ;
three-phase shunt-wound.
[Nora.—All these motors
have commutators.]

Inductive transference of
energy. Excitation obtained from A.C. supply.

Induction (single-phase and
three phase) ; single-phase
repulsion ;
single-phase
repulsion-induction.
[Nom.—Induction
motors have no commutators ; repulsion motors have
commutators.]

Conductive and inductive
transference of energy.
Excitation obtained from
A.C. supply.

Three-phase variable speed,
shunt characteristic.
[Nom.—These motors
have commutators.]

Inductive transference of
energy. Excitation obtained from A.C. supply,
but compensated at low
frequency by commutatortype frequency changer.

Compensated
induction
three-phase).
[Nom.—These
motors
have commutators.]

Interaction of magnetic
fields. Excitation supplied
by direct currents.

Synchronous.
[Nora.—These
motors
have no commutators.]

USE AND APPLICATIONS OF THE
VARIOUS TYPES OF MOTORS.
Three-phase Induction Motors.
The three-phase induction motor is the
most extensively used type of motor in
industrial plants, as it is the cheapest,
simplest and most robust of all A.C.
motors, and possesses good starting characteristics. It is, however, a practically
constant-speed machine and takes lagging
currents from the supply system.
The chief parts of a typical motor are
illustrated in Figs. r, 2A and 2B, and
further details are given later.
The applications of induction motors
are in general similar to those of D.C.
shunt-wound motors (i.e., to all drives
requiring approximately constant speed).
Any starting requirements, light or heavy,
can be met by the two types of rotors,

Fig. 3A.—COMPLETE STATOR OF COMPENSATED
INDUCTION MOTOR. (English Electric Co.)
The stator winding is an ordinary threephase winding, but the phases are not interconnected (as in the stator winding of an
induction motor), i.e., all the six ends are brought
out to terminals in the terminal box.

viz., the squirrel-cage rotor for lightand medium-duty starting, and the slipring rotor for heavy-duty starting.
Three-phase Commutator Motors.
The three-phase induction-commutator
motor is used when efficient speed regulation, with shunt characteristics, is desired
over a wide range of speeds. A modification of this motor is used when practically
constant-speed operation at leading power
factors is desired. Such operation may
be necessary to compensate the lagging
currents of other induction motors and so
obtain a more favourable tariff from the
supply authority. These commutatortype motors are considerably more expensive (3o to 40 per cent.) than induction
motors, and their uses are accordingly
restricted to the above services.
The chief parts of a typical motor are
illustrated in Figs. 3A and 3B, further
details are given later.
Three-phase shunt-wound and series.:
wound commutator motors have a very
limited use : in fact, they may be considered as superseded by the variable-
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speed induction-commutator motor. They
are not manufactured in this country,
and will not be considered further.

Three-phase Synchronous and Synchronous-induction Motors.
The three-phase synchronous motor with
direct-current excitation is used fairly
extensively in large sizes on account of its
high efficiency, absolute constancy of
speed, and controllable power factor. It is
more costly (To to 15 per cent.) initially
than a corresponding induction motor,
but the high efficiency and the ability to

without D.C. excitation, in sizes up to
15 h.p., is a recent development. It is
self-starting (due to a squirrel-cage winding
on the rotor) and runs at an absolutely
constant speed, but its power factor is
low (approximately 25 per cent. lower than
that of a squirrel-cage induction motor
of similar output and speed). Its cost
is slightly higher than that of squirrelcage induction motors of corresponding size.
This type of motor has a number of
applications in textile factories, gas works
and automatic conveyors, where synchronisation of a number of processes is necessary.

Fig. 3B.—ROTOR OF COMPENSATED INDUCTION MOTOR. (English Electric Co.)
The rotor slots contain two sets of conductors ; one set forming a three-phase
winding which is connected to the slip-rings, and the other set forming a lap
winding which is connected to the commutator.

operate at unity and leading power factors
result in the running costs being lower
than those for the corresponding induction
motor. Unless the field magnets are
provided with additional windings the
starting performance is very poor, but
with these windings starting torques
comparable with those of a squirrel-cage
induction motor may be obtained.
The synchronous-induction motor is a
slip-ring induction motor adapted for
D.C. excitation. It combines the good
starting qualities of a slip-ring induction
motor with the constancy of speed and
controllable power factor of a synchronous
motor. It is slightly more costly than a
synchronous motor and is used in cases
where difficulties due to the starting requirements would prevent the installation
of a synchronous motor.
The small three-phase synchronous motor

The chief parts of a typical motorlare
illustrated in Fig. 4.

Single-phase Motors.
Single-phase motors have a very extensive use in small sizes for domestic
appliances, such as vacuum cleaners,
sewing machines, refrigerators, ironing
machines, washing machines, etc. They
have also a very extensive use in the
smaller factories, laundries, dairies,
bakeries, etc., which have only a singlephase supply. Five types are used for
these services, viz., series-wound (commutator type), repulsion (commutator type),
induction (split-phase starting), induction
(repulsion starting), induction-repulsion.
The necessity for all these types is due
primarily to the very poor starting performance and low power factor of the
single-phase induction motor.
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Single-phase Series-wound Motors.
The series-wound commutator motor, in
small fractional h.p. sizes (up to about
is used extensively for vacuum
1/10
cleaners, sewing machines, and, similar
loads for which approximately constant
torque is required. In these small sizes
the motor is constructed similarly to a
D.C. series-wound motor (the field magnet
frame being laminated throughout), and
is capable of running on either A.C. or
D.C. circuits, thus leading to considerable
simplification in the manufacture and
marketing of these appliances. This con-

better commutation. The chief parts of
a typical repulsion motor are illustrated
in Fig. 5A.
Single-phase Induction and Repulsioninduction Motors.
The single-phase induction motor is a
practically constant speed machine like
the three-phase induction motor, but it is
not self-starting. For light-duty starting
a split-phase motor, with an auxiliary
(starting) winding on the stator, may be
used ; but for heavy-duty starting either a
repulsion-start motor or a repulsion-induc-

Fig. 4.—STATOR AND ROTOR OF SMALL THREE-PEASE SYNCHRONOUS. MOTOR.
(Lancashire Dynamo 6- Crypto, Ltd.)
The stator is similar to that of a three-phase induction motor. The rotor has
polar projections together with an ordinary squirrel-cage winding. The ends
of the conductors are visible in the illustration, and also the conductors occupying the spaces between the polar projections.

struction cannot be used for larger sizes
because of difficulties with commutation.
Single-phase Repulsion Motors.
The repulsion motor has a restricted
use to those applications requiring exceptionally large starting torque and a speed
characteristic resembling that of the D.C.
series-wound motor. In small and medium
sizes this motor is used in preference to a
single-phase series-wound motor because
it is cheaper than the latter and has

tion motor must be used. The difference
between these latter motors is that the
repulsion-start motor has a single, commutator-type, rotor winding, which is
short-circuited by a centrifugal device
when the speed reaches a predetermined
value, whereas the repulsion-induction
motor has two rotor windings in separate
slots (viz., a commutator winding and a
squirrel-cage winding) and does not there
fore require a centrifugal short-circuiting
device. Of these motors the split-phase
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type is the cheapest
and the repulsioninduction type is
the most expensive.
Both the repulsionstart motor and the
repulsion-induction
motor possess the
constant-speed
characteristic of an
induction motor together with the
good starting qualities of a repulsion
motor.
The chief parts
of a repulsionmotor
induction
are illustrated in
Fig. 6, and further
details are given
later.
Single-phase Synchronous Motors.
The single-phase
fractional h.p. synchronous motor
without directcurrent excitation
is being used in
increasing numbers
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Fig. 5A.—GENERAL ARRANGEMENT OF STATOR, ROTOR AND BRUSH GEAR

OF A REPULSION MOTOR (SMALL SIZE).
The stator core is similar to that of an induction motor, but the stator
winding is of the single-phase type with the coil sides of each coil group
distributed in three or four slots.
The armature has partially closed slots and the brushes are permanently
short-circuited, as shown in the view of Fig. 5B.
for electric clocks, master frequency:meters
and numerous other types of A.C. instru-

ments, timing mechanisms, mechanical
rectifiers, sound recording and reproduction, wireless picture transmission,
automatic telegraphy, small automatic
conveyors, etc. It is self-starting and
runs at constant speed (assuming the
frequency of the supply system to be
controlled by a master frequency meter).
Summary.
The types of three-phase and single
motors and their general applications are
summarised in Tables III and IIIA on
pages 817 and 818.
Fig. 5B.—COMMUTATOR END-BRACKET OF FOURPOLE REPULSION MOTOR.
Notice the absence of brush-gear insulators,
interconnections and terminals. The brush
spindles are fixed directly to the brush rocker
without the interposition of insulation.

MECHANICAL FEATURES.
Types of Enclosure for Industrial Motors.
As the three-phase induction motor is
the most extensively used machine for
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industrial plants, types of enclosure for
this machine have been developed to
meet all practical requirements. The
types of enclosure for small and mediumsize motors (up to about 25o h.p.) include
the following : Screen protected, drip
proof, pipe ventilated, forced draught,
totally enclosed, totally enclosed fan
cooled, flame proof. Large motors are
usually of the open-protected type, or
of the open type with separate bedplate
and pedestal bearings.
Commutator motors (small sizes) have
types of enclosure similar to those for
D.C. motors (i.e., screen-protected, drip
proof, pipe ventilated, totally enclosed).
Medium size and
large motors are of
either the screenprotected, openprotected or open
types.
Synchronous
motors with separate excitation are
usually built in
large sizes, and are
of the open - protected or open
types.

Screen Protected,
Drip Proof, Pipe
Ventilated and
Totally Enclosed
Induction
Motors.

in coal workings. The requirements are
that the motor must be capable of being
rolled into the position where the conveyor
is situated, and that the frame and endbrackets must be unbreakable.
Forced Draught Motors.
This type of enclosure is similar to the
pipe-ventilated type, but the ventilating
air is blown or forced into the motor by an
external fan or blower, instead of being
drawn into the motor by an internal fan.
Forced draught is necessary in certain
special cases where the motor runs at an
abnormally slow speed or where the length
of the pipe line is such that an internal

Fig. 6.—STATOR AND COMMUTATOR END-BRACKET OF SMALL REPULSIONINDUCTION MOTOR. (B.T.-H. Co.)
These types of
The stator has a four-pole single-phase winding and the outward
enclosure closely reappearance of the rotor is similar to that of a D.C. armature.
semble the corresIn this motor there are only two brush spindles, which are shown mounted
on a rocker. The white lines on the latter indicate the positions of the
ponding types for
for clockwise and anti-clockwise rotation of the rotor.
D.C. motors, and
the illustrations in
the article on " Types of D.C. Motors fan is ineffective. The external fan may
and their Applications " (pp. 149-166) be either driven by a small separate
may be considered as representative for motor or mounted adjacent to the motor
and driven by a belt or chain.
both A.C. and D.C. motors.
The forced-draught closed circuit system
Special Totally Enclosed Type for Coal- of ventilation is used with large ship-promines.
pulsion motors. This system is described
A special form of small totally enclosed on p. 157.
squirrel-cage motor, with a rolled steel
frame, without feet, and boiler-plate end- Totally Enclosed, Fan Cooled.
This type of enclosure has been developed
brackets, has been developed (by Metropolitan Vickers) for driving belt conveyors to overcome the disadvantages of the
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-c
ROLLER
BEARING

size) because the greatest heating occurs in the stator, the
laminations of which are in
direct contact with the frame
over which the cooling air
is blown.

Flame-proof Enclosure.
This type of enclosure is
provided for totally enclosed
induction motors which have
to work in coal mines, gas
works, oil plants, chemical
factories and pulverised coal
plants where an explosive
Fig. 7A.—TOTALLY ENCLOSED FAN-COOLED
mixture is liable to occur in
MOTOR. (B.T.-H. Co.)
the surrounding air. The
This motor has a stator frame similar
frames
and bearing brackets are
to that in Fig. r, and a cast aluminium rotor
specially strong and the joints
winding similar to that in Fig. 2B.
have large surfaces. Moreover,
a special labyrinth gland is
ordinary totally enclosed machine, which used at the shaft extension. This
becomes extremely costly for sizes gland and the large surfaces at the
above about ro h.p. owing to the large joints effectively prevent the flame, resultsize of frame required to obtain ing from an internal explosion of methane
In the new type (fire damp) and air, being communadequate cooling.
of enclosure cool air is blown over icated to a surrounding explosive mixthe surface of the frame by a fan ture.
mounted on the shaft between the
pulley-end bearing bracket and the
pulley. The arrangement is
shown in Fig. 7A, in which
this fan is shown at B. A
hood, A, fixed to the frame,
deflects the cooling air, which
is drawn in at C, over
the surface of the frame,
as indicated by the arrows.
An internal fan, E, is also
BALL
fitted for circulating the air BEARING
enclosed in the motor through
and around the windings and
stator core.
In some cases a double
frame is employed as shown in
Fig. 7B.
This type of enclosure produces such good results in an
induction motor (enabling the
Fig. 7B.—TOTALLY ENCLOSED FAN-COOLED MOTOR
continuous rating in some
WITH DOUBLE FRAME (B.T.-H. Co.)
cases to be 5o per cent.
A,
outer
frame and end brackets ; B, stator core ;
higher than that of an
C, annular space between inner and outer frames ;
ordinary totally enclosed
D, outer fans ; E, air inlets ; F, air outlet ; G,
motor of the same frame
inner fans.
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Summary.
The types of enclosure and their applications are summarised in Table II.
TABLE

11.—TYPES

OF ENCLOSURE FOR A.C. MOTORS
AND THEIR APPLICATIONS.

Type of Enclosure.
Protected and screenprotecten.

Suitable for
Engineering workshops (individual
and group drives) ; woodworking
plants ; printing works ; textile
factories (weaving and printing) ;
rubber plants ; lifts ; pumping
plants ; air compressors ; ref rigera tors.

Canopy protected or
drip proof

Laundries and wash-houses ; base
ment pump rooms in power
stations; outdoor plants (gantry
cranes, sawmills, etc.) not exposed to dm ing rain.

Pipe ventilated

Textile factories ;spinning mills and
card rooms) ; flour mills ; cement
works ; paper mills ; chemical
works ; paint and N, arnish factories.

Type of Enclosure.
Forced draught

Forced
draught,
closed air circuit.
Totally enclosed, ordinary type.

Totally enclosed, fan
cooled.
Totally
enclosed,
flame proof.

Suitable for
Specially slow-speed motors and
cases where a long pipe line cs ould
be necessary for a pipe-ventilated
motor.
Large ship-propulsion motors.
Boiler-house plant (mechanical
stokers and coal-handling machinery) ;
foundnes;
capstans;
winches; underground coal conveyors.
All cases requiring total enclosure,
except those in preceding and
following paragraphs.
Coal mines (coal cutters and other
machinery in " gaseous " mines) ;
pulverised fuel plants ; gas works ;
oil plants ; " gaseous " chemical
factories.

TABLE III—TYPES OF A.C. MOTORS AND THEIR GENERAL APPLICATIONS.
Type of Motor.

Chief Characteristics.

General Applications.

Three-phase induction ..

Slight di op in speed (between 3
and 5 per cent.) from no load
to full load.
No load speed (revs. per sec)
supply frequency half number
of pole,.
Power factor lagging (about 0.9 at
full load, 0.6 at quarter load).

Non-reversing and reversing drives
with frequent and infrequent
starting. Any starting duty and
any output.
Machine tools, woodworking machines, cranes, hoists, winders,
fans, pumps, lifts, textile mills,
etc.

Three-phase inductioncommutator (variable
speed).

Variable speed, shunt characteris- Non-reversing drives, with frequent
tic. -Usual speed range 3: 1.
and infrequent starting, requiring
Speed controlled by blush shiftmoderate outputs up to about
ing.
25o h.p.
Power factor unity at top speed,
Textile mills, printing presses,
but lagging at lower speeds.
large lathes, paper-making maMax. operating voltage 65o volts.
chines, lifts, fans, pumps.

Three-phase compensated
induction (commutator
type).

Speed characteristic similar to that
of induction motor.
Power factor unity at full load
and leading at fractional loads.
Max. operating voltage 65o volt,.

Non-reversing drives, with frequent and infrequent starting,
requiring moderate outputs up
to about 25o h.p.

Three-phase small synchronous, without D.C.
excitation.

Speed constant at constant frequency. Self-starting (light
duty). Low power factor.

Textile mills, gas works, automatic
conveyors where synchronisation
of a number of processes is
necessary.

Three-phase synchronous,
with D.C. excitation.

Speed constant. Can be made
self-starting. Power factor is
controllable, and can be adjusted to leading values for
power factor correction purposes.
Highest efficiency of all types of
A.C. motors.

Non-reversing drives with infrequent light-duty starting. Large
outputs.
Air compressors, ammonia cornpreisors, motor-generator sets.

Three-phase
synchronous-induction.

Speed constant.
Starting characteristics similar to
those of slip-ring induction
motor.
Controllable power factor.

Non-reversing drives with infrequent heavy duty starting. Any
output.
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TABLE IIIA.—TYPES OF SINGLE-PHASE MOTORS AND THEIR GENERAL APPLICATIONS.
Type of Motor.

Chief Characteristics.

General Applications.

Single-phase
induction
(split-phase start and
repulsion start).

Speed characteristic similar to that
of three-phase induction motor.
Requires auxiliary windings for
starting.

Non-reversing fractional h.p. drives
requiring shunt speed characteristic.

Single-phase series

..

Made in small fractional h p. sizes
only. Series speed characteristic. Good starting torque.

Vacuum cleaners, sewing machines.

Single-phase repulsion ..

Series speed characteristic. Good
starting torque.
Additional
stator winding required for reversible operation.

Reversing and non-reversing drives
with heavy frequent and infrequent starting.
Lifts, cranes, etc.

Single-phase
induction.

repulsion-

Shunt speed characteristic similar
to that of induction motor.
Good starting torque. Additional
stator winding required for reversible operation.

Reversing and non-reversing drives
with heavy frequent and infrequent starting.
Machine tools, lifts, pumps, fans,
mixing machines, etc.

Single-phase small synchronous, without D C.
excitation.

Speed constant. Requires auxilimy windings for starting.

Non-reversing constant speed drives
with light duty starting
Clocks, timing mechanisms, automatic telegraphs, mechanical rectifiers, picture and sound recording and reproduction, etc.

CHARACTERISTICS AND APPLICATIONS OF THREE-PHASE INDUCTION MOTORS.
Chief Electrical Parts and Constructional
Features.
The chief electrical parts are (1) a
stationary member, called the stator, and
(2) a rotating member, called the rotor.
The stator consists of a laminated core
with partially closed slots spaced uniformly
along its inner periphery. A three-phase
winding, designed for the full supply
voltage, is wound in these slots, and when
excited by three-phase currents produces
a rotary magnetic field of the required
number of poles. The winding is either
star or delta connected according to the
starting requirements and other conditions.
The rotor also consists of a laminated
core with partially closed slots spaced
uniformly along its outer periphery. Two
types of winding are used, viz., a normal
three-phase winding with the ends connected to slip rings, and a permanently
short-circuited winding, consisting of bars
and short-circuiting end rings (called a

squirrel-cage). Their uses are explained in
the following sections.
The stator and rotor are arranged concentrically as represented in the perspective sectional sketches of Fig. 8,
which show clearly the arrangement of the
rotor windings. The slip-ring rotor winding
is always star connected and has the same
number of poles as the stator winding.
The usual diagrammatic representations of
slip-ring and squirrel-cage motors are
shown in Fig. 9.
The Air Gap.
An item of very great importance in an
induction motor is the air gap between the
stator and rotor. This gap must be made
as small as practicable if the motor is to
operate with a high power factor. For
example, in a z0-h.p. motor the air gap is
about o.03 inch, and in a large motor with
a 6-ft. diameter rotor it is about o.o8 inch
(i.e., less than a tenth of an inch !). Hence
in small motors accurate machining and
centring of the rotor are extremely
important. Such machines, therefore, are
fitted with ball or roller bearings, and the
stator and rotor cores at the air gap are
ground to true cylindrical surfaces.
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Flg SA.—GENERAL ARRANGEMENT OF STATOR AND ROTOR OF A SLIP-RING MOTOR.
Notice the manner in which the end connections of the rotor winding are arranged so as to be
self-supporting. This is called a " mush " arrangement.
Notice also the partially closed slots and the radial ventilating ducts.

How the Torque is Produced.
An essential condition for the production of torque in an induction motor is
the establishment of a rotary magnetic
field. In three-phase motors this field is
produced by the three-phase currents
circulating in the stator windings. The
rotary field may be likened to a rotating
field frame of a D.C. motor, the speed
of rotation in revolutions per second
being equal to : Supply frequency half
the number of poles in the stator winding.
The rotor conductors (which form a shortcircuited winding) are cut by this field, and
alternating e.m.f.'s and currents are induced in them, the frequency of these
being equal to : Speed (revs. per second)
at which rotor conductors are cut x half
number of poles. If the rotor winding
were non-inductive, the currents in the

conductors under a given pole of the
rotary field would be in phase with the
flux, and the direction of these currents
would always bear a constant relationship
to the direction of the flux (i.e., when
the flux changes sign the currents would
also change direction). Hence a continuous and steady torque would be produced. These conditions are represented
graphically in the pictorial diagram of
Fig. io.
In practice the rotor winding is inductive, and the currents lag with respect
to the flux, i.e., the rotor conductors
which are carrying maximum current
at a particular instant are displaced
with respect to the centre of the pole face
of the rotary field. In consequence the
torque is smaller than that produced by
a non-inductive rotor winding. The in-

820

TYPES OF A.C. INDUSTRIAL MOTORS AND THEIR APPLICATIONS

decreases when the armature current and
torque increase ; the decrease in countere.m.f. requiring a corresponding decrease
in speed to maintain electrical equilibrium.
As the percentage drop in speed from, say,
no load to full load in a shunt-wound
motor depends upon the resistance of the
armature winding, so also does the percentage drop in speed of an induction
motor depend upon the resistance of the
rotor circuit ; i.e., for given conditions a
high-resistance rotor circuit will cause
a greater percentage drop in speed from
no load to full load
than a low-resistance rotor circuit.
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to inductance and
magnetic leakage
the torque in the
Fig. SB —GENERAL ARRANGEMENT OF STATOR AND ROTOR OF A SQUIRRELinduction
motor
CAGE MOTOR.
does not increase
Notice the " mush " arrangement of the stator end connections.
In this motor the rotor bars and end rings are of copper. The joints
in proportion to the
between bars and end rings are usually made by electric welding.
current input and
reaches a maximum
Speed Characteristics.
value at about twice to two and a
The principle of operation of an induc- half times full-load torque.
tion motor requires that the speed should
drop slightly as the torque increases. Typical Speed-Torque Curves.
This drop in speed provides the additional
A typical speed-torque curve for a
e.m.f. in the rotor conductors to pass motor with the usual low-resistance rotor
the additional current through the rotor winding is shown by curve A, Fig. ii.
circuit. The conditions are somewhat The change in speed from no load to full
similar to those occurring in the D.C. load is about 3 per cent. of the no load
shunt-wound motor, in which the counter- (synchronous) speed. B, C, D show the
e.m.f. (or back-e.m.f.) in the armature corresponding curves when the resistance

ductive effect is greatest at starting,
because the frequency in the rotor is
then equal to the supply frequency, and
in order to obtain a large torque at
starting resistance must be added to the
rotor circuit to reduce the lag of the
current. This is one of the reasons why
a slip-ring motor can start against heavy
loads and why an ordinary squirrel-cage
motor is unsuitable for this duty. At
normal speed the frequency in the rotor
is very small and the inductive effect
is correspondingly small.
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of the rotor circuit
is increased (by
means of external
resistance inserted
via the slip-rings)
to 2, 5 and io times
the normal value.
These curves show
that for a given
torque any speed
between zero and
normal may be obtained by inserting
appropriate resist- Fig. 9A.—USUAL METHOD OP REPRESENTING A THREE-PHASE SLIP-RING
INDUCTION MOTOR IN WIRING DIAGRAMS.
ance in the rotor
circuit. This, then,
is a simple but inefficient method of Applications.
regulating temporarily the speed of an
Ordinary squirrel-cage motors can only
induction motor. The efficiency is low be used when the starting conditions are
because of the large losses in the rotor light, as with the usual methods of startcircuit. Moreover, as the resistance of ing—e.g., by star-delta connections (only
the rotor circuit is increased the slope suitable for motors up to 35
and
of the speed-torque curve increases and auto-transformer--the starting torque is
ultimately resembles that of a series motor. about 35 per cent. of full-load torque for
Thus an induction motor controlled by star-delta starting (the starting current
resistance in the rotor circuit loses its being about i times full-load current),
shunt or constant-speed characteristic.
and between 35 and 70 per cent. of full-load
torque for auto-transformer starting (the
Power Factor and Efficiency.
The power factor and efficiency of corresponding starting currents taken from
small motors with squirrel-cage rotors ai e the supply system being between rt and
always slightly higher than the corres- 3 times full-load current). When the
ponding quantities for these motors with starting conditions are suitable, the
slip-ring rotors. Typical average curves squirrel-cage motor should always be
which are representative of modern motors used, because of its cheapness, simplicity,
robustness and higher efficiency and
are given in Fig. 12.
power factor compared with the slip-ring
motor.
A slip-ring motor is capable of starting
against any load within the maximum
torque of the motor. Full-load starting
torque can be obtained with a starting
current about If times full-load current,
and higher torques with correspondingly
higher currents.
Squirrel-cage motors are suitable for
driving fans, blowers, centrifugal pumps
and machines, looms in weaving rooms of
textile mills, machine tools, woodworking
machines, and all machines which can
be started light.
Slip-ring motors are suitable for driving
air
compressors, ram pumps, crushing
Fig. 9B.—USUAL METHOD OF REPREmills, pulverising mills, haulages, cranes,
SENTING A THREE-PHASE SQUIRRELCAGE MOTOR IN WIRING DIAGRAMS
winches, hoists, winders, lifts, and machines
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performance o f
the motor. If,
however, the resistance of the
rotor winding
were
increased
temporarily at
starting, improved starting
perf orman c e
would be obtained without
detriment to the
efficiency. This
is the principle
utilised in the
double squirrelcage motor.
How the Double
Squirrel - c age
Windings are
Arranged.
One of the two
squirrel-cage
windings occupies
slots at the periphery, as in an
ordinary motor,
and the other
occupies slots in
the body of the
rotor core. The
outer winding
has a high reFig. I0.—PICTORIAL REPRESENTATION OF STATOR AND ROTOR CORES OF A
sistance, and the
THREE-PHASE INDUCTION MOTOR.
inner winding has
Showing the directions of currents, flux and torque at a particular instant.
a low resistance.
with heavy flywheels which have to be At starting the current is confined to
the outer winding because the reactance
started slowly.
of the inner winding is high, due to the
CHARACTERISTICS AND APPLICA- embedded conductors and the relatively
TIONS OF SPECIAL TYPES OF THREE- high frequency in the rotor. But at
normal speed the reactances of both
PHASE INDUCTION MOTORS.
windings become very small, and therefore
DOUBLE SQUIRREL-CAGE HIGH-TORQUE
the rotor current divides between these
MOTORS.
windings in the inverse ratio of their
The chief disadvantage of the ordinary resistances,
the inner winding now
squirrel-cage motor is that the starting carries practically all the current. Thus
torque is very small in comparison with the efficiency is not impaired by the
the current taken from the supply system. high-starting torque characteristics.
Any attempt to improve the starting
performance by increasing the resistance Speed and Starting Characteristics.
of the ordinary squirrel-cage winding
A typical speed-torque curve is shown
adversely affects the efficiency and general in Fig. 13, and for comparison the speed-
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torque curve for an ordinary squirrel-cage
motor is also shown.
The double squirrel-cage motor, when
started by the star-delta method, gives a
starting torque of 6o to 75 per cent. of
full-load torque, with a starting current
of i2 to q times full-load current. Thus
the starting torque is about twice that
obtained with an ordinary motor, and the
current taken is slightly smaller than that
taken by an ordinary motor started by the
star-delta method.
Thus the ratio of
starting torque/starting current for the
double squirrel-cage motor is over twice
that for an ordinary squirrel-cage motor.
Power Factor and Efficiency.
The full load efficiency and power factor
are practically the same as those for an
ordinary motor.
Applications of Double Squirrel-cage
Motors.
These motors should be used when
high torque is required at starting combined with moderate starting current.
10
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Flg. I2.—AVERAGE EFFICIENCIES AND POWER

FACTORS OF STANDARD THREE-PHASE SQUIRRELCAGE MOTORS
A, efficiency (to-2o h p. motors) ; B, efficiency
(2.5 h.p. motors) ; C, power factor (ro-2o h.p.
motors) ; D, power factor (a h p motors).

10

A

00

100
ZOO
300
Per cent. of Pull- load Torque

Fig. II —TYPICAL SPEED-TORQUE CURVES FOR

A SLIP-RING INDUCTION MOTOR.
A, shp-rings short circuited ; B, C, D, external
resistances connected to slip-rings, of 2, 5 and
ro times, respectively, the resistance of the
rotor winding.

They may also be used with advantage
for driving punching and shearing machines
(which have rapidly fluctuating loads),
because the speed-torque curve of these
motors droops rapidly at overloads, and
therefore the load fluctuations are supplied
by the stored energy of the rotating parts,
instead of by increased output from the
motor. But they should not be used
when a low-starting torque is required
(e.g., for air compressors fitted with unloading valves, where the initial torque to
start the machine is from 15 to 3o per cent.
of the full-load torque), as such starting
duty is suitable for ordinary squirrel-cage
motors. Again, they are not so suitable
for starting fans and centrifugal pumps
as ordinary induction motors, because
the torque-speed characteristic of these
loads rises steeply as the speed increases,
and resembles that of an ordinary squirrelcage motor rather than that of a double
squirrel-cage motor.
CHANGEABLE POLE (MULTI-SPEED)
INDUCTION MOTORS.
When two, three or four efficient speeds
having definite ratios are required they
may be obtained by means of one or two
pole-changing windings, i.e., windings in
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Two-speed motors may have either
squirrel-cage or slip-ring rotors (the latter
having separate windings and slip-rings
for each set of poles), but three and fourspeed motors must have squirrel-cage
rotors.
With a two-speed slip-ring motor intermediate speeds may be obtained by inserting resistance in the appropriate rotor
circuit, and speed-torque curves similar
to those of Fig. II may be obtained for
each set of poles. With a squirrel-cage
rotor only one speed-torque curve can be
obtained for each set of poles.
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Speed and Starting Characteristics.
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Fig. 13 —SPEED - TORQ UE CURVES OF THREEPHASE INDUCTION MOTORS HAVING A DOUBLE
SQUIRREL-CAGE ROTOR (A) AND AN ORDINARY
SQUIRREL-CAGE ROTOR ( B).

which the connections can easily be
changed by a throw-over switch to give
two sets of poles, which are usually in
the ratio of i : 2. The scheme is shown
diagrammatically in Fig. i4.

The speed-torque characteristic fOr each
set of poles is similar to that for an
ordinary induction motor, but the starting
torque, for a given power input to the
motor, is greater for the low-speed connection (larger number of poles) than for
the high-speed connection (smaller number
of poles).
Power Factor and Efficiency.

The power factor of a changeable-pole
motor is always lower than that of a
corresponding single-speed motor, because

8 p oles

Supply i
8. • — C •Z
* 'X ... Y c •
N

r.: 4

Aol'

N

r-S--)'Nr S'Nr5-" IN

oX

A`

i 0

A

N°

i.i ,

iii

‘

Supp y

g-

A•

•X

8•

...

....c,
•ist-

A 1

o

1o

Fig. i4.—How Two SETS OF POLES MAY BE OBTAINED FROM A SINGLE WINDING.
This is done by reversing the direction of current in alternate coils of each phase.
• NOTE.—In the development diagrams the coils of only one phase are shown.
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the design of the former is
usually a compromise with respect to the choice of the number
of slots and other electrical
features. When two stator windings are necessary, the larger
slots required to accommodate
these windings have also an adverse effect on the power factor.
The efficiency when operating
with a given set of poles is also
slightly lower than that of the
corresponding single - speed induction motor.
Applications of Changeable - pole
Motors.
Small four-speed motors (up to
about 2 h.p.) are particularly
suitable for small machine tools
where a direct drive is desirable.
Fig. 15 illustrates the modern
method of driving a multiplespindle drilling machine, each
spindle of which is direct coupled
to a 2 h.p. four-speed motor.
The drum - type speed controller
is mounted on the motor frame
within easy reach of the operator. Thus each drill can be run
at a speed appropriate to the
work being performed. Larger
two- and three-speed motors are
used for driving fans and pumps
which may be required to run for
long periods below their maximum
speeds. Such motors for this
purpose are cheaper than commutator motors. Two - speed
squirrel-cage motors are used for
high-speed lifts.

Fig. 15. —FOUR-SPEED INDUCTION MOTORS WITH DRUM TYPE STARTERS AND POLE CHANGERS DRIVING MULTIPLESPINDLE DRILLING MACHINE. (B.T.-H. Co.)
Each drilling spindle is directly coupled to its own
motor.

EXTRA HIGH-SPEED INDUCTION
MOTORS.
Certain types of woodworking machines
require very high speeds of rotation
(e.g., up to ro,000 r.p.m.) for the cutting
spindles. Such speeds cannot be obtained
with a direct drive from an ordinary
induction motor supplied at standard
frequency (50 cycles), as the maximum
speed is 3,000 r.p.m. (corresponding to
two poles). In these special cases, where
a direct drive is particularly advantageous,
special two-pole motors, supplied at higher

frequencies of izo cycles or more, are
used, the higher frequency being obtained
from a small motor-generator set.
DUAL FREQUENCY INDUCTION
MOTORS.
In this country a number of important
industrial districts (e.g., North-East Coast,
Birmingham, Glasgow) originally operated
at non-standard frequencies of Lto and 25
cycles. With the ultimate completion of the
Central Electricity Board's scheme, these
districts will ultimately operate at the
A
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Fig.

16.—CIRCUITS OF COMPENSATED INDUCTION MOTOR.

standard frequency (50 cycles). During
the interim period all new motors installed
have to be suitable for operating ultimately
at 5o cycles and for the present at the
existing frequency of 4o or 25 cycles as
the case may be.
The 4o/50-cycle motors differ from
standard 5o-cycle motors in the stator and
rotor cores, which contain more iron than a
standard machine. No change of connections will be required under the
new conditions (5o cycles), but the ultimate
speeds will be approximately 25 per cent.
above the present speeds. Full output
will be obtainable on either frequency.
The 25/5o-cycle motors have polechanging windings so arranged that by
changing links in the terminal box the
number of poles is changed in the ratio
of i : 2. Thus the motor runs at the same
speed on either frequency. With slip-ring
motors the rotor connections are changed
at the slip rings (where the necessary
connections for pole changing are brought
out).
CHARACTERISTICS AND APPLICATIONS OF THREE-PHASE INDUCTION-COMMUTATOR MOTORS.
COMPENSATED (LEADING POWER FACTOR)
INDUCTION MOTORS.
Cause of, and Methods of Improving, the
Low Power Factor of Induction Motors.
The low power factor of an ordinary
induction motor is due to the magnetising

current, or excitation, having to be obtained from the supply system at the
supply frequency. One method of improving the power factor is to supply
excitation to the rotor from a source of
direct current (as in the synchronousinduction motor). Another method, which
does not change the shape of the speed
characteristic, is to supply low frequency
excitation to the rotor, but in this case
the frequency of the exciting current
must always be equal to that of the
normal torque-producing rotor currents.
Other methods aim at compensating or
neutralising the wattless magnetising currents by equivalent leading currents,
obtained by either condensers or wattless
current generators connected in parallel
with the supply system. Such methods,
however, necessitate a relatively large
kVA rating of the corrective plant,
because the compensating currents are
produced at the supply frequency. If,
however, the compensating or exciting
currents are supplied to the rotor at the
correct (rotor) frequency, the kVA rating
of the corrective plant, or exciter, will be
very small compared with the full-load
kVA rating of the motor. This principle
is utilised in compensated induction
motors, and is applied in two ways :
(I) by direct coupling an A.C. exciter to an
ordinary slip-ring induction motor ; (2) by
incorporating the exciter into the induction motor itself, in which case a special
construction, with commutator and slip
rings, is necessary. We shall consider
here only the second case.
Chief Parts and Electric Circuits.
The chief parts are illustrated in Fig. 3,
and the electric circuits are shown in

SLIP•A NGS
PRIMARY
SWITCH

STARTING
RESISTANCE

Fig.

17.—EXTERNAL CONNECTIONS FOR
COMPENSATED INDUCTION MOTOR.

(B.T.-H. Co.)
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Fig. i6. There are three circuits, viz. :
(1) the primary winding, which is equivalent to the stator winding of an ordinary
induction motor ; (2) the secondary winding, which is equivalent to the rotor winding of an induction motor ; and (3) the
compensating winding, which is a D.C.
commutator winding with the coils
spanning an angle of approximately 120
electrical degrees. The primary and compensating windings are placed on the
rotating member and occupy the same
slots. The secondary winding is placed
on the stator and each phase is kept separate, so that connections may be made
to the three sets of brushes and also to a
starting rheostat as shown in Fig. 17.
How Phase Compensation is Obtained.
The supply currents in the primary
winding produce a rotary field which rotates
relatively to the rotor at the synchronous
speed. This field cuts the conductors
of the compensating winding and induces
therein e.m.f.'s of constant magnitude.
The rotor revolves in the opposite direction, with the result that the field slowly
rotates in space, and cuts the secondary
(stator) winding. The e.m.f.'s at the
brushes are of " slip " frequency and of
constant magnitude. Their phase relationship with respect to the e.m.f.'s induced in the secondary windings depends
upon the position of the brushes, which is
Steandery Winding
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18.—POWER FACTOR AND EFFICIENCY
CURVES OF COMPENSATED INDUCTION MOTOR.
A, power factor with brushes set for maximum
compensation ; B, power factor with brushes
set for unity power factor ; C, efficiency corresponding to brush-setting B ; efficiency corresponding to brush-setting A.
NOTE.—The curves refer to a foo-h.p., 75o
r.p.m. B.T.-H. motor.
FIg.

so chosen that the commutator e.m.f.'s
have a large leading phase difference
with respect to the secondary e.m.f.'s.
Hence the stator (secondary) currents
lead the secondary e.m.f.'s, and may be
resolved into two components, one in
phase with the secondary e.m.f. and the
other leading this e.m.f. by go degrees.
The former produces torque, and the latter
neutralises, either partially ot completely,
the wattless magnetising current in the
primary.

Fig. 19.—CIRCUITS OF VARIABLE-SPEED INDUCTION MOTOR (SCHRAGE TYPE).

Speed and Starting Characteristics.
These are similar to those of a slip-ring
induction motor, except that at light
loads the speed may rise slightly above
synchronous speed.
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machine (maximum
line voltage about
65o). Hence, in cases
where power factor
compensation is required with high
voltage motors, a
separate A.C. exciter
must be used.
VARIABLE SPEED
(SHUNT CHARACTERISTIC)
INDUCTIONCOMMUTATOR MOTOR
(SCHRAGE TYPE).
How Variable Speed
May be Obtained
Efficiently from an
Induction Motor.
In an ordinary
induction motor the
e.m.f. generated in
Fig. 20. — PIPE - VENTILATED THREE-PHASE VARIABLE-SPEED INDUC- each phase of the
TION MOTOR (SCHRAGE TYPE) WITH MOTOR-OPERATED BRUSH ROCKERS. rotor or secondary
(English Electric Co.)
winding, due to its
One of the commutator inspection covers has been opened to show
the two brush rockers and the two complete sets of brushes. The slip- motion in the rotary
rings are enclosed in the cylindrical cover fixed to the commutator field produced by the
end-bracket.
stator or primary
winding, must just
balance the impedance voltage due to the
Power Factor and Efficiency.
The shape of the power factor character- rotor currents, and the slip (i.e., the fractional difference between the speed of the
istic can be controlled by the position of
the brushes. Typical curves are shown in rotary field and the speed of the rotor) must
Fig. i8, together with an efficiency curve. adjust itself to maintain this electrical
balance. If external e.m.f.'s of suitable
Applications of Compensated Induction frequency are introduced or injected into
(Commutator) Motor.
the secondary circuits to oppose the
These motors, in small and medium normal e.m.f.'s, the slip must increase so
sizes, may be used in all applications for as to increase the generated e.m.f. to a
which a slip-ring induction is suitable. value equal to : E.m.f. impedance voltAs their initial cost is about 3o to 4o per age. By varying the injected e.m.f.'s
cent. higher than that of a corresponding corresponding changes of slip will occur,
induction motor, they should be used only and if these e.m.f.'s are reversed in sense,
in cases where the tariffs involve rebates the slip will become negative (i.e., the
for high power factor, in which cases speed will be above the synchronous
substantial annual savings can be effected. speed). This is the fundamental prinIn factories having their own generating ciple involved in obtaining variable speed
plant, economies both in the size and the from an induction motor.
operation of the generators may be effected
by installing a limited number of com- Electrical Circuits and Construction.
The circuits of the variable speed inpensated induction motors in combination
duction motor are shown in Fig. 19,
with ordinary induction motors.
The compensated induction (commuta- and comprise : (1) a three-phase primary
tor) motor is essentially a low voltage winding ; (2) a three-phase secondary
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winding ; and (3) a lap commutator
winding (similar to a D.C. armature
winding), which is called the " regulating "
winding. The primary and regulating
windings both occupy the same slots on
the rotor, and the secondary winding is
on the stator. Thus the stator and rotor
construction resemble those of the compensated induction motor (commutator
type). But the commutator of the variable
speed motor is much larger than that of
the compensated motor, and the brush
gear is also totally different. Two brush
rockers, each equipped with the same
number of brush spindles, viz., three
spindles per pair of poles, are necessary,
and provision is made for moving these
rockers in opposite directions, either by
hand or by a small motor, as shown in
Fig. 20. In a two-pole machine there are
three brush spindles equally spaced on
each rocker, and corresponding brush
spindles (A, B1, A2 B2, A3 B3, Fig. 19) are
connected to the secondary windings as
shown in Fig. 19.
How the Speed is Varied.
When corresponding brush spindles are
in line, the regulating winding has no
effect on the secondary winding, and the

Fig. 22.—CIRCUITS OF VARIABLE-SPEED INDUCTION MOTOR (SCHRAGE TYPE) WITH RESISTANCES IN SECONDARY CIRCUITS FOR CREEPING
SPEEDS AND STARTING.
NOTE.—The blocks of Figs. 16, 19, 22 were
made from diagrams prepared by the B.T. -H.
Co.
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Fig. 2I.—SPEED-TORQUE CURVES OF A SCHRAGE
TYPE MOTOR CORRESPONDING TO FIVE BRUSH
POSITIONS.
Curve C refers to the " middle speed " or
" in-line " position of the brush spindles (A, B,
etc., Fig. 19) ; curves D and E refer to these brush
spindles, being in the positions indicated in
Fig. 19 ; and curves A and B to reversed positions.
The curves R1-12.3 show the speed characteristics
when resistances are inserted in the secondary
circuits as shown in Fig. 22.
motor runs as an ordinary induction
motor. But when these spindles are
separated, e.m.f.'s proportional to the
number of segments included between
the brushes are injected into the secondary
circuits, and the speed of the rotor must
therefore adjust itself to the new conditions as explained above. If the magnetic
axes of the portions of the regulating
winding in use coincide with those of
the secondary windings, as shown in
Fig. 19, and the injected e.m.f.'s oppose
the normal secondary e.m.f.'s, the currents
in the regulating winding produce torque
which is added to the torque due to the
secondary windings, i.e., the portions of
the regulating winding in use act as a
motor, the energy being obtained conductively from the secondary winding.
This energy, which is converted into
useful work, is equal to that which in an
ordinary motor would be wasted in resistances if the same speed reduction had
been obtained by inserting resistances
in the secondary (rotor) circuits.
When the movement of the brush rockers
is reversed so that the connections between
the brushes and secondary windings
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overlap, the injected e.m.f.'s are in the
same direction as the normal secondary
e.m.f.'s and the slip must become negative
(i.e., the speed must be above synchronism)
to maintain the electrical balance in these
circuits. The currents in the portions of
the regulating windings in use are now in
the same directions as the e.m.f.'s in
these windings, and therefore the regulating winding is supplying energy conductively to the secondary winding. This
energy is obtained from the primary
winding by transformer action and is
converted to the correct secondary frequency by the commutator and brushes.
Speed and Starting Characteristics.
The speed characteristic for each position
of the brushes is similar to that of an
ordinary induction motor. Typical characteristics corresponding to five brush positions are shown by the curves A-E in
Fig. 21. The usual range of speeds
over which these characteristics can
be obtained is about 4 : I or 5 : i for
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Fig. 23. — TYPICAL POWER FACTOR AND
EFFICIENCY CURVES OF A SCHRAGE TYPE MOTOR.
A, B, C, power factor ; D, E, F, efficiency.
(A, D, top speed ; B, E, middle speed ; C, F,
bottom speed.)
NOTE.—These curves and those of Fig. 21
refer to a 8o/27 h.p., 72o/24o r.p.m., r2-pole,
5o-cycle B.T.-H. motor.

small motors and about 3 : I or 4 : I
for medium-size motors, but with special
windings this range may be extended
to 15 : I. Alternatively, if the specially
low speeds are required only occasionally they may be obtained by connecting resistances in the secondary
circuits of a motor having the usual
speed range (Fig. 22). But in this case
the efficiency will be affected owing
to the losses in these resistances. Starting
is effected by switching the primary
winding directly on to the supply with the
brushes in the position for minimum speed.
The main switch is interlocked with the
brush gear to ensure that the motor can
only be started in this manner. The
starting current is about i z times full load
current and the starting torque is between
to 2 times the full load torque, according
to the size of the motor. Smaller starting
torques and currents may be obtained by
connecting resistances in the secondary
circuits, as shown in Fig. 22.
Power Factor and Efficiency.
The power factor at maximum speed is
approximately unity, but at lower speeds
the power factor is usually below unity
(lagging), being lower than that of an
ordinary induction motor. The power
factor at the lower speeds may be improved
by moving one brush rocker at a faster
rate than the other. This causes the
axes of the active portions of the regulating winding to be displaced—in the opposite direction to rotation—with respect
to the axes of the secondary winding
and so alter the phase of the injected
e.m.f.'s in a manner similar to that
employed in the compensated induction
motor, but the degree of phase compensation is, of course, very different in the
two cases. High efficiency is obtained
over the greater portion of the speed
range, and for constant (full-load) torque
the efficiency is practically constant over
the upper half of the speed range.
Typical power factor and efficiency
curves are given in Fig. 23.
Applications.
Owing to the high initial cost of the
motor (which in the smaller sizes is of
the order of over Lb per rated h.p. at
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Fig.

24.—THE SPINNING ROOM OF A MODERN TEXTILE MILL.

There are 6o spinning frames, each of which is driven by a three-phase variable speed induction
motor. (Engls.sh Electric Co.)

maximum speed) its applications are
limited to cases where variable speed is
essential, and in these cases the running
costs will be much lower than if the same
variation of speed were obtained by other
methods. These motors are being used
in increasing numbers in textile mills and
large printing works, where a wide range
of speeds and fineness of speed control are
very important. In some cases the brush
gear is controlled automatically according
as the diameter of the cop varies, so as to
obtain a constant spinning speed for the
threads.
Fig. 24 is a view of a spinning room in a
large modern textile mill in which 6o
spinning frames are driven individually
by these motors. The brush rockers are
controlled by a lever and the main or
starting switch is mounted on the top of
the frame.
Fig. 25 shows how the motor is arranged
to drive a printing press. In this case
the brush rockers are operated through
sprocket wheels, chains and cables from
a handwheel mounted on the press. The
main switch is electrically operated and
is controlled by push buttons mounted
on a pillar adjacent to the speed control
handwheel. The motor has a 3 : i speed

variation, and creeping and inching speeds
are obtained by connecting resistances in
the circuits of the secondary winding.
Fig. 26 shows the driving equipment for
a large tour-deck newspaper press. In this
case the motors are located in a pit and
the final drive is through a silent chain.
The main motor is a variable speed
induction-commutator motor and the
brushes are moved by a small singlephase motor mounted on the end-bracket,
the control being by push buttons. Slow
speeds and inching are obtained by a small
5-h.p. induction motor which drives the
press through a worm reducing gear and a
clutch, which automatically disconnects
this motor as soon as the main motor takes
up the drive. The whole of the speed
control is entirely automatic.
Equipments similar to those illustrated
in Figs. 25 and 26 are being used in increasing numbers in the printing industry.
They are undoubtedly the most efficient,
most economical and most satisfactory
methods of operation at present available.
Uniform acceleration is obtained under
any printing conditions and the energy
consumption is proportional to the output
of the press.
Further applications include high-speed
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TABLE IV.—TYPES OF MOTORS SUITABLE FOR POWER FACTOR CORRECTION,
AND THEIR APPLICATIONS.
Method of
Excitation.

Starting
Duty.

Synchronous

Direct currents.

Light

Construction similar to
alternator.
Controllable power factor.
High efficiency.
Constant speed.
Leading power factors of
almost any value may be
obtained by providing
sufficient excitation on
field magnets.

Large non-reversing machines running for long
periods at full loads, e.g.,
air compressors, ammonia
compressors, motor-generator sets.

Synchronousinduction.

Direct currents.

Heavy

Construction similar to induction motor.
Constant speed.
Controllable power factor.
Leading power factors
may be obtained, but
range is limited to about
o.8.

Any size (above about 20
h.p.) of non-reversing machine infrequently started
and running at constant
load.

Compensated
induction
motor.

Low
frequency
alt. currents.

Heavy

Induction - commutator
motor. Suitable only for
low voltages (up to 65o
volts).
Shunt speed characteristic.
Fixed power factor characteristic, which may be set
to give unity power factor
at all loads, or leading at
light loads.

Small and medium size nonreversing machines running at variable loads.

Induction
with directcoupled or
external
A.C. exciter
or
phase
advancer.

Low
frequency
alt.
currents.

Heavy

Standard slip-ring induction motor and commutator-type A.C. exciter.
Shunt speed characteristic.
Fixed power factor characteristic ; unity to 0.95 lag
at full load ; lagging at
fractional loads.

non - reversing
Large
machines
running
at
constant loads.

Type.

Chief Characteristics.

lifts, paper-making machines, calendering
machines, calico-printing machines,
pumps, fans.
CHARACTERISTICS AND APPLICATIONS OF SYNCHRONOUS-INDUCTION
AND SYNCHRONOUS MOTORS.
How Torque is Produced in a Synchronous
Motor.
In a three-phase synchronous motor
the winding which is connected to the
three-phase supply system is designed to
produce a rotary magnetic field when
excited by the supply currents. This
winding is, therefore, similar to the stator

Applications.

winding of a three-phase induction motor.
If the field magnets are stationary and
unexcited the rotary field will induce
currents in the pole faces and a small
torque will be produced. By providing an
ordinary squirrel cage winding in the pole
faces (see Fig. 4) sufficient torque can be
obtained for starting against load and
accelerating the rotor to nearly normal
speed. If the excitation is now applied to
the field winding the field poles will lock into
position with the corresponding poles
produced by the supply currents.
When running synchronously the torque
may be considered to be due to the
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Fig. 25.—THE MODERN METHOD OF DRIVING AND CONTROLLING A SMALL PRINTING PRESS.
The motor (5 h.p.) is of the three-phase variable-speed induction (Schrage) type, and the brush
rockers are controlled by the handwheel at the left-hand side of the press. A sprocket wheel, P,
is fixed to the brush shifting mechanism on the motor, and this is connected to a similar sprocket
wheel on the control handwheel by suitable chains and wire ropes. (A .S.E.A . and Fuller Electric Co.)

magnetic forces between the two sets of
rotating poles. An increase of torque,
therefore, requires an increase in the
relative angular displacement of these
poles. Thus the effect of loading a synchronous motor is to cause one set of poles
slightly to change their angular position
relatively to the other set. Upon the
release of the load the axes of the two sets
of poles come again into line. The torque
increases with the angular displacement
and becomes a maximum for a particular
displacement, beyond which the two sets
of poles are unable to remain locked
together. When this occurs the machine
falls out of step and comes to rest.

How the Synchronous-induction Motor
Differs from the Induction Motor
and the Synchronous Motor.
The synchronous-induction motor is a
machine which is started as a slip-ring

induction motor and, when up to speed,
is changed to a synchronous motor by
applying direct current excitation to the
rotor windings. Thus the machine is able
to give the starting torque of a slip-ring
induction motor combined with the high
power factor and constancy of speed of a
synchronous motor. A further feature of
the machine is that, if when running as a
synchronous motor, a sudden overload
pulls the machine out of step, it will
continue to run as an induction motor
(up to its maximum torque), and will
automatically pull itself into step again
when the overload is removed. This
feature is due to the maximum torque as
a synchronous motor being smaller than
that as an induction motor.
Although the synchronous induction
motor has a stator and rotor similar
to those of an ordinary slip-ring induction
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motor, the two machines are not exactly
similar in construction. For example, the
former must be built with a larger air gap
than the latter, more copper must be
provided in its rotor winding, the type of
rotor winding may differ from that of an

synchronous-induction motor and 150
per cent. overload for the synchronous
motor).
The starting characteristics of the synchronous-induction motor are practically
identical with those of a slip-ring induction motor :
those of the selfstarting synchronous motor are
similar to those
of a squirrel-cage
induction motor.
Power Factor
and Efficiency.
The power
factor may be
controlled by adjusting the excitation by means
of a rheostat in
the field winding
of the exciter.
The synchronous-induction
motor can operate at a power
factor of o.9
leading at full
load and at progressively decreasing leading
power factors at
fractional loads.
When considerable power
factor improvement is required, a synchronous motor gives
better results
than a synchronous-induction
Fig. 26.—A LARGE FOSTER FOUR-DECK NEWSPAPER PRESS AND ITS POWER
PLANT. (B.T.-H. Co.)
motor.
This consists of a 56/581 h.p. 870/270 r.p.m. three-phase commutator motor,
The efficiency
with motor-operated brush gear and a 5-h.p. barring motor (of the three-phase
of the synchroninduction type). The entire control of the press is effected by push buttons.
o us-induction
induction motor, and the slip-rings and motor adjusted to give unity power
bush gear must carry current continuously. factor at full load is slightly higher
(1 to 2 per cent.) than that of a corresSpeed and Starting Characteristics.
ponding induction motor, and the efficiency
The speed is constant within the range of a synchronous motor may be very
of synchronous operation (which extends up slightly higher than that of the corresto about 75 per cent. overload for the ponding synchronous-induction motor.
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Applications of Synchronous and Synchro- factor correction their applications are
summarised in Table IV on page 832.
nous-induction Motors.
These machines are used in medium and
SINGLE-PHASE MOTORS.
large sizes for drives where starting and
CHARACTERISTICS
AND APPLICAstopping is infrequent. The synchronousTIONS
OF
SERIES-WOUND
MOTORS.
induction motor is available in sizes
from about 20 h.p.: it is cheaper than a
corresponding synchronous motor and How Torque is Produced in the SeriesWound Motor.
exciter, and can be started slowly against
heavy loads. Some of the applications
In fractional h.p. sizes (which is the
include air compressors, pumps, flour mills, form in which the A.C. series-wound motor
cement works, textile
mills, ammonia com12000
pressors, etc. Synchronous motors are chiefly
used for driving large
10 000 10
air compressors, ammonia compressors,
P'et'Ric6o,
motor-generator sets.
\PC
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chronous motors are
imposed directly on Fig. 27.—TEST RESULTS ON A SINGLE-PHASE SERIES-WOUND UNIVERSAL
MOTOR.
the supply system.
The full-line curves show the results when the motor was tested
Rapid and heavy flucA.C. and the dotted curves show the results with D.C.
tuations of load with
A later article deals fully with the subject of testing small motors.
may cause instability
of a synchronous
motor, but will scarcely affect the opera- is used on domestic and industrial circuits)
tion of an induction motor. Another this motor is constructed similarly to a.
feature concerned with the application D.C. series-wound motor with completely
of synchronous motors is that they are laminated magnetic circuit. The torque
more sensitive to changes of supply voltage is produced in exactly the same manner
and frequency than an induction motor. as that in the D.C. motor, i.e., by the
interaction of the armature currents and
Summary.
the flux produced by the exciting currents.
In view of the number of types of For example, the flux is practically in
machines which can be used for power phase with the exciting currents and its.
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the armature current is negative). The commutator fulfils
the same functions as in a D.C.
motor (i.e., it ensures that the
currents in the conductors which
may be under a given pole face
shall always have the same relative direction with respect to
the flux of that pole), and it is
just as essential in the A.C.
series motor as in the D.C. series
motor.

Fig. 28.—STATOR OF REPULSION MOTOR.
Showing the distributed stator (four-pole) winding.
The stator core has been built with 36-slot inductionmotor punchings, which accounts for the empty slot at
the centre of each pole face.

Speed and Starting Characteristics.
The speed characteristic is
similar to that of a D.C. series
motor, but its slope is steeper
because the magnetic circuit of
the A.C. motor must be worked
at lower flux densities than
that of the D.C. motor on
account of the alternating flux
The starting characteristics
are good.

Power Factor and Efficiency.
These items are relatively
unimportant considering the
class of service, and the
small sizes, in which the A.C. series motor
is used. The curves of Fig. 27, however,
are of general interest as they show the
results of brake tests on a vacuumcleaner motor.

alternations are in step with those of the
armature current. Thus armature conductors carrying current under a pole
face produce torque in just the same way
as those in a D.C. motor, but the torque
is pulsating. The
torque produced
by the conductors under a
given pole face is
al w a ys in the
same direction,
because the currents in the conductors and the
flux always have
the same relative
sign (i.e., the flux
is, say, positive
when the direction of the armaFig. 29.—ROTOR OF REPULSION MOTOR ILLUSTRATED IN FIG. 28.
ture current is
The rotor of a repulsion motor closely resembles the armature of a D.C.
positive, and is
motor. In the present case. the distinctive features are the partially closed
negative when
slots and the " lap " armature winding (which is indicated by the commutator
connections being brought out at the apexes of the coils).
the direction of
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Applications.
These motors are used in large
numbers for small domestic appliances in which the load is practically
constant, e.g., vacuum cleaners,
sewing machines, small fans and
blowers. In sizes up to about 1 10
h.p. they are suitable for both A.C.
and D.C. circuits, and are therefore
called universal motors.
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Armature
Stator Winding

CHARACTERISTICS AND
APPLICATIONS OF REPULSION
Fig. 30.—CIRCUIT DIAGRAM OF REPULSION MOTOR.
MOTORS.
XX indicates the axis of the brushes for, say, clockChief Constructional Features of wise rotation, and YY the axis for anti-clockwise
rotation (i.e., to change the direction of rotation the
Repulsion Motors.
brushes must be moved from the position XX to the
A repulsion motor has armature position YY).
and field systems somewhat similar to
those of a D.C. motor, with the important
conditions are shown in Fig. 31. Coil,; A
differences that :—(I) the field structure and the field winding, therefore, are
is laminated, and has non-salient poles equivalent to a transformer. These coils
with distributed field windings (see Fig. 28) ; can receive energy inductively from the
(2) the brushes are short circuited, and field winding, but no torque can be
the brush axis is displaced from the produced by any currents in them since
neutral axis of the field poles, as shown in their conductors occupy the neutral zones
the circuit diagram of Fig. 3o, the arma- between the field poles. The currents
ture has partially closed slots and the induced in coils A also circulate in coils
armature winding is usually of the " lap " B which are under the pole faces and are
type (see Fig. 29).
in the correct position for producing
torque.
How Torque is Produced in a Repulsion
when the armature is stationary the
Motor.
currents in the coils B are practically
The effect of the displaced brushes is in phase with the flux produced by the
equivalent to a division of the armature field winding, and so we have conditions
coils into two groups, A, B, connected in which are similar to those in the singleseries ; the magnetic axis of one group (A) phase series motor. In consequence, the
coinciding with the magnetic axis of the repulsion motor produces torque in the
field winding and that of the other group same manner as a series motor, and the
(B) being at right angles thereto. These
commutator fulfils the same functions
in both types of motor.
Why the Torque at Starting Depends
Upon the Position of the Brushes.

Fig. 31.—SHOWING HOW THE ARMATURE WINDING OF A REPULSION MOTOR IS DIVIDED BY THE
BRUSHES INTO A TRANSFORMER SECTION, AA,
AND A TORQUE-PRODUCING SECTION, BB

The torque is pulsating, as in the series
motor, and its value depends upon the
position of the brushes. Thus if the
brush axis is perpendicular to the magnetic
axis of the field winding, the torque is
zero, because the armature current is
zero, as with this brush position the armature winding cannot be acted upon
inductively by the field winding. If the
brush axis coincides with the axis of
the field winding, the torque is again ;,ero
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Fig. 32.—CHARACTERISTIC CURVES OF 2 H.P.
REPULSION MOTOR.

The four speed curves were obtained by
supplying the motor at four different voltages,
e.g., 70 per cent., 8o per cent., go per cent.
and roo per cent. of normal voltage.

because although the armature current
is now a maximum, the conductors
under the two halves of a pole face carry
currents in opposite directions and their

torques neutralise each other. The maximum torque is obtained with an intermediate brush position, which is about
40 degrees with the field axis.
The Repulsion Motor Operates with a
Rotary Magnetic Field.
Two important operating features of a
repulsion motor are :—(I) that the motor
works with a rotary field, which at
synchronous speed closely resembles that
of a polyphase induction motor, and (2)
that at synchronous speed the commutation is as good as that in a D.C. motor.
[NOTE.—The synchronous speed, in revolutions per second, is equal to (supply
frequency) half number of poles].
The rotary field is due to the magnetic
effects of the currents in the field and
armature windings, and to the fact that
the armature current, when the armature
is running, is due to two e.m.f.'s, viz. :
the e.m.f. generated in the coils B by
their motion in the main flux, and the
e.m.f. induced in the coils A, as before,
by transformer action.
Why Repulsion Motors are Preferable to
Series-Wound Motors.
Series-wound motors are not used above
fractional h.p. sizes because of the difficulties of preventing excessive sparking
at starting and of obtaining good commu-
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Fig. 33 —USUAL ARRANGEMENT OF STATOR
WINDINGS AND CONNECTIONS FOR REVERSIBLE
REPULSION MOTOR.

Fig. 34.—ALTERNATIVE

E, stator winding providing excitation ;
T, stator winding for supplying energy to rotor.
These windings do not usually have the same
-number of turns.

W1, stator winding for CC rotation ; W2,
stator winding for C rotation. Both windings
have the same number of turns.

ARRANGEMENT OF STATOR WINDINGS AND CONNECTIONS FOR SMALL
REVERSIBLE REPULSION MOTOR.
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tation when running. These difficulties are so
great in 5o-cycle
motors that with
a motor of only
small output,
e.g., 5-h.p., the
armature m us t
be supplied at a
very low voltage
by a transformer
connected in
series with the
field windings.
E
A 8 C D
With larger
AND
ROTOR
OF
FRACTIONAL
H.P. SINGLE-PHASE (SPLITFig.
35.—STATOR
motors addiPHASE TYPE) INDUCTION MOTOR. (B.T.-H. Co.)
tional field windA, starting winding ; B, main winding ; C, centrifugal switch for cutting-out
ings are also
starting winding ; D, slip-rings ; E, squirrel-cage stator winding ; F, brushes
necessary.
and brush holders (fitted to end bracket).
Such motors
are obviously very expensive. speed-torque curves are given in Fig. 32,
The repulsion motor, owing to the and show how the speed can be controlled
armature receiving its energy inductively, by supplying the motor at various voltis free from these defects, as the armature ages, which may be obtained from an
winding can be designed so that no auto transformer.
The starting characteristics are good
excessive sparking occurs at starting.
Moreover, at synchronous speed the commu- when the brushes are set correctly. Both
tation is as good as that in a D.C. motor. the starting torque and the starting
current are influenced by the position
Speed and Starting Characteristics.
of the brushes.
The speed characteristic is similar
to that of a series-wound motor. Typical Power Factor and Efficiency.
The power factor is lower than that
of a series-wound motor, because of the
inductive transference of energy to the
rotating member.
Typical characteristic curves for a small
motor are shown in Fig. 32.
Applications.
Owing to its series speed characteristic
the repulsion motor is best suited for
loads requiring approximately constant
torque, and also for loads with heavy
starting duty such as :—cranes, hoists,
lifts, fans, blowers, etc.
PUNCHING OF B.T.R.
REPULSION-INDUCTION MOTOR.

Fig. 36.—ROTOR

The rotor is the special feature of this
motor. The outer slots contain a D.C.
commutator winding, and the inner slots
contain a squirrel-cage winding. The slits
between the two sets of slots are for the
purpose of obtaining the correct distribution of the magnetic flux when starting
and running.

CHARACTERISTICS AND APPLICATIONS OF SINGLE-PHASE INDUCTION
MOTORS.
Chief Constructional Features of Singlephase Induction Motors.
Fractional h.p. motors are usually constructed with the primary or exciting
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of Repulsion-Induction Motor
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37.—SPEED-TORQUE CHARACTERISTICS OF
B.T.-H. REPULSION-INDUCTION MOTOR (A).
Together with comparative characteristics
for corresponding repulsion (B) and induction
(C) motors.

Fig.

windings (which are connected to the
supply) on the rotor and the squirrelcage winding on the stator. This construction is adopted because the special
winding which is necessary for starting
(see the following section) can be directly
connected to a centrifugal switch. But,
on the other hand, slip-rings and brush
gear are necessary to make connections
between the windings and the supply (see
Fig. 35).
Larger motors are built with the exciting windings on the stator. The smaller
sizes have squirrel-cage rotors, and the
larger sizes have slip-ring rotors with a
star-connected three-phase winding similar
to that for a three-phase motor.
Large motors, which are started by an
auxiliary motor, have an ordinary singlephase stator winding (similar to those
illustrated in Figs. 6 and 28) and a
squirrel-cage rotor.
Why Special Windings are Necessary for
Starting.
The single-phase induction motor with
a single stator winding (which may be
similar to that of a repulsion motor,
Fig. 28) and a squirrel-cage rotor is not
self-starting, because the magnetic field
is alternating, and no currents can flow
in the rotor as the resultant e.m.f. is
zero (compare the conditions with those
in the repulsion motor when the brush
axis is perpendicular to the axis of the
field winding).

Split-Phase Starting.
To produce a torque at starting without
resorting to a commutator and shortcircuited brushes (repulsion motor principle) some sort of rotary magnetic field
must be produced. A common method is
to provide a second winding (called the
starting winding) on the stator, having
its magnetic axis displaced go electrical
degrees from that of the main winding.
The starting winding is designed to have
a much higher resistance than the main
winding so that when the two windings
are connected in parallel at starting a
fairly large phase difference will occur
in the currents, and an imperfect rotary
field will result. When the motor has
run up to normal speed the starting
winding is cut out of circuit either by a
centrifugal, device or by a change-over
switch.
Such methods of " split-phase " starting are frequently used for motors up to
about 5 h.p. when the starting duty is
light.
They are also used for larger motors
with slip-ring rotors, but in this case, at
starting, additional resistance is connected
in the starting winding and additional
reactance is connected in the main winding. With suitably adjusted resistance and
reactance and with resistance in the rotor
circuits full load torque may be obtained
at starting.

7......7 A•ector

7

tis,ency

LO
I

V 25
II.
E
'T
rA V.6

100
200
Per cent. of Full-load Torque

300

38.—POWER FACTOR AND EFFICIENCY
CURVES FOR B.T.-H. 2 H.P. REPULSION-INDUCTION MOTOR.

Fig.
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Repulsion Starting.
The preceding method of split-phase
starting is unsuitable when large starting
torques are required. To meet these
cases the motor is arranged to start as a
repulsion motor (e.g., by providing an
armature winding, commutator and brush
gear as in a repulsion motor) and to change
into an induction motor at a predetermined
speed, the change being effected automatically by a centrifugal device which
short circuits the whole of the commutator
segments, and in some motors also lifts
the brushes off the commutator. Small
motors started by this method can give
starting torques of three times the full
load torque.
Speed Characteristics.
In both the split-phase and the repulsionstart motors the running conditions are
those of a single-phase induction motor,
energy being transferred from stator to
rotor by a rotary magnetic field which is
produced by the magnetic reactions of
the currents in rotor and stator, and not
by the stator currents alone as in a threephase motor. The speed characteristic
is therefore similar to that of a threephase induction motor. A typical characteristic is shown in Fig. 37, curve C.
Power Factor and Efficiency.
Both of these items are lower than those
of a corresponding three-phase motor,
and the reason is due chiefly to the rotary
field having to be produced by the magnetic
reactions of the rotor and stator currents.
Applications.
These motors in fractional h.p. sizes
have numerous applications in industry
and domestic services, such as :—Small
refrigerators, mincing machines, dish washing machines, small air compressors,
small pumps, small lathes and drilling
machines, cutter grinders, buffing and
polishing machines, etc.
For general service the smaller sizes
(up to 5 h.p.) of split-phase motors may
be used when the starting duty is light
and infrequent. Larger split-phase motors
(up to about 25 h.p.) having slip-ring
rotors and starting resistances may be
used for light and medium starting duty

Fig. 39.—ARRANGEMENT OF PARTS OF SMALL
TWO-POLE SINGLE-PHASE SYNCHRONOUS
MOTOR.
This type is used in " Synclocks "
(Everett Edgcumbe), and the smallest size is
rated at 2 watts. A, iron armature ; B,
laminated field magnet with divided pole
faces ; C, exciting winding ; D, short circuited
copper bands around one half of pole faces.

(where the starting torque does not
exceed full-load torque) and infrequent
starting. The starting performance of
such motors is always very inferior to
that of a corresponding three-phase motor.
Repulsion-start motors are used for
heavy duty and frequent starting.
Reversal of Rotation.
The direction of rotation of a splitphase motor is reversed by reversing
the connections of the starting winding.
The direction of rotation of a repulsionstart motor is reversed by moving the
brushes to a corresponding position on
the other side of the neutral axis, as
indicated by the dotted axis YY in Fig. 3o.
When frequent reversals are necessary
two stator windings are used. Their
magnetic axes are displaced 90 degrees
from each other and the brush axis
coincides with that of one winding T,
Fig. 33. The two windings are connected
in series and a double-pole reversing
switch is connected to the winding E,
by means of which the direction of rotation
is controlled.
Alternatively, with small motors the
arrangement shown in Fig. 34 may be used.
In this case two similar stator windings
W1, W2 are provided which are used
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separately, one for each direction of
rotation.
CHARACTERISTICS AND APPLICATIONS OF REPULSION-INDUCTION
MOTORS.
How a Repulsion-Induction Motor Differs
from a Repulsion-Start Induction
Motor.
The fundamental difference between
these motors is that the repulsion-start
motor has a single rotor winding of the
commutator type which is converted
automatically into a short-circuited winding when running, whereas the repulsioninduction motor has two distinct rotor
windings, viz., a commutator winding
similar to that on the repulsion-start
motor and a separate low-resistance
squirrel-cage winding. The two windings
are placed in separate slots which are
arranged as shown in Fig. 36, in order
that at starting the squirrel-cage winding
shall be practically ineffective. Under
these conditions the motor starts as a
repulsion motor and as such gives a
large starting torque without an excessive
starting current.
As the motor runs up to speed, the
rotary field which is produced by the
interaction of the stator and rotor currents
lowers the reactance of the squirrel-cage
winding and results in this winding
becoming effective in producing torque.
(NOTE.—A somewhat similar action
occurs in the double squirrel-cage threephase induction motor, see p. 822.) Hence
with suitable design there is no necessity
to short-circuit the commutator segments
as is done in the repulsion-start motor.
Speed Characteristics.
The commutator winding and the
squirrel-cage are designed so that at full
load they share the load in the ratio
of about 3 : i and give a speed characteristic similar to that of an induction motor.
Synchronous speed is reached at about
half-load and at lighter loads the speed
is limited to a maximum of about 3 per
cent, above synchronous speed due to
the braking action of the squirrel-cage

winding. A typical speed-torque characteristic is shown in Fig. 37, and comparative
characteristics are given for a repulsion
motor and a single-phase induction motor.
When starting by switching directly
on to the supply, the starting torque is
about three times full-load torque and
the current is about three and a half
times full-load current. A lower starting
current may be obtained by connecting
a starting resistance in series with the
stator winding, but this procedure will
adversely affect the starting torque, as
the latter is proportional to the square
of the starting current. Thus, if the
starting current were halved (e.g., reduced
to II times full-load current), the starting
torque would only be one-quarter of
its former value (e.g. 4 full-load torque).
Power Factor and Efficiency.
Due to the combined action of the two
rotor windings, the power factor is
unusually high (about 95 per cent. at
full load). The efficiency is also high for
a single-phase motor. Typical power
factor and efficiency curves are shown
in Fig. 38.
Applications.
These motors are suitable for all power
applications which require a high starting
torque and practically constant speed.
They are particularly suitable for machine
tools, lifts, hoists, centrifugal pumps, fans,
blowers, etc.
CHARACTERISTICS AND APPLICATIONS OF SMALL SELF-STARTING
SYNCHRONOUS MOTORS WITHOUT
D.C. EXCITATION.
How Torque is Produced at Starting and
When Running.
These motors (except when of very small
output, e.g., less than 1/ 20 h.p.) are provided
with squirrel-cage salient-pole rotors,
similar to those of the corresponding
three-phase machines, and a split-phase
stator winding, similar to that of a singlephase induction motor. At starting, the
torque is produced in exactly the same
manner as that in a single-phase induction
motor. When the machine has run up
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to speed as an induction motor, and the
slip has a very small value, the polar
projections on the rotor lock into position
with the corresponding poles produced
by the stator winding, and the machine
then runs at synchronous speed.
Motors of very small output, which
are used for clocks and instruments,
have salient poles on the stator with
" shading " or shielding coils which consist
of short-circuited bands of copper embracing about one-half of the pole face
as shown in Fig. 39. The currents induced
in these coils produce a phase difference
in the fluxes in the two parts of the pole
face, and the resultant effect is somewhat
similar to that obtained with a splitphase stator winding.

Applications.

The larger motors are used for driving
automatic conveyors used in milk bottling
plants and other industries, mechanical
rectifiers, etc. The smaller (fractional
h.p.) motors are used in sound reproduction
and transmission systems, talking pictures,
wireless transmission of pictures, submarine telegraphy, automatic telegraphy,
speed indicating apparatus, etc. The very
small motors are used in clocks, recording
(curve-drawing) instruments, master frequency clocks, etc.
Summary.

The types of single-phase motors and
their chief applications are summarised
in Table IIIA (p. 818).

QUESTIONS AND ANSWERS
What fundamental principles of operation
are used in A.C. motors ?

Conductive and inductive transference
of energy from supply to rotating member.
Also the interaction of magnetic fields.

What is the approximate air gap of a small
induction motor (about 10 h.p.) ?

About o.03 inch.
What are the chief disadvantages of
induction motors ?

Why are some induction motors fitted
with squirrel-cage rotors and others
fitted with slip-ring rotors ?

(1) Low-power factor ; (2) Speed cannot
be adjusted.

Because the type of rotor is determined
by the starting requirements.
The squirrel-cage rotor is only suitable
for light and rapid starting duty. The
slip-ring rotor is suitable for both heavy
and slow-starting duty, and frequent
reversals.

Why is a commutator used in a threephase motor ?

Which is the most extensively used type
of three-phase motor ?

The three-phase induction motor with
squirrel-cage rotor.

(1) To obtain unity or leading power
factor ; (2) To obtain adjustable speeds
at high efficiency and power factor.
How may two synchronous speeds in the
ratio of 1 : 2 be obtained from a
squirrel-cage induction motor with
a single stator-winding ?

By reversing the directions of currents
in alternate coils of each phase so as to
halve the number of poles.

What is the synchronous speed of a motor ?

The speed of rotation of the rotary
magnetic field produced by the supply
currents. This (in revolutions per second)
is equal to : Supply frequency ÷ half
number of poles.

How can the starting performance of a
three-phase squirrel-cage induction
motor be improved without affecting
the efficiency ?

By a double-squirrel cage.
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How can extra high speeds, e.g., 10,000
r.p.m., be obtained from induction
motors P
By using two-pole motors supplied at
special frequency (e.g., 166 cycles for
io,000 r.p.m.) from a small motor generator
set.
What five types of single-phase motors
are used for domestic service and
small factories ?
Series wound, repulsion, induction (splitphase start), induction (repulsion start),
repulsion-induction.
What is the chief difference between a
single-phase series-wound motor and
a repulsion motor ?
The armature of the series-wound motor
receives its energy conductively (via
the brushes and commutator), but the
armature of the repulsion motor receives
its energy inductively, the brushes being
short-circuited and not connected to any
part of the stator winding.
Why is the series-wound motor only built
in small fractional h.p. sizes ?
Because of difficulties with commutation.
How is the direction of rotation of a threephase induction motor reversed ?
By interchanging two of the supply
leads to the stator.

How is the direction of rotation of a
repulsion motor reversed ?
By moving the brushes.
How is the direction of rotation of a
split-phase induction motor reversed ?
By reversing the connections of the
starting winding.
How are the small single-phase synchronous motors used in clocks
arranged so as to be self starting ?
By splitting the pole faces and fitting
short-circuited copper bands (shading
coils) around one half of each pole face.
What advantages has a large three-phase
synchronous motor over a corresponding size of induction motor ?
The synchronous motor has a higher
efficiency and its power factor is controllable.
What are the chief disadvantages of
synchronous motors ?
Poor starting torque ; direct current
required for excitation ; constant and
unadjustable speed.
What are the chief advantages of synchronous-induction motors ?
Good starting performance (comparable
with that of a slip-ring induction motor) ;
controllable power factor ; motor changes
to induction type when pulled out of step
temporarily at heavy overloads.
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Fig. 1.—Goon AND BAD WORKMANSHIP.
By using sufficient cleats and taking enough care, lead-covered wire can be taken round the ceiling
to get over a door. This makes a neat and workmanlike job. This neat piece of work is in striking
contrast to the slipshod way in which the bell wiring, just below, has been carried out.
OW that electric cookers are becoming more common, a few practical
hints on installation would probably be of some interest.
I should like all my readers to ask themselves just one question," Is an electric
cooker being used in my home ? " If the
answer is " No," I should like them to
make a point of having one as soon as
possible. They will then be in a position
to answer any query put to them by their
customers or would-be users.
Where to Stand the Cooker.
For the sake of this article let us
suppose that an electric cooker has been
sold and the reader has been sent out to
install it. His first job must be to find

N

out the position in which the owner wants
it installed. He must also help to decide
where it is going, bearing in mind that
light is required to see into the oven, but
at the same time the user does not wish
to stand in her own light. The best
position is such that when the oven door
is open the inside of the oven is
facing the window.
The Cable and Switch.
Now, having decided where the cooker
is going to stand, he must consider where
his cable is going, also his double-pole
switch. Whilst on the question of the
double-pole switch, I always recommend
that this be fitted with a pilot lamp and
kettle plug ; this should be fixed on the
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right-hand side of the cooker ; the height
should depend on that of the person who
is to use it.

Find out about Wiring Regulations.
Before you actually proceed with an
installation it is best to approach the
supply authority on whose mains the
cooker is to be fixed and ascertain if they
have any special wiring rules in regard to
cookers. This may seem an elementary
or, perhaps, unnecessary precaution, but
it is very necessary. In the first place, in
some districts the street cables will not
permit of cookers being connected or, if
they are large enough, the house service
cable may not be large enough and the
supply company or electricity department
concerned may, or may not, be prepared
to put in a bigger service free of cost.
With this point settled, then, be sure and
be careful to comply with any special
instructions they issue as regards cookers.

What the Average Family Requires.
The average family requirements are
generally met by a 4-6 person model,
taking from 6-7 kw. You need not
necessarily, however, provide a main
switch, fuses and cable for the full capacity
of the cooker. It is an extremely unlikely
event for 6o per cent. of the cooker to be
switched on at one time. For a 6.5 kw.
cooker at 200 volts, i.e., 32 amps., a
7/.036 cable, or, if the run is over 5o feet,
a 7/.044 will be sufficient, even if a kettle
or iron is being run off the control board.
A 25-3o amp. main switch and fuses will
suffice for the main control at the meter.

Fixing the Main Switch.
Be sure you get a good fixing for your
main switch and fuses ; if you find the
wall is inclined to be " flimsy " put a
couple of battens of wood up.

How to Plan the Wiring.
As regards the system of wiring, screwed
tubing is, of course, the best of all,
or a grip-continuity welded tube if
possible, sunk in the walls, but lead or
tough rubber-covered cables will be found
very convenient and easy to run for a
cooker, as usually you install these in a
finished house and sunk work is out of the

question. Don't rush at your job, but
have a good survey of the run first and,
if you can get under the floor, do so. Try
and avoid running horizontally along the
wall in the kitchen for this means a
perfect trap along the top for grease and
dust mixed with moisture, which runs
down the walls in all kitchens from
condensation of steam, etc.

Make Use of the Skirting Board.
If you decide to use lead or tough rubbercovered cables you can, if under the floor
is impossible, run along the top of the
skirting and then at the cooker end of the
run, go " up " to the local cooker control
board.
It is best to use an ironclad combined
switch and fuses for a cooker and have it
drilled as you want it ; for instance, it may
be more convenient to have outlets top
and bottom or all at the top or all at the
bottom. If you are using lead-covered
cable, get a nipple, " lead cable to ironclad
box," as, for example, the Walsall " G "
nipple. Have your ironclad case tapped
and drilled for two of these in the most
convenient place ; you can now screw
them in and you have perfect continuity
between your lead-covered cable and box.

Make the Main Switch Accessible.
If you are fixing your main switch in a
cellar or cupboard, try and fix it in the
most accessible place. Even if it means
another yard or two of cable it is better
to use it than for your client to find his
main switch buried under the coke or just
in the place where the lawn-mower stands
in the winter. If your lead or rubbercovered cable in a cupboard or cellar
appears likely to be in danger of having
coke, etc., up against it, or b xes pulled in
and out or pushed against it, perhaps
with nails protruding, just run it through
an odd length of tubing, or run it up
along the ceiling and then down by the
architrave of the door until you come to
the level at which you are running out.

Don't be Sparing with Cleats.
Having marked your run and fixed your
main switch and fuses, carefully mark out
the run to the approximate position of the
cooker ; now fix your cleats and do not
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be sparing of
them, they are
quite cheap and
a little extra time
fixing them is
well worth while,
especially if you
are compelled to
run along a wall
half-way up and
cannot get along
a skirting or
cornice. Nothing
looks worse than
surface work
making an " S"
or imitating a
snake. A dead
straight line
firmly fixed is
the sign of a good
craftsman's work.
Why you need a
Control Board.
The next item
is the control
board. You can,
of course, run
your cable
straight to the
cooker terminals,
but this is not
for
advisable
many reasons,
the chief of
which are :—
(1) It is more
Fig. 2.—THE ADVANTAGE OF THE G NIPPLE FOR TAKING LEAD-COVERED WIRE
convenient
INTO A CAST IRON BOX.
and also
The cooker circuit shown here has been added to an existing installation
makes for in screwed tubing. The nipple should be screwed down tightly. By papering
over the lead-covered wire it is practically hidden.
perfect
safety if
there is a
sub-main switch to cut off the cooker,
Before fixing the board, ascertain the
fixed quite near to it.
position or approximate position of the
(2) The control board can be easily fitted cooker ; fix it as near as you can to the
with an indicator lamp, which is a cooker, but make sure it does not get in
the way of the splash plate and plate rack.
great advantage to the user.
(3) This board will also easily carry a Usually, about 4 feet or 4 feet 6 inches
switch plug and fuse for a kettle, from the floor and i foot or 18 inches to the
iron or small fire and save wiring an right of the cooker will be about the most
additional point. A plug is most handy spot.
essential in the kitchen.
Make sure, again, of your fixings. Put
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wood, drill or cut out
a space for your cables
just large enough for
them, fit an ebonite
or wood bush if you
like, but this is not
necessary if you
smooth round the
holes you cut with
glass paper. All these
may seem minor
details, but if attended
to they do leave behind
the mark of a man
who knows his job.
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Connecting the Cooker
to the Control
Board.
Cab tyre cable is
best for connecting
the cooker to the
control board. Three
core (one for earthing)
gives you a neater earthing job, but
it is more expensive. Don't skimp
this cable, but don't be over-generous.
Cookers are not moved about from one
place in the kitchen to the other,
but remember that they want to be
moved occasionally for the floor under
the feet to be cleaned and the wall at
the back wiped down, so allow enough
cable for the cooker to be moved a foot
or i8 inches to either side or away from
the wall.

Fig. 3.—THE COMPLETION OF THE COOKER INSTALLATION.
This shows the santon board fixed in position and the three-core
cab tyre cable left out ready to connect up to the cooker. The leadcovered wire has been neatly covered up in light wood casing, which
has been continued up to the top to make a panel. Notice that the
cable has been threaded through the bush before connecting on to the
terminals.

up a batten or well plug the wall with
wood or Rawlplugs. The board will
have a good deal of use and a 25-amp.
switch goes " off " with a good positive
" jerk," remember, so fix it firmly

Fixing the Cables.
You can get excellent control boards in
wood or ironclad. The illustrations show
examples of each ; if you have ironclad,
have it drilled and fitted with nipples, as
you did the switch. If you are using

Follow the Terminal
Markings.
You generally find
on turning to the back
of your wood control,
or opening up the ironclad control, that the
terminals are plainly
marked, and you
cannot go wrong on
Regarding
these.
earthing, this is dealt
with in a special paragraph a little later in
this article, as its
importance warrants
far more than a casual
reference.
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Fig. 4.—REMOVING THE HOT PLATE IN ONE PIECE AFTER DISCONNECTING THE SUPPLY WIRES.
If necessary, the hob could now be closed down and the cooker used minus one boiling plate.
This and the following photographs in this article show the use of Sunray Tricity cookers.

Fig. 5.rMETHOD OF REMOVING GRILL HEATER ELEMENT.

85o

INSTALLING ELECTRIC COOKERS

" Baring " the Cables.
When you are " baring " your lead- or
rubber-covered cables be careful not just to
cut through or make a nick " in the final
rubber covering of the strands. This is a
fruitful source of trouble later, and is
often hard to trace Another point, when
you are leaving out your connections for
your meter, be on the generous side and
leave out an ample length to reach the
meter position and for the meter fixer to
bend round and go into his meter with.

this). If you use the water pipe, make sure it
is the main cold water pipe. If a hot
water pipe or a cold water pipe that is fed
from the cistern is used, it often happens
that the packing used to make joints at the
tank forms an insulator, and, therefore,
not a good earth.
Fix the Earth Wire Firmly.
Do not leave earth wire loose ; fix it up
out of the way. An extreme case once
occurred in which the earth wire had been

Fig. 6.—REMOVING THE OVEN ELEMENT AFTER DISCONNECTING SUPPLY WIRES.
The oven elements are built in a tray and the bottom element is of a greater loading than the top
one. These trays are held in by a fixing screw in the front and if the three terminals just inside the
oven are disconnected and this screw taken out the tray is easily removed.

Make Sure of a Good Earth.
Earthing is most important. You will
find on most makes of ironclad gear an
earthing screw ; but before you fix an
earth wire on to this, have a look and
make sure it has not got a coat of enamel
on it ; if so, scrape it well clean. If you
have used lead-covered cable and the
nipples referred to earlier in this section,
all that is necessary is to connect tightly
to your earth screw on the ironclad main
switch and then to the nearest water pipe or
the company's service pipe (if they approve

left loose along a wall and the householder
wanting a piece of wire for a picture or
his wireless or some odd job, just cut the
earth wire down !
Once you have made sure of your main
end being earthed, pay equal attention to
the .cooker end. If you have an ironclad
control and have used the lead-covered
cable and nipples, employ the same
method as for the main switch ; if you
have a wood board, you must run your
earth wire from your lead-covered to
the water pipe.
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The Earth Terminal.
The cooker itself will have an earth
terminal plainly marked or easily distinguishable ; if you use three-core,
correct your third (earth) wire to this.
If you are using twin cable or flexible from
control to cooker, then wind your earth
wire neatly round the outer casing,
twisting it firmly round.
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which is marked, and the neutral to the
neutral. In replacing the nuts on terminals
be sure that you use the nuts supplied
and always use the lock nuts and washers.
Testing.
Now that all connections are made, see
that fuses are correctly loaded, test out
with your megger, if your reading is good,
then test your cooker out by switching on
one switch at• a time and testing each switch
separately. When you are satisfied that
each is working, then switch all on together.
Explain roughly to the user which
switch controls the right-hand boiling

Clean Off Paint or Enamel.
Be sure and see that every point on
apparatus, pipe, cable or ironclad to which
you fix an earth wire, is scraped and quite
free from paint
or enamel. Do
not rely on wire
wrapped round
and a twist of
the pliers to
make an efficient
earth. There are
plenty of cheap
and reliable earth
clips. One of the
handiest is an
adjustable copper
band, but even
if you use a clip,
see that it is
fixed tightly.
Some electricians
always finish up
an earth wire
with a spot of
solder. This may Fig. 7.—METHOD OF FITTING NEW ELEMENT SECTION TO 2-KILOWATT
BOILING PLATE.
not be necessary,
The boiling plates have eight sets of coils with a steatite tube in each, and
but it does make
these tubes are supported by two steatite end-pieces. Nickel wire must always
sure, and it is be used if it is necessary to replace the nickel wire in any type of boiling plate.
that attention to
small details
which, as has been said before, stamps the plate, etc. Each switch is marked showing
worker as a careful craftsman or removes what it controls.
Before you leave your customer's house
the " amateur " label from a wiring job.
after installing an electric cooker it is a
Making the Connections.
good plan to get her to try the switches
In making the connections on the cooker herself so that she can ask your advice if
particular attention must be paid first to necessary.
see that the thimbles or washers supplied
by the manufacturers are correctly fitted, NOTES ON THE UPKEEP AND
i.e., thimbles should be sweated on or MAINTENANCE OF A SUNRAY
TRI CITY COOKER.
washers should be clamped firmly home.
When this is done the " live " cable
The following notes refer to the upkeep
should be connected to the live terminal, and maintenance of a No. 772 Tricity
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cooker, which is a very good example of
best modern practice.
The First Point to Remember.
Before taking down any part of a cooker
of any description, it is advisable to make
a sketch of the wiring and connections
so as to ensure that after the repair
is carried out, all connections are replaced
correctly.
How to Remove the Boiling Plate.
Take out the bolt which is found under
the hob in the front centre, and lift up
the hob so that all the boiling plates are
exposed. The 2 kw. boiling plate is
of the open type and, therefore, the grid
is fixed to the hob by means of four
lugs. This grid must never be fixed solid;
there should always be a little " play "
all ways in order to allow for expansion
and contraction.
Now follow the nickel wires from the
boiling plate to the bridge. You will
notice that these wires are connected
to three terminals. Take off the nickelled
nuts, lift off the wires, put your hands
under the boiling plate and lift upwards.
If necessary, the hob could now be closed
down and the cooker used minus one
boiling plate.
Examining the Elements.
You will notice that boiling plates have
8 sets of coils with a steatite tube in each,
and these tubes are supported by two
steatite end-pieces. If the steatite tubes
are examined it will be found that at
either end there is a slot. This is so that
the end of the coils may be held fast,
thus giving the coils the appearance of a
spring slightly stretched. It will then
be noticed that the turns are all separated.
The part where the actual connections
are made is known as the steatite terminal
bar. The terminals themselves are made
of nickel 2 B.A. bolts held tightly by
half pieces, and a 2 B.A. nut as a lock nut.
When Nickel Wire is Used.
Nickel wire, and not copper wire, must
always be used if you have to replace
the nickel wire in any type of boiling
plate.

It will be noticed in this element that
coils are made in pairs, so that it is quite
easy to replace one pair, if only one is
faulty.
Another Type of Boiling Plate.
The i600-watt square enclosed-type
boiling plate is constructed somewhat
differently. The steatite tubes instead of
being inside the coils are on the outside.
The coils are made in "fours" and the
steatite tubes threaded over them. These
are then placed in the top-cast plate in the
grooves provided. The steatite end-piece
is then put in position—the terminal
bar—the fire brick and house, which is
held down to the cast top by means of
two small screws either side.
Why One Terminal is Larger.
It will be noticed on the terminal bar
that one terminal is larger. This is
because that terminal is the common and,
therefore, is required to carry double the
ampereage of the other.
The I050-watt enclosed-type boiling
plate is similar to the i600-watt type,
with the exception that it is smaller.
The grill is built on similar lines to the
2 kw. open-type plate, but has only a
loading of 1200 watts.
Removing an Oven Tray.
The oven elements are built in a tray
and the bottom element is of a greater
loading than the top one. The trays
are always marked " oven top," or " oven
bottom " and the correct tray must
always be used. These trays are held in
by a fixing screw in the front, and if the
3 terminals just inside the oven are
disconnected and this screw taken out,
the tray is easily removed.
Test With a Megger After Repairing.
If the repairs are carried out a megger
should be put on the cooker to make sure
that there is no earth caused through the
repair.
Plug-in Element Type.
A later article gives further information
on cooker repairs, together with notes on
the plug-in element type.
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DISTRIBUTION SWITCHGEAR
By T. J. BARFIELD
HIS article will deal only with
distribution switchgear as used for
factory and industrial purposes.
Such switchgear includes the main switchboard controlling the low tension side of
transformers, of the main L.T. supply
from the mains, and feeders to
sections or bays of the factory or
industrial plant, and smaller
switchboards at the end of these
feeders, controlling the supply
to motors, lighting circuits, etc.
It does not include switchgear
for the control of generating
plant, smallfuseboards which form
a part of the lighting installation,
or motor control gear. Since the
electricity supply of this country
is being standardised as threephase alternating current, A.C.
switchgear will be considered
almost exclusively.

T

they may be touched must be located
in a room or enclosure set apart for
the purpose, to which only authorised
persons have access.
(2) Where bare conductors are exposed,
there must be a clear passageway of

Function of Switchgear.
The function of switchgear is to
control and protect electrical
circuits, and, incidentally, to
measure or indicate the amount
of power used. It may not be
called upon to operate for months,
or perhaps years, yet should be
capable at any time of interrupting
faults such as overloads or short
circuits. Hence suitable design,
reliable construction and care in
maintenance are of the greatest
importance.

Electricity Regulations.
The type of switchgear to be
installed for any particular use
is governed very considerably by
the Home Office Regulations
(Factory and Workshops Acts).
Some of the requirements of these
regulations, in brief, are :--(I) Switchboards having bare
conductors exposed so that

Fig. I.—BACK OF A FLAT-BACK SWITCHBOARD WITH
ISOLATING SWITCHES AND BARRIERS BETWEEN PANELS.
(Crompton Parkinson, Ltd.)
Showing an erector carrying out insulation test with
" Megger." (Evershed and Vignoles, Ltd.)
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switchboard, either it must be made
dead, or the section on which work
has to be carried out must be made
dead and screened from adjoining
live conductors.
It will be seen that these clauses practically prohibit the use of open type
switchboards, except when they are located
in proper switch rooms, and require that
switchboards and the distribution system
in general must be planned so that any
section of any board can be made dead (by
operating isolating switches, for example)
for cleaning.

Types of Switchboards.
Industrial distribution switchgear may
be divided into four broad classifications
(a) Flat-back or open type switchboards,
consisting of knife switches, fuses,
circuit breakers, etc., mounted on
slate, marble or insulated steel panels.
(b) Cubicle type boards, of the fixed or
truck type.
(c) Ironclad oil break switchgear, with
isolating features of various kinds.
(d) Ironclad switch and fuse gear.
Typical switchboards of these types
are illustrated in Figs. i and 2, 4 to 7,
and 15.

Flat-back Switchboards.

Fig. 2.—SIDE VIEW OF A HEAVY CURRENT
CUBICLE, WITH SCREENS REMOVED.
The isolating switches are operated by a lever
from the front of the cubicle. (Crompton
Parkinson, Ltd.)

3 feet from conductors to wall
(4 feet 6 inches if conductors are
exposed on both sides) and 7 feet
from floor to conductors overhead.
(These distances refer to systems
not exceeding 65o volts between
phases).
(3) When work has to be done on a

The flat-back board must be housed in
a proper switch room or suitably enclosed.
If the front has no live metal exposed,
and the back is closed by a wall, expanded
metal doors and screens at the end form
sufficient enclosure. Unless it is possible
to make the whole board dead for inspection (which may be possible at weekends for routine inspection, but may be
very inconvenient in case of a breakdown),
isolating switches between the busbars
and the other apparatus are necessary,
together with means for screening other
circuits (fixed or temporary divisions)
from the one on which work has to be
carried out. Boards of this type are
low in first cost, particularly for heavy
currents (50o amps. and above) and when
equipment a little out of the ordinary
is required. They occupy rather a large
amount of room, the required depth
back to front, with passage-way and
operating space, being about 8 feet, and
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Fig. 3.—EXAMINING AN OIL CIRCUIT BREAKER TO MAKE SURE THAT THE ARCING CONTACTS (A)
MAKE BEFORE AND BREAK AFTER THE MAIN CONTACTS (B). (Crompton Parkinson, Ltd.)
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they are not suitable for dusty situations.
Their chief use is for the control of the
main supply and distribution cables when
housed in a proper switch room, which
may be combined with the transformer

cables and any necessary repairs a passageway at the back, even if rather narrow,
is in valuable.

Ironclad Switchgear.
The majority of industrial switchgear
requirements are met by oil-break ironclad
Cubicle and Truck Type Switchgear.
gear, either of the draw-out or drop-down
Cubicle type boards have all live gear type (Fig. 5), in which the complete
enclosed, and therefore need no enclosure. breaker unit can be isolated and, removed
They are dearer than flat-back boards, if necessary for overhaul, or the simpler
type with or without some device for isolating the main parts
from the busbars. This type of
gar is compact, safe in operation, even by semi-skilled attendants, is suitable for very damp
and dusty situations, and can be
made suitable for use in fiery
mines. For standardised requirements, it is comparatively low
in price ; for special requirements
(as when a large number of instruments have to be fitted) or
for large current capacities (over
600 amps.) it may be rather expensive.
Ironclad switchboards built up
of iron-clad air-break switches and
fuses are very suitable for secondary distribution boards in large
installations, or the main board in
a small factory, where the maximum current does not exceed
about 15o amps. Where there
is one incoming feeder of larger
capacity, this may be controlled
by an oil-break unit connected
to the air-break switchboard
Fig. 4.—A TRUCK TYPE CUBICLE FOR 6,600 VOLTS, WITH
(Fig. 6). Fuses should not be
SIDE SCREEN REMOVED AND TRUCK PARTLY WITHDRAWN.
The safety shutters in the screen in front of the busbars
used where the busbars are
are about to close. (Crompton Parkinson, Ltd.)
directly connected to transformers fed on the E.H.T. side from
occupy about the same amount of room, large supply systems ; in such situations
and are not entirely suitable for really they may fail to interrupt the very large
dusty situations or similar severe con- currents which can flow on short circuit.
ditions. Both the fixed and the draw-out
type (the former when provided with Summary of Comparisons.
interlocks) are safer than open type boards,
The following table summarises the
and the latter are particularly easy to uses of the different types of switchgear
overhaul, since all parts needing examina- and gives an approximate idea of the
tion are mounted on a truck portion, which relative cost and space occupied. These
can be withdrawn. Fixed cubicle boards figures must be regarded as subject to
are made which can stand with the back considerable variations according to capaagainst a wall, but for easy jointing of city, equipment, etc.
room.
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Type of
Gear.

(a) F 1 a t back.

(b) Cubicle or
truck
type
(c) Ironclad, oilbreak.

(d) Ironclad, airbreak.

Use.

Relative
Cost.

Main distribution
board, in proper
switch room or
clean situation.
Especially for
heavy currents.
As above. Does
not
require
special enclosure.
Most industrial
uses, especially
in dusty situations and for use
by
semiskilled operators.
As (c), but for
smaller capacities.

Floor Space
Occupied by
One Unit or
Panel.*

100

Sq. ft.
16

120/130

12-15

75-.00

8-10

Not

4-5

COM-

parable.t
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convenient in the case of a temporary
failure of supply after dark).
Instruments.—Ammeter on each phase,
or one ammeter with switch for reading
current on each phase.
Voltmeter, with switch for reading
voltage between each phase andjor from
each phase to neutral.
Watthour meter (as a check on the
supply company's meters), with maximum
demand indicator if desired.
Indicating wattmeter (a " luxury "
extra).
Power factor indicator (always useful
where there is a large motor load, and
practically essential if the supply corn-

* Includes any necessary passage
at back and operating space in front.
t Within its range, and for very
standardised equipment, cheaper
than (c).

EQUIPMENT OF
SWITCHBOARDS.
The following recommendations are based on
average requirements.
When cost permits, the
fuller equipment schedu ed should be chosen.
Main Incoming L. T.
Feeder or Control of
L.T. Side of Transformer.
Automatic oil circuit
breaker, with isolating
switches or isolating
device on incoming side
(and on busbar side
unless there is not and is
unlikely to be any other
incoming supply). Neutral
link if a four-wire circuit.
Automatic device consisting of overload tripcoil
with time lag on each
phase, or, preferably,
Merz Price or similar
protection for a transformer. No-volt trip (not
really necessary if all
motor starters have novolt trips ; may be in-

Fig. 5.—A TYPICAL DRAW-OUT IRONCLAD CIRCUIT BREAKER.
With carriage withdrawn and tank removed. (Ferguson Pailin, Ltd.)
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pany gives a
bonus [in the
form of reduced
terms] for high
power factor).
Feeder to Secondary Switchboard or
Large Motor.
Automatic oil
switch with two
time limit over
loads and one
leakage tripcoil.
No-volt trip optional. Isolating
switch on busbar
side. Neutral
link if a• fourwire feeder:
Ammeter (with
switch to read in
each phase if
there is any
single-phase load
which may not
be balanced).
Power factor
indicator for
power circuit if
desired.
Feeder to Lighting Distribution Board.
Fig. 6.—AN IRONCLAD SWITCHBOARD.
Automatic oil
This consists of ironclad oil ci cult breaker (fitted with three ammeters and
switch with.over- watthour
meter) for the incoming feeder and ironclad switches and fuses for the
load tripcoils (or outgoing circuits. (Johnson and Phillips, Ltd.)
ironclad fuses).
Isolating switches on busbar side (or
Complete set of sparking contacts
ironclad knife switch) and neutral link,
for each size of circuit breaker.
Ammeter in each phase (preferable) or
Spare fuse handle of each size.
one ammeter with switch to read current
A few time limit fuses.
in each phase.
Reels of fuse wire of useful sizes.
The above equipments do not list essenMore complete stocks for larger installatial accessories supplied by the switch- tions may include, in addition to the
board maker (such as current transformers, above :—
voltmeter fuses, etc.) or necessary cable
Complete set of contacts for the most
boxes or conduit fittings to suit the
important size of breaker.
cables.
A few porcelains or busbar insulators,
with clamps.
Spares.
Drum of switch oil.
No-volt tripcoil.
It is recommended that a small stock of
Voltmeter complete with resistances.
spares be kept, including :—
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ERECTION OF SWITCHGEAR.
Flat-back Switchboards.
These will probably
be delivered in complete
panels, possibly with large
oil circuit breakers removed. The instruments
will be packed separately
and naturally the busbars
and any connections between panels will be dismantled. The sub-base
of angle or channel iron,
on which the board is
fixed at the base, should
be laid in the required
position (carefully measuring the distance from
the wall as shown on the
erection diagram) and
firmly fixed to the floor
by means of coach screws,
if the floor is of wood, or
rag-bolts grouted into
the floor if the latter is
of concrete. Now carefully mark out and make
any necessary holes in the
wall for the wall stays.
If the latter are fixed to
an angle iron, which in
turn is bolted to the wall,
this angle may be fixed
temporarily in position,
but it is safer not to
grout in the wall bolts
Fig. 7.—ARRANGEMENT OF ISOLATING SWITCHES OPERATED BY
with cement in case the
measurements are a little EXTERNAL LEVER AND INTERLOCKED WITH THE CIRCUIT BREAKER,
ON A NON-DRAW-OUT IRONCLAD UNIT. (Johnson 6- Phillips, Ltd.)
out, as otherwise new
holes might have to be drilled in the
Use a plumb-line to get the panels
angle iron.
vertical, drawing the holes in the wall
stays oval with a file if necessary for
Using Lifting Tackle.
adjustment.
Now, in turn, erect the remaining panels,
Next take one end panel and bolt to
the sub-base. For this, lifting tackle and when all are erected go over all bolts
may be needed if the panels are of marble and finally tighten up.
or slate. Secure the panel temporarily
by means of stays or a rope from the When to Complete Fine Wiring.
ceiling, and bolt on the end wall stay. If
this accurately fits the hole in the angle
Before the busbars and other conneciron bolted to the wall, the latter may now tions are assembled, any fine wiring for
be fixed permanently.
the instruments should be completed.
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and main connections to the isolating
switches or other apparatus on the
panels. In clamping up the copper connections, see that the faces are perfectly
clean. If the contact surfaces have not
been tinned by the switchboard maker,
it is worth while to do this by dipping in
a pot of solder. The tinned surface,
being softer than copper, ensures close
contact between the faces when bolted
together.
When erection has been completed, carefully attend to the following points.

Oil Switches.
Fill tanks with switchgear oil (transformer oil is of the same kind) to the
required level, having first cleaned out the
tanks and made sure that they are dry.
Try the levergear and tripping mechanism
for easy action. Most tripcoils can be
tried by pushing up the plunger with the
finger or end of a pencil ; quite a light push
should suffice to trip the switch, and if it
does not, examine for dirt or rust.

Set the Tripcoils.

8.—SETTING THE TRIPCOILS OF AN
ORDINARY TYPE OF OIL CIRCUIT BREAKER.

Fig.

This may include a common earth wire
or bar which has to be cleated along the
whole length of the back of the board.
The wiring diagram will indicate any
connections of this nature, which cross
from panel to panel. Also mount the
instruments, taking care to get them in
the right positions, which should be indicated by numbers on the backs of the
instruments corresponding with numbers
on the board in the positions they are to
occupy.
Next fit busbar insulators and busbars,

The overload coils should be adjusted.
all coils on the same switch being set to
the same mark. Methods of setting vary
somewhat with the make of switch ;
usually adjustment is made by screwing
up or down a nut on the plunger, locking
the nut when the required position is
reached (Fig. 8).
The overload settings to be made will
depend on the circuit controlled. A
setting of 5o per cent. above normal
should be enough for a transformer
unless the load fluctuates violently or
allowance has to be made for the starting
of a large motor, in which case a longer
time lag would be preferable to a very
much higher overload setting than 5o per
cent. ; power feeders from 50 per cent.
when they supply a number of small
motors to 150 per cent. (two and a half
times normal load) in the case of a feeder
controlling one large motor taking a
heavy starting current. In general, the
settings should be as low as possible
without involving frequent tripping at
starting or on normal overloads.
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Adjust the Time Lags.
Time lags should next be adjusted.
If of the oil dash-pot type the setting will
probably be made by fixing a screwed pin
in numbered holes. Adjustment can also
be made by altering the variety of oil
with which they are filled. Fig. io shows
the settings obtainable with one common
type. Here again the setting will be
settled by the time taken to start the
largest motors on the circuit. Referring
to this diagram, if the overload coil is
set to trip at 5o per cent. overload,
and the setting of the time lag is No. 9
(transformer oil used), a further 5o per
cent. overload, making 15o per cent. plus
5o per cent. equals 225 per cent. normal
load, will trip the switch after about
four seconds.
Examine Relays.
It is not likely that delicate relays will
be used on industrial gear, but they may
be installed possibly on the main switchboard. Examine carefully, see that any
cords in relays of the weight-winding
type are free, the trip switch
or contacts operating properly, and if there are any
mercury contacts, fill the cups
with mercury. Instructions for
any setting required will probably
be given on a label or instruction
plate under the cover.

Fusing Current
in Amps.

S.W.G. of Wire.

I0
15
20
30

34
29
27
24

40

22
21
19
18

50
70
I00

There are many forms of cartridge fuse
in use which cannot be rewired with
ordinary fuse wire and for which spare
elements or complete cartridges must be
carried. One handy way of keeping
spares at hand is shown in Fig. 15.
Insulation Tests.
After erecting any switchboard, and
before making it alive, carry out the
following tests with a Megger or similar
instrument
(r) Close all isolating switches and oil

Wire the Fuses.
The various small instrument
fuses should be wired before
the board is dispatched by the
makers. Power fuses may also
be wired, but the gauge of wire
should be checked with the
requirements of the circuit. The
following table gives approximate
fusing currents of tinned copper wire when used in an ordinary
porcelain-handle fuse.
Approximate Fusing Current for
Copper Wire.
When two or more wires are
used in parallel they should not
be twisted together, or the fusing
current will be altered.

-4"4141111111111rFig. 9.—SERIES TRIPCOIL OF AN OIL CIRCUIT BREAKER,
MOUNTED UNDER THE MOVING CROSSBAR.
Note the calibration plate. (Crompton Parkinson, Ltd.)
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0

,5

45

50

"5

i00

1

1SO

175
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PERCENTAGE OVERL OAD ABOVE CURRENT
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Fig.
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I 0.—CALIB RATION CURVES FOR OIL
DASH POT TIME LAGS.

(Johnson ( Phillips, Ltd )

should be 20 megohms or more, except
perhaps for slate boards consisting of a large
number of panels. If very low readings are
obtained, open the isolating switches and
check each panel in turn, when the cause
of the low reading may be found. A
general poor insulation may be caused by
damp ; keeping the switch room dry and
warm for a day or two will probably
improve matters. Other possible causes of
low readings, apart from short circuits,
which should be easy to trace by careful
visual examination, are : faulty insulating
washers and bushes on knife switch or
fuse stems, cracked or very dirty insulators, copper filings or metallic dust partly
bridging insulation material, etc.
(2) Before testing secondary wiring to
instruments, tripcoils, etc., first study
the wiring diagram. It may be
found that certain parts of the wiring
are connected to earth, and these
connections must be temporarily
broken before the insulation resistance
to earth can be measured. Such
points include one terminal of the
secondary windings of current and
potential transformers, voltmeters
reading phase to earth voltage, leakage indicators, etc. When all such
earth connections have been removed, test the wiring on each panel
in turn to the earth bar or switchboard framework. Make sure that
the whole of the secondary wiring is
included, if necessary making temporary connections between phases
at convenient points such as the
connection stems of instruments.

switches. Temporarily join the three
busbars with a piece of bare copper
wire. Connect the earth lead from
the Megger to the framework of the
board and the other to one of the
busbars and test. This measures
the insulation resistance of all bars
together to earth. Then remove the
wire joining the busbars and measure
the resistance between pairs of busbars—A to B, A to C, B to C. These
tests can be done in two measurements, as follows :
Connect the busbar
111111 2142 01111/03 CON. SCARES 0 2 asmrs
A to earth and bus40
bars B and C together
35
and test between A
30
and B. Then connect
01 25
B to earth and A to
O 20
C and again test
Cl) IS
between A and B.
ID
It will be seen that
this checks the in
sulation between all
S 1 2 3 4 S S 7 S S 10 It 12 13 14 15 111. 17 IS II 20
busbars and earth,
AMPERES (CURREN1 TRANSFORMER SECONDARY)
and between any two 01111401111011101412101 010.101201111
oatr SJC348
busbars.
Fig. I I.— CALIBRATION CURVES FOR TIME LIMIT FUSES.
All the above readings
(Crompton Parkinson, Ltd.)
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Fig. I2.—USING A TANK LOWERING LEVER. (Crompton Parkinson, Ltd.)
If this is not available and the tank is heavy, lower the tank on a plank with the help of an assistant,
resting one end on a box while one operator unfastens or fastens the tank bolts.
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These precautions in regard to disconnecting earth connections apply to
tests under (1) when the voltmeters,
etc., are connected direct to the main
circuit and are not operated through
potential transformers.
It is difficult to quote an average figure
for the insulation resistance of secondary
wiring to earth. On a panel with a large
number of instruments and a lot of
wiring it may be as low as one or
two meghoms. If a short-circuit reading
is obtained, first look for
accidental shorts; if none
is found, disconnect the
wiring and test each
instrument, tripcoil , etc. ,
in turn until the trouble
is found.
Cubicle Type Switchboards.
Cubicles of the stationary type will be delivered
as complete cubicles,
only the busbars and
possibly the instruments
being dismantled.
Erection of the board
Fig. 13. — BADLY on a level prepared
BURNT ARCING
FINGERS. Showing floor (preferably con" blobs " of molten crete) should be carried
metal likelyto catch out by lifting the
and prevent the
cubicles into position
breaker opening.
side by side in the correct
order and levelling by means of wedges until
holes for the bolts securing adjacent cubicles
coincide, then bolting up. It is hardly
necessary to bolt boards of this type to
the floor, but compensation may be made
for any irregularities in the floor level
by running fluid concrete round the
foundation frame members, wood battens
cut to suitable lengths being laid on the
floor, spaced about I inch from the framework, to hold the concrete until it sets.
Busbars should be slipped into position
from one end of the board, the end plate
being detached for this purpose. Bolt
up the busbars very securely, for once
the board is alive it is unlikely that many
opportunities will occur for examination
of these connections.
Next mount the instruments, fill the
switches with oil, attend to tripcoils, etc.,

as detailed for flat-back boards, and make
an insulation test before putting the
board into commission.
Cover Cable Trenches.
With cubicle type boards, both fixed
and truck type, the cables usually drop
down into a trench which runs the length
of the board. To prevent rats gaining
access to the switch via this trench,
it should be completely covered with
i--inch sheet steel plates fitted with wood
bushes accurately fitting the cables. Rats
have caused many short circuits on
switchboard terminals, particularly on
high tension gear, and this precaution is
well worth the time involved in making
and cutting holes in the sheet steel
plates. On some types of cubicle switchboards it will be found that screens are
fitted to prevent rats getting from the
trench to live gear ; in such cases, of course,
any extra trench coverings are unnecessary.
Truck Type Cubicles.
The erection of the fixed portions or
housings of truck type cubicles is very
similar to that of stationary cubicles,
but particular care must be taken not to
distort the framework by careless handling
or erection on an uneven floor, or it may
be difficult to insert the truck carriages.
When the housings are erected, assemble
the busbars by slipping them in from one
end. If there is a passage-way behind
the board, it may be convenient to remove
the back sheets of the housings to facilitate
bolting up the bars ; but usually this can
be managed by temporarily wedging open
the shutters which cover the holes in the
screen plates in front of the busbars,
and putting a hand through these holes
to get at the bolts.
The trucks should wheel into the housings easily. If much force has to be used,
bad alignment may be suspected. This
can probably be cured by loosening framework bolts and inserting wedges underneath until the truck will push into
position.
To facilitate running the trucks in
and out, it is a good plan to lay down on
the floor runways of flat iron, about
2 or 3 inches wide, to form rails for the
truck wheels.
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When all trucks can be inserted, remove
them to allow the cables to be connected,
and while they are out go over the tripcoils,
fill switch tanks, etc. Make an insulation
test, before the end plate of the busbar
chamber has been replaced, as already
described. If it is desired to test the
secondary wiring, this must be done for
each truck in turn with the truck out.
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Test All Phases Together to Earth.
After the cables have been connected,
make " megger " tests of the insulation of
all phases together to earth, temporarily
bridging the busbars with a piece of
wire for this test, and from each phase

Ironclad Switchgear.
If the units are of the draw-out type,
first remove the carriage portions, to
facilitate handling. Next assemble the
pedestal portions in the correct order,
loosely bolt together and insert holdingdown bolts, engaging the nuts, but leaving
sufficient thread for tightening up later.
Align the units accurately by means of
wedges and tighten the various bolts
which fasten the units together. Next
run liquid concrete round the feet and
into the holes in which the holding-down
bolts have been inserted, if necessary
covering any holes made in the floor for
cables to prevent them being cemented up.

Assembling the Busbars.
If possible, wait for the cement to set
before proceeding with erection. The
next step consists of assembling the busbars. To do this, remove the busbar
chamber end plate and also the top covers,
thread in the bars from one end, and bolt
up securely.

Making the Cable Connections.
Cable connections may now be made.
If the board is erected against a wall, it
may be convenient to mark off the cable
to the length required, detach the cable
boxes, and draw the cable forward between
the two sides of the pedestal or feet so
that the bonding of the lead sheath
may be done in a less cramped position ;
after these operations the cable and
cable box can be drawn back and the
box bolted into position, one half of the
box being left off until the lugs on the
cable cores have been bolted to the connecting stems, which pass into the switchgear. The procedure is not possible with
all designs, particularly those in which the
cable cores have to be taken right through
to the switch terminals.

Fig. 14.-TESTING THE TRIPPING MECHANISM
OF AN OIL CIRCUIT BREAKER.
This is done by lifting the -tripcoil plungers.

to earth. If these tests are satisfactory—
and they should show readings of 20
megohms to infinity—the cable boxes
may be filled with compound, and also
the busbar chambers in gear of the
compound-filled type. Pouring in the
compound should be done gradually, to
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allow any imprisoned air to bubble to
the top. The compound may be heated
in any clean pail over a coke brazier or a
gas ring if available, the pail being kept
covered to exclude dirt. A proper corn-

down bolts) finally tightened, the carriage
portions of draw-out type gear lifted into
position on the rails, and the gear is ready
for commission after the setting of
tripcoils, time-lags, etc.
OPERATION & MAINTENANCE.
Operation.
There are a few precautions
in the routine operation of
switchgear which are worth
noting.
Operate all switches and circuit
breakers smartly and cleanly,
without hesitation and without
undue force. Closing switches
slowly and with hesitation leads
to damage of contacts through
sparking and may set up disturbances in the system resulting in
damage to machine windings,
particularly transformers.
Never open or close a circuit on
load by means of a fuse or slow
break knife switch if it can
possibly be avoided, and never
open or close an isolating switch
unless the circuit breaker on the
same circuit is open.
If a breaker trips repeatedly
or a fuse blows on load, try to
find the cause before setting the
trips higher or using heavier fuses.
Watch ammeter readings,
remember the full load of each
circuit and investigate the cause
of persistent or often-repeated
overloads.

Cleaning.
Before carrying out any cleaning or overhaul work make the
apparatus dead, and take any
Fig. 15.—WALL MOUNTING DISTRIBUTION BOARD WITH
CABLE Box FOR INCOMING FEEDER, CARTRIDGE TYPE
precautions necessary to prevent
FUSES AND CABLE BOXES FOR THE DISTRIBUTORS.
any other person switching on
Note that on this board all interconnections are made in
while work is carried out. If
the factory, considerably facilitating erection. Note the
such a possibility exists, as an
box for spare fuses. (Parmiter, Hope and Sugden.)
added precaution fix temporary
pound bucket, with pouring spout, is earthing connections from the cable
preferable if one is to hand. The com- terminals to the earth bar.
pound should be heated until it is suffiAn exception may be made in the
ciently fluid to flow easily and should not case of surface cleaning of low tension
be overheated.
flat-back boards, if the floor is dry and
The busbar chamber covers may now be the cleaner uses one hand only for the
replaced, all bolts (including holding- work so that he cannot easily make
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contact across poles or phases.
Keep the surface of all switchgear clean
by wiping regularly with clean waste
very slightly moistened with paraffin (too
much paraffin causes rust). All exposed
insulators should be kept free from dust
and damp, and the backs of flat-back
boards should not be overlooked.
Occasionally go round with an oil-can
and drop a spot or two of oil on all operating mechanism, link gear, slide rails of
draw-out units, etc. If necessary, use
a blower to get dust out of the operating
mechanism of oil switches, or it may
accumulate and prevent tripping on overload.
The sliding contact surfaces of knife
switches and air-break circuit breakers
may be cleaned occasionally with a clean
rag and a trace of vaseline, which helps
to secure low resistance contacts. The
same applies to isolating plug contacts
of draw-out type gear.

MAINTENANCE.

Oil Circuit Breaker.
The most important item of equipment
is the oil circuit breaker. Regularly test
the freedom of the operating mechanism,
tripping if possible by lifting one of the
tripcoil plungers by means of a pencil, as
illustrated (Fig. 14). If the breaker
is often called upon to open on overload,
every few months (and as soon as possible
after it has operated on any severe fault)
drop the tank and examine the contacts
(Fig. 3).

Cleaning Arcing Fingers and Plates.
The arcing fingers and plates should
be smooth and free from pitting. Slight
pitting may be cleaned up with a file ;
if the burning has been so severe that
PB

Flg. I 7 .—ARRANGEMENT FOR DISTANT
PUSH-BUTTON TRIP ( I).
Here the connection is taken from one
of the tripcoil fuses through the distant
push-button and back to the no-volt
tripcoil.
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i6.—A SIMPLE DRAW-OUT TYPE
UNIT.
Fitted with two series-operated overload tripcoils, an ammeter connected
direct in the circuit and a no-volt coil
connected on the load side of the switch
and protected by fuses.
Fig.

much metal has to be removed to secure
a smooth surface, fit new fingers and
plates. The arcing fingers should make
circuit before, and break circuit after,
the main contacts ; if they do not, it is
a sign that they have been badly burnt
or distorted. Blobs of molten metal
on the arcing contacts may catch and
prevent the switch tripping (see Fig. 13).
If the arcing fingers are in good condition, the main contacts should need
no attention. After a switch has been
on full load for a few hours the tank
should be comfortably warm ; a higher
temperature rise than, say, 3o-4o° C.
measured at the hottest part is a sign of
bad contacts unless the full load has been
exceeded.
•

Renewing Fuses.
If the breaker trips on slight overloads,
it may be that the time lags, if of the
fuse type, need renewing. These fuses
shunt the tripcoils so that normally
the fuses carry the current. On overload the fuses blow after an interval of
a few seconds, the current then passing
through the tripcoils and tripping the
switch. Even if they do not fuse owing
to overload, the fuse wire of which they
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Fig. 18.—ARRANGEMENT FOR DISTANT
PUSH-BUTTON TRIP (2).
Here the push-button is of the normal
type and short-circuits the coil when the
push-button is operated.

are composed may deteriorate in time
and fuse at less than their rated current.
If the fuses have not been changed
during the year, it is a good plan to
renew them annually if of the
rewireable type ; the sealed type
fuses should not require renewal.
All fuse type time lags are used in
conjunction with current transformer
operated tripcoils, normal full load
in the main circuit corresponding to
5 amps. in the tripcoil circuit.

examined ; usually the state of the contacts
can be judged from the appearance of the
metal, which will be lighter in colour than
ordinary copper which has not been in
rubbing contact with another copper
surface. In conjunction with no-volt
and some other tripcoils there may be
a small auxiliary switch mounted near
or on the oil switch, and the contacts of
this should be examined and cleaned
and adjusted if necessary ; often the
contacts are not too substantial and the
spring fingers soon take a permanent set.
When to Renew Tube of Asbestos in Power
Fuses.
Power fuses of the porcelain handle

SwircH

Examine the Oil.
T L.
The condition of the oil in the O.L.
tank should be examined. If dirty
C-Ts.
and sludged, due to repeated operation of the breaker on load or high
operating temperatures, it should
be renewed, using proper switch or
transformer oil.
19.-OPERATING THREE TRIPCOILS FROM
The other parts of switchgear
THE SECONDARIES OF CURRENT TRANSFORMERS.
needing attention call only for
These transformers are arranged so that full
straightforward mechanical examload in the primary corresponds to 5 amps. in
the secondary.
ination. Occasionally go over all
nuts, particularly on switch and
breaker terminals, and tighten when type usually have a tube of asbestos or
necessary. Contact surfaces such as those similar material which encloses the fuse
on isolating plugs and sockets may be wire.
This may be damaged when the
fuse blows on a heavy overload and should
be renewed when necessary. If fuses
are badly damaged or shattered by a
short circuit, it is clear that they are
unsuitable for the large amount of power
to be broken, and should be replaced
by an oil switch unit.
When overhauling switchgear, the insulation resistance should be measured in
Fig. 20.—CONNECTIONS FOR OVERLOAD
AND LEAKAGE PROTECTION.
the manner already described.
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CONNECTIONS FOR SWITCHGEAR
INSTRUMENTS, ETC,
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The accompanying diagrams illustrate
the connections of various commonly
used instruments, tripcoils, etc.
Simple Draw-out Type Unit.
Fig. 16 shows a simple draw-out type
unit fitted with two series-operated overload tripcoils, an ammeter connected
direct in the circuit, and a no-volt coil
connected on the load side of the switch
and protected by fuses. With this arrangement the no-volt trip must be held
by hand while the switch is closed. If
connected on the supply side, it will act as
a no-volt, no-close trip, and will usually
be fitted with an auxiliary switch which is
open when the switch is off, but closes
before the switch to allow the coil to
attract the plunger away from the tripping
position.
Two Ways of Arranging a Distant Pushbutton Trip.
A distant push-button trip can be
arranged in two ways. One is to take
the connection from one of the trip-coil
fuses through the distant push-button
(which must be of the " push to open
circuit " pattern, and insulated for the
working voltage) back to the no-volt
tripcoil (Fig. iv). The second method is
shown in Fig. 18. Here the push-button is
of the normal type and short circuits
the coil when the push-button is operated.
This method can only be used when the
resistance is provided, with coil wound
to suit, by the makers.
Operating Three Tripcoils from the
Secondaries of Current Transformers.
Fig. 19 shows a similar unit, but with

Fig. 22.—USE OF POTENTIAL TRANSFORMER.
The normal pressure on the secondary
side is ro volts between phases.

Fig 21 —CHECKING CONNECTIONS OF THE TYPE
OF POWER FACTOR METER MOST OFTEN USED.

ammeter and three tripcoils operated
from the secondaries of current transfoi niers. These transformers are arranged
so that full load in the primary corresponds
to 5 amps. in the secondary. The advantage of current transformers is that all
instruments, etc., operated from them
are at low voltage, whatever the voltage
of the main circuit, and coils can be
standardised for 5 amps., being calibrated
and marked, however, in amperes in the
main circuit. One terminal of the secondary winding of current transformers
should be earthed.
The unit in this diagram has a voltmeter, with switch to read the voltage
between phases. The tripcoils are fitted
with time-limit fuses.
Connections for Overload and Leakage
Protection.
Fig. 20 shows the connections for overload and leakage protection. The leakage
coil can be set low, to operate at as little
as 10-25 per cent. of full load (or even
lower in conjunction with a relay) and
will only operate on earth faults, not
ordinary overloads. If the ammeter
shown in this diagram is not required,
complete the wire which is shown connected to its terminals.
One instrument which may give a little
trouble is the power factor meter. Owing
to differences in phase rotation, the meter
may read on the wrong half of the scale
or quite incorrectly.
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Checking Connections of Meter.
It is usually known what the approximate power factor of a load may be. An industrial motor load, for instance, will be
something between .6 lag and unity.
With this as a basis, the connections
of the type of meter most often used may
be checked as shown in Fig. 21.
Disconnect the voltage leads. With
not less than half full load in the current
transformers the pointer should rotate in a
clockwise direction ; if it rotates in the
opposite direction interchange the right
and middle current connections (as viewed
from the back).
Reconnect voltage leads. If the pointer
indicates on the wrong half of the scale,
i.e., motoring instead of generating, reverse the potential leads.
If the above tests fail to give correct
indications and the instrument transformer polarities are correct and the
wiring made to diagram, the fault will
probably be found to be due to nonstandard phase rotation.

Use of Potential Transformer.
On high tension circuits all potential
coils of instruments, no-volt coils, etc.,
will be operated from the secondary of
potential transformers. The primary of
a potential transformer is connected to
the main circuit through H.T. fuses.
Connections from the secondary side are
taken through L.T. fuses and the terminals
are then regarded for the purpose of
instrument connections as the phases of
the main circuit. The neutral point of
three-phase instrument transformers, or
one pole of a single-phase transformer, is
earthed. The normal pressure on the
secondary side is iio volts between
phases (see Fig. 22). Inaccurate reading
of potential instruments on H.T. circuits
may be due to a blown H.T. fuse, but this
is almost invariably caused by a fault in
the potential transformer.
Medium Power Control Gear.
The installation of smaller control
apparatus for individual machines is
dealt with in a later article.

MAGNETIC SUBSTANCES
SUBSTANCE is described as magnetic when it is possible to
magnetise it, either permanently
or temporarily, by means of a permanent
magnet or magnetic field due to a coil
passing an electric current.
Iron is not the only magnetic substance.
Most alloys containing iron are magnetic
to varying degrees. Certain alloys of
iron with small percentages of silicon and
aluminium exhibit stronger magnetic properties than ordinary wrought iron. That
is to say, they are more permeable. This
type of alloy is used for transformer
cores and armatures of dynamos and
motors.
There is one particular steel alloy containing 13 per cent. of manganese which
is almost non-magnetic. This is a useful
alloy where it is necessary to use a material
of the strength and hardness of steel which
must not become magnetic when situated

A

in a magnetic field. For example, the
steel between the poles of a magnetic
chuck of a surface grinder must be nonmagnetic, or the poles of the magnet
would be short-circuited.
Cobalt and nickel are magnetic, but t o a
lesser degree than iron. Cobalt is better
than nickel ; neither of them, however, is
sufficiently magnetic to be of any commercial importance as an element. Iron
loses its magnetic properties at a red
heat, but cobalt does not. Cobalt and
iron alloyed together produce a steel
which is most suitable for permanent
magnets.
Lodestone is a magnetic mineral, which,
from its occurrence at Magnesia in Asia
Minor, the magnet gets its name. It is,
however, only feebly magnetic and is of
no use as a permanent magnet. A substance, chemically similar, is produced as a
black scale when iron is heated in the air.
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ELECTRICAL GRAMOPHONE PICK-UPS
WITH NOTES ON OPERATION AND MAINTENANCE
By A. E. WATKINS

p

RACTICALLY all electrical pick-ups
of the present day operate on the
differential armature principle.
Earlier pick-ups were similar to a reed
loud-speaker and there was also the electrostatic pick-up. The two latter types,
however, have completely disappeared, as
they were not satisfactory.
How the Pick-up Works.
The principle of the modern pick-up
is clearly shown in Fig. 3. It consists
of a magnet with two pole pieces. An
armature, which is usually surrounded by
a coil of wire,
vibrates between
these two pole
pieces. As the
record causes the
needle to oscillate from one
side to the other,
the flux is
changed in the
armature, first in
one direction and
then in the other.
This change of
flux in the armature produces an
electric current
in the coil, and
as the coil is
connected
between the grid
and the filament
of the valve these
currents are duly
amplified.
Rubber Dampers.
To prevent the
armature oscillating too freely
and also to damp
out anyvibration,

rubber dampers are attached to the
top of the armature and usually at
the pivot : these dampers also restore
the armature to its central position and
it is most important that when the
armature is in its neutral position it should
be exactly midway between the pole pieces
so that an equal movement either side
of the zero line will give a proportional
movement at the armature, thereby
transmitting the same amount of flux
in either direction so that the amplitude
is equal.

Fig. I—WATMEL UNIVERSAL PICK-UP CARRIER ARM.
This is adaptable to all types of pick-ups with side fittings. Holes are
drilled through the arm to carry the flex. The pick-up is shown on the
reverse side of the arm for clearness to show the small rocking arm for
carrying the pick-up. In practice the pick-up should be fitted to the
reverse side.
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Correct Weight of Armature.
The weight of the armature is very
important and it should be as light as
possible, for should the armature be heavy,
a fall of response will occur at the higher
frequency, but if made too light and
thin resonance will be very noticeable.
Stiffness and lightness are the essential
points. Also, the screw for clamping
the needle must be light otherwise this will
load the armature.

give a clear response, attention should be
paid to the rubber dampings and adjustments made. In many pick-ups arrangements are made for adjustments, but in
some of the cheaper and simpler types
adjusters are not fitted. Therefore it is
necessary in these cases to replace the
dampers with new rubbers.
Another very common fault is that the
screw for holding the needle sometimes
touches the side of the case, due, to some

Fig. 2.—MARCONIPHONE PICK-UP TYPE 17.
The rubber damper "B" is a slit which engages in the pick-up of the armature. This damper
is held in position by the metal holder "A" which must be adjusted so that the armature is
in the centre.

The sizes of the armature, pole pieces
and coils can only be determined from
experimental work. It is practically impossible to design these parts on paper.
It is, therefore, only a question of research
and experimental work.
When the Rubber Perishes.
One of the causes of failure in pick-ups
is due often to the rubber dampers
perishing, but as yet rubber is the only
material found to be satisfactory for the
purpose, and after it has become hard it
very often settles in such a position so as
to allow the armature to become out of
centre. Therefore if a pick-up fails to

extent, to being badly fitted at the
thread.
It is very rare for the windings to break
down, but what often happens is that the
lead which usually travels along the
carrier arm becomes broken at the point
where there is continual movement, particularly if there is little flex left when the
pick-up is fitted. If when testing a pickup there is an open circuit, attention should
first be given to the lead.
The Volume Control.
It is essential with every pick-up to
include a volume control. This consists
of a resistance placed directly across the
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Magnet

Soft Iron Poles

Soft Iron Po/es

Cod
Rubber Dampers

Rubber
Damper

3.—THE PRINCIPLE OF THE MODERN
PICK-UP.

terminals of the pick-up, the contact arm
being connected to the grid of the first
valve of the amplifier, as in Fig. 4. One
end of the winding of the volume control
is connected to the grid bias battery or
grid bias resistance in the case of an allmains operated receiver. The value of
the resistance of the volume control
depends to a great extent upon the pickup. Presentday pick-ups are usually designed to use a resistance rated from
ro,000 to 50,000 ohms ; this value is
usually perfectly satisfactory, particularly
if they are of the wire-wound type.
Some pick-ups, however, require a resistance as high as 250,000 ohms. The
particulars for the value of the resistances
must be determined either from the
maker's instructions or from experiments.
Values of Resistances.
Suggested values for the various types
of pick-ups illustrated in this article
are mentioned, and those values which
are mentioned will be found to give
satisfactory results under almost all conditions, and if the volume control is of
the square law resistance, that is to say,
if the winding or the resistance element
is tapered, a more gradual variation of
volume will be obtained than if the
resistance is straight.
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Advantages of a Wire-wound Resistance.
Another point also in favour of a wirewound resistance is that owing to the
great number of turns of wire on the
former it is inductive and therefore
helps to retain the high notes, whereas
with a carbon resistance, being non-inductive, there is often a loss of high notes,
particularly if the resistance is of the
lower values. It is important that the
volume control should be smooth in action
and have perfect contact between the
contact plate and the spring-arm. In
any case, one should never choose a volume
control in which electrical contact is made
between the spindle and the bush ;
it should always have some supplementary
system of contacts between the contact
finger and terminal plate.
Types of Pick-up.
As it is not possible in this work to
illustrate every type of pick-up at present
manufactured; it is, therefore, decided
to illustrate several well-known types,
with particular notes relative to each.
As all pick-ups are constructed on similar
lines no difficulty will be found in adapting
these notes to other pick-ups.
An Important Point in Design.
The most important point in the design
of pick-ups is the weight of the armature
and the position in which the screw for
clamping the needle is placed. In all the
later types the screw is passed through
the centre pivot of the armature, so that
the weight of the screw does not in any
way affect the movement of the armature
or introduce an undue load.

Switch

Oil Detect o r
yalve
Pick-up
MIN°
Grid Bias

Fig. 4..—HOIAr TO CONNECT A PICK-UP

TO AN

EXISTING RECEIVER (1)
Showing connections to volume control and
position of switch.

A.
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ohms resistance RI is connected
across the outer lead of the
tat.
pick-up, as shown in the circuit
Switch
Amplifier
diagram, Fig. 9. This will
Valve
effectively emphasise the bass
Pick-up
register by reducing the output of the treble register.
If further reduction of the
treble is necessary a io,000-ohm
resistance may be tried. It is
Grid Bias
essential in the case of every
pick-up to earth the metallic
Fig. 5.—HOW TO CONNECT A PICK-UP TO AN EXISTING
carrier arm.
RECEIVER (2).
Showing pick-up connected to first L.F. amplifier valve.
Position of Pick-up.
The pick-up should always
be as near the receiver
THE MAR CONIPHONE PICK-UP.
or amplifier as possible, and if
The Marconiphone Pick-up, Type No. the distance does not exceed from
17 (see Fig. 2), has an extraordinary two to six feet ordinary switch flex may
good response, and will reproduce equally be used ; but if the distance is up to five
recorded music over the whole of the or six yards, it is advisable to employ
musical scale. This is due to the careful a screened cable which is braided with
design of the armature and the general copper wire, and the braiding connected
to earth. Greater distances than six
construction of the magnetic system.
The D.C. resistance is 6,000 ohms. yards are not advised.
A.C. impedance is 37,000 ohms at 800
cycles. The output in volts is i volt Inserting the Needle.
r.m. s.
To insert the needle in the MarconiThe volume control should not be greater
phone pick-up the head is rotated, thus
than 250,00o ohms.
exposing the needle-holder so that the
Volume Control Value.
needle may easily be slipped in. For
A volume control is essential as a high the best result Tungstyle needles are
output from the pick-up may otherwise advised. (Steel needles may also by used
cause overloading in the first valve of and should be changed after each record.)
the amplifier, with consequent distortions. A Tungstyle needle may be used to play
The control recommended is 25,000 ohms roo times providing that it is not removed
and the winding is connected directly from the holder, as owing to the very
across the two outer leads of the pick-up, free armature it will cause practically no
the contact arm being connected directly to the grid.
Detector
Valve

H.T+

Switch

Adjusting Relative Bass and
Treble Output.
The relative bass and treble
output may be adjusted to
suit individual requirements.
For a three-electrode output
valve no adjustment will be
required, but if a pentode output valve is used the treble
register may tend to be
reproduced to a greater extent.
To cure this trouble, a 35,00o

6witchL
i
Aerial must
have switch =
out when using
pick-up

Pick-up

Grid Bias
g. 6.—How TO CONNECT A PICK-UP TO AN EXISTING

RECEIVER (3).
Showing position of switch for switching out aerial when
the pick-up is being used.
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wear on the record. Be very careful,
however, to see that the point does not
become bent or broken ; this may occur
if the pick-up drops hard upon the record
or catches the edge of any projection.
Adapting Pick-up to Different Circuits.
Various circuits are shown for adapting
pick-ups to suit various receivers, and these
circuits apply to every type of pick-up.
When fitting a pick-up it is advisable in
the first place to connect a milliamp.
meter in the anode of the last valve so
that the presence of overloading may be
noticed.
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so that the armature is held in a neutral
position. The fixing hole for the rubber
damper holder is elongated and can be
adjusted from side to side until the correct
position is found. This, however, should
not be tampered with unless one is certain
that the armature is not correctly adjusted.
If this rubber has become hard or distorted in any way, a new piece can easily
be fitted.
SERVICE AND MAINTENANCE OF
1VIARCONIPHONE PICK-UP.
To Remove the Pick-up from Carrier.
i. Unscrew small screw on underside of

Fig. 7.—B.T.-H. MINOR PICK-UP.
The rubber damper " A " is held in the cross member and is not adjustable. The pick-up is
removed from the case by unscrewing the centre screw.

The needle of the meter should remain
practically steady. If this is not so,
either alter the bias or substitute a valve
capable of handling a greater input.
Usually two stages of L.F. amplification. is
all that is required with the present type
of pick-up, unless, of course, very large
output is required, and this is then accommodated by the use of push-pull output,
and will be dealt with in notes on the
design of gramophone amplifiers.
Adjustment of Rubber Damper.
In the Marconiphone pick-up the armature is held in a central position by the
rubber damper. This rubber damper has
a small split in the centre, which engages
in the flat of the armature. The holder
for the rubber damper is easily adjusted

pick-up arm and withdraw. The leads
to the soldering lugs may then be
unsoldered if necessary.
2. Remove screw-retaining metal cover,
and remove knurled needle screw.
3. Carefully move round horseshoe magnet
so that it can be lifted off, and place
on a suitable iron or steel " keeper."
Do not drop. Wrap up carefully so
that the magnet cannot collect any
iron filings.
4. Unscrew metal clamping place of
rubber damper.
5. Carefully remove rubber damper.
Note.—In certain instruments the lead
may appear not to be connected to the
coil. Examination, however, will show
that the systoflex insulation is merely
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the end of the rubber bearing strips
protrude outwards and away from
the lower surface of the poles.
Note.—The point of a pin will be found
useful to draw the rubber strips into
correct position.
5. Holding the two pole pieces between
the thumb and forefinger of the left
hand, thus clamping the coil, reed and
pole pieces together, adjust the
flattened end of the armature so
that it normally situates itself equidistant from either pole.
6. Screw up hexagonal nuts, thus securing
poles in position in the moulded
case, taking care that :

8 77
damping sheet locates between them,
and screw down lightly.
9. Replace magnet with ground surface
downwards, having carefully wiped all
traces of dust or filings from it with
Plasticine.
io. By lifting front edge of damping sheet,
move clamping plate and damping
sheet about until armature blade
is exactly central between poles,
otherwise the reproduction may be
lacking in the top registers.
r. Exert pressure, tending to close the
pole pieces, while finally screwing
up the hexagonal bolts. Replace
cover and securing-screw.

Irw
Hole for
Spindle of
Motor

3"
io.—How tO MARK OUT TIIE TRACKING CARD.
By using this card as directed in the article the pick-up can be set in position
for perfect tracking.

(a)The recess for the needle is centred
in the hole in the bakelite moulding.
(b) The flattened end of the armature is situated exactly between
the two poles.
Note.--It will be found advisable not
to screw the hexagonal bolts up too far
until some slight pressure has been exerted
between the moulded case and the ends
of one of the pole pieces, to see that the
rubber-covered bearings of the armature
are firmly gripped.
7. Replace the rubber damping sheet
over the flattened end of armature
so that slit in the sheet locates with
blade of al mature.
8. Replace clamping plate so that the
flanges on it are downwards and the

See that no iron filings are present
between the poles and reed.
THE B.T.-H. MINOR PICK-UP AND
CARRIER ARM.
This pick-up, like the Marconiphone, is
supplied complete with tone arm, or
carrier (the term carrier being more correct,
as there is no sound carried by the arm).
Construction of Rubber Damping.
The point of interest in the construction
of this pick-up is the rubber damping
having no adjustments, there being a
round special rubber rod which passes
through the top of the pole pieces into
the centre of the armature, thereby holding
the aunature in a neutral position. The
needle is clamped by a screw passing
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Fig. 8.—B.T.-H. SENIOR PICK-UP.
The rubber damper is the round rubber rod held in the position by the holder at " A." The
pick-up is removable from the arm, contact being made to the leads by the contacts spring " B."

to protect the joint which is effected at
the back of the coil.
Removal of Coil.
In the event of the coil being found
faulty, it may be removed in the following
manner :—
I. Unscrew the hexagonal bolts securing
the solid pole pieces and carefully
slide out pole pieces and coil, taking
care not to lose the small rubber damping
sheets wrapped round the pivots of the
armature.
2. Slide the coil out of pole piece, test
carefully, and if necessary replace by
unsoldering green leads and re-soldering leads of new coil on flex, taking
care to replace the insulating strips
Over the joints. Do NOT ALLOW THE

coil in such a manner that it will
appear at the top and so that the
screwed end of the armature appears
at the outer side of the pole piece.
3. Carefully insert the rubber bearing
strips on either side of the point
where the armature pivots coincide
with the curved recesses in the
lower edge of the pole pieces and in
such a manner that the two edges of
the rubber strip do not come together
at the point where the other pole
piece will grip the armature pivots.
4. Carefully slide the second pole piece
over the coil in such a manner that
Pick-up

SLIGHTEST TRACE OF DUST.

Reassembly of Pick-up.
i. Erect one pole piece on its end so that
the coil is resting in it vertically ;
this will facilitate the insertion of
the armature.
2. Insert armature so, that the flattened
portion enters through centre of

Grid Bias
Fig. 9.—How TO PREVENT EXCESSIVE REPRODUCTION OF THE TREBLE REGISTER.
A 35,00o-ohms resistance is connected across
the outer lead of the pick-up.
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through the centre pivot, which is mounted
in rubber to allow a free movement of the
pivot. The carrier arm is moulded bakelite, and is very light and rigid.
The leads of the pick-up are screened
with metallic braiding, this braiding being
connected to earth.
Value of Volume Control.
The value of the volume control advised
is Io,000 ohms, but if brighter reproduction is required this value can be increased

It is important to ensure that the height
of the record above the motor board of
the gramophone is the standard distance of
inch for which the carrier arm is designed.
If it is found that this cannot exist, then
it is necessary that adjustments are made
to the mounting so that the fixing base of
the carrier arm is r inch below the surface
of the record. This is very important, as
otherwise the pick-up may foul the record
and the angle of the needle will be incorrect.

0 *
Pick-up may be correct
in this position, but
not rieht in
4&6
Fig II —CORRECT AND BAD SETTINGS.
If the carrier arm and pick-up are correctly set the pick-up will be at right angles to the line A and
dotted lines I, 2, 3, 4, 5 and 6. Figs. I, 2 and 3 above show the pick-up correctly set in three positions,
while Figs. 4, 5 and 6 are incorrect. An error of three degrees would not matter. These drawings
have not been done to scale, but will serve to show the approximate positions of the pick-up for
correct and bad et-i ings.

up to Ioo,000 ohms, but a value of round THE B.T.-H. SENIOR PICK-UP AND
about 25,000 ohms usually suffices for
CARRIER ARM.
most requirements, particularly if this
The design of the pick-up is somewhat
volume control is of the square law type in similar in general construction to the
which the resistance is tapered to give a Minor, with the exception, however,
gradual increase of volume. Full tone or that it is more robust and gives a higher
medium needles are recommended for the output. The method of controlling the
best results.
armature is similar to that of the Minor
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that is, it has a round rubber rod which
passes through the centre of the armature
and is held in position by an adjustable
holder, so that in the case of this pick-up
a slight adjustment can be made to centralise the armature.
The needle-clamping screw passes
through the pivot, which is mounted in
rubber.
Plug Fitting.
The pick-up is provided with a plug
fitting which fits into the centre of the
carrying arm, so that the pick-up can be
quickly removed and replaced by another.
This has a great advantage for the users
of machines for public work as a faulty
pick-up can readily be traced without
any delay.
The front half of the carrier arm is
made to rotate to facilitate needle changing.
The D.C. resistance of the Minor pick-up
is 1,850 ohms.
The D.C. resistance of the Senior
pick-up is 3,000 ohms.
The value of the volume control can be
25,000 ohms up to ioo,000 ohms to suit
the individual requirements.
ADAPTING AN EXISTING RECEIVER
FOR A GRAMOPHONE PICK-UP.
When adapting a receiver for a pick-up,
whichever valve is used it is essential
to remember that this valve is now an
amplifying valve and must have a grid
bias. That is to say, if the detector
valve is used as a first amplifier it
must now have a grid bias so that this
valve is virtually a L.F. amplifier. The
switch should be connected as near as
possible to the grid terminal of the valve
holder, and it is better to adapt a switch
controlled by a rod than to have a long
lead, for while this long lead would not
affect the pick-up it would have an effect
on the radio reception. If the receiver
has only one stage of L.F. amplification,
it will be advisable to connect the pick-up
to the detector valve. If the receiver
has two stages of transformer coupled
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L.F. amplification it may be advisable
to connect the pick-up in the second stage
of the L.F. amplification.
HOW TO OBTAIN PERFECT TRACKING.
A great deal of the efficient working of
a pick-up depends on correctly setting
the position of the pick-up for perfect
tracking. This is how it should be done :—
i. Mark out a card as shown in Fig. lo.
2. Place the card over a record on the
turntable.
3. Fit needle in pick-up (the pick-up is
attached to carrier arm).
4. Place needle point at " o " on dotted
line 3, adjust position of carrier base
on the baseboard, so that the pick-up
is at right angles to the lines as setting
2, Fig.
5. Hold the base of carrier arm firmly,
alter position of pick-up to setting i,
turn the tracking card until the needle
points to " o," dotted line I. If
the base is in the correct position
the pick-up will still be at right angles
to the lines, or with a small error up
to three degrees.
6. Now move the pick-up to line 6 ;
moving the card until the needle
is at point " q " the setting should
still hold good, as setting 3.
7. The base of carrier arm must be moved
about until the position is found
with the smallest error.
Check all other points and then screw
down base. Settings 4, 5 and 6 show that
the pick-up may be correct as setting 5,
but if the position of the base of the
carrier is not correct will be out of line
at 4 or 6.
Do not take any notice of the position
at which the needle will be when the
arm is swung to the centre spindle as
this has no bearing whatsoever upon the
correct tracking.
Many people believe that if the needle is
near the centre of the spindle the tracking
must be correct. This, however, is not so.
The illustration will show the correct
procedure, and too much care cannot be
taken in arriving at the correct position,
for the truer the tracking the longer the life
of the record and the better the reproduction.
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THE ELECTRICAL PROPERTIES OF
PORCELAIN
WITH NOTES ON STONEWARE, GLASS AND QUARTZ
How Porcelain is Manufactured.
Porcelain is made by grinding together
china clay (" kaolin "), quartz and felspar,
with small additions of materials such as
chalk to give colour, etc. China clay is
obtained from decomposed granite ; supplies are found in south-west England.
Felspar acts as a " flux." It flows when the
mixture is baked, or fired, and binds
together the other materials. which are
relatively infusible. Quartz is used in the
form of sand, or flint. When the grinding
process has proceeded far enough in water,
the mixture is beaten and filtered, then
turned on the potter's wheel, cast, or
moulded. The pieces are slowly dried,
then glazed and fired or " burned " in
kilns. The process
all through is difficult and requires
great care. Porcelain shrinks
considerably when
fired, so that it is
practically impossible to obtain
exact dimensions.

and does not readily withstand mechanical
stresses or sudden blows, Thus care has to be
taken when affixing porcelain-base switches,
ceiling roses, etc., that the screws are not
over-tight. The electrical qualities of
porcelain are excellent. It withstands
considerable electric stresses, and does not
suffer unless the stress is raised to puncture value, or an arc occurs across the
surface. In the latter case, the porcelain
body may be chipped or fractured.

Applications and Uses.
A five per cent. tolerance has to be
allowed in the dimensions of porcelain
parts, and pressings of the material have
to be fairly simple, with uniform thickness and ample
corner rounding.
The user of porcelain as an insulating material
must always purchase his parts as
needed ; there is
but little scope for
" working-up "
porcelain.
The
Properties.
nature of the ceramic precludes any
Porcelain is
change of form
naturally white,
except by the
but is often colourcementing of
glazed. It does not
various parts toabsorb water to
gether. This methany marked exod is used for
tent, especially
making up large
when protected by
transmission line
a glaze (as is invariinsulators of the
ably the practice
pin type, while the
for electrical porsuspension type
celain), which also
enables the surface Fig. i.—Two EXAMPLES OF PORCELAIN BUSHINGS. may have cast-iron
or
to be kept clean.
The larger of these is suitable for voltages up to clamping
(Steatite 6- Porcelain Products, Ltd.). hooking devices
Porcelain is brittle, 220,000.
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cemented on. Even this, however, is a Properties.
Steatite parts are stronger, have greater
process for the expert. The small expansion of porcelain with temperature relative moulding accuracy and shrink less than
to that of cast-iron necessitates a cement porcelain parts. The mechanical strength
having a " cushioning " action to take up is indeed remarkable, particularly (as
the various small changes in dimensions with all ceramics) in compression. The
that occur with changes of temperature. electrical characteristics are similar to
Portland cement is a common material those of porcelain, but their maintenance
at high temperature is a particularly
for this purpose.
Porcelain is poorly resistant to tension valuable feature.
and bending (which, of course,
Applications and Uses.
involves tension), but is strong
As it takes more complicated
in compression. Its strength is
shapes particularly well, steatite
usually ample in small parts,
is used for small parts, bobbins,
such as fuse-holders ; but in
pieces with small holes, etc.
large parts for transmission lines
One familiar use is the " S "the bending becomes a serious
shaped pin-socket insulators in
problem. For higher voltages—
ordinary bayonet lampholders ;
such as those in use on the
another the grooved supporting
National " grid " network—pininsulators for small reflector
type insulators become so large
electric fires. Steatite can be
that high values of bending stress
distinguished by its cream-yellow
are unavoidable. In this case
colour, sharp edges and opaque
suspension units, linked together
appearance. In the parts mento give the requisite length, are
tioned above it is generally
necessary. Although the link-pins
employed without glazing. Its
are in tension, the load on the
nature as a ceramic material
porcelain is chiefly compressive,
precludes any working, machinand remarkably large loads can
ing or finishing of steatite after
be supported.
firing.
STEATITE.
This material is a natural rock.
BASALT AND STONEWARE.
Although as yet of limited
Although a ceramic product, it
application mention should be
contains no clay, but its plastic
constituent is the familiar talc
made of basalt and stoneware
or soapstone, so called on account
as insulating materials.
of its soapy, greasy feel. The
Basalt is a natural mineral
best steatite rock is mined in
rock having insulating properties.
It can be melted and cast into
Germany, which partly explains
why its development has made Fig. 2.-CONDENSER simple moulds for large insulating
most progress in that country.
parts. It is punctured by an
BUSHINGS.
Showing porcelain arc discharge, but " heals " subFormerly its chief use was in the
rain shield. (Mican- sequently, as the melted basalt
manufacture of gas-mantle sup- ite
and Ins. Co.)
ports and burners, and an examflows back and fills up the hole.
It is mechanically stronger,
ination of the jet of, say, an
acetylene cycle lamp will reveal the nature especially in tension, than porcelain,
of the material.
but its electrical strength is somewhat
less.
Manufacture.
Stoneware, or earthenware, is a clay
Large parts, such as insulators for busbars, product, rougher in texture than porcemay be sawn and turned from the natural lain, and similar to bricks, cooking pots,
rock, then " fired," after which process they drain pipes, etc. Its use is advantageous
are strong and hard. Waste from machining more particularly in very large pieces—
is powdered, and pressed into moulds by such as high-voltage bushing insulators—
since it is more easily handled in manufacautomatic machines, then fired.
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ture than large porcelain pieces. Engineers,
in fact, are used to handling stoneware in
very large sizes. Large basins, vats and
pipes for the chemical industries are commonly manufactured. The ancient Romans
used it for their ingenious aqueducts.
Both electrically and mechanically,
stoneware is somewhat inferior to porcelain.
QUARTZ AND GLASS.
Quartz, or fused silica, has some small
applications in electrical engineering. It is
one of the most refractory substances
known—i.e., it resists the application of
heat up to very high temperatures. It
is thus used for electric furnace insulation, large thermionic radio valves, etc.
Glass.—This age-old substance was
the first insulating material used ;
it dates back to the glass-rod-andcatskin days. It is now used only
to a small extent for insulation,
except in connection with electric
lamps and radio valves. Pyrex "
glass, however, which is specially
manufactured to be heat-resisting
(meaning in this case a low coefficient
of expansion with temperature) has
been_ applied, more particularly in
America, to transmission line work.

Slate is used particularly for switchpanels, terminal boards, rods and formers
for winding on resistance wire.
Treatment.
Unfortunately slate tends to absorb
water, which lowers its resistivity. To
avoid this, some form of impregnation or
surface treatment is used. First the slate
is dried out by baking, then japanned, or
oiled by immersion in hot transformer oil
or melted paraffin wax. When it is necessary to drill holes or otherwise machine an
enamelled slate slab (which can be done
by means of ordinary metal-working tools
such as drills, files, etc.), it is best to bake
the slab for some hours after working,
and then to apply a japan coating.
The liability of metallic veins is usually

SLATE.
Fig. 3.—SECTION OF SUSPENSION TYPE INSULATOR.
Slate is another insulating rock.
(Steatite & Porcelain Products, Ltd.).
It is composed of a clay subjected
to centuries of high natural pressure. met by bushing all holes with micanite,
Its chief mechanical characteristic is the and wrapping all through bolts with
ready formation of "cleavage planes," i.e., empire cloth.
it is easily split up into thin sheets. Only
MARBLE.
a small portion of the slates mined finds
Marble is a dense, compressed limestone.
an electrical use.
Its greatest use is for constructional
Only large slabs are applied for electrical purposes, for which its beautiful appearuse. These are sawn to size and split to ance is greatly admired. It has for long
thickness.
The surface treatment is been used for switch-panels, but modern
planing followed by sand or carborundum tastes do not appreciate its appearance so
grinding.
greatly as formerly, and black-enamelled
slate has largely displaced it. The electrical
Properties and Applications.
characteristics of marble are rather better
Slate is mechanically strong, fire-re- than those of slate, but it absorbs water
sisting and easily machined, if impact is more readily. The same methods of
avoided. Many slates are liable to contain preventing this can be used.
metallic veins, and have to be avoided for
The material can be drilled and turned,
switchboard use. Certain other impurities using water as a " lubricant." It is sometend to cause splitting after the slate has times used for the parts of delicate instruments on account of its great permanence.
been some time in use.
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HOW ELECTRICITY HELPS THE
RAILWAY ENGINEER
By A. T. DOVER, M.I.E.E. (Author of Electric Traction)
THE SIGNALLING SYSTEM.
' LECTRICITY is a great asset to the
, general railway engineer who is
concerned more with steam than Communication between Cabins.
Electrical methods of communication
electric railways. Its use ensures the
safety of the travelling passengers by are used between signalmen in signal
providing (1) quick and accurate means of cabins for the acceptance of a train into a
" block-section." A
communication becode of bell signals
tween signalmen ;
is employed. Single(2) interlocking of
stroke electric bells
signals and points ;
are used and are
(3) safe lighting of
worked by ordinary
the trains ; and (4)
wet Leclanche cells.
adequate lighting
On important lines
of the stations. At
telephone communithe same time it
cation is also proenables the welfare
vided, the teleof the -!'passengers
phones being also
to be provided for
worked by Leby (I) electrically
clanche cells.
cooked food in restaurant cars ; (2)
Centralised Control
adequate ventilaof the Traffic.
tion of restaurant
cars ; and (3) good
On some of the
and easily controllarger railways in
lable lighting in
this country reports
passenger compartof all train movements and special
ments are sent by
cars.
telephone from the
signal cabins to a
In the engineercentral office, from
ing,
construction
which instructions
and repair departto signalmen are
ments, warehouses,
issued concerning
docks, etc., the use
the despatching and
of electricity results
working of the
in increased safety,
trains. The officer
more efficient workin charge (called
ing and a saving
the " train desofjtime.
When the fullest Fig. I.—WESTINGHOUSE FOUR-ASPECT (VERT I - pa tch er " or
COLOUR-LIGHT SIGNAL AND OPTICAL
" traffic controller ")
use; is made of elec- CAL TYPE)ROUTE
INDICATOR (ON LEFT) .
has, therefore, comtricity, as on electric
Mounted on signal post originally fitted with
railways, the ser- semaphore signals. Victoria and Exchange plete knowledge
vices for which this Stations, Manchester, L.M.S. Railway. The of the position of
are green (top), yellow, red, yellow
every train on the
agent may be colours
(bottom). The optical route indicator is illusutilisedr are very trated in Fig. 3. (Westinghouse Brake and lines under . his
control, and he can,
numerous indeed.
Saxby Signal Co.)

F
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cells is connected across the rails at one
end (usually the leaving end) of a block
section and a special relay is connected
across the rails at the other end (usually
the entering end) of this block section.
Hence, when a train is on the rails of a
section so protected the relay is short
circuited and the armature is released.
Contacts are then closed which energise
the electro-magnetic interlocking
mechanism on the signal levers and
indicators, showing that the section is
occupied by a train.

Signal Arms or Semaphores.
At large terminal stations the signal
arms or semaphores may be worked
electrically, either by electro-magnets or
small motors. In some cases, the semaphores are combined with an electrically
illuminated route indicator (which
indicates the platform section into which
the train is to run), and a considerable
simplification of the signals is thereby
obtained. Moreover, with power operation, three-position signals are possible,
which again leads to simplification, as one
three-position semaphore is equivalent to
Fig. 2.—WESTINGHOUSE FOUR-ASPECT (CLUSTER two two-position semaphores.
TYPE) AND TWO-ASPECT (VERTICAL TYPE)
Alternatively, with all-electric working,
COLOUR-LIGHT SIGNALS AND OPTICAL ROUTE
light signals (i.e., fixed coloured lenses
INDICATOR (ON LEFT).
illuminated by electric lamps) may be used
Victoria and Exchange Stations, Manchester,
L.M.S. Railway. The colours in the cluster
instead of semaphores.
signal are green (left), yellow (top and bottom),
Colour-light signals have the advantage
red (right). The colours in the two-aspect
over semaphore signals that two, three
signal are yellow (top) and red. (Westinghouse
Brake and Saxby Signal Co.)
and four aspects may be used for the
running signals. For example, four
therefore, issue instructions to secure aspects are obtained with red, green
the most efficient working. This cen- and two yellow lights—thus red, " stop " ;
tralised method of traffic control was one yellow, " caution " ; two yellow,
developed in America, where it is in " warning " ; green, " proceed." Hence,
general use.
one four-aspect light signal can replace
two semaphore signals. Examples of
Interlocking the Signals.
colour-light signals and optical route
At important junctions and stations indicators are shown in Figs. i and 2.
electrical methods are used for interlocking The route indicator is shown in detail
the signals to prevent incorrect operation. in Figs. 3 and 4. It consists of a darkened
The track rails are used as protective glass screen about 14 in. square on which
conductors, the separate lengths of rails is projected the number or letter indication
in a block section being made electrically required ; the number or letter showing
continuous by lightly " bonding " the white on a dark background. A separate
joints. The rails between adjacent block projector is used for each indication,
sections; however,• are insulated from one and a maximum of 13 projectors can be
another by means of special fish plates. accommodated. Each projector lamp is
A battery of low resistance Leclanche supplied at low voltage by a separate
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transformer, and in the signal cabins
indicator lamps are shunted across resistances connected in the primary circuits
of these transformers, so that the signalman is always aware of the route indication
given.
In all cases, electric signalling results in
considerable saving of space in signal
cabins, and reduces the physical exertion
of the signalmen, as instead of having to
pull heavy levers they have to operate
small electric switches.
Illustrations of typical electric signal
cabins are shown in Figs. 5 and 6. The
cabin illustrated in Fig. 5 has mechanical
locking frames, and that illustrated in
Fig. 6 has all-electric interlocking. The
latter represents the latest practice in
electric signalling.
Electric signalling is employed on an
extensive scale at the London termini of
the Southern Railway, of which the
installations at London Bridge, Charing
Cross and Cannon Street are of outstanding interest.
Automatic Repeaters for the Signals.
At large terminal stations and at many
places along the tracks in suburban
districts, bridges and other obstructions
may partially obscure the ordinary semaphores. In these circumstances, dupliz TRANSFORMERS

WES.0•01.40i.o. GRINE
SIGNAL C9 ,
SI. ire
t.0114%, • ,$1,1.E.M.9.

GASKETTED
DOOR

Fig. 3.—WESTINGHOUSE OPTICAL ROUTE

INDICATOR. FIGURES II INCITES HIGH.
These are shown in white on a dark screen.
The visibility in bright sunlight is about
150 yards.

PROJECTORS

GROUND GLASS
SCREEN

Fig. 4.—SECTION OF WESTINGHOUSE OPTICAL
ROUTE INDICATOR.
Showing the separate projectors and the
transformers supplying the projector lamps.

(Westinghouse Brake and Saxby Signal Co.)

cation of the
semaphores
is
necessary, such
duplicate semaphores being
called
r eipeaters." Here
again electrical
methods of operafon possess
many advantages
over
mechanical
methods.
The
electric repeater
consists of a
mini a t ure
pivoted semaphore operated
by an electromagnet.
The
movement [is
light and is en-
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closed in a dust-tight cage, with
glazed front and opal back. It is controlled automatically by contacts on the
main semaphore ; the electrical energy
being supplied by a battery of lowresistance Leclanche cells.
Repeaters are also used in the cabins
for automatically repeating the positions
of semaphores which cannot be seen by
the signalmen. These repeaters are small
electro-magnetic needle instruments which
are controlled by contacts on the main
semaphore. They give a clear indication
of the position of the semaphore.

Fig. 5.—SIGNAL

track. The most extensive installations
in this country are on the Metropolitan
and London Underground Railways.
Automatic Control of the Trains in Foggy
Weather.
Fog is the greatest difficulty with which
the operating engineers of a railway have
to contend. Semaphores and fixedsignals
which depend upon visibility for their
effectiveness are, of course, valueless.
Two alternative methods of signalling
in fog are possible : (I) by detonators
placed on the track by hand ; (2) by

CABIN AT CHARING CROSS TERMINUS, SOUTHERN RAILWAY, EQUIPPED WITH 107
LEVERS FOR ELECTRIC COLOUR-LIGHT SIGNALS AND POINTS.

Notice the indicator lamps on the dashboard. These lamps are connected in series with the lamps
of the colour-light signals, route indicators, etc., and give the signalman a visual indication of the
positions of the signals and points. The signalling bells and push switches are to be seen at the extreme
ends of the cabin, and the other (circular) instruments are train describers." (Westinghouse Brake
and Saxby Signal Co.)

Automatic Signalling.
This form of signalling, which dispenses
with intermediate signal cabins, becomes
possible with electricity. The arrangement
is somewhat similar to that in track
circuit protection, but the relay actuates
the signal mechanism. Automatic signalling is essential when a large number of
trains per hour have to be run over a given

audible signals in the cab of the locomotive.
The first method has many obvious
limitations and disadvantages, but the
second method (which is an electrical one)
possesses the important advantages that :
(1) audible signals are given in the cab
of the locomotive ; (2) it can be arranged
to give automatic control of the train, i.e.,
if a signal at " danger " is passed the

HOW ELECTRICITY HELPS THE RAILWAY ENGINEER

brakes will be applied automatically ;
(3) it is also suitable for normal service.
Such a system of automatic cab signalling
and train control is now used throughout
the main lines of the Great Western
Railway.
G.W.R. System of Automatic Train
Control.
The equipment comprises : (f ) insulated
conductor rails or ramps located at
intervals along the track and energised
through contacts on the " distant " sema-

Fig. 6.—LATEST
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between the running rails. They are
usually located 44o yards in advance
of the " distant " signals. Each ramp
is connected to an automatic switch
via contacts on its associated " distant "
semaphore. The automatic switch is
actuated by an electro-magnet which is
controlled by contacts on the signal lever
in the cabin. Thus when this lever is
moved to put the " distant " signal in
the " off," or " proceed " position, the
automatic switch closes (provided that
the semaphore has responded correctly)

TYPE OF ALL-ELECTRIC SIGNAL CABIN AT.NORTH KENT EAST JUNCTION, SOUTHERN
RAILWAY.

This cabin has all-electric interlocking, whereas that illustrated in Fig. 5 has mechanical interlocking. It was the first of its kind to be erected anywhere in the world. Similar (larger) cabins
are being supplied to Johannesburg and St. Enochs, Glasgow. (Westinghouse Brake and Saxby
Signal Co.)

phore arm and its associated operating
lever in the cabin ; (2) a contact shoe
and switch carried on the locomotive ;
(3) an electric bell and an electrically
operated combined brake valve and siren
in the locomotive cab, with their associated
control relays.
The ramps are steel 1bars, 40 ft. long,
and are supported on baulks of timber

and connects one pole of a i6-volt battery
to the ramp, the other pole of the battery
being earthed.
When the contact shoe on the locomotive
is in its lowest position (i.e., the locomotive
is not on the ramp) a switch on the locomotive is closed and an electromagnet
is energised which maintains the combined
brake valve and siren inoperative. But
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when the contact shoe is raised by the
ramp this switch is opened, and if the
ramp is not energised (i.e., the distant
signal is in the " on " or " proceed with
caution," position) the armature of the
electromagnet is released and the brake
valve and siren operate. Thus not only
is the driver's attention called to the fact
that caution is necessary but the brakes
on the train are also applied automatically.
Means are provided for stopping the
application of the brakes if the driver so
desires. If, however, the ramp is energised, a circuit is established (via the
ramp battery and contact shoe) through
a second winding on the electro-magnet
and also thi ough the windings of a
polarised relay. The contacts of this
relay close a local circuit of an electric
bell, thus warning the driver that the
distant signal is " off."
The Control of Points.
Closely allied, and, in fact, interlinked,
with signalling arrangements is the
operation and control of points. Here,
again, electrical methods are advantageous
for important junctions and large termini.
The point mechanism is operated by either
a small motor or a solenoid. Auxiliary
switches make the circuit connections for
the interlocking and indicating devices in
the signal cabin.
Electrically operated points result in a
considerable saving of space in the cabins ;
they enable cabins to be built in positions
which would not be possible with manual
operation ; they eliminate the large
amount of track rodding and levers
which are necessary with manually
operated points ; and they relieve the
signalmen from physical exertion. Electrically operated points are now used at
several large stations, e.g., London Bridge,
Victoria, York, Crewe, Manchester.
For further information on Automatic
Railway Signalling, readers are referred
to the article which begins on page 754.
THE LIGHTING OF TRAINS.
Electricity is not only the safest, but
also the most convenient, form of train
lighting. In the event of a collision there
is no danger of an electric lighting system
causing a fire, but with gas lighting several

disastrous fires have occurred as a result
of collisions. Moreover, electric lighting is
more convenient than gas lighting : the
general lighting can be remote controlled
by the guard, and the local lighting in the
passenger compartments may be controlled
by the passengers.
How the Light is Supplied.
In this country, the energy for train
lighting on steam trains is supplied by an
axle-driven dynamo working in conjunction
with a storage battery. An automatic
cut-out is necessary to cut in and cut out
the dynamo according to the speed of the
train, and a pole-changing switch is also
required to provide for change of direction
of motion of the train. Moreover, the
dynamo must be provided with some device
to maintain approximately constant
current output and voltage over a wide
range of speeds. This takes the form
of a slipping belt in conjunction with a
constant speed dynamo, or an automatic
regulator, in conjunction with an ordinary
variable speed dynamo, or a special sellregulating variable speed dynamo. Fig. 7
shows how the dynamo and batteries
are mounted on the underframe of the
coach.
On some railways abroad the train
lighting is supplied by a small selfcontained turbo-electric generating plant
on the locomotive.
When Headlights are Necessary.
Locomotive headlights are necessary (for
the illumination of the track) on railways
abroad which run through open country
with unfenced track. Such lights are
fitted with special electric lamps and
reflectors.
ALL-ELECTRIC RESTAURANT CARS.
Restaurant cars with all-electric equipment for cooking, etc., are an innovation on
steam railways. They were first introduced on the London and North Eastern
Railway in 1924, and are now used on the
principal L.N.E.R. expresses. There are
many obvious advantages of cooking by
electricity on a railway train, but two
special points are : (r) the cooler and purer
atmosphere in which the chef works and
in which the food is prepared ; (2) electric-
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Fig. 7.—TRAIN LIGHTING DYNAMO AND BATTERIES MOUNTED ON UNDERFRAME OF A RAILWAY COACH.
The dynamo is driven by a belt and the suspension is designed so that the belt slips when the torque
exceeds a predetermined value. In this manner the output and voltage of the dynamo are maintained
cutistant with varying train speeds. This slipping-belt method of regulation is a special feature of
Stone's system of train lighting. (J. Stone and Co., Deptford.)

ally cooked food is more palatable and
more nutritious than food cooked by other
methods (oil or gas).
The L.N.E.R. System.
The car-sets are of the articulated type
(the design being due to Mr. H. N. Gresley,
chief mechanical engineer) whereby three
vehicles are carried on four bogies. Each
car-set weighs 83 tons completely equipped
and 78 passengers can be served at one
sitting.
The electrical energy for cooking is
supplied by two axle-driven dynamos
(each 7.2 kw.) working in conjunction
with a storage battery, this plant being
similar (but of larger size) to that used for
train lighting. The voltage is about 200.
The Electric Kitchen.
The electric kitchen is equipped with a
cooking range (with 6 hot plates), roasting
oven, steaming oven, grill and hot-water
tank. Two urns and two 6-pint electric
kettles are provided for teas, and an
electrically heated cupboard is fitted in the
serving hatch. Views of the kitchen are
shown in Figs. 8 and 9.
The kitchen and dining compartments
are ventilated by electric fans.

HEATING THE TRAINS.
The heating of steam-propelled trains,
when necessary, is usually effected by
steam-heated pipes supplied through a
reducing valve. Such a system is liable to
give trouble in cold weather due to the
pipes and valves becoming frozen when the
trains are standing overnight in open
sidings. A far better, more convenient,
and less wasteful system would be the
provision of electric heaters in the passenger
compartments (as in electric trains) and
the installation of a small self-contained
turbo-electric generating set, either on the
locomotive or preferably in an adjoining
luggage van coupled to the locomotive.
Alternatively, the electric heaters could
be supplied from axle-driven dynamos.
LIGHT ON THE PLATFORMS.
Electricity is the best illuminant for
station lighting, as not only can adequate
illumination be easily obtained, but
decorative lighting, illuminated platform
signs and train destination indicators
become possible. Moreover, a well and
attractively lit station promotes the goodwill of the passengers and induces people
to travel on the railway.
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Fig. 8.—THE ALL-ELECTRIC KITCHEN OF A L. &. N. E.

RAILWAY RESTAURANT CAR.

This view shows the electric baking and steaming ovens and hotplates, with control panel above.
The main control,switchboard is on the right. (Courtesy of L. & N. E. Railway.)

ELECTRICITY IN WORKSHOP AND
WAREHOUSE.
Electricity is now used for the handling
of merchandise in warehouses where
formerly hydraulic power was used. Large
warehouses and goods stations require
cranes and capstans, in addition to a good
system of lighting which is immune from
fire risk.
Docks require power for cranes, capstans
and, in some cases, pumps. These services
are best operated electrically. Electric
lighting is obviously the only satisfactory
system in this case. In locomotive and
carriage works electric motors are used
for driving the machine tools, cranes, etc. ;
and electricity is used for lighting.
TRACK REPAIRS AT NIGHT.
Night lighting for constructional work
and track repairs has hitherto been provided by portable acetylene flares, but a
much more satisfactory method is to use
a number of electric floodlight projectors,

mounted on poles or tripods, and supplied
by a portable generating plant (petroldriven). With such a plant, better
illumination is obtained than with the
older method : consequently, the work
will be done quicker and better, and there
will be fewer accidents.
Removing Flood Water.
Pumping plants for removing flood water
and for supplying storage tanks can, with
advantage, be driven electrically, as fully
automatic control (i.e., starting and
stopping) is possible. This system possesses so many advantages over other
systems that, in country districts, the
erection of an electric transmission line
from the nearest town or source of electric
supply would be justified. Such a system
is in actual use on railways abroad, and
has replaced steam- and oil-driven plants.
THE ADVANTAGES OF ELECTRIC
TRACTION.
The use of electricity for propulsion on
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Fig. 9.—ANOTHER VIEW OF THE ALL-ELECTRIC KITCHEN OF A L. & N. E. RAILWAY RESTAURANT CAR.
This view shows the hot cupboard, storage cupboards and serving hatch. Also the main control
switchboard, with auxiliary panel for electric kettles, urn, etc.
NOTE.—The electrical equipment is due to Messrs. J. Stone and Co., Deptford.

main lines eliminates smoke and enables
train journeys to be made in comfort,
cleanliness and ideal conditions. Moreover,
the operating conditions in long tunnels
are rendered safe owing to the better
visibility, the freedom from sulphurous and
obnoxious fumes, and the prevention of
slippery rails due to the condensation of
large volumes of steam in the tunnel.
Again, underground and tube railways are
only practicable with electric traction.
Electric traction possesses important
advantages for terminal stations in large
cities, as not only is the objectionable
smoke nuisance eliminated, but the space
above the tracks and platforms may be
utilised for hotels, offices, etc. Such
utilisation has actually been made in two
of the largest railway termini in New York.
In one case, viz., the Grand Central
Station (which was originally built for
steam trains), the original open space
above the tracks and platforms was, at the

completion of electrification, built over to
accommodate a large hotel. In the other
case, viz., the Pennsylvania terminus,
similar accommodation was provided, but
as this terminus was built for electric
traction, the whole of the tracks, platforms
and superstructure was designed for the
dual purpose. The site values of such
buildings in large cities is very considerable, and the revenue obtained therefrom
forms a valuable item on the credit side of
the railway's accounts.
Mountain Railways.
In mountainous districts higher speeds
and increased safety are possible with
electric traction, as the electrical equipment of the locomotives may be used
instead of the wheel brakes for controlling
the speed of trains descending the gradients.
Thus one of the greatest hazards in railway
operation over mountain grapes (viz., the
overheating of the wheel brakes and tyres)
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is removed. Moreover, the electrical
energy generated during braking may be
returned to the distribution system and
utilised by trains on ascending gradients.
The first such electric system with regenerative braking on a large scale was installed
a number of years ago on the Giovi-Genoa
lines of the Italian State Railways, owing
to serious accidents with steam-hauled
trains on the steep gradients. With
electric traction the freight capacity of the
lines has been trebled and considerable
savings have been effected in the maintenance of wheel brakes, tyres and track
rails. Needless to say, accidents are now
unknown.
A further important advantage of
electric traction on mountain railways
is that the electrical equipment is not put
out of commission by severe weather
conditions. Thus the train service can
be maintained during the severest winter.
On the other hand, with steam traction
it is very difficult to run the service in
severe weather.
Other outstanding electrifications of
mountain railways are now to be found all
over the world, viz., in the United States
of America, South America, South Africa,

India, New Zealand, Japan, France,
Switzerland, Austria, Spain, Sweden.
Suburban Railways.
The traffic conditions on these railways
are totally different from those on main-line
railways. Large numbers of passengers
must be handled during a relatively short
time in the morning and evening, and
relatively few passengers during the
remainder of the day. The trains must
stop at a number of stations which are, in
many cases, only about a mile apart.
These conditions require rapid acceleration and short stops at the stations. They
are difficult to meet with steam traction,
but can be met easily with electric traction.
Again, with electric traction the congestion at the suburban terminal stations
is much smaller than that with steam
traction, as in the former case no locomotives are necessary (multiple unit trains
being used) and, therefore, fewer signal
and train movements are involved in
getting trains into and out of the terminus.
Special thanks are due to the manufacturers and railway companies mentioned in the text for affording facilities
and information relating to their manufactures and practice.

DOES A PHOTO-ELECTRIC CELL
GENERATE CURRENT ?
ANY electrical engineers are under
the impression that a photoelectric cell generates minute
currents. Actually, this is not so.
Although the action of the photo-electric
cell is different from that of the selenium
cell, the effect of light on both is to cause
a change of resistance. In the latter case,
the action of light causes molecular
activity in a similar way to the action
of heat on most elements, resulting in a
change in electrical resistance.
The action of the photo-electric cell
is similar to that of a thermionic diode or
two electrode valve. In both cases,
when subject to a polarising voltage, or
an external E.M.F. is applied across the
anode and cathode, the amount of current

M

or the electron flow from cathode to anode
is dependent on the condition of the
cathode.
In the case of the photo-electric cell
it is dependent on the amount of light
falling on the cathode, and in the case of the
diode, it is dependent on the temperature
of the cathode. This is tantamount to
saying that the impedance or resistance
is dependent on the amount of light falling
on the cathode in the case of the photoelectric cell, and on the temperature of
the cathode in the case of the
diode.
It must be clearly understood that
neither in the case of the photo-electric
cell nor the diode are electric currents
generated.
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Fig.

I.—A DRAWING OFFICE IN A FACTORY LIT BY ENCLOSED UNITS. (E.L.M.A.)
The illumination in a drawing office should be about 3o candle feet.

HE design of a lighting scheme for
a factory building calls for much
more accurate calculation than is
possible with many other classes of
building. It has been noted in earlier
articles that in domestic installations,
in churches and in other classes of work,
the design must be subject to the personal
views of the owners or occupiers and that
wide margins must be made in all calculations to meet their wishes. Such considerations rarely apply in factory design.
The decorative treatment will be of the
simplest character and will almost
certainly include white or very lightcoloured walls and ceilings as the factory
owner will appreciate their reflective
values, both for artificial light and day-

T

light. No problems of spacing to suit
decorative ceilings will arise beyond the
practical aspect of finding convenient
points of support. There will also be no
need to consider alteinative schemes such
as whether pendants or brackets are
prefeited.
The whole scheme must be primarily
economical in first cost and efficiency in
working and accurate design is, therefore,
not only possible, but essential.
Intensity of Illumination Required.
As in other examples, the first point
to be decided is the intensity of illumination
required and this depends on the kind
of work to be carried out. In an earlier
article (see page 565) typical intensities
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were given for various factories, and these
can be used as a guide. Some parts of
the work to be done may need local
lighting and this is desirable where very
accurate work is being carried out in
a limited area. It is not worth while
designing the scheme for a high intensity
of illumination over a wide area when
the work is all carried out in one small
area on a work bench or at a lathe or
other machine tool.
The problems to be solved can again
best be explained by working out the
full details for an imaginary building
such as the engineering factory shown on
the drawing (see Fig. 2).

DESIGN FOR SOUTH' BAY.
For heavy tool work an intensity of
6 to S ft. candles should be suitable.
The area of the shop is 24 ft. X120 ft.,
or 2,880 sq. ft. The total nett lumens
required will, therefore, be 2,88o \•; say 7,
or 20,160.
Working Height.
The working height is decided by the
fact that the lamps must be above the
tie rods, but not much above them, as
otherwise the tie rods will cast shadows.
As the tie rods are 14 ft. up, the lamps
can be 15 ft. from ground level or, say,
13 ft. above the work, which with heavy
plant might be only 2 ft. above the ground.

General Description of Plan.
The building shown in Fig. 2 consists Distance Apart of Lighting Units.
of a main factory area made up of three
Reckoning on the use of a suitable
main bays, each 24 ft. wide by 120 ft. form of dispersive reflector, the
long, with a north light roof, with support- lighting units should be fixed so that
ing columns between the bays 20 ft. their distance apart is about ri to 1.1
apart and with tie rods at ro ft. intervals, times the working height—i.e., at about
these being 14 ft. up from ground level. 19 ft. to 23 ft. The bays are 24 ft. wide
These dimensions can all be scaled off and, as no special work is being carried
the plan.
out at the sides except where local lights
There is an added side bay on the north are in use, slight unevenness in the
side, 24 ft. wide, divided up into offices, lighting will not be important. It will
stores, etc., and a similar bay on the thus be satisfactory to use only a single
south side divided up into mess rooms, row of lamps down the centre and if one
kitchen, lavatories, etc.
is fixed in each alternate span, the lamps
Of the factory bays, that on the right will be zo ft. apart in this direction,
has a crane running the full length and which will be quite satisfactory. Six
carried on rails as high as possible, whilst lamps will thus be sufficient for this
the other two bays have no crane. The bay. The lamps might be raised slightlytwo side bays have the roof ceiled off if the lighting is not found to be sufficiently
so that though there is an ordinary roof even.
construction the areas are mainly proIf it is desired to ensure more even
vided with flat ceilings.
lighting, brackets might be added, fixed
to the stanchions.
Use of Factory.
The detailed planning of the various Lumens per Fitting.
machine tools, benches, etc., should be
It was calculated earlier that 20,160
arranged as far as possible before the
lighting scheme is designed, and for the nett lumens would be required and to
purposes of the installation, the following this must be added an allow ance for losses
in the reflectors, etc In a factory a
may be taken as a convenient layout.
thoroughly efficient type will be installed
MAIN AREA.
South Bay—Heavy tools not requiring local and will presumably be p:operly maintained
lights except for a few benches on the so that an efficiency et 6o per cent. should
south wall.
be obtainable. The actual lumens per
Centre Bay—General assembly of parts— fitting will therefore be :carried out all over area and requiring
good lighting throughout.
North Bay—Benches throughout area requiring good lighting also.

20160
6

Ioo
— 5600 lumens per fitting.
6o
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Reference to a
lamp table will
show that 500watt lamps give
7,500 lumens and
these should be
used as the size
smaller gives
only 4,140 lumens, which is too
small.
The lighting or
the bay will be
completed by the
addition of brackets over the
side benches and
these should be
wired for 60-watt
lamps and spaced
6 to S ft. apart.
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Crane Lighting.
A very convenient additional light can also
be obtained by
suspending two
or three fittings
below the crane.
These will give
a specially good
light where it
is often required
and will obviate
the difficulties
that arise if the
crane is in use
directly belo w
one of the main
lighting
units.
Such lights on
cranes cannot as
a rule be connected to the
Sc,e,
T
21'
—
-52
2
==r3
lighting system
as this would
2.—LAYOUT OF AN IMAGINARY ENGINEERING FACTORY.
Suitable lighting for a factory such as this is described in the article.
involve an extra
trolley line and
collector for the crane traveller. Wall Plugs.
They must be connected two or three
in series on the power wiring at 400 volts
It would be advisable to provide wall
—which means special care in wiring and plugs for special work at convenient
the use of suitable switches, etc.—and need intervals, and one on each stanchion
not be considered in the lighting system.
would be a suitable allowance.
60
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Fig 3 —DESIGN FORCEN IRAL BAY (i).
Saowing two fittings on each tie bar.

DESIGN FOR CENTRAL BAY.
As for the south bay, the area is 2,88o
sq. ft., but the class of work to be done,
viz., small assembly work, requires a
higher intensity and more even lighting.
From the earlier examples we can assume
that about To to 12 ft. candles should
be provided, necessitating a total of
34,56o nett lumens, or allowing for 6o
per cent. efficiency in the fittings,
100
34,560 X — = 57,600 lumens
6o
from all the lamps.
In this case it will be possible to fix
the fittings on the tie bars and this will
be convenient for cleaning fittings and
changing lamps. If this is done, the
working height with benches at 3 ft.
from the floor will be 14 ft. less 3 ft. up
to bench, and less i ft. from the bar to
lamp, or say, ro ft. The spacing for
even lighting should thus be about
x io ft. or about 15 ft., and a little
more or less than this will not matter.
Alternative Schemes—Lights on Tie Bars.
Various schemes can then be tried
out
(A) Two fittings on each tie bar—
spacing io ft. in one direction and
Lights un12 ft. in the other.
necessarily close. (Fig. 3.)
(B) Two fittings on alternate tie bars
spacing 20 ft. in one direction and
12 ft. in the other, i.e , too far
apart in one direction and too close
in the other. (Fig. 4.1
(C) Two fittings on first tie bar and
one on second and so on alternately.

This will give 20 ft. spacing
along the shop, but only 12 ft.
across and 12 ft. diagonally and
will probably be the best solution
(Fig. 5).
Areas near the stanchions will
not be quite so well lit as the main
part of the shop, but the difference
should not be serious. With this
layout the number of fittings will
be 17 and the lumens required
per lamp will be 3,95o so that
300 watt lamps giving 4,140
lumens will be suitable.
DESIGN FOR NORTH BAY.
In the north bay conditions are slightly
different in that benches and tools are
to be used along the north side with local
lighting. The general lighting can be
confined to a reduced width by, say, 3 ft.
of bench and 3 ft. of gangway. The
area to be lit is thus reduced to 120 ft. x
IS ft. or 2,16o sq. ft., and with 12 candle
ft., as the illumination required, the nett
lumens will be 25,92o and the gross lamp
output
100
25,920 X (7j or 43,200

lumens.

The working height will be ro ft. and the
spacing about 15 ft., as in the centre bay.
Satisfactory results would be obtained
with two rows of lights fixed to alternate
tie bars with spacing about II ft. across
the shop, 20 ft. along and about 15 ft.
diagonally.
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Fig 4 —DESIGN FOR CENTRAL BAY ( 2)
Showing two fittings on alternate tie bars
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The number of lamps will be II and the
lumens required
43,200 X — or 3,930
SO that 300 watt lamps giving 4,140
lumens must again be used. (See Fig. 7.)

DESIGN FOR COMBINED BAYS.
It would probably be satisfactory to
treat these two bays as one combined area.
This must depend on whether they are
divided by walls or partitions. This
would not be the case as a rule, and it will
be found that this will allow further
alternatives.
The area will now be 120 ft. X48 or
5,760 sq. ft. Allowing 12 candle ft. and
6o per cent. efficiency as before, the total
lamp lumens will be
zoo
5,760 X 12 x —
115,200 lumens.
60
The double width now allows a further
alternative, with lights on the tie bars
alternately 3, 2, 3, 2, as shown in Fig. 8.
With this layout the spacing will be
16 ft. across the shop, 20 ft. along the
shop and 13 ft. diagonally—all rather
high for even lighting. A better scheme
would be four and three fittings alternately on the tie bars as in Fig. 9.
Spacing.
The spacing with this layout will be 12 ft.
across the shop, 20 ft. long and about
12 ft. diagonally, and this should give
very satisfactory results. The extra lamp
in the centre between the bays overcome
the previous defect of darker areas near
the stanchions.
The total number of fittings for the
two combined bays will be 38, so that each
lamp should give
115,200 x — or 3,000 lumens.
38
The nearest size larger is the 300-watt
lamp, giving 4,140 lumens, or nearly
40 per cent. too much, whilst the next
smaller lamps — 2oo-watt — give 2,60o
lumens or about 10 per cent. below what is
desired. This should be large enough
and the resulting illumination will be
about Do per cent. below the assumed
figure of 12 candle ft. or say, II candle ft.
Wall plugs on the stanchions should be

Fig. 5 —DESIGN FOR CENTRAL BAY (3)
Showing two fittings on first tie bar and
one on second, and so on alternately.
provided as suggested for the south bay
with two plugs on the central stanchions,
i.e., one for each bay.
DESIGN FOR SOUTH SIDE EXTRA BAY.
This is divided up into various service
rooms and for none of them is very accurate
illumination design necessary.
Cloaks.
Lighting in the cloak room and lavatories will depend on the views of the
factory manager. Four large general
lights of ioo watts each will do all that is
necessary as the hat and coat racks will
not be more than 6 ft. high and partitions
between w.c.'s probably the same. If
better lighting is desired, the scheme in
Fig. 10 can be used and this would certainly
be a better scheme, its only disadvantage
being the higher cost.
Mess Room.
The area is about 35 ft. >,24 tt. and if
lamps are allowed at the rate of about
watt per sq. ft., it will be found
sufficiently accurate for such a room. The
lamps could conveniently be located
opposite the windows and 6 lamps, each
15o watt will give sufficiently good illumination, though wiring might be with
advantage arranged for 200-watt lamps.
Stores and Scullery.
One light in each of these will be
sufficient.
Kitchen.
Lamps would be located to suit the
furnishing, with good central lighting
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FACTORY LIGHTING
for the table and other lamps near the
range, servery, etc.
Staff Mess Room.
Lighting may depend on furnishing,
but probably two lamps will be sufficient.
Loading Dock.
Two lamps in the loading dock and
two brackets outside should be provided
as there is space for two lorries. Each
will then have its own lighting inside
for sorting out the goods and outside over
the lorry for packing, etc.
DESIGN FOR NORTH SIDE EXTRA BAY.
Transformer Chamber and Switch Room.
One lamp in each and a plug for a
portable lamp will be suitable. The
plugs and perhaps the pendants as well
might with advantage be connected to a
special switch and fuses connected direct
to the bus bars and independent of the
main lighting switchboard, which can
then be cut off for repairs, etc., without
cutting off the lights in these rooms.

899

21,600 and the lamp lumens about
40,000—allowing 5o per cent. efficiency
only, as the fittings should preferably be
of an enclosed type to avoid all risk of
direct glare.
The office being celled in the height
will be slightly less than that of the tie
bars or, say, ro ft. Uniformity of lighting
and absence of shadow is also most
important, so that fittings should be
decidedly closer than standard. The
working✓ height will be, with lamps
I ft. down and with a 3 ft. desk, about
6 ft. and lamps spacing should be reduced
to 7 ft. 6 in. or 8 ft.
This will be attained with three rows
of four lamps, which will give 8 ft. spacing
from north to south, and 7 ft. 6 in. from
east to west. (Fig. 12.)

Boiler House.
Lamps must be fixed to suit the boilers.
Very little light will be required above the
boilers and if lamps are placed to suit
the stoking they will give enough light
elsewhere. One or two plugs will be
desirable and an extra lamp may be
required above the pumps, if any.
Store.
The lighting of this must depend
on the arrangement of the racks and bins,
etc. Probably part of the area would be
left as open floor space for unpacking
goods, etc., and the remainder be occupied
by rows of shelving or bins. The open
area will require lighting to about 6 ft.
candles and the bins must be lit by small
lamps at about io ft. spacing. The
arrangement shown in Fig. II would be
suitable.
Drawing Office.
This must be by far the best lit area
of the building and for really good lighting
suitable for a drawing office the illumination should be about 3o candle ft.
The area is 24 ft. x3o ft. or 720 sq. ft.,
so that the nett lumens required will be

Fig 7.—SUITABLE DESIGN FOR NORTH 13 w.

For a total lamp output of 40,000 lumens
and with 12 lighting units, each lamp
must give 40,000 X—
2 ,or 3,333 lumens
and it would be advisable to allow for
Soo-watt lamps giving 4,140 lumens. This
will be about 25 per cent. more than
necessary, but it will be easy to use
smaller lamps in whole or in part if the
class of work being done justifies this.
If 2oo-watt lamps are allowed for, the
illumination would be 20 per cent. down
and this might not be sufficient for close
work.
General Office.
The general office is only comparatively
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Lighting Schedule.
Having thus completed the calculations
for all areas of the factory building, a
detailed schedule of the lamps can be
prepared preliminary to the design of
the cables, fuse boards, etc.
Area.
SOUTH EXTRA BAY.
Cloaks ..
.
Mess room
Kitchen
Scullery
Store ..
Staff mess room
Loading dock ..

Fig S —DESIGN FOR COMBINED BAYS (I)

Showing lights on tie bars arranged
alternately 3, 2, 3, 2.

small and does not call for special designing. Two alternatives are available—
one with general lighting to give good
illumination over the whole floor area,
and the other with a few local lamps
for individual desks—or the two schemes
might be combined by providing reduced
general lighting with local lights as
required. This would, in such an office,
probably be the best, as typists will
certainly prefer local lights. These might
also be best for desks along the windows.
The disadvantage is, of course, the
necessity of retaining the desks in the
exact positions originally arranged or
making alterations from time to time
if these require to be moved.
The alternatives will be :—
(i) General Lighting only.—Four lamps
as in Fig. 13, each Too watt.
(2) Local Lighting only.----Six or eight
lamps as in Fig. T4, each 4o 6o
watt.
(3) Combined Scheme.—One central
lamp for general lighting in central
area with, say, six local lamps for
desks.
Manager's Office.
A single central fitting and a plug for
desk lamp will be suitable.
Timekeeper, Waiting Room, Entrance
Lobby and Corridor.
A single lamp for each of these will be
all that is required.

SOUTH MAIN B4Y.
General lighting
South wall benches
On stanchions
East Door
..
CENTRAL AND NORTH BAYS.
General hghtmg
North wall benches
On stanchions
East Doors ..
NORTH ElTR4 Bey.
Transformer room
.

T3 pe No. of Watts
of
Fit- per Total
Fitting. tings. Lamp. Watts.

Pendants 15

6
to
5
1

500 3,000
6o
boo
6o
300
roo
roo

Pendants

38

200 7,600

Brackets
Plugs
Brackets

2

12
15
1
1
I
1
3

Tool store
Store—

Pendant

x

Tools..
Between buss
Open area .
Desk
Drawing office
General office .

Pendant
Pendants
Pendant
Pendant

I
7
I
1

Boilers .

Pendants 12

6o
6o

Waiting room
Time-keeper
Lobby ..
Corridor

720

900
200 I00

6o
4o
to
4o
6o

40
6o
6o
40
Too
6o

6o
40

6o
4o

Ito
80
6o
to
260
roo

6o
300 3,600

Centre

pendant x 15o 15o
Local

Manager

600

Pendants
Brackets
Plugs
Bracket

Pendant
Plug
Pendant
Plug
Pendants
Plugs

Switch room

4o

Pendants
6
15o
900
Pendants 4 6o 24o
40
Pendants I 4o
40
Pendants I
4o
200
Pendants
roo
Pendants
Ioo
200
Brackets
TOO 200

to
pendants 6
Centre
pendant x too
x
to
Plug
x
6o
Pendant

360
100

fio
to
6o

Pendant

x

6o

Pendant
Pendant

r
x

4o

4o

40

40

F2g. 9 --DESIGN FOR COMBINED BAYS (2)

This is a better scheme than that in Fig. S.
and shows four and three fittings alternately
on tie bars

FACTORY LIGHTING

Siding and Roadways.
Lighting will be required for the
railway siding and an outside bracket
with a ioo-watt lamp above each door
should be provided.
An outside lamp would also be required
by the office entrance. Other road lamps
may be necessary, depending on the other
approaches to the factory, but these need
not be included in this scheme.
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Distribution System.
Having thus completed the illumination
H HHHJIHHJ
scheme the details of the distribution
scheme—main switches, cables and fuse
boards—can be worked out.
lam
The supply is taken from the transFig. I0 —SUITABLE DESIGN FOR CLOAK
former, and the cables from here to the
ROOM IN SOUTH SIDE EXTRA BAY
switchboard will deal with the total load
for power, heating and lighting, and need
Central and North Baysnot concern us.
9,420 watts or about 42 amps.
North Extra BaySeparate lighting switchgear would be
5,490 watts or about 24 amps.
provided on the main switchboard, and
It is probable that the supply company
it can be assumed that the load must be
balanced on a 230 /400-volt 3-phase system. will consider the balancing sufficiently
accurate if we arrange the loading : —
Phase A—
South Extra and Slain Bays, Total 28 amps.
Phase B—
Central and North Bays .. Total 42 amps.
Phase C—
North Extra Bay ..
. Total 42 amp,

O

1I.—SUITABLE DESIGN FOR STORE
ROO \I IN NORTH SIDE EXTRA BAY.

This makes it necessary to divide it up
into three more or less equal parts and
the total loads for the various factory
areas must be ascertained. They work
out '
South Extra Bay2,420 watts or about io 5 amps.
South Slain Bay-4,000 watts or about 17 5 amps,

This is not at all a satisfactory balance,
hut as there will be a substantial motor
load the scheme should be acceptable
to the supply company.
Any closer balance would involve having
two phases in close proximity and this
would certainly be undesirable. To avoid
this a small alteration must be made
by transferring the plugs on the stanchions
between the centre and south bays from
phase B to phase A. This will avoid
having plugs on two phases close together
and will also slightly improve the
balancing of the load.
Main Switches.
The main switches should deal with
the total load as in a factory, a ioo per
cent. load may easily be obtained. These
will therefore be :
Phase A
Phase B
Phase C

3o amps.
bo amps.
3o amps

These sizes are the nearest standards
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larger than the actual loads and will in
each case leave a margin for possible
future extensions.
Main Cables.
Before deciding these the positions
of the fuse boards must be decided. Those
for the south extra bay and the three
main factory bays can quite well be at the

Fig 12 —DESIGN FOR DRAWING OFFICE
(S-_-e also Fig I )

For Phase A7/.044 - .01 sq. inch
For Phase B7/.064 or .02_25 sq inch

Maximum load
31 amps.
Maximum load
46 amps.

1 or Phase C7/ 036 or 007 q. inch

Maximum load
24 amps.

Of these the first two allow a small
margin, but the third gives no margin
at all, and it would be as well to increase
this cable at least to the size larger
( 7 .0441 .
Voltage Drop.
The sizes must next be checked for
voltage drop. The total drop from switchboard to any lamp must not exceed 3 per
cent. +I volt, or with a 23o-volt supply,
7.9 volts. Contacts at main and subswitches, in fuse boards, and in the fittings
4 to 1 volt,
will probably account for from 1
so that the maximum drop on the whole
of the wiring should not exceed 71 volts.
In very large installations careful calculation is required to decide how best to
divide this allowance of 71 volts between
the mains and the circuit wiring. With
circuits of widely differing lengths and
loads it may be found advisable to run a
few circuits with very large cables and to
absorb most of the volts drop on the
mains, as the shorter circuits will in any
case not show more than a small voltage
drop. The present scheme is not large
enough to justify this and more approximate calculations will be sufficiently
accurate.

east end of the bays. To a certain extent
this is decided by the best position for
switches, as it will usually be found
economical in first cost and convenient
for operation to have the switches near
the boards.
For the north extra bay, on the other
hand, the board would be most conveniently placed in the offices,
and as there might be objections to having it in the drawing
office, involving the maintenance
staff having access to this room,
it will be best to arrange for the
fuse board to be fixed near the
west :end. The corridor or the
time-keeper's office would he a
convenient position.
Having decided these positions
the sizes of the main cables can
be calculated.
The minimum
sizes possible to avoid overloading
13 —DESIGN FOR
the cables, as in the I.E.E.
GENERAL LIGHTING IN
Rules, would be :—
THE GENERAL OFFICE.

Fig. 14 —DESIGN FOR
LOCAL LIGHTING ONLY
IN GENERAL OFFICE.

F CTORY LIGHTING

903

Voltage Drop oniMains.
Voltage Drop on Sub-circuits.
As an example, the circuits in the
Calculations similar to the above can
central and northern bays can be arranged now be made on each of the main cables.
with each row of lights on one circuit, i.e.,
P'hoe A —
either 5 or 6 lamps of 200 watts on a circuit.
.. TOO ft
Length of main
Load ..
25 amps.
Taking a row of 6 lamps the load will be
Ropo,ed cable size
7/ 044 ( or sq rn ).
1,200 watts or 5.2 amperes. The length
39 ft at Maximum
Length of Cable for
of run from the fuse board will be, includI Rating of 31 amps.
I \ olt drop
ing the vertical runs from the fuse board
roc) ft.
2S amps.
and down to the switches, about 17o ft., Voltage drop = 39 it.X 31 amps. — 2 5 olts.
but the load will be gradually- reduced
This is therefore quite satisfactory.
as the lamps are connected, being only
Phase B—
ro ft.
Length of main
200 watts or under r ampere for the last
42 amps.
Load ..
20 ft. The voltage drop on such a circuit
Proposed cable size .. 7/.064.
at the last lamp will he, with sufficient
Length of cable for i 55 ft at Maximum
accuracy, the same as if all the load were
I Rating of 46 amps
volt drop
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Fig 15 —DIAGRAM SHOWING CONNECTIONS OF MAIN D P SWITCHES FOR
LIGHTING, AND FUSE BOARDS.

concentrated halfway between the first
and last lamp, and on this basis the effective length of the circuit will be about
120 ft.
Reference to I.E.E. tables will show
that 3,/.o29 conductors loaded up to
their maximum allowance of 7.8 amperes
will give i volt drop for every 31 ft. of
cable. The drop will vary inversely
with the current and directly with the
length of cable, so that with 120 ft. run
and 5.2 amps , the actual drop on the
circuit will be :Olt

X

12o ft. , 5 2 amp-..
or 2.6 volt,.
31 ft.
7 8 amps.

Voltage drop —

10 ft.
42 amps.
55 ft. X 46 amps. —i 65 volts.

This also is quite satisfactory.
Phase C—
Length of main
Load ..
Proposed cable size
Length of cable for
volt (-1: op
10
3 ft.
Voltage drop
34 ft.

. 13o ft.
24 amps.
7/.036.
l 34 ft. at Maximum
f Rating of 24 amps.
24 amps
4 amps = 3 S5 volts
2

This is working rather close to the maximum allowance of 42 volts and for this
reason, as well as due to the fact that the
cable would be loaded up to its capacity,
it would be desirable to increase this
main to 71.044 to leave some margin
for extensions or contingencies.

Other sub-circuits can similarly be calculated, but taking this as typical, the voltage
drop on the main cables that is permissible, if the total drop is not to exceed
Fuse Boards.
the I.E.E. allowance, is :
Fuse board sizes should be arranged
7.9 volts total —2.6 volts on sub-circuit =5.3
volts, and this must be further reduced so that every circuit is left with some
to allow for switch contacts, etc., as spare capacity. The maximum number
of points allowed per circuit is ro, and
mentioned earlier, to, say, 4.1 volts.
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this rule decides the ways for all sections
using lamps up to 6o watts.
With larger lamps the rules allow :—
With circuits carrying not ove
6 amps.
10 points
With circuits carrying not ove:
8 amps. ..
6 point-,
With circuits carrying not over
10 amps.
4 points.
With circuits carrying not over
..
20 amps.
2 points.

With a 230-volt supply it would thus
be permissible to run 6 points each 300
watts on one circuit as the total current
would be 7.S amps or just under 8 amps.
It is desirable to work well below the
maximum allowance and a suitable arrangement of the circuits for the present
building would be :—
Phase A —
Cloaks ..
Mess room
Kitchen, etc
Staff mess room loading dock..
South Bay—
Centre pendant ,
Brackets
..
Plugs (including those in
Central Bay)
Spares
Total

..

2

circuits.
circuit.
„

3 circuits.
I ci:cuit
2 circuits.

3
44 circuit,.

Phase B—
General lighting (2 Bays)
Brackets
Plugs
Spare
Total

7 circuits.
..

2
2

• •

3

51

.. 14 circuits.

Phase C-Transformer room etc.,
Boiler house ..
Stores..

3 circuits.

Drawing office ..
Other offices, etc.
Spare
Total

. Jo circuits.

Rooms such as the boiler house, store,
general office, etc., should have part of
the lighting on each of two circuits so
that the blowing of one fuse will not leave
the room in darkness.
Wiring Diagram.
This completes the design of the whole
lighting system and the final diagram of
connections can now be made out for
the complete scheme (see Fig. 15).

QUESTIONS AND ANSWERS
What are the most important requirements
in any factory lighting scheme ?
The whole scheme must be primarily
economical in first cost and efficient in
working. Accurate design is, therefore,
essential.

but not much above them. If the tie
rods are 14 feet up, the lamps should be
15 feet from ground level.

What intensity of illumination would be
required for (1) offices ; (2) textile
factories, and (3) machine shops ?
(f) Five to 6 candle feet if local lighting
is also provided. Eight to io candle feet
if only general lighting is provided.
(2) Five to io candle feet according to
class of work carried out.
(3) For rough work, 6 to S candle feet ;
for fine work, io to 20 candle feet.

When an overhead travelling crane is used
what special provision can be made
for cases where the crane may obscure
light from overhead lamps ?
Additional light can be obtained by
suspending two or three fittings below the
crane.
What special arrangements must be made
in this case ?
The additional lamps must be connected
in series on the power wiring at 400 volts,
which means special care in wiring and
the use of suitable switches.

In a factory having tie rods running across
upper part of the building what
precautions must be taken in fixing
lamps ?
The lamps must be above the tie rods,

What special precautions must be observed
if above system is used ?
The power must always be switched off
before any adjustments are made to the
lamps.
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ELECTRIC LIFTS
By L. J. GoocH , A.M.I.E.E.

Fig. I.—WINDING AN ELECTRIC PASSENGER LIFT BY HAND.
Note detachable cover for protecting squared end of motor shaft for normal running.

AVOIDANCE OF ACCIDENTS.
Entering the Motor-Room.
CCIDENTS to engineers working
on lifts are, unfortunately, all too
frequent. They are, however,
almost invariably due either to
lack of knowledge or carelessness. To
carry out almost any maintenance work
or adjustments to a lift it is essential for
you to have a good " mate," it it is to be
carried out with safety and success.

A

Switch Off the Current.
When you enter a motor-room with which
you are unfamiliar, the first thing you should
do is to switch off the current, have a look
at the motor or controller labels to
ascertain the voltage (this will act as a
warnindto you to be careful), and generally
take stock of yojx surroundings, particu -

larly as to the situation of naked live
parts and naked moving parts. Having
done this, it may be safe for you to switch
on. If, however, there is any danger
of your coming into contact with live or
moving parts, then let people walk up
the stairs while you are making adjustments. They will probably not die of
heart failure on this account, but there
is grave risk that you may be killed if
you permit the lift to operate while
you are working in a confined motorroom. Remember that an electric shock
from a comparatively low voltage which
might not normally be dangerous, may
be sufficient to make you jump and come
into contact with moving machinery.
Things You Should Not Do.
Don't attempt to clean or adjust the
controller while it is alive.
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Don't touch any
part which moves
when the lift operates,
unless you have previously switched off.
Don't touch any
part while it is moving.
Don't let any of
your clothing touch
moving machinery.
Don't, if the worm
is situated above the
worm wheel, lift the
lid of the gear without first switching
off, unless, of course,
you want an oil bath.
Winding the Lift by
Hand.
Probably the most
useful thing to know
about an electric lift
is how to wind it
by hand.
Most lifts are fitted
with a square on the
end of the motor
shaft remote from
the gear, to which
a spanner or special
handle may be
attached. This square
is frequently protected by a screwed
cap which has to be
detached before hand
winding, see Fig. r.
Before attempting
to wind by hand,
switch off the main
switch.
Releasing
the Brake.
It is then
necessary
to release
the brake.
Some
brakes are
fitted with
a small
lever or
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screw attachment
for this purpose.
If the brake is not
so fitted, the operating lever may be
tied in the " off "
position, or the
brake shoes may be
wedged apart by a
piece of wood cut
for the purpose.
It is bad practice
to slacken off the
spring, as it will
probably take a
considerable time to
reset the tension
correctly.
Fig. 2.—DIAGRAM
SHOWING LOCATION OF
COMPOPRINCIPAL
NENTS OF MODERN
ELECTRIC LIFT.
I. Motor. 2. Brake.
3. Worm gear in oil
bath case. 4. Traction
drive sheave. 5. Live
axle " U "-groove top
sheave. 6. Rope anchorage to balanceweight. 7. Rope anchorage to car. 8.
Rope safety gear. 9
Guide shoes. lo and
. Turned steel guides.
12. Adjustable balance weight. 13. Car. 14
Controller. 15. Relays
for floor-selecting con(push - button
trol
system). 16. Automatic main limit contiol, stopping lift and
applying brake in case
of over-running from
overload or other
cause. 17. Alternath e
limit acting on control
circuit and having same
effect. 18. Push-buttons in car. 19. Ditto
on landings. zo. Gate
lock. 21. Ramp, operating gate locks. 22.
Car gate interlocking
contact. 23. Multi-core
high insulation flexible
cable. 24. Threshold
light. 25. Enclosure.
26. Buffers. A. Foundations. B. Fixing'-.
C. Top guders.
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Fig. 3.—RELEASING

907

THE BRAKE, PRIOR TO WINDING BY HAND OR MAKING BRAKE ADJUSTMENTS.

The brake shown is fitted with special hand-release lever. If a brake is not so fitted, the shoes must
be wedged apart by means of a piece of timber cut for the purpose. It is bad practice to release the
brake by releasing the spring pressure, as this necessitates a considerable amount of work in regaining
the proper spring adjustment.

Fig. 4.—METHOD

OF OPERATING THE LOCK LEVER BY HAND IN ORDER TO OBTAIN ACCESS TO THE
LIFT SHAFT.

If this is done at any floor other than the bottom floor, the lift engineer's mate should be in th e
lift-car, which should be stopped with its top approximately level with the floor.
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gob

Turning the Brake Drum.
If no square is fitted to the motor
shaft, it is possible to wind the lift by
turning the brake drum by hand or
barring it round with a lever.
If when you release the brake the lift
starts to move, apply the brake again,
and get your mate to hold the handle
or coupling when you again release the
brake. You may then, if desired, take
over from him, and he is free to enter the

Fig. 5.—WHERE

TO STEP ON TOP OF THE
LIFT CAR.

Having opened the landing gates, you
may step on to the top of the lift car.
Note where the engineer in the photograph places his foot—on the edge of the
car, and then on to the cross-head of the
sling to which the ropes are attached. If
before placing his foot on the cross-head
he had put it in the centre of the dome of
the car, it is probable that he would have
smashed the top of the lift car, as this is
usually of quite light construction.

lift car if you wish to get on the top of it
Don't forget to switch off before
attempting to wind by hand.
Don't forget to re-apply the brake the
moment you have finished hand winding.
Don't forget to remove the winding

handle before switching on. The motor
probably revolves at about i,000 r.p.m.,
and if the handle flies off and hits you
while the motor is turning at this speed,
there will be a'coroner's inquest.
Entering the Lift Shaft.
To perform certain operations on a lift,
e.g., cleaning and adjusting landing gate
locks, it is necessary to enter the lift
shalt. If this has to be done at any
point other than the lowest floor, the top
of the lift car should be used as a platform
from which to work. In order to enter
the lift shalt on a modern lift, it is necessary
to circumvent the safety devices which
prevent the lift from being moved unless
all the landing doors or gates are shut,
and which prevent the landing gates
from being opened unless the lift car is
adjacent to the landing.
How to Get on Top of the Lift Car.
The best and safest method of getting
on top of the lift car is to bring the car
to the floor at which you wish to work,
station your mate in the car with instructions to leave the landing door open.
You, yourself, go to the motor-room and
wind the machine down by hand until
a shout from your mate tells you that the
top of the car is level with the landing.
You then re-apply the brake and switch
on the current (only if you intend to
t avel on top of the car). If you do not
intend to travel on the top of the car,
do not switch on. You will then be able
to remove covers of gear in the Ehaft
without the danger of a shock or of
accidentally connecting a " live " part to
" earth " with your screwdriver or pliers,
and thus blowing a fuse.
These remarks apply to machines
situated in enclosed shafts, for if collapsible
steel gates or wire grillwork enclosure
are fitted, it is usually possible by means
of a certain amount of contortion to
operate the lock lever from outside.
Having opened the door, you may step
on to the top of the lift car. Don't
attempt to operate the electrical contact
by inserting a finger or a pencil, unless
you are completely familiar with the internal mechanism of the particular type
of lock fitted to the lift on which you are
operating. (See Fig. 4 )
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Don't Tie Up the Lock Lever.
Do not, even as a last resource,
attempt to tie up the lock lever—
there is always some other way. If
you make a practice of tying up
lock levers, one day you will forget
to untie one, and somebody will be
killed by opening a door and falling
down the lift shaft, when they confidently expect that they will not
be able to open the lift e.00r unless
the lift car is at that floor.
Don't step in the middle of the
top of the lift car, as with some
lightly constructed cars you may put
your foot through the roof. Step on
the edge of the timber work, or on
some convenient portion of the steel
sling or cradle, see Fig. 5.
Clean Off Grease Marks.
Don't forget to take a piece of rag
with you to wipe the soles of your
boots when getting off the top of
the car, and thus avoid damage to
the landing floor.
Don't put your greasy hands on
the paint work of the door or gate.
Don't ,forg,_t to wipe the door
handle after you have handled it
with greasy hands.
Don't, having got on to the top
of the lift, immediately shut the
landing door. Look round and take
stock of your surroundings, and use
your imagination.
Travelling on Top of the Car.
If possible, travel in the down
Fig. 6.—How TO TRAVEL ON TOP OF THE LIFT
direction. Supposing however, while
CAR.
The engineer is seen standing firmly on the
you are travelling on top of the car
cross-head of the sling. He steadies himself by
with your mate operating it, and for
holding the ropes with one hand. He is right in
any reason he fails to stop when you
the centre of the lift shaft, and his clothing is
are travelling in the " up " direction,
not likely to be caught by anything projecting
from the sides of lift shaft as he travels.
how are you going to avoid being
crushed to death against the girders at
the top of the lift shaft ? There are probabl y the gate. Don't, however, attempt to
at least four ways of dodging this unhappy jump out until the lift has stopped.
occurrence, some of which may be tried (Fig. 7.)
2. You may operate the control limit
even if the others fail, if you keep your
at the top of the shaft with your hand.
head and act quickly
I. As you pass a floor you may operate (Fig. 8.)
3. You may operate the main limit
the lock lever with your hand and open
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Beware of the
Balance Weight.
Don't forget
that half way
down the lift
shaft the balance
weight passes the
car, and never let
any portion of
your body project anywhere
near the part of
the shaft in which
the balance
weight runs.
Balance weights
have killed more
lif teng ineers
than any other
one part of the
mechanism.
Don't fail to
steady yourself
on top of the car
by holding the
suspension ropes
(note Fig. 6) or,
alternatively, sit
down on the sling
in the centre of
the car.
Don't attempt
to clean, oil or
Fig. 7.—HOW TO SAVE YOURSELF IF YOUR MATE FAILS TO STOP THE
adjust while the
LIFT WHEN You ARE TRAVELLING ON TOP OF IT IN THE " UP "
car is moving.
DIRECTION (I).
Don't forget to
Operate the lock lever and open the landing gates to break the
ask your mate if
control circuit and stop the lift.
he has opened the
and cut off the supply from the machine. car gate as an additional precaution
(Fig. 9.)
against the lift moving when you
4. There is frequently a space round have stopped to make an. adjustment.
the top joists through which your body
To a skilled lift engineer many of the
may pass as the lift ascends (Fig. 1o) or foregoing remarks may appear to be eleelse a space in which you may crouch, mentary. The author has, however, enwhen the balance weight has landed on its deavoured to set down the chief points
buffers at the bottom. Make a mental which should be second nature to anyone
note of these points as soon as you enter who has to work on electric lifts. You
the lift shaft before attempting to do may find " clever " lift engineers who do
not pay attention to all the points enuanything else.
Don't travel up and down the lift shaft merated. The advice given, however, is
on top of the car if you can avoid it. II sound, and is backed by practical experiit is necessary, however, to do so, it is ence. You should always remember that
much safer to travel down than it is to it is better to be a little over-careful and
live than to appear clever and die.
travel up.
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MAINTENANCE AND INSPECTION.
General.
In order to carry out the maintenance
and inspection of electric lifts in an
efficient manner it is essential that a
definite sequence with regard to the various
components of the lift be followed. If
this is not done, something is sure to be
missed, which may lead to a breakdown
before the next regular maintenance visit.
Such a sequence is indicated by
the questions asked in the schedule
on page 913.
The obvious place to start is the
motor-room.
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heavy starting current necessary to develop
the requisite torque to start the lift against
full load.
If there are other fuses on the mains,
e.g., at the point where the company's
supply enters the building, these should
be some 5 per cent. to 10 per cent. heavier
than the fuses in the motor-room, to
ensure that the motor-room fuses are the
first to blow in event of a fault developing.

Motor-Room.
The motor-room itself should be
clean and tidy. Oil, grease, rag and
waste should be kept in proper
containers, and special tools, such
as winding handles or grease guns,
should be kept in a rack provided
for the purpose, or else hung- on
hooks on the wall.
If a maker's instruction card is
placed in the motor-room, make
yourself completely familiar with it.
The motor-room should be dry.
It will frequently be found, however,
that motor-rooms at the top of the
shaft suffer from condensation due
to hot air rising up the lift shaft
and the moisture condensing on the
cold portions of the machinery,
such as the controller panel, motor
frame, etc. This may only occur
during cold weather, and it may be
cured by heating the motor-room
either by a small electric radiator
(25o-watt is usually ample) or an
ordinary fishtail gas jet left burning
continuously.

Fig. 8.-HOW TO SAVE YOURSELF IF YOUR MATE
FAILS TO STOP THE LIFT WHEN You ARE TRAVELLING
ON TOP OF IT IN THE " UP " DIRECTION (2).
Operate the direction switch or control limit.
The engineer is here seen operating the direction
switch at the top floor.

Main Fuses.
The main fuses situated in the motorroom should, with a direct current lift,
be capable of carrying twice the full load
running current of the motor. With some
alternating current machines of the high
torque, squirrel-cage type, the fuses may
have to be heavy enough to carry three
to five times the full load running current
in order that they may withstand the

This will frequently save a weary walk
from the motor-room to the company's
point of entry and back. The company's
own fuses should, of course, be heavier
still.
Control Circuit Fuses.
The fuses in the control circuit are seldom,
if ever, more than 5 amps. capacity,
and are frequently as low as 2 amps.
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Fig. 9.—How TO SAVE YOURSELF IF YOUR MATE FAILS TO STOP
THE LIFT WHEN You ARE TRAVELLING ON TOP OF IT IN THE " UP
DIRECTION (3).
Operate the ultimate main limit. In this case, by catching hold
of the main limit line, and giving it a vigorous pull. This is certain
to stop the lift under practically any circumstances.
In any case, the maker's recommendation
should be adhered to. They usually
take the form of small cartridge fuses
situated on the controller panel. (Fig. 12.)
Care of the Motor.
The care which a lift motor requires
is in every way similar to that demanded
by electric motors for other purposes,
which is dealt with under a separate
section.
The bearings, if of the sleeve type,

with ring lubrication, should be
filled up to the
overflow vent with
light machine oil.
Drain-plugs and
gauges should be
well fitted to avoid
leakage. If the
motor is of the ball
or roller-bearing
type, the bearings
are packed with
grease by the
makers, and this
requires replenishing at infrequent
intervals.
Play in the
motor
bearings
often makes itself
apparent by a
distinct knock,
which is heard
after the brake has
been applied, and
just as the machine
comes to rest. It
may, of course,
also be detected
by feeler gauges
in the usual manner. Undue wear
will lead to excessive strain on
the coupling and
also on the bearings
of the gear which
carry the worm.

How to Detect
Coupling Faults.
Examine the
coupling bolts and see that these
are tightly locked, also the keys, to
see that these have not worked loose.
An indication of the keys having worked
loose is obtained by watching the
point at which the motor or gear
shaft enters its half of the coupling at
the instant when the machine starts or
stops, in first one direction and then the
other, when, if the key is loose, movement can be observed between the shafts
and coupling. It may also be detected
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by switching off
the main switch,
putting the handle on the end of
the motor shaft
and rotating it
first in one
direction and
then the other.
This will det€ ct
play between the
motor shaft and
the coupling. The
gear-won in shaft
may be tested in
a similar manner,
but in this case
the brake must
be released. A
distinct " kick"
will be felt if any
play exists.
The coupling
usually forms the
brake drum, and
for this reason,
should run dead
true, otherwise
erratic stopping
will occur.
Adjusting the
Brake.
This is, generally speaking,
the most badly
adjusted component of the lift,
and yet it is one
of the easiest to
adjust if the
adjustment is
carried out with
due regard to the
proper sequence.
The sequence of
adjustment may
briefly be set out
as follows:
(1) Adjust the
gap between
the brake
shoes and the
drum to a
minimum by

MAINTENANCE INSPECTION REPORT
Name of Job .. . .. ..

Maint. No....

Type of lift .. .. .

Visits

.

Date of inst

..

..

Premium .

MOTOR ROOM.
What was the general condition of Motor Room as
you entered )
State particularly if any oil rags, oil cans, etc ,
were lying about.
Are there any spare parts in the Motor Room ?
Are these carried in a box ?
Is there an Instruction Card ?
Is the Motor Room kept locked >
Who holds the key?
MOTOR
Is commutator and interior of motor clean >
Is brush gear in good order?
Does machine run silently ? If noisy, state cause.
Is oil in bearings at correct level?
Do bearings leak )
GEAR.
Give position of oil on gauge or distance from hand
hole.
Is box oil-tight ? If leak, state where.
Is gear silent ?
State condition of main keyway and ke;
BRAKE
Are all nuts and hand release locked ,
State condition of blocks.
State condition of coupling.
Is brake silent in action )
CONTROLLER.
Is slate of controller and rheostat clean ?
Are all contacts clean )
What oil is used in dashpot ,
Give level of oil in container.
If any coil is hotter than can be borne by back of
hand, give temperature.
General condition
LIFT SHAFT.
Is lift shaft clean ?
Are guides clean and lubricated )
What lubricant is used ?
If direction switches are fixed, are they silent)
Inspect one and report on its internal condition,
and which one was inspected.
GATE LOCKS.
Are gate locks clean )
Do they operate easily ?
Inspect one and report on its internal condition.
State which you exami led.
CAGE.
Is cage clean internally and externally )
What is the condition of limit switches ?
What is the condition of Car switch )
Are lights and bells in good order?
Is floor or floor covering worn ?
Does car require re-polishing ?
ROPES.
How many ropes are fitted >
Diameter.
Type.
Are the rope anchorages clean ?
Report on condition of safety gear.
Give date of last maintenance inspection.
State here any suggestions which have occurred to,
or been suggested to you to improve our
maintenance service.
Signature ..... . .

.

.

.

* As used by Messrs. Marrvat and Scott, Ltd., Lift Engineers.
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adjusting the
stops on the
shoes. The
brake shoes
require
to
lift only, say,
I 64 in. oil
the drum.
They are
usually adlusted independent ly ,
and
the
adjustment
should be
equal on
both. This
should be
done with the
spring pressure released.
( Fig. 13.)
(2) Now adjust
the solenoid
plunger
or
armature to
the minimum
air gap which
will permit
the shoes to
he lifted char
of the drum
against their
stops. (Fig.
14.)
Generally
speaking, the
"i -on circuit"
of the brake
should just
close as the
shoes reach
their stops.
With this
d j ustment,
the maximum
p issible pull
is obtainable
from the
solenoid, so
that if necessary the
maximum
spring p:( ssure for which
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the brake is designed is obtainable.
(3) Now gradually apply the spring
pressure by means of the tension
screw until smooth, rapid stopping
is obtained. Normally, the lift
should not travel more than 4 in.
to 6 in. for every zoo ft./min. of
its running speed, after the current

Testing the Brake.
To test the distance which the car
travels after current has been switched off,
make a chalk mark on the car about eye
level and one on a convenient point in the
shaft (Fig. i6). Get in the lift and run the
lift at full speed past this point, and at
the moment that the chalk marks coincide
switch off the car switch or press the
" stop " button, according to the type
of control. Then the vertical distance
between the mark on the car and that
on the shaft will be the distance run after
the brake is applied. (Fig. 17.)

GEAR.
Lubrication.

Fig. lo.—How TO SAVE YOURSELF IF
YOUR MATE FAILS TO STOP THE LIFT WHEN
You ARE TRAVELLING ON TOP OF IT IN THE
" UP " DIRECTION (4).
Should everything else fail, there is
often a space through which your head
and shoulders may pass as the lift-car
reaches the top. You can steady yourself by placing your hands on one of the
joists.
has been switched off by the controller, that is to say—if the lift
is running at 15o ft. /min. it should
not travel more than 6 in. to 9 in.
after the controller has cut off the
current.
Be sure that the lock nuts on all
the adjustments are securely locked
after the adjustment is completed
or the brake will go rapidly out of
adjustment.

Examine to see that the oil level is
correct. If the worm is below the wheel,
there should be sufficient oil in the gear
case completely to immerse the worm.
If the worm is above the wheel, then the
worm wheel should dip some 3 in. to 6 in.
into the oil. The great thing with this
latter type of gear is that, when the gear
is running, oil should reach all parts, as
it is customary for troughs to be formed
in the gear case to collect oil thrown by
the rapidly revolving worm and feed it
to the worm wheel shaft and worm shaft
bearings. The oil passes through the
bearings, and is then led by ducts back
to the sump.
Gears with the worm below the wheel
usually have the worm wheel shaft
bearings lubricated by some external
method, e.g., stauffer-type grease cap
or ring or chain lubricators. In the latter
case, the oil well should be filled to the
level of the overflow plug, with machine
oil, as distinct from the heavier oil in the
gear case.
In the gear case use the oil recommended
by the makers. If there is no indication
as to what oil should be used, then when
the oil requires replenishing, drain the
gear case and use first pressing pure castor
oil. It is important not to mix different
grades of oil in the gear case ; in particular,
castor oil should not be mixed with a
mineral oil.

Detecting Wear.
Any wear in the gear is usually attended
by a knock when the lift stops. Wear
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may occur in any of the bearings,
though it is more usual on the
worm wheel shaft bearings. It
may be detected by observation,
or a knock may be heard when
the lift stops, or feelers may be
used to detect wear if it is expected.
Wear may also occur on the
rubbing surfaces of the worm and
worm wheel teeth. This can usually
be detected by running the lift up
and down once or twice, and
listening at the side of the gear
case for a knock when the lift
stops. Another method is to
load the car gradually at one of
the floor levels, until the load in
the ear counterbalances the
amount of the normal running load
which is balanced by the balance
weight. This is similar in effect
to a see-saw which has been loaded
more at one end than the other,
and then load gradually applied
to the lightly loaded end until it
over-balances. If there is any
distinct movement of the driving
sheave or drum as the load in the
car overbalances the balance
weight, then there is probably
backlash between the worm and
worm-wheel teeth, and the gear
should be examined by an expert.
Care must be taken to discriminate
between backlash in the worm and
worm wheel and end play in the
worm shaft.

End Play in Worm Shaft.
It must be appreciated that the
thrust, due to the out-of-balance
Fig. 11.—How NOT To TRAVEL ON TOP OF THE
load of the lift, appears as a direct
LIFT-CAR.
axial thrust on the worm, and has
The engineer 'is here seen standing at the edge
of the lift-car. He is not so comfortable as in
to be accommodated by some form
Fig. 6. A slight movement of his foot will bring it
of thrust bearing.
over the edge of the lift car, where it is liable to
In modern lift gears a double
be caught by projections in the lift shaft. He is
ball thrust bearing is usually
also in grave danger of being struck by the balanceweight as it passes the lift-car half way down the
employed, while in some -older
shaft.
gears a collar thrust bearing of the
marine type is used. It is essential
that any end play (which can readily be end play will increase, until it exceeds
detected by observation of the coupling the amount of " float - which has been
at starting and stopping in alternate allowed on the armature of the motor.
directions) should be taken up as soon If this has occurred, the end plates of
as it develops. If this is not done the the motor will be called upon to carry
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Fig. 12.—REPLACING A CONTROL FUSE.
It will be seen that these control fuses are mounted on the actual controller panel.

Fig. 13.—ADJUSTING THE AMOUNT OF MOVEMENT OF THE BRAKE SHOE.
The set screw and lock nut which is being adjusted acts as a stop, to limit the amount by which the
brake shoe lifts clear of the drum. The clearance of each brake shoe must be adjusted independently.
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the whole thrust of the machine, and not
being designed to withstand this a serious
breakdown is liable to occur.
The end play may also be detected,
as previously described, by loading
the car, when as the loaded car
over-balances the balance weight a
distinct axial movement of the
coupling and worm shaft can be seen
and a slight knock heard if end
play exists. It is cured by removing
the end cap and adjusting the thrust
bearing, see Fig. 19
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choked up. They can be cleared by threading a piece of steel or iron wire through
them, and raking it in and out. (Fig. 18.)

Curing a Leaking Gland.
If the worm is situated below the
wheel, you may find on inspection
that leakage is occurring at the gland
on the worm shaft. Tighten up the
gland with the nuts provided for
the purpose, being careful to tighten
each nut by exactly the same
amount (Fig. 20). The best method
is to tighten each nut in rotation,
half a !turn at a time, working
round and round the gland until
the leakage stops. The tightening
should not be carried beyond this
point, otherwise the packing will
grip the shaft, causing additional
load on the motor and, in extreme
cases, seizure.
If there is any doubt as to whether
the gland has previously been
tightened up evenly, slack it right
out, screw up the adjusting nuts
till they are all just finger tight,
then carry on with the spanners,
tightening the nuts in rotation, as
just described. It is best to adjust
the gland while the lift is running,
but care must be taken that you
do not come into contact with the
coupling, which is rotating at high
speed in close proximity to the
gland. When the gland has been
tightened up to its fullest extent,
and leakage still occurs, the stuffing
box must be repacked, and
this is dealt with later.

Fig. I4.—ADJUSTING THE AIR GAP or THE BRAKE
ARMATURE.
In the brake shown, the brake coil and yoke are
attached to the shoe nearer to the engineer, while
the armature is attached to the push rod which
passes through the centre of the coil, and operates
against the stop screw on the opposite brake shoe.
By screwing the stop screw in or out, the air gap is
varied. The adjustment is maintained by means
of the lock nut.

Curing Oil Leakage from Bearings.

If leakage is occurring at any of the
joints in the gear case, then these should
be " remade." This is dealt with later.

If there is any leakage from any of
the other bearings, it is probable that the
ducts leading back into the sump are

Driving Drum or Sheave.
This should be examined to see that
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When the car over-balances the
weight, the sheave or drum will
be observed to rotate slightly on
its shaft.
• In the early stages this trouble
may be cured by driving the key
farther in, but if it again develops
the load of the cage and balance
weight should be taken off the
gear and a new key fitted.

Detecting Wear in the Traction
Sheave.

Fig. 15.—ADJUSTING THE SPRING PRESSURE.

In this case, the spring is a compression spring
operating between the tails of the two brake shoes.
The spring seats on the tail of one brake shoe and on
the set screw which is attached to the tail of the
other. By screwing the set screw in or out, the
spring is compressed or released, according to
whether more or less braking effect is required.
The set screw is held by a lock nut when once the
proper adjustment has been made.

it is securely keyed to the shaft. If play
occurs at this point, serious damage will
be done to the keyways in the sheave or
the shaft if not rectified, and this will
probably necessitate dismantling the
machine and returning the part to the
works to have the keyway recut.
Play of this sort may be detected by
observation at starting and stopping,
keeping the eyes fixed on the visible line
of contact of the sheave or drum and its
shaft. If there is any doubt about movement here, observation may be assisted
by dropping a little machine oil round the
point of contact, when the " bubbling "
due to movement between the drum or
sheave and the shaft will readily be observed.
Another method is to load the car as
for detecting wear and play in the gear.

If the machine has sheave drive,
the grooves of the sheave should
be examined for wear. The angle
of these grooves is usually 40°,
and the sides of the grooves should
be absolutely straight. Wear will
in time produce ridges on the sides
of the groove and will cause rope
slip. A ridge on the side of the
groove may be detected by observation or by running the point
of a screwdriver down the side
of the groove, when a distinct
bump will be felt if wear has
occurred (Fig. 21).

Detecting Rope Slip.

Rope slip may be detected by
taking the lift car to a given floor,
and drawing a chalk line across
the sheaves and rope parallel to
the axis of the sheave (Fig. 22).
The lift may then be run up and down once
or twice, and on returning to its original
position the chalk marks on sheave and
ropes should coincide. If they do not,
rope slip has occurred. In bad cases the
slip will be visible when the brake is
applied, the sheave coming to rest, while
the ropes slip round it. Slight rope slip
may be cured by slacking the pressure
of the springs on the brake, though with
automatic lifts this is liable to upset
the accuracy of floor levelling. The only
satisfactory cure for rope slip, due to a
worn " V " sheave, is to dismantle the
machine and have the sheaves re-turned
in a lathe.
Rope-slip is occasionally caused by
the V " of the groove not having been
made deep enough when the sheave was
made, and a very slight wear in the groove
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Fig. 16.—TESTING- THE DISTANCE THE
LIFT TRAVELS AFTER BRAKE IS APPLIED.

Fig. 17.—TESTING THE DISTANCE THE
LIFT TRAVELS AFTER BRAKE IS APPLIED.

A mark is made about eye-level on the
car and on a convenient point in the
lift shaft. (View taken from inside lift.)

Move the lift away from the previous
mark by a distance somewhat greater than
that necessary for it to attain full speed
from rest. Then run the lift towards the
mark in the shaft, switching off the instant
the two marks are opposite. Measure the
vertical distance between the two marks
when the car has come to rest. In this
case the observation was made with the
car travelling in the " up " direction.

causing the rope to touch the bottom of
the groove, or to ropes of too small a
diameter having been fitted. This may
be cured by dismantling the sheave, and
turning up the " V " wheel with a deeper
groove, or by fitting slightly larger ropes,
so that they will not drop quite so far
into the " V."

CONTROLLER.
Controllers vary very considerably in
detail, but have marked similarities with
regard to their general operation. The
controller has to start up the motor in
the required direction, and either automatically, or through the agency of the
car switch, switch off the current when it is
desired to stop. By watching its operation
while someone is working the lift, it is
easy to decide what each particular contactor is doing. Get your mate to run
the lift, first in one direction, and then in
the other, stopping at intervals in his
travel, say, half a dozen steps in each

direction. Some of the contactors will
operate in both directions, others only
in one direction. Obviously, those that
operate in one direction only are the
reversing contactors, while the others are
the starting contactors. Additional to
this, with some types of controllers there
are also devices such as decelerator control,
or dynamic brakes, which come into operation in both directions at stopping. Watch
the controller at work until you are
thoroughly familiar with the function
of each part.
With an automatic lift there are also
the floor relays which are easily discernible,
as there is usually one relay for every floor,
though some older systems employ two
relays per floor, one for either direction. A
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Carbon contacts can be
refaced by a piece of very
fine emery cloth, stretched
over a piece of wood so as
to form a level surface.
The faces of the contacts
should be even and the
whole area of the contact
surfaces should bed together when the contactor
is closed.
Adjusting the Controller.
It is usually desirable
to adjust the controller
so as to give the maximum
possible gap between the
contacts when the circuit
is open, consistent with
reliable operation of the
controller when the lift
has been in operation for
Fig. 18.—CLEARING A CHOKED OILWAY BY MEANS OF A
a
considerable time and
PIECE OF WIRE.
the controller coils are
If this return channel is choked, oil which escapes from
the end of the bearing fills the well in the housing and overwarm.
flows instead of running back into the sump. If it does not
With some modern
receive attention the oil will get on to the motor-room floor
controllers,
the moving
and may even get down the lift shaft, through the top of the
contact is arranged to rub
cage, and do damage to passengers' clothing.
across the face of the fixed
floor relay only operates when the button contact when the surfaces are together.
for its particular floor is pressed. It makes This rubbing is caused by the final movethe control circuit when the button is ment of the contactor armature, and prepressed, and maintains it until the floor vents welding and sticking of the contacts.
selecting device breaks it, as the lift car Make sure that if the controller is so arreaches the appropriate floor, or until the ranged, the designers' intention is carried
emergency stop button is pressed or the out. The method of adjustment varies, but
car gate opened.
is usually sufficiently obvious for a brief
inspection to show how it should be can-ied
The Controller Panel Must be Kept Clean
out.
Do not attempt to clean the controller
with the current switched on. In cleaning Oil the Pivot Pins.
the controller panel, use a pad of rag rolled
The pivot pins about which the armaup in the hand. This is better than waste, tures of the various contactors move, and
as little shreds of cotton from the waste about which (in some controllers) the
will adhere to the various portions of the actual contact pieces move, should be
controller, while if a trailing end of rag absolutely free. They should be removed
is left hanging out of the hand it is liable occasionally, say every three months
to catch in one of the somewhat delicate (depending, of course, upon the amount
of use the machine gets and also local
interlocking contacts and derange it.
The contacts should be clean and free conditions with regard to atmospheric
from pits or blobs of metal. If copper dust or, dampness), and should be given
contacts are dirty, they must be cleaned a smear of very light oil.
with fine emery cloth. If there are any
The direction contactors are almost
blobs of metal due to fusion or arcing, invariably interlocked, sometimes electrithese must be removed with a fine file. cally, sometimes mechanically, and some-
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Fig. 19.—TAKING UP END PLAY IN THE WORM BY ADJUSTING THE THRUST BEARING.
The small end cap of the gear is removed, to disclose two locking collars on the end of the shaft.
These collars act as a nut, and lock nut, and in the event of their slackening, are prevented from coming
right off by means of a split pin. Special " C " spanners are required to adjust the thrust. To take
up end play, first unlock the two collars. Then screw up the collar nearest to the gear until the
correct adjustment is obtained. Then lock up the collar remote from the gear against the adjusted
collar. Remember that owing to slight play which is bound to occur between the thread on the
shaft and the thread on these collars, the action of locking has a slight tightening effect on the adjusting collar, so that the adjustment before locking up should permit slight end play, something less
than el inch.

Fig. 20.-ADJUSTING THE GLAND.
A gland is fitted to most gears having the worm below the worm wheel to prevent leakage of oil
round the worm shaft. Only one adjusting nut can be seen in the illustration. Actually in this, and
in most other cases, there are three nuts evenly spaced round the flange of the gland. The method
of adjusting is described in the text.
A
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times both electrically and mechanically.
On the mechanical interlock there is usually
an adjustment to allow for wear, etc.
Testing the Interlock.
To test this interlock, open the main

adjustment of the interlock will be obvious
by inspection.
Electrical interlocks take the form of
small auxiliary contacts, operated by the
movement of the main contactor. When
the " Up " direction contactor makes
contact, this smaller interlocking
contact is broken, and being in
the circuit of the " Down " contactor, pr events this being
operated. Similarly, with the
" Down " direction contactor.

Purpose of Small Interlocking
Contacts.
A close examination of the
controller will also disclose other
small interlocking contacts, which
are in the control circuit, and
which decide the sequence of
operation of the various contactors,
or prevent operation of the lift
should a dangerous condition arise.
For instance, an interlocking
contact will be found to work in
conjunction with the starting
resistance. As soon as the rheostat
commences to cut out the starting
resistance, this interlocking contact opens its circuit. On the
main contactor will be found
another interlock, which when the
contactor has closed circuit, will
also have closed. These two
interlocking contacts are in parallel
in the control circuit, and their
function is to prevent the possibility of the lift being started
unless the whole of the starting
resistance has been reinserted in
Fig. 2I.—TESTING THE GROOVE IN THE VEE
DRIVING SHEAVE FOR WEAR.
the circuit. Thus, when the lift
The current must be switched off. By moving
stops, the interlock on the main
the small screwdriver radially up and down the side
contactor opens circuit. If the
of the groove, a ridge can be felt if undue wear
starting rheostat returns to the
has occurred.
" off " position, this closes the
circuit so that the main contactor
switch, then hold in, say the " Up " may again be operated. If, however it
direction contactor by hand. Now try should stick, and not return, the circuit will
and operate the " Down " direction con- remain open and it will be impossible to
tactor by hand. It should be impossible start the lift.
to make contact. If it is possible, the
interlock requires adjustment. Then Main Series Rheostat Interlock.
repeat the experiment holding in the
On some high speed direct current
" Down " contactor, and trying to put in machines, field regulation is employed,
the " Up " contactor. Here again, the that is to say, when all the series resistance
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has been cut out of the armature circuit,
an auxiliary rheostat operates, and reduces
the field excitation by inserting resistance
in the field circuit. An interlock will be
found on the main series rheostat, which
makes the circuit for the field rheostat
only when the whole of the series resistance in the armature circuit of the motor
has been cut out. There is also an interlock on the field rheostat
to prevent operation of the
lift if the field regulator
has not returned to the
starting position. The
operation of these interlocks is obvious from an
inspection. Be careful to
adjust them so that they
carry out the function for
which they were designed.
That is to say, by inspection, it is easy to see
whether the interlock is
intended to make circuit
or break circuit when the
contactor operates. Test
with the current switched
off by operating the
contactor armature by
hand.
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are fitted with time lag devices, for the
purpose of controlling their speed of
operation, either on making or breaking.
These time lags are of three main types,
dashpots ; (2) fans operating through a
train of gears ; (3) eddy current brakes
in the form of aluminium or copper discs
rotated between the poles of a permanent
magnet by a train of gears.

Operation of Relays.
The relays on automatic
lifts will be found to make
a circuit when in the " off "
position. All these contacts
on the relays which are
Fig. 22.—METHOD OF MARKING THE ROPES AND VEE DRIVING
made in the " off " position
SHEAVE TO DETECT ROPE SLIP, SHOULD THIS BE SUSPECTED.
are in series with the "pushIf no rope slip is present; the marks on the ropes will
button feed." When any
always coincide with the marks on the sheave, no matter how
much the lift is run up and down the lift shaft. If the marks
relay is operated, this feed
correspond after a trip in first one direction and then the
is broken, so that all the
other, the sheave may be considered to be satisfactory.
push-buttons are dead, and
interference is prevented. It
is necessary, however, so to adjust the relay
(i) Dashpots—may be of the air or
that the contacts which it makes when it oil type. In the former, motion is resisted
operates are made before the push feed is by the suction on a piston working in a
open-circuited, otherwise, chattering and cylinder. The partial vacuum set up is
irregular operation of the relay will occur. relieved through an adjustable orifice,
Be certain that when any relay has the variation of which determines the
operated, the push-feed is definitely broken. speed of operation.
Only the lightest oil should be used on
Time Lag Devices.
the leather washer on the piston.
In examining the controller, you will Oil to Use.
Oil dashpots have a cylinder filled with
probably find that some of the contactors
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piston. The size
of the aperture
determines t h e
retardation, provided suitable oil
is used. It is of
the utmost
importance that
only the oil recommended b y
the makers
should be employed in the
dashpot. It is
0
generally a thin
oil whose viscosity is practically
unaffected by
normal temperature variations.
Ordinary machine oil is useless
except in an
emergency and
if used should be
replaced at the
earliest opportunity by oil of
the correct grade.
(2) Fans.—The
amount of retardation which
these effect is
usually determined by the
angle of the
blades of the fan
which is adjust,
able.
(3) The retarding effect of eddy
Fig. 23.--TYPICAL MODERN D.C. LIFT CONTROLLER FOR HIGH-SPEED
PUSH-BUTTON LIFTS.
current brakes is
(a) Double pole main contactor. (b) Reversing switch. (c) Interusually varied by
locking contacts to ensure that reversing switch has changed over
varying the
before (a) operates. (d) Starting rheostat in series with motor armanumber of lines
ture. (e) Decelerator rheostat placing graded resistance across armature
for slowing prior to stopping at floor. (f) Dashpots. (g) Control circuit
of force passing
fuses. (h) Decelerator contactor operating in conjunction with (e).
through the disc
(i) Floor relays. (j) Interlocking contacts.
either by altering
oil with a piston whose action is retarded by the air gap or the amount by which
regulating the speed at which oil flows the magnet poles embrace the disc.
from one side of the piston to the other
as it moves in the cylinder. The valve Ultimate Blain Limit Switch.
Finally, in the motor-room there is the
through which the oil flows is adjustable
for aperture and is usually situated in the ultimate main limit. This is, as it were,
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the last line of
electrical defence
on the lift. That
is to say, should
the lift travel to
one of the extremes of the
lift-shaft, and all
the rest of the
electrical machinery fail, this
switch would
disconnect t h e
machine from the
mains and also
should disconnect
the brake circuit
from the rest of
the machine, so
that the brake
will not be held
off by regenerated
current from the
motor. This main
limit should be
tested every time
you attend to
the machine by
turning the operating wheel by
hand when the
lift is running.
It requires practically no attention, except an
occasional drop
of oil on the
various spindles.
Fig. z4.—A TYPICAL MODERN A.C. LIFT CONTROLLER.
If you make
Having control and brake. circuits operating on D.C. through a
Westinghouse metal rectifier. (a) " Up " direction contactor. (b)
this the last test
" Down" direction contactor. (c) Brake coil contacts. (d) Electrical
that you carry
interlock on " down " direction contactor circuit. (e) and (f) Interout in the motorJocks to ensure controller has returned to starting position before the
room, don't
motor is again started. (g) Sequence switch, making circuit for (1).
forget to reset
(h) Rotor contactor, first step. (i) Rotor contactor, second step.
(j) Sequence switch, making circuit for (k). (k) Rotor contactor, third
the main limit
step. (I) Sequence switch, making circuit for (m). (m) Rotor conbefore you leave.
tactor, final step. (n) Rectifier circuit fuses. (o) Control circuit fuses.
In resetting, also
(p) Main " down " direction contacts. (q) Mechanical interlock
be careful to turn
between " up " and " down " direction.
the wheel in the
opposite direction to that in which you cut it off, should it be necessary, at the other
turned it to operate the limit. Otherwise, extreme of travel. A later article deals with
this limit will be entirely out of adjustment, the care of those portions of the lift not sitand will cut off the lift before it reaches uated in the motor-room, the tracing of
one extreme of travel, and will fail to faults, and some of the more usual repairs.
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MAINTENANCE OF AN ELECTRICALLY
EQUIPPED FACTORY
By H. W. JOHNSON

Fig. 1.—REMOVING THE END PLATE OF A MOTOR.
The set-screws which hold the end plate to the motor case are taken out and the end of the motor
shaft given a jerk in an outward direction. This will move the plate from its " housing " in the case.
The end plate is then drawn off the shaft. If the end of the shaft is scored or rusty, it must be
cleaned up before attempting to draw off the end plate.
HE electrical equipment of a factory
may be maintained in good working order most economically by
a regular, careful inspection of all wiring
and apparatus. By this means extensive
and serious breakdowns may be avoided.
Faults and defects are discovered and
made good soon after they have developed.

T

Cleanliness.
A regular system of cleaning the equipment should be adopted. Each day should
be detailed for cleaning certain parts of the

equipment, having due regard to the
necessity of shutting down any of the
plant, and the inconvenience which may
be caused by the temporary stoppage of
the manufacturing processes carried out
in the factory.
The Electricity Supply Source.
The supply of electricity will generally
be obtained from a public supply company, unless the factory is situated in an
isolated district where there are no electrical distributing mains. In this case a
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suitable generating plant would be installed in the factory and would considerably add to the work of maintenance.
Occasionally it is possible to generate
electricity for consumption in a factory
much more cheaply than it can be supplied
by the supply company, in which case
the public supply could be used as a standby for use when the factory plant is shut
down for overhaul.
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the switchboard. There will be a gangway
between the wall and the back of the
switchboard to allow of safe inspection
of the cable connections to the switchboard.
Access to the gangway should
only be allowed to trained persons who
are competent to deal with electrical
apparatus.

The Equipment of the Panels.
Each generator will have its own panel.
The generator panels will be fitted with a
reverse current overload
circuit breaker, a voltage
Too/ RackY WORKING BENCH
regulating resistance, an
ammeter, a voltmeter switch
which is used to connect
the machine to the paralleling voltmeter, and a synchronising device if the plant
generates alternating current.
Power circuits and heavy
current circuits will have
panels which will be equipped
with overload circuit
Dri fling
breakers and ammeters.
Machine
Each circuit will be controlled with a circuit breaker
Driving Motor
TEST BED
and the current supplied
for Machine Tools
@
to the circuit registered
with an ammeter. Lighting
circuits and small current
Fig. 2.-LAYOUT OF A REPAIR WORKSHOP.
circuits will be connected
to panels equipped with
3-phase 4-wire A.C., or 3-wire D.C., main switches of the knife type, and will
and in certain cases E.H.T. 3-phase A.C. be protected by a fuse on each pole of
In the latter cases the high voltage the circuit.
current could be given direct to certain
of the equipment and also transformed to Schedule of the Wiring and Equipment of
the Factory.
supply low voltage appliances and lighting
A schedule should be prepared for each
circuits.
of the main circuits supplied from the
The Main Switchboard.
main switchboard.
The main switchboard will control all
The schedules will give details under
the main circuits which supply current to appropriate headings of 1, the wiring ;
the electrical equipment, and will distri- 2, the distribution boxes ; 3, the electrical
bute the current from the generating plant appliances ; and 4, the fuses.
if this is installed.
The layout, type of wiring and size of
The switchboard will consist of a number all the cables used for each sub-circuit.
of enamelled slate or marble panels fitted
The location of each distributing box,
on a suitable steel frame which is bolted identifying each sub-circuit fed from the
to the floor and made secure with stays distribution boxes.
which are bolted to a wall at the back of
The whole of the electrical appliances
TES T BENCH

Nature of the Supply.
The supply given may be low tension

SPECIMEN INSPECTION SHEET.
10 B. H.P 400-volt D. C. shunt motor. Maker's Motor No. 1947. Continuous rating, speed 1,000 r.p.m.
Belt drive to line shafting. Pulley diameter 12 inches. Shaft 2 inches diameter.
H
tIf
No. 4 on, 3 A. Distributing box fixed on, ground floor.
z
25 yards run of 7/.036 V. I. R. cable run on porcelain cleats.
strand No. 22 S.W.G. tinned copper wire.
o
30-ampere D.P. switch and fuses. Heavy duty starter. Overload release setting 3o amperes.

APPLIANCE
DRIVE
CIRCUIT
WIRING
FUSES
SWITCHGEAR

O

Date Date
of Inof
specRetion. pairs.
—

—

The Motor.
Condition.

Repairs.

Condition.

Repairs.

Brushes sparking. Commadirty.
tator
Pulley end
bearing worn.

New brush fit- Starter contact Studs filed up.
Starter arm
studs burned.
ted, bushgear
adcontact
Main D.P.
and commuand
jested
switch contator cleaned,
cleaned.
tacts hot.
bearing
Main switch
washed
out
contacts adwith paraffin
and
justed
and oil recleaned.
newed.

Armature core
the
fouling
shoes,
pole
brushes sparkpulley
ing,
end bearing
worn.

New bearing
bush fitted,
bearing
cleaned out,
brushes bedded, commutator cleaned.

Time
Taken
for
Repairs.

Insulation
Resistance of
Circuit.

Running
Speed
of
Motor.

Load
Current.

5
megohms.

1,040
r.p.m.

25
amps.

new
bush.
i gill of
paraffin.
1 gill of
oil (lubrieating).
2 sheet of
g1ass
paper.

2 hour

Cables sag- Slack cablt
3
ging betaken up. megohms.
tween
cleats.

96o
r.p.m.

25
amps.

I bearing
bush.
I- gill of
paraffin.
r sheet of
g1ass
paper.

21. hours

The Wiring.

The Switchgear.

Condition.

Repairs.

In good
order.

—

Material
for
Repairs.
2

'71

z

H

ro
—

—

In good order.

—

(-)
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Fig. 3.—TAKING THE ARMATURE FROM THE MOTOR CASE.
The brushes are lifted in the holders. Care must be exercised to prevent the commutator falling
on the pole shoes. The weight is taken by placing the hand underneath the centre of the armature
core. When the armature is too heavy to be held in this manner, a sling is placed round the armature
core. When the armature is completely drawn out, it should be placed on a cradle, or on a clean sheet.

Fig. 4.—REMOVING THE BEARING BUSH FROM THE MOTOR END PLATE.
The bush screw is taken out, and the end plate of the motor reversed so that the oil rings will
not foul the bush as it is knocked out. A piece of wood should be used when knocking the bush out.
and on no account should the end of the bush be hit with the hammer head.
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The Advantage
of Using Ins pection
Sheets.

Fig. 5.—INSPECTION OF A BEARING BUSH FOR WEAR.
The shaft is cleaned, any " scores " are carefully removed with oo
carborundum cloth.
The bush is placed on the shaft in the position which it occupies when
the motor is in commission. If the bush will rock about on the shaft a
new bush should be fitted to the bearing.
supplied from the sub-circuits, stating the
current taken by each appliance and the
switchgear which controls it.
The nature and size of each fuse for all
the sub-circuits.

Inspection Sheets.
An inspection sheet should be drawn out
for each sub-circuit.
After each inspection of a circuit and
repair made to the wiring and appliances on that circuit, the following details
may be recorded.
(r) The date of the inspection.
(2) The condition of the wiring.
(3) The condition of the appliances and
switchgear and fuses.
(4) The performance of each appliance.
(5) The repairs effected to the appliances,
switchgear wiring, and the date on which
the repairs were made.
(6) The materials used to effect the
repairs and the time taken.
(7) A special note of any recurring
" fault."

The output and
performance of
any appliance
can be observed
from week to
week.
The maintenance work to
be done is determined with
accuracy. Gradual deterioration,
indicating a
more serious
trouble, can be
noticed and
complete overhaul undertaken
before actual
breakdown
occurs.

The Stores.
It is important

that at all times
spare parts required tomake repairs and renewals to any faulty parts of the equipment should be available. A judicious
selection of materials and spare parts
should be kept in stock. Details of the
materials to be ordered for stock may
be obtained by consulting the schedule
of the equipment. A list of materials
suitable would include :—
(1) A number of each type of electric
lamp in general use in the factory.
(2) Lampholders and lamp fittings.
(3) A selection of switches and switch
contacts:
(4) Motor brushes of various sizes.
(5) Motor bearing bushes.
(6) Spare armatures for motors which
are vital to the continued running of
the factory.
(7) Motor starter and controller parts,
especially finger contacts for controllers.
(8) Fuse bridges for distribution boxes.
(9) Fuse wire of various sizes.
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Fig. 6 (Right).—

MAKING AN INSULATION RESISTANCE
TEST ON A MAIN
CIRCUIT AT THE
SWITCHBOARD.
The main switch
is opened and the
live wire from the
megger testing set
is connected to the
" dead " contact of
the switch. The
earth wire is connected to the frame
of the board, which
is " earthed."
The handle of
the testing set is
turned at a steady
rate so that the magneto will develop
its normal voltage.
When the needle
of the instrument
has settled down
to a steady position
on the scale, the
value of the insulation resistance in
megohms is noted.

To Circuit

/,--The Main Switch
1

Switchboara' Bus Bars

Fig. 7 (Lejt).—CONNECTIONS FOR
THE INSULATION RESISTANCE TEST
OF A MAI N CIRCUIT.
This is taken at the switchboard.
Connected to
The insulation resistance between
- frame of board,
each pole and earth is tested.
which is earthed

To Circuit
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Testing Supply Cab/es

I'

I
7;

Testing Bench Ammeter
and Voltmeter

I
11.
Main Switch
and Fuses
I
11

III
Maiii&,itch
and ruses

T1

T2

v

T2

7;

Loading Resistance
Terminals

0

Et

/
I I

I

Heavy Current
Loading Resistance

7;
-

Loading Resistance
Terminals

AA

,

II

I
MainSwitch
and Fuses
1
01

I

Small Current
Loading Resistance

,,\ \
1,1 ,)1
i1i
\\

Fig. 8.—ARRANGEMENT OF A TESTING BENCH.

(1o) D.C.C. copper wire for magnet coil
rewinds.
(II) Cable for renewal and repairs of
wiring.

0
Minimum()
Current

Max'70-

(12) Insulating tapes, empire cloth, presspahn and cotton tapes.
(13) Shellac varnish.
(I4) Lubricating and paraffin oils.
(15) Cleaning materials, glass paper.
(i6) Flexible wire for rewiring light pendants.
(17) Materials required for the renewals
and repairs to special appliances.

Current

I

Regulating Switches

Resistance
Units

Fig. 9.—THE CONNECTIONS OF THE
SMALL CURRENT LOADING RESISTANCE.
The current in the circuit is
increased by moving the switch
arm over towards the maximum
position.

Fig. I0.—THE CONNECTIONS OF THE HEAVY
CURRENT LOADING RESISTANCE.
To increse the current the switches are
closed one after another. The maximum
current is obtained by closing all the switches.
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Supply from Testing Bench

Load Ammeter
Main
Switch
and
fuses

.
,
•
0

a

0 0o

0 (a 0

3
.D0 0 0

0

Heavy C rrent
Motor Starter

\

a

.

.

L

.

A

C..

q:IlitS1/ Current

Motor Starter

0

F

L A F

Field Resistance
Fig. II.—ARRANGEMENT OF A
D.C. MOTOR TEST PANEL.

////J/ ///////

// //z. .,,, -4 , 4 ',if/ , ,,,,, ,

,../

A vz, ,

,

(18) Sulphuric acid, if accumulators are
used in the factory.
(19) Supply of belting, belt straps and
fasteners.
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suitable number of engineers' vices and
tool racks.
A convenient testing bench may be
made and fitted with a stout wooden
back.
Switches, circuit breakers and appliances
which require mounting before they can
be tested, can be fixed to this back.
Supply terminals to give a supply of
testing current may be fixed at convenient points along the bench. Each
set of terminals should be controlled with a
switch and protected with fuses. High
voltage terminals should be shielded and
labelled with a danger label.
Loading resistances for use when testing the current carrying capacity of
resistance starters, controller units, etc.,
may be placed under the test bench and
their regulating switches mounted on the
bench immediately above.
Ammeters and Voltmeters.
A reliable multi-range ammeter and
a voltmeter fitted with multiplying resistances for various voltage ranges could
be fixed to the back of the testing bench
in a central position. Portable leads,
Sup /y from Testing Bench
3

The Repair Workshop.
A workshop should be provided, where
appliances which are down for overhaul,
may be taken. The workshop should
be convenient and easy of access. The
layout and equipment would include
working benches, a testing bench, a lathe
large enough to accommodate armatures
of motors which require their commutators
trueing up and a drilling machine. A
testing bed to which motors which have
been repaired may be bolted down and
given a trial run before placing them in
commission, would be found to be very
useful.
Hooks bolted to good fixings in the ceiling over the working benches, test bench,
lathe and test bed should be provided,
also a set of pulley blocks for lifting
heavy appliances. The hooks would be
used to support lifting tackle when moving
heavy motor parts and appliances. The
working benches would be fitted with a

Load Ammeter
3-Pole
Main Switch
and Fuses

Star
Delta
Motor
Starter

Rotor Resistance
Motor Starter
Fig. I2.—ARRANGEMENT
OF
AN A.C. MOTOR TEST PANEL.

I
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Fig.

13.-LOCATING A SHORT CIRCUITED " COIL ON AN ARMATURE.

A " short

circuited " coil will cause a certain part of the armature to get hot and the insulation of the
faulty coil will begin to smoke. The motor should be immediately shut down and the armature
removed from the case.
A " bar to bar " test is made to locate the ends of the faulty coil. (See also Fig. 15.)
The armature is connected in series with a suitable ammeter and loading resistance and the full
load current for the motor is passed through the armature.
The " pressure drop " across each pair of adjacent commutator segments, all round the commutator,
is tested. Owing to the low resistance of an armature a low-reading voltmeter will be required to
read the pressure drop.
The ends of a shorted coil or section will be indicated when there is no appreciable reading on the
voltmeter across any pair of segments. The ends of the faulty coil or section will be connected to
this pair of segments.

long enough to reach any part of the bench, parallel to each other and be about 2 feet
should be connected to each instrument. apart. Motors which are to be given a
If the equipment of the factory is supplied
with A.C. a wattmeter will be useful in
order to take input tests to appliances
and also to determine their power factor
when required.

Insulation Testing Set.
A reliable insulation testing set will
be required, and a portable milli-voltmeter. The milli-voltmeter is used when
making " bar to bar " tests on D.C.
armatures and when making low resistance tests.

Testing Bed for Motors.
A portion of the workshop floor
should be fitted up as a test bed.
For this purpose two pieces of 9 inch
by 3 inch wood, 12 feet long, are
bolted to the selected portion of the
floor. The pieces of wood should be

T2

Fig.

r

14.—TESTING THE FIELD MAGNET COILS OF
A MOTOR FOR " SHORT CIRCUITS."
A " short circuited" coil is located when

the voltmeter reading across it is low compared with the voltmeter readings across
the other magnet coils.
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Low Reading
Voltmeter
Loading
Resistance
Testing
Terminals
2

Fig. 15.—CIRCUIT CONNECTIONS FOR AN ARMATURE " BAR TO BAR " TEST TO LOCATE A
" SHORT CIRCUITED " COIL.

test run are bolted to these parallel pieces
of wood with coach screws. A motorstarting panel, fitted with a main switch
and fuses, and two motor starters, one
for small motors and one for large motors,
is fixed near the test bed. Cables to give
a supply of testing current are run from
the supply to the panel and these connected to the main switch.
The working benches, the lathe and
the drilling machine should be equipped
with a good selection of tools. Drawing
irons for removing pulleys and two or
three " tommy " bars of different lengths
will be required.
Emergency Tools.
Always have at hand an emergency
set of tools in readiness for use on breakdown jobs. The list of tools would include
a hammer, a cold chisel, a tommy bar, a
crosscut wood saw, a Clyburn adjustable
spanner, large and small screwdrivers,
one pair of cutting pliers with insulated
handles, a file, a piece of glass cloth and
a few cleaning cloths ; also a lampholder wired to about 5 yards of flexible
for rough testing and a pair of rubber
gloves.
MAINTENANCE WORK ON THE
LIGHTING EQUIPMENT.
The Distribution Boxes.
The panels, fuse bridges and contacts
must be cleaned regularly with a soft
dry cloth.
Inspect the cable connections and tighten
up any which are loose.
Examine fuses for signs of corrosion
and loose binding nuts. Renew any
faulty fuses with the correct size of wire.
A list of the circuits and their fusing
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currents should be fixed in each of the
boxes.
Adjust any of the fuse contacts which
are not making good connection with
the fuse bridges. A warm contact will
indicate a bad connection.
Examine the joint between the door
and case of the box ; this should be dustproof. A rubber joint should be provided
if the distribution boxes are ironclad.
The Wiring.
Examine the wiring system in use for
signs of deterioration. Tighten any loose
fittings and renew any wiling the insulation of which is perished or defective.
Examine earth wires for good connection.
Make insulation resistance tests at regular
intervals and keep records of the results
obtained.
The Lamps.
Remove them from the lampholders and
clean the bulbs with a soft dry cloth.
A deposit of sooty grease may be removed
by moistening the deposit with a weak
solution of nitric acid and water, r part
of acid to roo parts of water.
Examine the lamp cap terminals and
the brass cap of lamp. Renew any lamps
having loose terminals or cap. Lamps
with bulbs blackened by disintegration
of the filament should be renewed. Such
lamps are very inefficient.

16.—EARTH TEST OF ARMATURE.
A test lamp which dill take the voltage of the
supply may be used to test an armature for a
" dead earth."
A " dead earth " is indicated when the lamp
glows.
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Suspension Chains and Cords.
Examine chains, cords and
hooks for signs of corrosion
and renew any which are not
safe.
Chains, cords and hooks
which are subject to the action
of corrosive fumes should be
given a coating of acid-resisting
paint.

0

Ceiling Roses.
The terminals and connections to them should be exLoading Resistance
amined for signs of corrosion.
7.2
Loose connections should be
Ammeter
screwed up tight.
17.—TESTING THE RESISTANCE UNITS OF A MOTOR
Any stray ends of flexible
STARTER FOR CONDUCTIVITY AND CURRENT CARRYING
wire from the terminal plates
CAP 'CITY.
The loading resistance is adjusted whilst the starter arm should be removed.
is brought over the studs, so that the ammeter reads the
Renew any ceiling roses
correct loading capacity of the starter.
whose bases are cracked. Examine the fixing screws and
The Lampholders.
renew any screws which are corroded.
Screw the covers up to prevent dust
Examine the connections and the ends
of the flexible wires. Any stray ends entering the interior of the ceiling roses.
should be removed and loose binding
The Switches.
screws tightened up.
Tighten up loose locking rings and note
Examine the fixings and make secure
that the plunger contacts are at right any loose plugs. If the base of the switch
angles to the bayonet slots in the brass is cracked renew the switch.
ferrule or cover. Examine the cord grips
and the flexible wires where they enter
the cord grips.
Renew any lampholders showing signs
of corrosion or serious blackening of the
porcelain interior.
Testing- Supply
Terminals

The Reflectors.
Clean the reflecting surfaces with warm water and
a little soap and dry with
A
a clean soft cloth.
deposit of sooty grease
may be removed by using
the same method as applied
to cleaning lamp bulbs.
Threads of fixing screws
and nuts should be rubbed
with a rag moistened with
paraffin oil.
Glass reflectors or shades
which are cracked should
be immediately renewed.

Testing Supply
Terminals
T2

Loadin Resistance

Lamp

Ammeter

I8.—TESTING THE NO-VOLT RELEASE COIL OF A MOTOR
STARTER FOR THE LEAST HOLDING-ON CURRENT.
A lamp whose resistance is high enough to prevent too
large a current passing through the circuit is used. The
starter arm is brought over to the running position and the
loading resistance is adjusted until the starter arm is released
by the no-volt release coil. The reading of the ammeter is
taken.
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The quick break and make action
should be in good working order. Examine
the spring which controls the action and
renew the switch if the spring is corroded
or the temper gone.
A good connection must be made between the switch blade and the contacts.
The contacts can be adjusted to ensure
this. Heating up of the contacts when
the switch is closed indicates a bad connection. Examine the cable connections
to the terminals
of the switch,
and screw up the
binding screws
which are loose.
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switch engages with the top of the door
when the latter is opened or closed.
Examine the plunger springs and test
them to see they are in working order.
A little light mineral oil rubbed on the
coils of the springs will prevent them
from rusting. The insulation of the
switch parts should be in good condition,
and there should be no possibility of the
bolt which operates the plunger of the
switch to become " alive."

Portable Hand
Lamps.
The thorough
examination at
regular intervals
of portable hand
lamps, the plug
connector and
the flexible wire
is most important.
Especially examine the point
of entry of the
flex into the plug
connector for
damaged insulation, and make
good any defect
Fig. 19.—OVERHAUL OF A MOTOR STARTER PANEL.
immediately.
The contact on the starter arm is cleaned by placing a strip of fine glass paper,
The whole the prepared side uppermost, on the contact studs and pulling over the starter
length of the arm.
flexible wire
should be examined for damaged or General Repairs to Lighting Fittings and
perished insulation. If the flexible is
Accessories.
soaked with oil, renew it at the first
Defective fittings and accessories can
opportunity.
be repaired and renovated in the repairs
The handle of the hand lamp should be workshop at convenient times.
firm and the lamp guard, if made of metal,
The spare parts required for these
should be perfectly insulated from the repairs may partly be obtained by dislamp and lampholder.
mantling fittings and accessories which
have been scrapped.
Lavatory, Telephone Call Box and Store
MAINTENANCE WORK ON MOTORS
Cupboard Switches.
These are generally of the automatic AND MOTOR STARTER EQUIPMENT.
(1) D.C. MOTORS.
type. A plunger which is pressed home
by the tip of the door bolt closes the The Brush Holders.
switch, or a trigger which closes the
Take the brushes out and thoroughly
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Fig.
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20.—ADJUSTING THE OVERLOAD CURRENT SETTING ON A
BREAKER.

D.P. CIRCUIT

the rounded surface of the commutator. If the
surfaces are rough
and show signs
of burning they
should be " bedded " to the
surface of the
commutator with
a piece of fine
glass paper.
Examine the
pig tails for good
connection with
the carbon of
the brushes. Renew any brushes
whose pig tails
are loose.
Worn brushes
should be replaced to prevent
serious sparking.

The tension of the springs which hold the magnet armature from the coil
is increased by turning the adjusting screw.

clean the inside of the holders. The
brushes should slide easily through the
holders when replaced.
Adjust the tension of the brush springs.
A good contact between the brushes and
the commutator is essential.
The " rake " of a set of brush-holders
should be all the same so that the toes
of the brushes on the commutator shall
be in the same straight line.
The position of the brush holders on
one rocker bar should be adjusted so that
they are nearer the armature end of the
commutator than the brush holders on
another rocker bar of the same machine.
In other words, the brushes are " staggered " so that the whole surface of the
commutator will be subject to the pressure
of one or other brushes. This adjustment
will prevent ridges being formed on the
commutator.
The Brushes.
Examine the surface of the brushes
which make contact with the commutator.
They should be perfectly smooth, have
a shiny appearance, and be shaped to

7;
T2 o

Circuit
Breaker

LoadingResistance
--NAWOW
Fig. 2I.—TESTING A CIRCUIT BREAKER.
A circuit breaker is tested for its tripping
current, and the time taken for the switch
to open, when the tripping current flows
though the circuit. The scale on the circuit
breaker is set for the tripping current desired,
and the loading resistance adjusted until the
current through the circuit trips the switch.
The switch is opened, and the circuit
breaker reset. The switch is now closed
again, and the time noted for the circuit
breaker to trip.
The difference between the tripping current
marked on the scale and the current which
is read on the ammeter, to open the switch,
is noted.
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The Brush Rocker.
Examine the brush
rocker and note that it
is in the best position for
obtaining sparkless commutation. If the brushes
are sparking, and yet are
well bedded and making
a good contact .with the
commutator, a readjustment of the brush rocker
position may stop the
sparking.
The best position will
be found by trial, giving
the brushes first a
small " backward lead "
and then a small forward
lead from their existing
position. When the best
position is found screw
up tightly the brush
rocker binding screw.
The Commutator.
Remove all traces of
dirt and grease from
the surface of the commutator with a cloth
soaked with paraffin oil.
Pick out all the copper
dust and greasy deposit
from between the commutator segments with
the sharp tang of a file.
Mica insulation which
is standing up above the
surface of the segments
should be cut down with
Fig. 22.—OVERHAUL OF A CONTROLLER.
a sharp knife.
The connections of the cables to the terminals are tightened up
A
blackened com- and the contact fingers adjusted and cleaned up.
mutator may be cleaned
with a small carborundum block which is up with a keen tool which is firmly fixed
pressed on the surface of the commutator in the slide rest. Do not take heavy cuts,
when the motor is running. Make sure as the tool may dig in and cause the bars
to remove all traces of copper dust, to be displaced, and also produce heavy
after cleaning with a dry cloth.
burrs on the edges of the bars. These
burrs will be difficult to remove. The
Removing a " Flat " from Commutator mica insulation will not be cut away if
Surface.
a heavy cut is taken, but it will bend over
To remove a " flat " from the surface between the surface of the commutator
of a commutator in a satisfactory manner, and the edge of the cutting tool. When
the armature must be taken out of the all traces of the " flat " have been removed
motor frame and mounted between the the surface must be made perfectly
centres of a lathe. The surface is turned smooth with a fine grained carborundum
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bush, and the wear taken up if the bearing
is in two halves.
The Lubrication.
A light mineral oil with a good body
should be used. Examine the oil rings
and note that they move round over the
shaft, carrying oil from the well with them.
Oil should not leak out from the ends of the
bearings. A worn bearing is generally
the cause of this happening.
Sight feed lubricators must be adjusted
to give enough oil drip into the bearings.
Examine the oil holes and clear them of
any dirt which may have collected in
them.
The bearings should be washed out with
paraffin oil about once a month and a
supply of new oil given to the bearing.
The dirty oil which has been run out
may be filtered and used again with discretion.
Grease cups should be examined reguFig. 23.—BEDDING THE BRUSHES OF A MOTOR.
A strip of fine glass paper is placed between the
commutator and the ends of the brushes.
The prepared side of the glass paper is uppermost.
Tension is placed on the brush to be bedded
and the glass paper pulled in the direction of
rotation of the motor. The glass paper is kept
close to the surface of the commutator as it is
pulled under the brushes. The tension of
the brush is released and the glass paper pulled
back again into its original position. The whole
operation is repeated until the face of the brush
is perfectly smooth and is the shape of the
curvaure of the commutator.

block or a piece of fine glass paper fixed
to the end of a block of wood shaped to
the curved surface of the commutator.
Remove all burrs from the edges of the
bars with a smooth file and then scrape
out all the copper dust which may be
embedded in the surface of the mica
insulation.
The Bearings.
Test the bearings for wear. This is
best done by lifting each of the ends of the
motor shaft in turn, first in an upward
direction and secondly in a horizontal
direction, noticing if there is any movement
in either direction of the shaft in the
bearings. A worn bearing should be
immediately attended to. A solid bearing will have to be replaced with a new

Fig. 24.—THE BRUSH HAS BEEN TAKEN OUT OF
THE HOLDER FOR CLEANING AND EXAMINATION
OF THE FACE WHICH BEDS ON THE COMMUTATOR
SURFACE.
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larly. The spring cap which forces the
grease into the bearing should be in
working order.

The Armature Windings and End Connections to the Commutator.
The end connections of the armature
coils to the commutator segments are
subjected to vibration, which makes
them brittle. Examine the connections
carefully and make good immediately
any which have become loose or broken.
The insulation of the armature windings
should be examined for signs of deterioration ; the insulation may have become
hard. In such cases take the armature
out of the case and revarnish the windings
with special armature varnish.
Examine the steel binding wires round
the core which hold the armature windings
in the slots. Renew any which have
broken or become adrift.
The Field Magnet Windings.
A careful examination of the condition
of the insulating tape covering the magnet
coils and the electrical connections of
the windings. If the insulating tape is
hard and brittle the coils should be reinsulated with a new winding of cotton
and Blackley tapes. The work entailed
in doing this is extensive, and a convenient
time should be chosen to shut the motor
down to carry out the work.

Re-insulating the Magnet Coils.
Disconnect the motor drive and take
the pulley or pinion off the motor shaft.
Remove the motor end plate and draw the
armature out of the case. Place armature in a safe place and cover it over with
a sheet so as to exclude dust and grease.
The laminated shoes on the ends of the
magnet poles are unscrewed and removed.
The pole shoes should be marked to ensure
them being replaced in the correct positions.
Now disconnect the magnet coils from
each other and from the terminals.
Identify each connection which is broken
with a suitably marked label. Take out
the wedges from between the magnet
coils and the magnet poles. The coils
may now be taken off the poles. The
defective insulation is then stripped.
Examine the windings and note that the
cotton covering of the wires is not charred

Fig. 25.—OVERHAULING THE CONNECTIONS TO
THE MAGNET WINDINGS OF A SOLENOID "BRAKE "
WHICH ACTS ON THE SHAFT OF A MOTOR.
It is essential that the motor must stop immediately the current is switched off. See Fig. 29
for details of a brake fittcd to the drawing frame
in a cotton mill.
or damaged. Retape the windings with
white cotton tape and give them a coat
of shellac varnish. Finish off with a
winding of Blackley tape. Now replace
the magnet coils on their respective
poles and fix them in position with the
wedges. The pole shoes are then screwed
tightly in their correct positions. Reconnect the magnet coils and carefully
replace the armature. Replace the motor
end plate and check the air gap distances
between the pole shoes and the armature.
If these distances are correct the pulley
or pinion is fixed in its original position
on the armature shaft. Give the motor
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The Terminals
and Terminal
Box.
Examine all
the connections
to the terminals
and tighten any
which have
worked loose.
The insulation
between the terminals and the
terminal box
must be carefully
inspected. Remove any traces
of dirt or dust
which may have
collected on the
insulation.
The Earth Wire.
Inspect
the
condition of the
earth wire and
make sure a good
conne•c.tio.n is
made with it to
the case of the
motor, and to
the general earth
of the factory installation.
Fig. 26.—OVERHAULING AND SCREWING UP THE CONNECTIONS TO AN AUTO
TRANSFORMER STARTING SWITCH PANEL WHICH CONTROLS A THREE-PHASE
A.C. MOTOR.
Note the time lag devices fitted to the switch. These delay the overload
action of release coils which open the switch.
a trial run before reconnecting the motor
drive.

(2) A.C. MOTORS
If the factory
is equipped with
A.C. motors the
majority of them
will be of the induction type.
The maintenance of this type of A.C.
motor is much less than that of the D.C.
motor because they are more robust
mechanically, there is no commutator, and
only low-voltage currents circulate through
the motor.
--0--0--

Fig. 27.—THE BELT IS RUNNING
IN THE RIGHT DIRECTION SO AS TO
PROTECT THE JOINT FROM BREAKING.

Fig.

28.—A LACED BUTT JOINT FOR A BELT.
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The Squirrel-cage
Motor. The Stator.
Examine the condition of the insulation
of the stator coils,
giving
occasionally
them a coat of insulating varnish. The
stator core plates
should always be
tightly clamped. Sometimes these work loose
due to periodic vibrations which may be
set up in them by the
A.C. current passing
through the stator
windings.
Any oil which may
have been thrown out
from the bearings on
to the windings must
be removed.

The Rotor.

Fig. 29.—EXAMINATION OF THE CONNECTIONS TO THE MAGNET
WINDINGS OF AN ELECTRIC STOP MOTION FITTED TO THE DRAWING
FRAME IN A COTTON MILL.
When the cotton sliver which is passing through the roller breaks,
the rollers come into contact with each other. This contact closes an
electrical circuit and the magnet windings are supplied with a
current. The magnet armature is attracted to the core, and the
" stop motion " put into operation, which stops the machine.

Carefully examine
the joints between the
rotor conductors and
the metal end rings.
Large currents circulate through these joints, and a loose or
weak joint will not pass its due share,
which will cause the current through the
remaining joints to be increased, and
probably cause the complete breakdown
of the rotor.

The Bearings.
Inspect the bearings for signs of wear.
This is most important, as the air gap
between the stator core and rotor is very
small, and an appreciable amount of wear
in the bearings will cause the rotor to
foul the stator core. Always renew the

bearing bushes when the wear in them
becomes appreciable.

WOUND ROTOR MOTORS.
The Sliprings.
The connections to the rings from the
rotor windings should be tight. A loose
connection will materially affect the running
of the motor. Keep the rings perfectly
clean and free from oil.

The Brushes.

The tension of the brush springs must
be enough to allow of the brushes making
a good rubbing contact on the
sliprings. The brushes should
slide freely through the brush
holders and should be perfectly
bedded to the curvature of the
sliprings. Tighten any loose connections of the pig tails to the
Driver
Follower
brush holders and loose cable
connections from the brush holders
Fig. 30.—THE CORRECT DIRECTION FOR A BELT DRIVE.
to the rotor starting resistance.
THE SLACK SIDE OF THE BELT IS UPPERMOST.
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Motor - starting Resistances.
The contact studs
should be regularly
cleaned with fine glass
paper, and a trace of
light mineral oil rubbed
over them.
The starter arm contact tension spring should
be examined and the
tension adjusted if insufficient. This contact
is cleaned by inserting a
IIIMIMIlIE9EUEN0150111111115
CIN
IMMMENN
piece of fine glass paper
between the studs and
the contact, the prepared
18"
surface of the glass paper
being uppermost. The
k
C•1
(
arm
is then moved back4wards and forwards over
35.—USING PULLEY DRAWING IRONS.
the contact studs.
A pulley which is fast on a shaft may be drawn off by fixing
The spindle and the
drawing irons to it. Screw up the set screw in the centre of the
spring
which forces the
draw bar until the end of it bears up against the centre of the
starter arm into the
motor shaft. In turn, screw up the nuts on the hook spindles,
tapping the pulley with a hammer at the same time.
" off " position must be
quite clean and a touch
The Brush Lifting and Slipring Short- of light mineral oil given to them.
Test the starter arm to make sure it
circuiting Gear.
Examine the operation of the slide bar will return to the " off " position when
which lifts the brushes and short circuits the current is switched off to the motor.
The " settings " of overload release
the sliprings ; adjust and clean the shortcircuiting contacts of the switch if neces- coils should be checked and adjusted to
the correct overload current.
sary.
Test the working of the overload
General Maintenance of Wound Rotor release. The short circuiting contacts
Motors.
and contact blade should be perfectly
In addition to the attention to the
sliprings and brush gear, always examine
the bearings for signs of wear, the condition of the insulation of the stator
windings and all stator connections to
the terminals of the stator.
THE SWITCHGEAR.
Cleanliness is the most important factor
in the maintenance of switchgear. A dirty
switch contact will introduce a resistance
in the circuit and will reduce the current in
the circuit to a low value, thus preventing
the appliance from operating correctly.
The dirty switch contact will also heat up
and produce arcing at that point. This will
cause the switch contacts and blade to
be burned, and make the switches useless.

33.—THE BRU
Fig.
32.—HOW THE
BRUSHES ARE " STAG- HOLDERS ARE FIX.]
GERED " ON THE COMMU- DIAMETRICALLY OPP
TATOR TO OBTAINUNIFORM SITE TO EACH OTHEI
WEAR OF ITS SURFACE.
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clean. Examine the connections to the
terminals and tighten up any which may
be loose. The earth wire should be
properly connected to the starter case.
The operating handle should be in good
condition and firm. Examine the insulating sleeve between the starter arm and
the handle. This must be in good order.
Main Switches and Circuit Breakers.
The make and break action of main
switches should be carefully examined,
and the operating springs made good if
they are faulty. Clean the contacts and
contact blades and rub them over with a
trace of light mineral oil.
Examine the trip levers of circuit
breakers. The spindles on which they
turn should be lubricated, and the springs
which pull them into their positions should
be in good condition. Check the current
" settings " of the scale and adjust the
setting spring if required. Keep the
contacts and contact blades clean, and
note that the carbon break is in good
order.
Controllers.
The contact fingers should be examined
and any of them renewed which are burned.
Adjust the springs and test the fingers
for making good contact with the segments. Clean the segments with fine
glass paper and remove any traces of
metal dust which may have lodged
between them on the barrel.
The bearings of the barrel should be
lubricated with a little light mineral oil.
Tighten up any cable connections which
have worked loose.
Auto Transformer Starting Switches.
Examine the working of the dash pot
which delays the action of switching over
from the starting to the running position
of the switch. Inspect the cable connections to the terminals and tighten up
any which are loose. Take the cover
off the transformer tank and examine
the condition of the oil in which the
windings are immersed. The insulation
on the wires to the transformer windings
should be in good condition.
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MOTOR DRIVES.
The motor drives should be regularly
inspected and kept in good order. An
inefficient motor drive will produce bad
work and considerable power transmission
losses.
Belts should be kept clean and dry.
No grease or oil should be allowed to
collect on their driving faces.
A leather belt is more durable if the
flesh side is in contact with the pulley,
and the driving power will be as good as
the smooth side if it receives a coating of
dubbin and a coating of linseed oil once
a year.
Belt joints should be regularly inspected
and kept in good condition.
A belt having a spliced joint should
always run over the pulleys in such a
direction that the lower edge of the joint
which is in contact with the pulley faces
will not be turned back.
Laced joints should be kept tight, and
the laces renewed from time to time.
Leather belts should not be used in
damp situations ; a cotton belt is much
more durable and efficient.
Adjustment of Wheel and Pinion Drives.
Wheel and pinion drives should not be
too deep in mesh or they will be noisy,
will produce excessive wearing in the
bearings and cause considerable loss of
power.
Where a raw hide or compressed paper
pinion is used in a drive no oil or moisture
should be allowed to collect on the
pinion. Lubricate with black lead or
French chalk.
Chain drives should be lubricated frequently with a heavy oil. Arrange the
drive so that the tight side of the chain
is uppermost.
Make sure that the alignment of the
driver and driven wheels is correct. If
it is not correct there will be a twisting
action in the chain which will ruin it in a
short time.
Worm and wheel and helical gear drives
often run in an oil bath. Examine the
condition of the oil frequently and clean
out the bath from time to time.
INSULATION RESISTANCE TESTING.
An insulation resistance test should
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be made once a week on each of the main
circuits fed from the switchboard.
The test should be made between
each pole of the main circuits and earth.
Make sure to open the main switch of
each circuit before making the test.
A permanent record should be made of
the results obtained. This will help to
decide the cause of a low test which may
be obtained on any particular circuit,
by consulting previous values of the test
obtained on that circuit.
If a low test is obtained on a main

circuit, make separate tests of each
of the circuits fed from the distributing
box, which is supplied by the main
circuit. In this manner the faulty final
circuit may be located and the wiring or
faulty appliance made good.
In conclusion, to maintain any special
electrical appliances with which the factory is equipped consult the maker's
specification and general instructions relating to the appliance, in addition to
applying the general methods of maintenance described in this article.

QUESTIONS AND ANSWERS
What tools should be kept in readiness
for use in an emergency ?
A hammer.
A cold chisel.
A tommy bar.
A crosscut wood saw.
A Clyburn adjustable spanner.
Large and small screwdrivers.
Cutting pliers with insulated handles.
A file.
A piece of glass cloth and a few cleaning
cloths.
A lampholder wired to about 5 yards
of flexible for rough testing.
A pair of rubber gloves.
How should a circuit breaker be tested
for its tripping current ?
(r) Set the scale on the circuit breaker
for the tripping current required.
(2) Adjust the loading resistance until
the circuit breaker is tripped.
(3) Note the ammeter reading when the
circuit breaker trips. It should agree with
the setting on the scale.
(4) With the switch open reset the
circuit breaker.
(5) Close the switch.
(6) Note the time taken for the circuit
breaker to trip. It should not exceed the
scheduled time limit for the circuit
breaker under test.
How would you remove a " flat " from a
commutator ?
(r, Take the armature out of the motor
frame
2) Mount it between the centres of a
lathe.

(3) Turn up the surface with a keen tool,
taking care not to take heavy cuts. This
will remove all traces of the " fiat."
(6) Smooth the surface with a finegrained carborundum block or a piece
of fine glass paper fixed to the end of a
block of wood shaped to the curved
surface of the commutator.
(7) Remove all burrs from the edges
of the bars with a smooth file.
(8) Scrape out any copper dust or
turnings from between the segments.
How should bearings be tested for wear ?
Lift each of the ends of the motor shaft
in turn first in an upward direction, and
secondly in a horizontal direction, noticing
if there is any movement in either direction
of the shaft in the bearings.
How often should plain bearings be washed
out ?
About once a month and a supply of
new oil given to the bearing.
What are the points to watch in the maintenance of a wound rotor motor ?
(r) The sliprings and brush gear.
(2) Bearings.
(3) Condition of the insulation of the
stator windings.
(4) All stator connections to the terminals of the stator.
In what direction should a belt with a
spliced joint run ?
It should always run over the pulleys
in such a direction that the lower edge
of the joint which is in contact with the
pulley faces will not be turned back.
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LIGHTING IN CHURCHES
By E. H. FREEMAN, M.I.E.E.
HE principles involved in church
lighting are the same as those for
any other building, but their
application involves special problems, and,
as in the case of domestic lighting, the
personal preferences of the authorities
concerned must usually be a deciding
factor in selecting one or other of the
various alternative schemes, any one of
which might provide adequate illumination.
The plan and sections show an imaginary
church, which can be used to illustrate
the problem. As in other cases, the first
step is to work out the total volume of
light required, and it is best to consider

T

15couir

Or

I 1.

P

the nave and aisles separately in case the
system adopted requires independent
lighting units.
Calculating the Number of Lumens
Required.
For the nave we have an area of 20 feet
by 70 feet, or 1,400 square feet, and 4 to 5
candle feet will be sufficient. The nett
lumens will thus be about 6,000 to 7,000.
The allowance for losses is difficult to
estimate as church interiors vary very
widely. Whilst some may have clean
walls of light stone others may have
brick walls darkened with age and old
oak roofs with little or no reflective value.

ip

ao

"'car

Denotes bracket.
Denotes 4-light pendant.
Denotes 1-light pendant.

4

Denotes reflector.
Denotes plug.

Fig. 1.—THE CENTRAL PENDANT SYSTEM FOR LIGHTING A CHURCH.
This illustration shows the plan of an imaginary church with central pendants hanging in the
nave and aisles.
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THE FOUR LIGHTING SYSTEMS
DESCRIBED.
Scheme A.—Central Pendants.
With this design the pendants in the
nave must be suspended as shown in
Fig. 1, opposite the arches, and there
must therefore be five of these. As the
height of the church is great in proportion
to its width, the fittings can be suspended
at such a height as will ensure even illumination. They must be fixed 20 feet apart,
as
will be evident from the plan and the
Fig. 2.—SHOWING ELF VATION TO
" working " height for even lighting should
SANCTUARY
therefore be about 14. feet. Taking the
With central pendant fittings as in Scheme A.
height at which light is required as 3 feet,
Such details must be taken into account the lamps should thus be about 17 feet
in each case, but for purposes of illustra- from the ground.
tion we will assume the walls to be stone
Each of the five fittings must be wired
and fairly light in colour. The gross for lamps with a total of 2,000 lumens,
lumens should then be about 5o per cent. and it is unlikely that any single-lamp unit
over the nett lumens, and a total allowance would be considered suitable. They will
of, say, io,000 should be sufficient. With almost certainly be five or six-light
very adverse conditions this might need electroliers of some kind, and lamp sizes
to be increased to 15,00o, or even more.
must be selected on this basis. References
Similarly, in the aisles we have to deal to lamp tables shows that 40-watt 230-volt
with an area on each side of io feet by lamps give 316 lumens, and 60-watt lamps
70 feet, or 700 square feet, and for each 57o lumens. The total volume of light
aisle the gross lumens required will be required could thus be obtained from
about 5,00o.
fittings with six or seven 40-watt lamps
or four 6o-watt lamps, and the selection
Choosing the System of Lighting.
The next step is to decide the system of one type or the other is mainly a matter
of lighting, and the opinion of the architect of the personal taste of the authorities.
or the church authorities must be given Obviously, the four 6o-watt lamps will
full consideration as to this point. One or give better results as far as illumination
other of four normal schemes will probably goes.
For the aisles it will be desirable to
be found to meet their views : —
(a) With central pendants in the nave " stagger " the fittings and fix them
half way between the nave fittings, i.e.,
and aisles.
(b) With pendants hanging from the opposite the columns. These fittings canarches between the nave and aisles. not be fixed at the correct height for
(c) Using reflectors to provide concealed even lighting as the ceiling of the aisles
lighting fixed in some convenient is only 12 feet from the floor in the centre.
position in the caps of the support- The fittings must be placed as high as
possible and each arranged for 1,000
ing columns.
(d) Bracket fittings of some kind lumens, i.e., three or four 40-watt lamps;
attached to the piers.
These four systems are indicated in the three key plans
below. The numbers of the
fittings to be used on any
of these systems is decided
quite definitely by the plan
Fig. 3.—SHOWING ELEVATION TO AISLES.
of the church.
With pendants hanging from aisles as in Scheme B.
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two 6o-watt lamps would not allow for a be more or less concealed in the mouldings
suitable fitting. The uneven lighting will of the column caps, in window recesses
probably not be of importance as a or in some such position.
considerable volume of light will pass
Schemes of this description are likely
through the arches from the nave fittings to be most successful in very large churches
and compensate for the excessive spacing such as Peterborough Cathedral or Southof the aisle fittings.
wark Cathedral, in each of which such a
scheme has been adopted. In these large
Scheme B.—Pendants Hanging from churches there are special opportunities
Arches.
for concealing the reflectors in the clereIf pendants hanging from the arches story or triforium galleries, which run
are used, 10 such fittings will be required, round the church. Where such features
and they must provide the total illumina- exist there is not only the opportunity of
A5c/./.6w.e. 25 .
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Fig. 4.—ARRANGEMENT FOR USE OF PENDANTS HANGING FROM ARCHES.
tion for the entire church—aisles and concealing the reflectors, but also the
nave—i.e., a total of 20,000 lumens. Each possibility of cleaning the fittings, changing
fitting must thus give 2,000 lumens. lamps, etc., from these galleries. This is
The fittings can thus be similar to those a serious problem in the ordinary church,
proposed for the nave in Scheme A, i.e., and one that makes it frequently impossible
six or seven 40-watt lamps or four 6o-watt to adopt the best theoretical scheme of
concealed lighting.
lamps.
Assuming there are convenient positions
Scheme C.—Reflectors.
for the reflectors, the lighting problem is
If some system of concealed reflectors not difficult. As before, we have to
is to be used, the architectural features of provide some 20,000 lumens, and there
the church need careful attention, as such are ten positions at which reflectors can
a scheme is sure to meet with much be fixed, and at each of these either one
adverse criticism unless the reflectors, or two reflectors might be used. This
which are at best unsightly objects may be decided by the architectural
ro inches to 12 inches in diameter, can details, but otherwise it would give better
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Fig. 5.—ARRANGEMENT FOR USE OF REFLECTORS.
The reflectors, which are io or 12 inches in diameter, should be more or less concealed in the mouldings of the column caps, in window recesses, or in some such position.

results to use two reflectors at each position as indicated in Fig. 5. The number
of reflectors will then be 20 in all, and each
must give L000 lumens. Lamps of ioowatt size give 1,130 lumens each, and
these will therefore be quite suitable.
A scheme of lighting on these lines
would give very satisfactory illumination
for the congregation, who will always have
the lights behind them, but it may be
very trying for the preacher, who will
be looking directly into the glare of the
fittings. For this reason it will of ten be desirable to omit the reflectors nearest to the
pulpit even at the risk of low illumination
immediately below the pulpit. Some system
of dimming all the lights will also be found
preferable to switching off entirely some
of the fittings.
Scheme D.—Bracket Fittings Attached
to the Piers.
The calculations for this scheme are
similar to those above. There are eight
lamp caps in the main area, but some
extra lighting will also be required on
the west wall of the church so that the
lighting points can be taken as io in
number. Once again each must give

2,000 lumens, and probably four 6o-watt
lamps at each position will be most suitable.
It is unlikely that this scheme will be
found satisfactory. The lamps cannot be
fixed as high as those in the pendants in
either Scheme A and B, and it is probable
that in most churches the lamps would
only be io feet or so from the ground and
that at such a height the glare from the
lamps would be considered a definite bar
to the adoption of such an arrangement
of the lamps. It may be possible to
conceal the lamps in the mouldings of the
columns, and in that case the scheme
becomes an adaptation of Scheme C, but
with several small lighting units in place
of one large one at each lighting point.

The Chancel and Sanctuary.
The remaining areas of the building
do not involve special problems. The
chancel and sanctuary will usually have
a lighting scheme corresponding to the
nave, though frequently concealed reflector
lighting can be adopted in these sections,
even if it is not found suitable for the
nave. The screen between nave and
chancel provides an opportunity for concealing the reflectors.
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SCHEDULE OF LIGHTING POINTS. (SCHEME B )
Room
or
Area.
Outside west porch
West porch
Nave and aisles
North entrance . .
South entrance . •
Choir vestry
Clergy entrance
Passage
..
Lavatory ..
Clergy vestry

No.
of
Points.

Type
of
Fitting.

I
I

Bracket
Pendant
4-light Pendants
Bracket (outside)
Bracket (outside)
Pendant
Bracket
Pendant
Pendants
Pendant
Plug
Plugs
Concealed reflectors
Concealed reflectors
6-light centre
Pendants
Plug for reading
lamp
Plug for reading
lamp

I0
I
I
I

I
I

..
Organ
Chancel ..

I

4

Sanctuary ..
Side chapel
Pulpit
Lectern

I

Vestries and Lobbies.
Side chapels, if any, can also be lit
on similar lines to the nave, whilst the
choir and clergy vestries, entrance lobbies
and similar sections need only normal
lighting. Accurate calculations of illumination are not necessary or even possible,
and rough estimates of candle power are
sufficient for practical purposes. An allowance of about r to i 2 watts per square
foot of floor space is sufficiently accurate
for these areas, which are not used in
such a way as to need careful illumination.
SCHEDULE OF LIGHTING POINTS.
Having completed these detailed calculations for the main body of the church,
and the more approximate estimates for
the other parts, a schedule of the lighting
points can be prepared as shown above.
Number of Fuse Boards Required.
It will be seen that the lighting divides
itself naturally into two groups—one
west of the chancel, covering the main
church lighting ; and the other east of
the chancel for the remainder of the
building, and this is commonly the case
with church installations. The switch

No.
of
Switches.

Position
of
Switch.

Watts
per
Fitting.

2

Inside porch ..
Inside porch ..
Near west porch
Near entrance ..
Near entrance ..
Door
..
Door
..
Door
..
Doors ..
Door
..
Near plug
Near plugs
Near organ

6o
6o
2 40
6o
6o
TOO
6o
40
40
Ioo
40
40
150

6o
6o
2,400
6o
6o
100
bo
40
8o
ioo
40
8o
600

2

Near organ

150

600

I

Near chapel

36o

36o

I

On pulpit

6o

6o

I

Near lectern

6o

6o

6
I

I
I

I
I

I

Total
Watts.

controls also follow the same arrangement, and it is generally convenient to
control the lights for the nave from the
west end and the remaining lights from
near the choir. This naturally suggests
two fuse boards near the west porch
and near the vestry respectively. By
adding the loads in each area as detailed
in the schedule it will be found that
these total up to :
West end (nave, aisles and porches),
14 lighting points, totalling 2,64o watts.
East end (chancel, sanctuary, vestries
and side chapel), 20 lighting points,
totalling 2,18o watts.
Cable Distribution Scheme.
Details of the cable distribution scheme
can now be easily calculated. The position
of the supply company's service must be
settled, and this would no doubt be
arranged either in the west porch or in
one of the vestries. Assuming the former
is found suitable, and that the supply is
two-wire, 230-volt, one main switch of
3o amps. capacity (the nearest standard
size) will control the whole load, and as
the total load is 214 amps., the cables
required must be not less than 7/.036,
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Fig. 6.—LAYOUT OF THE DISTRIBUTION SCHEME FOR THE COMPLETE INSTALLATION.

which will carry 24 amps. under I.E.E.
rules. A two-way main fuse board,
15 amps. per way, would be required
near the main switch and sub-mains
run from this to sub-fuse boards one
near the west porch and the other near
the vestries. These sub-mains will carry
12 and 91 amps. respectively, and cables of
3/.o36 section would actually carry these
currents without overheating.
Type of Cable to be Used.
It would be undesirable to cut the
sizes quite so fine as this, and it would
be better to use cables with a small
margin say, using 7/.o29 conductors.
Apart from this, the size must be checked
for voltage drop, and if the length of the
main cable to the vestry board is measured
and the runs of the circuit wires thence
to the lighting points it will be found that
mains as small as 3/.o36 and with the
circuit wiring run with 3/.029 conductors,
will give too high a voltage drop to complywith I.E.E. rules. On such mains alone
the voltage drop would be about 71 volts,
whereas the total drop must not exceed
3 per cent. plus i volt, or 7.9 volts, under
I.E.E. rules. The circuit wiring, fittings,
fuse board contacts, etc., will give a drop

of 2 or 3 volts so that the mains must
give a drop not exceeding, say, 5 volts to
be safe, and the cable section should
therefore be increased to 7/.o36
section.
Fuse Board Circuits.
The fuse board circuits can then be
arranged and a convenient distribution
of the lights would be :—
Porch fuse board :
Nave and aisle
6 circuits (3 per side)
lights ..
i circuit
Entrances
Spare way
i circuit
Total .. 8 circuits
Vestry fuse board :
.•
Chancel ..
.•
Sanctuary
••
Side chapel
Vestries, etc. • •
Spare way
••

i circuit
z circuit
i circuit
2 circuits
i circuit

Total .. 6 circuits
The layout of the distribution scheme
for the complete installation would then
be as shown in Fig. 6.

QUESTIONS AND ANSWERS
What would be a suitable intensity of
illumination for the nave of a church ?
4 to 5 candle-feet.
What special problems are met with in
churches ?
The allowance for losses is very difficult
to estimate. Whilst some church interiors
may have clean walls of light stone,
others may have brick walls darkened
with age, and old oak roofs with little or
no reflective value.
What Four Schemes are Generally Used ?
(I) Central pendants in the nave and
aisles.

(2) Pendants hanging from arches
between nave and aisles.
(3) Reflectors to provide concealed
lighting.
(4) Bracket fittings attached to the
piers.
What is considered the most up-to-date
scheme for large churches or cathedrals ?
The reflector scheme, where there are
special opportunities for concealing the
reflectors in the clerestory or triforium
galleries. Another advantage is the possibility of cleaning the fittings, changing
the lamps, etc., from these galleries.
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THE RECORDING OF SOUND
AS APPLIED TO TALKING PICTURES
By J. I. MARTIN, A.M.I.C.E.
HE methods employed in the reproduction of sound for talking
pictures is dealt with in an earlier
article. The following brief survey is
intended to show the theory underlying

T

largely the outcome of the great
advance made in telephone engineering in
the past decade or so. The application of
the thermionic valve in conjunction with
electrical amplifiers for the purposes of

SLIT
MASK-

HALF TONE EFFECT
PRODUCED WHEN
FORK IS STATIONARY

ONE CYCLE

Fig. r.—How SOUND IS RECORDED PHOTOGRAPHICALLY
ON TO FILM. (I) THE VARIABLE DENSITY METHOD
The alternate bands of light and dal k are shown will
apart for clearness, but if the paper were travelling at
the same speed as that which is used in film recording,
these would be very close together.

the recording of sound on film, and will
enable the practical electrical engineer to
obtain a clear understanding of this
interesting subject.
The recording and reproduction of
sound as an accompaniment to motion
pictures is one of the most phenomenal
developments of recent years. It is

ONE
COMPLETE CYCLE

Fig. 2.—How SOUND IS RECORDED
PHOTOGRAPHICALLY ON TO FILM.
(2) THE VARIABLE AREA METHOD.
In this method the dark band is
not of constant width, but has one
side bounded by an undulating line.

relaying telephone and telegraph signals
over long distance lines paved the way for
radical changes and methods in the recording of sound as used by the gramophone
industry.
Advent of the Thermionic Valve.
Hitherto, the making of records was
a
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greatly restricted by the necessity of the
performer having to be close to the recording mechanism. Up to this time, the only
energy available for converting into mechanical energy for the purpose of cutting the
impression in the original wax record was
limited to that produced by the performer's voice or instrument he was
playing and picked up by the mouthpiece
or horn of the recorder. The advent of the
thermionic valve amplifier and corresponding improvements in microphone design
increased the energy available and opened

AV rip:.
r
.
il

DIRECT ION
OF VISION

The success attained encouraged the
rapid development of other methods of
recording, and very shortly the application
of the photo-electric process of recording
sound photographically on to film became
a commercial proposition.
Whilst the earlier talking pictures were
almost entirely disc recorded, there has
been a gradual change, and at the present
moment film recording undoubtedly predominates.
In order to get a better appreciation of
the methods used in the recording and
ONE REVOLUTION
OR CYCLE

in

Mr/

B
GRAMOPHONE TURNTABLE

F2g. 3.—DIAGRAM SHOWING EXPLANATION OF HARMONIC MOTION.
If the distance between the vertical lines A and B represents the time taken for an object,
revolving at a uniform circular speed, to make one complete revolution, and this distance is
divided into small equal intervals of time, and the distance of the object away from the centre
line is plotted by vertical lines at each of these smaller intervals, a sine curve similar to the
above will result from joining the ends of these vertical lines All pure musical sounds are
capable of being represented thus.

great possibilities, in that it permitted the
recorder itself to be more robust in design,
and removed the necessity or restriction of
the performer having to be close to the
recorder. The performance of large orchestras could be recorded with great
fidelity and equal facility to those of
soloists, and the actual recording could be
done at a point at a considerable distance
away from the players.
First Method of Recording Sound and
Scene.
The simultaneous recording of both the
sound and the scene was but a short
development. At first this was done by
using the same electro-mechanical methods
of recording sound as used in the gramophone industry, and driving both the
camera and the sound recorder together.

reproduction of sound, it may be well to
elucidate some of the fundamental
principles involved.
NATURE OF SOUND.
Sound is a form of physical energy and
is produced by the rapid vibration of
various material substances. It cannot be
transmitted through a medium that does
not possess mass or body, and for this
reason it cannot pass through a vacuum.
How Pitch or Frevency is determined.
The number of vibrations made in a
given time determines the pitch or frequency. The pitch of middle C of the
musical scale represents a frequency of
258 cycles per second. The average human
being is sensible to sounds having frequencies from 20 up to Io,000 cycles per
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second, but the sensitivity is not equal
for the whole range. It is greatest for
sounds whose frequencies are between 500
and 4,000 cycles ; that is to say, for a
given intensity, sounds which may be just
audible over this range would not be
heard if the frequency were to drop
below 500, or to increase above 4,000
cycles.
How Sensitivity Varies.
The sensitivity of individuals varies
considerably, especially in the higher frequency range. If the intensity of a sound
becomes very great, its effect is felt rather
than heard, and if the intensity is great
enough it will cause pain. Again, in this
instance, sounds in the middle range of
frequencies produce the greatest effect.
In Fig. 7 is given a curve representing the range of frequencies and intensities
in which sound is heard.
Harmonic Motion—What It Is.
Pure 'notes are produced when the
vibrations take the form known as the
sine wave, which is very • common in
applied science. This is called harmonic
motion. The motion of the ends of a
tuning fork, when struck, is an example
of approximate harmonic motion, and
this follows the same law as the motion
of a swing or of a pendulum of a clock.
In pure harmonic motion the number of
vibrations or swings in a given time will
remain the same whatever the magnitude
or extent of the vibration or swing.
Another example of this kind of motion
would be given if an object such as a
piece of sugar (or thimble) were placed
near the edge of a turntable of a gramophone and the latter made to rotate at a
uniform speed, and the motion of the
lump of sugar be observed at a distance
with the eyes of the observer on a level
with the top of the turntable. The lump
of sugar or thimble would appear to be
moving from side to side ; when at the
extreme left or right it would appear to
be stationary for an instant and then to
increase in speed as it moves toward the
centre, and it will seem to slow down as
it again moves outwards.
If we were to plot out on a piece of
paper the position of the piece of sugar
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at equal intervals of time as in Fig. 3, and
we divide the line A B, passing
through the centre of the turntable, into
equal intervals of time, and indicate at
each successive interval, by vertical
heights above or below this line, the
distance of the lump of sugar away from

TINNING FORK

a
0
4.1

CURVE TRACED BY
FORK WHEN VIBRATING

MARK RECORDED ON
PAPER WHEN FORK IS
NOT VIBRATING

Fig. 4 —How TO MEASURE FREQUENCY WITH
A TUNING FORK.
If a leg of a tuning fork is fitted with a
pen and held so that the point is just lightly
making contact with a strip of paper which is
drawn at uniform speed in the same direction
as the length of the fork, and the fork is made
to vibrate, a curve similar to that shown above
will result.

the centre and we join the ends of these
vertical lines together, we would get a
curve as shown in the diagram. This
would be a sine curve.
When viewed along the plane of rotation, the lump of sugar appears to have
only one path. We might, therefore, define
harmonic motion as the motion of an
object rotating at a uniform circular speed
when viewed in the same plane as that of
rotation.
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FUNDAMENTAL
2"HARMONIC 3" HARMONIC

Fig. 5.-CURVES PRODUCED BY THE SIMUL TANEOUS PRODUCTION OF THE SECOND AND
THIRD HARMONICS TOGETHER WITH THE FUNDAMENTAL.

How to Measure Frequency with a Tuning
Fork.
If a leg of a tuning fork is fitted with a
stylus or pen, and held so that the point
of the pen is just lightly making contact
with a strip of paper which is drawn at a
uniform speed in the same direction as
the length of the fork, and the fork is struck
and caused to vibrate, a curve similar
in shape to that shown in Fig. 4 will
result. At first the crests or waves will
be well defined, and then will graduallydiminish in height as the vibrations of the
fork die down. The distance from the
crest of one wave to the crest of the next
will remain constant and will represent a
complete vibration or cycle, and the
number of such cycles made in a given
time will be a measure of the pitch or
frequency. In the example, the crests are
shown far apart for the sake of clearness,
but actually in practice it would be
necessary to use a tuning fork having an
extremely low pitch and to cause the paper
to travel at a very high speed or rapid rate
to give such a record.
Musical Sounds.
Musical sounds are, however, not usually
represented by simple sine waves, but
most of them can be analysed and proved
to be combinations of a number of simple
sine waves. The characteristic quality or
tone given to a particular note when
played by various instruments is due to
the production of harmonics simultaneously
with the fundamental note. Harmonics

are vibrations whose frequencies are
definite multiples of the fundamental or
principal note. The tones produced by a
violin for example, are particularly rich in
harmonics. In Fig. 5 are given the curves
produced by the simultaneous production
of the second and third harmonics together with the fundamental, and in
Fig. 6 we see the resultant curve produced
by the combination of the three separate
sets of vibrations.
Speech Sounds.
Speech sounds are usually very complex
in their composition and it is only the
vowels which have any semblance to being
musical in character.
TRANSMISSION OF SOUND.
When sound is produced in a medium
of uniform density it tends to radiate
equally in all directions, in the form of
waves of compression and depression:
Everyone is familiar with the effect
produced by dropping a stone in the
middle of a still pond. Waves are produced
which move in increasing circles towards
the edges of the pond. The height of the
waves gradually diminishes as the distance
they have travelled becomes greater.
The body of the water itself has not
moved outwards, as we know by watching
the motion of a cork or other object which
may be floating on the surface ; the cork
tends to remain in the same place. We
can conceive the surface of the water as
an elastic medium, and the crests of the
waves as zones where the material has
become stretched, and the troughs as
zones of compression. The stretching at

COMBINED FUNDAMENTAL 2ND & 3RD HARMONIC

Fig. 6.-RESULTANT CURVE PRODUCED BY
THE COMBINATION OF THE THREE SEPARATE
SETS OF VIBRATIONS SHOWN IN FIG. 5
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the crests being equal to the amount of
the compression in the troughs, the surface
as a whole has not moved forward ; it is
only the zones which have travelled
towards the edges of the pond. In this
example, the motion has been limited to
the plane of the surface of the water,
whereas we must conceive the transmission
of sound as spheres of a densely compressed
medium interspersed with spheres of a
stretched medium continually increasing in
size and radiating from a central point.
How to Find Out the Length of a Sound
Wave.
Sound normally travels at a speed of
about 1,13o feet per second in air of
normal temperature, and the speed is
independent of the frequency. The length
of a sound wave varies inversely with the
frequency, and can easily be determined
thus :—
L (Length of one complete cycle or
wave) x N (number of waves or cycles per
second) = 1,13o (the distance travelled
by sound per second).
Therefore L — 1,13o feet
If N =
5o cycles L = 22.6 feet.
If N = r,000
L = r.I3 feet.
If N = 5,000
L = 2.7 inches.
Reflection of Sound.
Sound can be reflected in much the same
way as light, and when sound waves
impinge on to large flat surfaces such as
the side walls of a theatre, they are
reflected off at an angle approximately
equal to the angle of the impinging beam
and the wall. The continual reflection
back and forth between the walls and
ceiling tends to sustain the sounds, and
results in what is known as reverberation.
A certain amount of reverberation is
necessary for good hearing. A building
possessing a large number of hard reflecting
surfaces usually has very poor acoustic
qualities, as the reverberation is excessive.
Effect of Sound on Uneven Surfaces.
When sound impinges on uneven surfaces it becomes dispersed. Small surface
irregularities will break up sound of short
wave length or high frequencies and
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large cavities will break up the longer
wave lengths or sounds of lower frequencies.
Absorption of So-and.
Sound can be absorbed in much the same
way as light can when it falls on objects
of dark hue. • If a room is filled with dark
drapings, it will require a greater amount
of illumination.
The physical form and the nature of the
material of which the walls of a room are
made, will play a very important part in
the absorption of sound. Here again, the
effect will not be the same for all frequencies.
Conversion of Sound Energy.
If a tuning fork is struck in the vicinity
of a microphone, vibrations of the fork
will be transmitted by sound waves
through the air, and on reaching the
microphone will be translated into electrical impulses. Provided the microphone
is one of good quality and is connected to
a well-designed amplifier, the resultant
impulses will vary in exactly the same
way as the vibrations of the fork. If now
the output of the amplifier be connected
to a pair of headphones or loud speaker,
the same note of the tuning fork will be
heard, but the sound will be louder, that
is, its amplitude will be increased, but
there will be no change in its characteristic
quality.
If instead of connecting the
output of the amplifier to a pair of headphones we couple this to a gramophone
or disc recorder, it will be found that the
spiral grooves cut in the surface of the
wax record will be wavy in shape, and
will follow out a similar path to that
shown in the previous example of the
tuning fork and travelling strip of paper,
except that the normal line of travel,
which, in the first example was straight,
will in this case be circular. If the recorder
be replaced by a sound box or reproducer,
and the wax record made to revolve at
the same speed as during the recording
process, the note of the tuning fork will be
reproduced. Records for use on ordinary
gramophones are usually 10 inches or
12 inches in diameter, and are recorded
at a speed of 78 r.p.m. The record starts
from the outside and finishes near the centre.
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edges come very close to one another
leaving a narrow slit or gap between them,
as in Fig. Z. If the fork is now struck
the ends will vibrate in such a way that the
gap between the pieces of pasteboard
alternately opens or closes.
If now a beam of light is concentrated
on to one side of the pieces of pasteboard
and a strip of photographically sensitive
paper is placed on the other side and this
is drawn or moved at a uniform speed in
a direction at right angles to the length of
the fork, it will be found that the paper
will have become darkened by being
exposed to the light which had been
transmitted through the gap between the
edges of the pasteboard strips. If the
fork is now struck and caused to vibrate,
How the Recording is Done.
In both cases the recording is actually the paper will have horizontal strips of
dense black gradually shading off into
done on flat circular cakes about
to 2" thick, made of a specially fine grade strips of very light density, and this will
metallic soap. This cake is very ac- be repeated, at regular intervals. In
curately machined on both sides, using a Fig. i the alternate bands of light and
ruby or sapphire tool. The end of the dark are shown well apart for clearness,
working arm of the recorder, which is but if the paper were travelling at the
fitted with a sapphire or ruby cutter, same speed as that which is used in film
moves from side to side in a plane recording, these would be very close
at right angles to the direction of motion together. With a paper speed of 9o' per
of the wax, in accordance with the direction minute, and the tuning fork pitch representing middle C, which is 258 cycles
and amplitude of the electrical impulses.
per second, the distance between adjacent
bands of light and dark, representing one
FILM RECORDING.
There are two outstanding methods complete cycle of vibration, would be
used for recording sound photographically calculated as follows :—
' 9o'
on to film. One is known as the variable
9o'imin.-=
or II' or 18" per second.
6o
density and the other the variable area
During this length there will be 258
system. There are other methods which
complete cycles or strips of dark and
are variations or combinations of both
light. Therefore, one cycle will be
these two. Over 8o per cent. of recording
represented by a distance of
to-day is done by the variable density
18"
method. It has already been explained
0 or approximately .07 of an inch.
how a visual record of the motions of the
25o
end of a tuning fork can be recorded on
to a moving strip of paper and an expla- Variable Area.
Suppose a piece of pasteboard is
nation will now be given of how a photographic record can be obtained by both attached to one leg of a tuning fork as in
the variable density and variable area Fig. 2, and the ends of the fork are placed
close to a mask M having a small narrow
systems.
slit S, so that the pasteboard covers
Variable Density.
about half the width of the slit. If a
When a tuning fork is struck, the ends beam of light is concentrated on to the
of the fork alternately move towards and mask M so that it covers the whole width of
away from one another. Suppose two the slit, and a piece of sensitised paper is
light strips of pasteboard are attached to drawn close behind the mask and in the
the ends of a tuning fork so that their same direction as the length of the fork,

Motion Picture Sound Records.
Records for reproducing sound for
accompanying motion pictures are usually
IV in diameter, and the record starts
near the centre and finishes at the outer
edge, and is recorded at a speed of 33
r.p.m. The track is started from the
centre of the record so thL the needle
may be better able, while it is new, to
follow the undulations of the track,
which being shorter near the centre of
the record, have the undulations closer
together. When the needle is nearing
the end of the record and has become
worn, the undulations are longer and
the needle can more easily follow them.
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Fig. 7 —CURVE REPRESENTING THE RANGE OF FREQUENCIES AND INTENSITIES IN WHICH SOUND IS
HEARD.

Sounds, which for intensity and frequency come within the area enclosed by the two lines
representing the threshold of audibility and feeling, are sounds which are audible to the
average human ear, and sounds outside this area are either inaudible or produce the sensation
of pain rather than hearing.

that portion of the paper which had been
exposed to the light (which has passed
through the uncovered portion of the slit S)
would be indicated by a dark band, whose
width would be equal to half the width
of the slit.
If the fork is now struck, the ends will
vibrate in the same direction as the plane
of the mask M. This would cause the
piece of pasteboard to cover more or less
of the slit, according to the position of the
end of the fork at any particular instant,
with the result that the dark band would
now no longer be of constant width, but
would have one side bounded by an
undulating line as in Fig. 2.
The shape or contour of one side of the
line of demarcation between the light and
dark portions of the paper will be the same
as in the example previously given of the
tuning fork with the pen or stylus attached
to one end. This would be an example of
recording the motion of a tuning fork by
the variable area system.
As in the previous examples, if the

speed of the paper is constant, the distance
from the crest of one wave to the crest
of the one adjacent would be constant
for a given tuning fork, although the
height from the trough of a wave to its
crest will gradually grow smaller as the
vibrations of the fork die down.
Practical Variable Density Recording.
In the system that is most commonly
employed, the place of the tuning fork
is taken by what is known as the
light valve. This controls the light
received from an incandescent filament lamp, after passing through a condenser and lens, in accordance with the
electrical impulses picked up by the
microphone. It consists of a metal
ribbon 4 mils wide by 2 mil thick,
stretched over an insulated bridge, and
placed between the pole faces of an
electro-magnet in such a way that the two
sides of the loop are normally mil apart.
The ribbon loop is adjusted to have a
natural frequency of vibration in the
neighbourhood of ro,000 cycles. The
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smaller dimensions of the ribbons are in
the same plane. The operation of the
valve is such that when a current passes
through the loop in one direction, the two
ribbons move away from one another,
thus allowing more light through ; when
the current is reversed they tend to come
closer together, thus shutting off the light.
After passing through the valve the
light beam passes through a lens and is
concentrated on to the film as a narrow
slit of light zoo mils wide and varying in
thickness from nearly zero to a maximum
of i mil according to the modulation,
but having a value of 1, mil when there is

that portion of the film upon which the
sound record is made, there is a gap
extending over the entire periphery and
mounted inside the drum between the
flanges opposite this gap is a photo
electric cell, which will be referred to later.
After passing over the recording drum B
the film again passes under the main driving drum A and thence on to the
lower magazine. Between the two drums
A and B are pivoted idler rollers which
maintain a constant tension on the film
during its passage through the machine.
The photo electric cell is subjected to
the modulated light after it has actually
-J
U0

1111/1
LIGHT OF
CONSTANT
VALUE

LENS

44
1
1W."
0
1:0
LENS

CONDENSER
LIGHT VALVE

Fig. 8.—How VARIABLE DENSITY RECORDING IS DONE IN PRACTICE.
After passing through the valve the light beam passes through a lens and is concentrated on to the
film as a narrow slit of light.

no current passing through. The arrangement is shown in Fig. 8.
The Film Recorder.
The film recorder consists of a lighttight metal box. The film is drawn from
the top magazine over an idler roller on
to the main driving drum A, in Fig. 8,
which is provided with sprocket teeth,
and is driven by a synchronous motor.
From there it passes on to the recording
drum B, where it receives the modulated
light beam. This drum is coupled to the
first drum A through a special mechanical
filter device, in order to damp out any
small mechanical vibration or any unevenness in the driving torque. This drum
is provided with sprocket teeth which
engage with the holes in the sides of the
film. Between the sprockets and opposite

passed through the film. Although the
intensity of the light transmitted through
the film is greatly reduced, amounting to
only about 5 per cent. of the original
value, the character of its modulation is
not fundamentally changed. The changes
in the amount of light falling on to the
cell are converted into electrical impulses
which are amplified by means of a special
amplifier provided at the back of the
recorder. The output is taken to a loud
speaker or headphone in the monitor or
control room. By this means the engineer
obtains an exact replica of the sound as it
has actually been recorded on the film.
Another Method Using Variable Density.
Instead of- using a source of light of
constant intensity and interposing between
this and the film an electro-mechanical
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device for modulating the beam, the light
valve is entirely dispensed with, and a
special gaseous type of lamp is used in
place of the incandescent type used in the
previous example.
In this case a light of varying intensity
is used in conjunction with a slit of
constant width.
There are no moving parts. The aeolight as it is called, obtains its current
from a source of constant voltage. Inserted in its circuit is a transformer
through which the amplified speech currents from the microphone are passed.
These speech currents produce changes in
the normal voltage applied to the aeolight,

Variable Area Recording.
In one particular application of this
system of recording (see Fig. 9) a very
small mirror about 8o mils long and
16 mils wide is attached to a vertical loop
of metal ribbon 5 mils wide and 1- a mil
thick, which is stretched between the
poles of a powerful magnet. A beam of
light is directed on to the mirror and
this is reflected on to one side of the film.
By a system of masks and lenses the beam
is concentrated into a narrow slit of
light. The free ends of the loop are connected to the output of the recording
amplifier. In the normal position when no
current is flowing through the loop, the

11
MIRROR
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LIGHT OF
CONSTANT
VALUE

LENS
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FROM
AMPLIFIER
LENS
I 1$
CYLINDRICAL
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LENS
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Lt.
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CC

LOOP OF
METAL RIBBON

Fig. 9 —A TYPICAL ARRANGEMENT FOR VARIABLE AREA RECORDING
Note especially the very small mirror, about 8o mils long and 16 mils wide, which is attachcd to
a vertical loop of metal ribbon which is stretched between the poles of a powerful magnet.

producing, in turn, corresponding changes
in the intensity of the light emitted.
The light passes through a slit .8 mil in
width engraved on a piece of silvered
quartz. In front of the slit is placed
another piece of quartz against which the
film passes. This second piece of quartz
is tosprotect the slit and is about i mil in
thickness opposite the slit. The two
pieces of quartz are secured in a metl'l
assembly which is rigidly attached to the
aeolight.
The apparatus required for this system of
recording is very compact and does not
require such rigid support as that usually
required. For this reason it lends itself
for portable use in conjunction with news
reel work, but it does not find much
application in the studio.

beam of light is masked to about half its
normal width, i.e. 35 mils. When sound
is being recorded, the width of the beam
directed on to the film becomes greater
or smaller than the normal, till at one
instant it may be occupying the whole
width of the sound track, and at the next
may have no width at all.
How So Ind is Synchronised on the Film.
When sound is recorded on film the actual
sound record is 14 inches in advance of
the scene to which it relates. The reason
for this is that during its passage through
the camera, or the reproducing projector,
the film is moving intermittently, i.e. it
remains stationary for a fraction of a
second and then moves forward to expose
the next picture, and it is essential for
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sound recording and reproducing purposes
that the film be moving at a uniform
speed. Having the two records this
distance apart does not interfere with the
synchronism, provided that the distance is
kept the same during recording and
reproduction, and it has the advantage
that it permits the sound unit being
placed in a position where it does not
offer any obstruction to the picture
projection.
In order to get a combined record of
both the sound and the scene, a portion
of the space previously occupied by the
scene has to be sacrificed to accommodate
the sound record. This consists of a
narrow band on one side extending the
whole length of the film, having a width of
about 70-80 mils.
It is usual practice for the actual
recording of the sound to be done on an
entirely separate film. Positive stock is
used for this purpose in preference to
negative material, as the grain of the
emulsion of the former has a finer
texture.
Simultaneous Process.
The processes of recording the sound
and photographing the scene take place
simultaneously, and in order that there
shall be absolute synchronism between
them all, the motors for driving the
cameras and the recorders are of the
synchronous type. Special provision is
made to ensure that they keep in step
from the moment they are switched on.
Furthermore, special devices are provided
to ensure that the speed does not vary
more than a fraction of i per cent. at any
time.
While a shot is being taken, an engineer
is in charge of the sound apparatus. He
is located in a sound-proofed position
where he can command a view of the
action taking place. He controls the
sound input from the various microphones
(if there are more than one). A monitor
horn and headphones are provided which
are connected in to the recorder or recording amplifier.
When the separate records of the sound
and scene are developed, they are printed
separately on to a third positive. The
sound part is printed first.

SILENT RECORDING.
Engineers directly concerned with the
actual recording processes, and research
workers engaged in associated industries,
are continually introducing improvements
in the technique of recording, but the outstanding recent development is the introduction of what is called noiseless film
recording.
One of the greatest defects which has
existed in the presentation of talking
pictures is due to the presence of what is
called surface noises. The presence of
these extraneous noises which are due to
defects in the quality of the film, amplifier,
lamp and valve noises, etc., becomes
particularly noticeable in silent passages
or when the recorded sounds are low in
level, and tends to destroy the illusion. In
the older methods the intensity of most of
these extraneous noises remained at a
constant level and was independent of the
intensity of the sounds which were being
deliberately recorded. The new process
aims at allowing the extraneous noises to
attain their maximum value only when
the intensity of the sounds being deliberately recorded is also at its greatest value,
and to suppress the extraneous noises as
the intensity of the desired sounds
diminishes.
In both systems of variable area and
variable density recording already mentioned, provision is made that during
silent passages there shall be practically
no light allowed to pass through on to the
film and when sound is being recorded the
amount of light allowed to pass through is
only sufficient to allow for the modulation
required at any particular instant.
This result is achieved by giving the
light beam a bias and varying the amount
of this bias in accordance with the modulation at any particular instant, by rectifying a portion of the speech current and
either passing the resultant D.C. through
the ribbon of the light valve or galvanometer, or by utilising this rectified current
to control a mechanical shutter.
HOW SOUND IS MEASURED.
As the processes of recording and
reproduction of sound involve changes
from one form of energy to another and
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vice versa and the ultimate result of all intensities of sound are produced by
our efforts has eventually to be experienced corresponding changes in the inputs and
by the human ear, it is important that we outputs of associated electrical apparatus,
have some understanding of the relation- such as amplifiers and volume controls,
ship between the sensation of loudness etc., and it will readily be understood that
and the intensity of the sound expressed as it will be of advantage if we represent
these changes as logarithmic ratios, for in
mechanical or electrical energy.
If we cause eight similar tuning forks to this form their value will be directly
vibrate and after listening for a short time appreciated by the human ear.
There is a further advantage in adopting
four of them are suppressed, the average
human ear will just appreciate the change such a scale to represent power ratios, for
in loudness, and if two of the remaining four when we want to determine the effect of
are suppressed, the change will again only the combinations of a number of amplifiers
just be noticeable, and if one of the and resistance networks, such as volume
remaining two is stopped from vibrating, controls, etc., in series, we have only to
the change in loudness will be regarded as deal in simple additions and subtractions,
instead of having to multiply the individual
the same as in the previous instances.
gains and losses together, which would
Loudness and Intensity.
often result in figures of such magnitude
From this we can gather that the that they become meaningless.
An arbitrary standard has been fixed
relationship between the sensation of
loudness and the actual intensity of the by international agreement which is called
sound is not a simple one, but we can the bel, and this is equal to the logarithm
deduce from the above example that of the ratio of two powers one of which is
equal changes in loudness are produced ten times that of the other.
(Pr)
when the intensity is changed by a fixed
A bel = log10 — where Pr = ro P2.
ratio or proportion. This can be proved
(P2)
to be equivalent to saying that the change
The practical unit of gain or loss is
in the sensation of loudness is proportional one/tenth of this and is called the decibel
to the logarithm of the ratio of the and therefore :
intensities involved in the changes.
N (in decibels) = zo logo —
This relationship, however, does not
P2
hold strictly true for extremes of fre- when Pi and P2 represent the power outquency or intensity.
puts and inputs respectively.
Example : If an amplifier has an output
Changes in Pitch.
of 20 watts and an input of Z watt, its gain
While not strictly relevant to the in db. =
subject in question, there is another
(20)
io log10
=10 x 1.301
capacity in which the ear recognises this
same relationship, and that is in its
=
13.01
db.
response to changes in pitch. The ear and again a power ratio of
2 : I represents
regards as equal changes in pitch those
a
change
of
3
db.
approx.
which are proportional to the logarithm of
When we express the ratio of input to
the frequency. Thus the frequencies output
in current or voltage, the above
represented by the same note played in
different octaves bear a logarithmic ratio becomes N (in db.) = zo logio
or
12
to one another. It is for this reason that
, VI
it is now universal practice to use a
N (db.) = 20 log V2
logarithmic scale for frequency characteristics. In this connection we would refer as power is proportional to the square of
the current or voltage for a constant
the reader to the curve in Fig. 7.
Now reverting back, changes in the impedance.
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TIN, LEAD, ZINC AND THEIR ALLOYS
IN ELECTRICAL WORK
By A. W. JUDGE, A. R. C. Sc., D. I. C., WHITWORTH SCHOLAR
TIN.
Fuse Wires.
IN is an important metal in electrical
Tin also forms one of the metals of fuse
engineering work, although it is wire, lead being the other metal. In this
hardly ever used in its pure metallic connection a well-known electrical fusestate, but as an alloy with other metals wire alloy consists of 75 parts lead and
such as copper, zinc and lead.
25 parts tin. A wire of 16 S.W.G. will
Tin in the pure form is a silvery-white fuse with a current of 16 amps., whilst
soft metal, capable of taking a high polish one of 20 S.W.G. will break down with
and resisting corrosion to a marked 7 amps. It may be of interest to mention
degree. It is rather lighter in weight here that fuse wires of this alloy for fusing
than copper, the specific
currents of 4, 5 and 6 amps.
gravity being about 7.35. It
require to be of 23, 22 and
is one of the weak metals, for
21 S.W.G. respectively.
BRASS.
it has a breaking strength in
Bronze and Gunmetal.
tension of only 1.25 tons per
square inch; i.e., it is about
Tin also forms an important
one-sixth the strength of alu- TIN FOIL
GLASS. constituent of bronze and
minium.
gunmetal, castings of which
Further, tin has a low meltare used for various electrical
ing point, namely, 232° C. ; it
purposes where great strength
N.
is readily melted in an ordinary
and good electrical conductivity
blue, or Bunsen, gas flame.
are required.
Having briefly reviewed the
Hardening Effect of Tin.
metal itself, let us now consider
some of its electrical appliCopper by itself is a relatively
cations.
weak metal that cannot be
In the first place, tin can be
cast satisfactorily. By hamrolled or beaten out into very
mering it, however, it can be
thin foil, one use of which is for Fig. 1.—A LEYDEN JAR. hardened to some extent, but
is used for storing
plates of fixed condensers, with Thiselectric
this effect is not, of course,
charges.
mica, glass or bakelite as the
applicable to castings. The
insulating member.
ancients, in their quest for a
The Leyden Jar.
harder metal than copper, discovered that
The well-known Leyden jars used for tin ores when melted with copper gave a
storing charges of static electricity have much harder and whiter metal, suitable for
tinfoil plates for the positive and negative weapons and tools—this was the beginsurfaces. One of the plates is given a ning of the bronze era of history. It is
positive and the other a negative charge interesting to note that a number of
from a static friction machine, such as the Roman bronze swords and tools that have
Wimshurst type. By connecting the two been analysed in recent times showed an
tinfoil surfaces with a wire, held in a glass- average composition of 90 parts copper
insulated handle, ie is possible to get a and io parts tin. This corresponds to
powerful spark dut to the discharge (see our modern gunmetal with 8 to 14 per
Fig. I).
cent. tin and the rest copper.
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Tincoated Steelplate.
Another application of tin is as a protecting coat for iron or steel, the coated
sheets being known as tinplate.
Electrical Bearings.
Many of the bearings of electrical plant
consist of brass or bronze shells lined with
white metal. The latter is an alloy consisting usually of copper, tin and antimony ; the latter constituent has a hardening effect on the alloy. A typical bearing
metal of this class consists of tin 78 parts,
copper io parts and antimony 12 parts.
These bearing metals when used for
lubricated steel shafts have a very low
coefficient of friction, due partly to the
very high surface polish they give and
partly to the slightly
yielding nature of the
metal; the latter
property enables the
bearing metal to accommodate itself to the
shape of the shaft.
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have already seen that it is used in fuse
wire and solders. Lead is a soft heavy
metal of specific gravity 11.34, and
melting point 327° C. It has little
strength in tension, but can be beaten
out, or extended, readily into various
shapes. Thus it can be squeezed out
through dies into pipes and tubes, which
can be bent with little effort.

Lead-sheathed Cables.
Lead sheathings are used to protect
electric cables since the lead itself when
exposed to the atmosphere forms a
protective oxide and no further corrosion
occurs. Lead-sheathed single, twin and
multiple-strand insulated electric cables
are much used in electric wiring work,
both for buildings and
underground work.
The advantage of
lead-sheathed wires for
domestic wiring purposes lies in the protective action of the lead
casing, and the great
Tin Solders.
flexibility of the latter ;
it is thus possible to
Before concluding this
make fairly sharp bends
brief account of tin as
or turns without injuring
an electrical engineering
the casing or insulated
metal, mention should
be made of the fact that Fig 2.-EXAMPLES OF LEAD SHEATHED wires inside. Moreover,
the lead can readily be
tin forms an important
CABLES USED FOR HOUSE WIRING.
cut with a knife, when
constituent of solders for
it is required to bare the
various purposes. Thus
the ordinary tinman's solder, so widely used insulation ; it can also be soldered readily
in electrical work, contains about 2 parts in the case of water-tight joints.
Lead is a poor conductor of electricity
of tin to i part of lead. Plumbers'
solder, such as that used for lead-pipe work, and also of heat ; compared with copper
consists of i part tin and 2 parts lead. it has about 13 times this metal's
There is another solder, known as Medium electrical resistance. Lead is an imporSolder, which consists of equal parts of tant metal in connection with the plates,
grids and electrodes of lead-acid cells.
tin and lead.
The die castings frequently used in
ZINC.
electrical work for complicated parts
of instruments and electric meters, electric
Zinc is another metal used to a certain
fans, and certain domestic electrical extent in electrical work, although chiefly
apparatus, usually contain tin as a in the alloyed state with other metals,
constituent ; a typical 'alloy consists of e.g., copper, lead and tin.
zinc, tin, copper and aluminium.
Zinc is a white metal with a slightly
bluish tinge, but it is soft in nature.
LEAD.
It is neither ductile nor malleable, being of
Lead is another metal that has many a somewhat brittle nature. For example,
electrical applications principally as an a commercial slab of zinc can easily be
alloying member with other metals. We broken with a hammer and it gives a
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coarse crystalline fracture. Zinc wire can,
however, be drawn to give a tensile
strength of 8 tons per square inch. It
melts at 419° C. and boils at 906° C. It is
a poor conductor of electricity and
heat.
Zinc Electrodes in Cells.
Zinc is of special importance, electrically, in connection with the plates of
primary cells, e.g., Leclanche and the dry
batteries used for electric
bells, torches and wireless
work. Only the pure
grades of zinc are used
for this purpose. Zinc
also forms an important
constituent of brasses as
is described in a later
article on Copper.

Die-castings.
Zinc is also used as a constituent of
alloys used for the die-castings employed
in electrical instruments and meters.

Mazak Castings.
Very strong die-castings of this class
can now be obtained by a process known
as the Mazak. This contains about 93 per
cent. zinc, 4 per cent. aluminium and
3 per cent. copper. It has good electrical

Zinc Coatings.
Another important application of zinc is that of
coating iron sheet, wire,
castings, etc., as a protective measure a g a ins t
atmospheric corrosion.
Many electrical fittings
which have to be made
of iron or steel for
reasons of strength and
to be exposed for long
periods to the corroding
influence of town or sea
air are now protected
Fig. 3.—A COMPLICATED DIE CASTING IN MAZAK ALLOY.
by coating with zinc ; this
is known as the galvanising process. and mechanical properties. The die-castThe thoroughly cleaned iron or steel ings in Mazak give very sharp impressions
articles are usually dipped into baths of the dies. Laminated pole pieces can
of molten zinc and then allowed to drain be made an integral part of the casting
the surplus metal off. In another process, and such parts are now being used in
known as the SchooPe, the molten zinc electrical work. Mazak die-castings are
is sprayed on to the iron by compressed also employed for electrical instruments,
air, using a spray pistol for the meters, small electric motors, magnetos
and similar parts.
purpose.
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REPAIRS TO ELECTRIC COOKERS
By F. H. HOWELL

Fig.

I.—METHOD OF REMOVING THE FOUR-PIN BOILING PLATE FOR REPAIRS.

If it is to be returned to the manufacturers, it should be sent back complete with undercover.
This illustration also shows the adjusting screws, one on the extreme left, just under the little
finger of the electrician, and the other two on the extreme right. These screws enable the height of
the boiling plate, when fitted, to be adjusted, so that it is dead level with the hob, ensuring perfect
contact for the utensils.

T is quite a fixed idea in the minds of
many people, even electricians, that
electric cookers are constantly going
wrong. This is quite a fallacy ; the
author has had an electric cooker in
use for nearly 20 years and only on one
occasion, and that pre-war, has the dinner
stopped cooking, and then the fault was
due to an interception of the supply.
Even if one hotplate fails completely
there is in most modern cookers a second
hotplate or grill boiler, while it is almost unprecedented for the oven to fail
entirely.
In a previous article beginning on
page 845, mention was made of one type

I

of cooker with fixed terminals in the
elements and a removable oven ; there
is another type, i.e., with fixed oven interior
but plug-in elements. Fig. 5 shows a
" Dolphin " cooker, which is a good example of this type.
How the Oven is Fitted in.
In this cooker the oven interior or
inner lining is fitted to the outer lining
and the intervening space is packed
tightly with a species of asbestos wool
and then cemented round the front edges.
As the interior is in one piece it is impossible
for any fumes or moisture to get at the
lagging. The door is finely machined,
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Fig. 2 (Left).—THE
WIRING FROM THE
HART SWITCHES WITH
SIDE ENTRY CONNECTIONS TO THE ARTIC
FUSE.
This photograph is
taken with the side off
and the hob lifted.

Fig. 3 (Right).—THE
BUSBAR WIRING TO
THE BOILING PLATE
SOCKETS.

Showing the cooker
with the hot-cupboard
sides and back removed. The view
shown in Fig. 2 is
behind the switchplate
on the left-hand side
of this illustration.

REPAIRS TO ELECTRIC COOKERS

969

Fig. 4.—THE COOKER WITH THE HOB LIFTED, AND THE SIDES AND BACK OF THE HOT-CUPBOARD
REPLACED.
This shows the sockets for the grill and boiling plate, and another view of the terminals of the
cooker shown in Figs. I and 2.

hence the oven is air-tight when the door
is shut, except for the ventilator, which
is necessary to allow steam from cooking
to escape.

Position of Switches and Fusel4
The switches are all at one side and
are dust proof, space for a kettle plug
is provided on the switch plate immediately
under the hob, while the fuses are found
immediately underneath the switches in
the same order.

Maintenance Notes.
These cookers are easily maintained.
Fig. z shows the removal of a hotplate
and at the same time, shows, too, the four
pins, one being an earth pin. 'The hotplate has a cast-iron undercover and the
makers ask, in the event of an element

failing, for the complete unit, i.e., hotplate
and undercover, or in the case of oven
elements, the sheet metal cover and
under-tray, to be returned. This makes
any repairs on the spot practically negligible. The makers, of course, return the
complete element, charging only for any
parts replaced if the element in question
is out of guarantee.

Renewing a Fuse Wire:
The fuses are easily " get-at-able,"
it being only necessary to remove the
white enamel fuse plate, take out the fuse
and renew' the fuse wire.

What to do When a Fuse ""Blows'.'
Continually.
The fuses are of knife contact pattern
and simply " pull out " and " push in " like
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has failed in the middle, you can
twist the ends together with pliers
as a temporary repair.
Be very careful when twisting
wires together that you nip off
any projecting ends and put the
wire back securely in the fireclay
former ; otherwise, you will get
a short on to the oven cover, or in
the grill, the protecting wires.
Solid hotplates you cannot repair, but they must go back to
the makers. The reason is that
the solid plates in use to-day
consist of element wire laid in a
special cement in a cast-iron tray.
This element hardens and it is
impossible to get the wire out
and replace it.
Where to Look for Faults.
If you have a blown fuse and,
having fitted a new element, find
the fuse still refusing to " hold
up " you must search further for
the cause. Take off the side cover,
exposing the wiring and trace
Fig. 5.—THE ELECTRIC COOKER IN USE.
Having safely installed the cooker it is now ready back the connections of the faulty
for use. Advise your customer to adjust the oven shelves circuit, it may be a loose contact
before switching on. This will save keeping the door open or switch or fuse line. If this
and losing heat when putting food in.
proves unsuccessful, look to the
switch—the spring may have gone
the fuses in any ordinary fuse box. If the and set up an arcing ; this again
fuse " blows " when replaced, strengthen it is very unlikely. If the cooker is wired
and try again ; if it still " blows," see if the in bare copper strip, see if any of the strips
element pins are clear of the • casing ; have got bent out and are touching the
a porcelain may be broken, but this is case. The cooker may have been roughly
very unusual, or a small piece of bone moved or jarred in transit or cleaning.
or fat may by some unforeseen circum- Your search in one of these directions
stances have got across the pins and should prove successful in tracing the
carbonised. If an oven fuse has gone fault and effecting a repair.
take off the sheet metal cover as the
element may have failed or be touching When to Seek the Makers' Advice.
the cover through being carelessly
One piece of advice to all who start
" banged " down when removed for clean- on cooker repairs, the electrical portion
ing.
of a cooker is quite a simple affair of
straightforward electrical circuits, switches,
Repairing a Broken Element Wire.
fuse and elements, so if you cannot trace
If a spiral on the element, and this any fault or do not understand the element
applies, too, to the grill, has broken wiring or winding, don't experiment. Ask
any distance up to Fin. from the terminal, the makers; they are only too pleased to
it is safe to " stretch " the element wire be of assistance and help to electricians
and reconnect to the terminal as a tem- who have cookers under their charge.
porary measure. If the element wire
Another point, if you are called to a
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She may be able to tell you at once
customer's house on a cooker repair job
do not make a mystery of it. When you that its all working except the grill
go to a cooker repair job, adopt the and only half of the wires come on,
" Don't suppose we shall be long about it, or " the oven takes ages and ages to
nothing much to go wrong in a cooker heat up." You then know where to start.
really," attitude. It will pay in the long But do make your repairs seem as simple
as possible.
run.
How to Set about Tracing Faults.
Also, adopt a regular routine in these
matters. You will find you will save
yourself a lot of time and trouble. First
of all, look at the main switch. I have
actually experienced not one, but many
cases of service calls to cooker and
other apparatus—resulting from someone
carelessly switching off the main switch !
Next the main fuses : a fault will sometimes " jump " all local fuses and blow
the main ; it is annoying to repair a
fault on a cooker, find it still refuses to
function, waste time examining it all
over and then find the main fuse " gone."
Next examine the cooker " way " on
the heating fuse board if any ; generally,
cookers are wired on a separate circuit,
but in an all-electric home, or one in
which cooking, water heating and fires
are in use, you may find a fuse board
with a " way " for the cooker. Then
examine the connections at the cooker
control board and the flex leading to
the cooker. Having found main switch
and fuses O.K., ask your customer " what
happened?"

How to Order Spare Parts.
When ordering spare parts from the
makers give as much information as you
can. One or two hints as to the details
they want may be of use. First, the
catalogue number and serial number
and voltage. This is generally found
on a small plate at the back or side or
sometimes just inside under the hob.
If an element, state type and any number
stamped on it. If the part is of castiron, look for a number cast in it. Practically all cast parts have a number on
them. If it is a switch, state if on righthand or left-hand of cooker, if " on and
off " or three heat.
It may not be out of place here to give
a few words on the cost of using : you
may often be asked " how much current
should this cooker use?" This is generally
from a new user who, perhaps, prefers
to have the figures given her by a salesman or demonstrator confirmed by the
practical man. The reply is the average
cost for an average family of 3-6 people
is a unit a person a day.

QUESTIONS AND ANSWERS
How can the height of the boiling plate
be adjusted ?
By means of three adjusting screws
which will be found underneath the
boiling plate.
How is the oven of a plug-in element type
of cooker fixed in ?
The oven interior or inner lining is
fitted to the outer lining and the intervening space is packed tightly with a
species of asbestos wool and then cemented
round the front edges.
Where will the fuses be found ?
Immediately underneath the switches
in the same order.

How should a fuse wire be renewed ?
(I) Remove the white enamel fuse plate.
(2) Take out the fuse.
(3) Renew the fuse wire.
What would you do if a fuse wire " blows "
continually ?
See if the element pins are clear of the
casing, or if a porcelain is broken.
What temporary repairs can be made to
a broken element wire ?
If the wire has broken any distance up
to z inch from the terminal, it is safe to
" stretch " the element wire and reconnect to the terminal. If it has failed
in the middle, twist the ends together
with pliers.
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ELECTRIC WELDING
By 0. SIMONIS, M.R.I., M.I.W.E.

Fig. I.—A TYPICAL THREE-OPERATOR TRANSFORMER SET WITH THREE STABILISERS.
Showing welders at work on metal rails.

other to the electrode and with most
Principle of Welding.
HE electric arc is maintained out equipment the positive pole is best conbetween the welding electrode and nected to the electrode.
-the job to be welded and in the
process of so doing, the electrode itself is Equipment Required for Welding.
burnt off and its metal added to and
The operator's equipment consists essendeposited on the work.
tially of an electrode holder, which should
At the arc a pool forms and this is best be of a type to assure good grip and
likened to a miniature metal furnace, a contact to electrode, a clamp for fixing
fact which should be well remembered and his other terminal to workpiece, and an
which will later explain how, with the aid eye shield. Never look into the arc with
of different electrodes, the metallurgical naked eye nor even with ordinary coloured
structure of almost any workpiece can goggles. A so-called Arc-eye is painful,
be matched up by the weld metal. It though not dangerous. Further, the
must also be borne in mind that the operator will require a chipping hammer
electric welding process is not merely a and a strong wire brush.
means of sticking two pieces of metal
together, but is a process of definitely
fusing two metals into one. A good and TYPES OF ELECTRIC WELDING PLANT.
correctly welded piece under a breaking
Electric welding plants fall into two
test should break anywhere except at the main categories. (a) D.C. generator with
weld. Throughout welding practice, one resistance ; (b) A.C. supply with highterminal must be fixed to the job and the reactance transformer.

T
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electrical engineer should have
some idea of the application of
welding and the following brief
notes show where its main uses
lie, bearing in mind that the great
task before electric welding is to
supersede the rivet, a good deal
the forge and, to a large extent,
the steel casting.
(1) In the Boiler and Tank Shop.
To-day, practically all tanks for
liquids are welded, such as the
numberless petrol storage tanks
underground, the tanks of the
distributing wagons, oil tanks for
industrial purposes of all kinds,
Fig. 2. -COM PARISON BETWEEN A COMMON JOINT IN
and tanks in the chemical and
BUILDING STRUCTURE EXECUTED IN RIVETING AND
WELDING.
brewing industries. Where these
lately have been made of
Plant for Factories.
stainless steel, the electrode makers have
For factory purposes, transformer sets been able to provide the necessary elechave of late years been so perfected in trodes based on the analysis of the various
overcoming oscillations of current and stainless metals and they are also now being
over-heating that they are used to a major welded. The boilers in our kitchen stoves
extent. They necessitate the use of coated are welded. Air and gas pressure tanks
electrodes and cannot operate with bare working up to 300 lbs. per square inch are
wire. The D.C. set on the other hand, will also being welded.
continue to hold first place for all repair (2) In Industrial Manufacture.
work and jobbing work where the welding
Industry until a few years ago relied
set has to be brought to the job. These on the forge, the rivet and the casting for
sets are then, of course, petrol driven. the building of most of their engineering
Fig. io shows a typical generator set products, but gradually electric welding
driven from a standard petrol engine, has found its way into our engineering
suitably covered in for protection against shops, first as a medium to assist the old
weather, mounted on a trolley for easy methods, but latterly as the main means of
moving, and fitted with hooks for loading
by crane. The motor drives a generator
giving 200 amperes at 75 volts. About
6o volts are required to strike the arc and
about 3o volts to maintain the arc. The
current is adapted to requirements by
means of a dial which controls the resistance, and there is a shunt contactor controlled by a protective relay. Generator
sets are commonly built for from one to
six operators, each welding circuit having
its own resistance. Fig. r shows a typical
three-operator transformer with three
stabilisers and Fig. 3 shows a normal
circuit diagram of a transformer.
APPLICATIONS OF WELDING.
Before giving practical instruction on
how to weld, it is advisable that the

ARC

Fig. 3.-CI RCUIT DIAGRAM OF TRANSFORMER
FOR WELDING.
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Fig'. 4.—ELECTRIC WELDERS AT WORK.
The operator on the left is using a transformer set, while the other operator is working from a
generator.
construction, particularly in building up
or fabricating constructions, thereby replacing castings. Steel fabrications show
a great reduction in weight and the relative freight, in time and space through not
requiring patterns and a pattern shop, in
greater tightness where liquids are concerned, in more pleasant appearance, less
capital expenditure, very much less fitting
work, greater strength and last but not
least, in cost.
The electrical industry has been one of
the first to take advantage of these
possibilities, many generator housings are
to-day steel fabricated, see Fig. 9, and
the writer has seen in America a turbogenerator stator some i8 feet long and
some ro feet in diameter entirely fabricated of steel plate. The number of rings
are cut to shape with the aid of an oxyacetylene cutting machine and they are
held together by axial bars welded across ;
steel cover plates welded to the sides
support the feet, which are also made of
steel plate. Condensers are frequently
constructed in the same way. Housings

of all size motors down to two-horse power,
are built up in steel with the aid of the arc.
The possibility of application in industry
is almost unlimited, but amongst the most
important uses outside the electrical
industry may be mentioned crane construction, jig building, in particular for big
boring jobs, gear housings, ventilator and
fan construction, printing machinery, con-

V/A
BUTT.

V
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Fig. 5. —TYPES OF WELDS.
Showing the correct relative positions and
preparation of two parts to be welded.

ELECTRIC WELDING

WE'rft AT ION .

dUIGHT.

V.IfkoNG,.

HEAVILY COATED ELECTRODE.
Fig. 6.—THE RIGHT AND WRONG POSITIONS
OF HOLDING THE ARC.
An eighth of an inch is the recognised correct
distance for holding the end of the electrode
from the pool and the metal.

struction of carriage and locomotive frames, tip wagons,
hydraulic-press construction, construction of frames for compressors and steam engines,
foundation and bedplates for all
classes of machine tools, flanging
up valve and tube constructions,
and finally in connection with
small tools for high carbon steel
tips frequently referred to as
stelliting.
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in other countries high buildings have
been erected in which riveting has
been entirely replaced by the electric
arc. Arc welding will essentially give a
more rigid structure and will allow for a
reduction in the amount of wind bracing
required. There will not be the noise from
the riveting hammers when putting up
a welded structure which is a fact not to
be under-estimated, particularly in congested areas, in hospital and residential
zones, and is a feature which will also make
night work permissible if time is an important factor.
Fig. 2 shows the comparison between a
common joint in building structure executed in riveting and welding and it will
be self-evident therefrom how weight and
labour is reduced. The design being

RIGHT

WAY.

(3) In Structural Engineering.
Although to-day the building
regulations in this country only
permit building structures to be
welded for single storey buildings,
Ette.:1R 0 De ?Am.

WR MI6 WAY.
Fig. 7.—THE RIGHT AND WRONG WAY FOR
HOLDING AND GUIDING THE ELECTRODE.

Fig 8 —A NORMAL ELECTRODE'S PATH (4c RUNS.

carefully adapted to welding both as
regards fabrication and joint detail, it
will be readily understood that cleats and
gusset plates can be entirely dispensed
with in the majority of welded constructions, that complete continuity of lines
and girders and beams can be maintained
and that this in turn often permits the
use of smaller members.
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Comparative Cost
of Welded
and Riveted
Structures.
So far as cost
figures are available from elsewhere,
where
constructional
welding on a large
scale has already
been done, the
following
conclusions might be
arrived at as to
the cost comparison of an allwelded structure
in place of rivets
divided into the
various parts of
an estimate :—
Steel. — 12 to
18 per cent. in
Fig. 9.—How WELDING IS APPLIED IN INDUSTRIAL MANUFACTURE.
weight of materShowing a steel fabricated stator housing.
ial is saved.
Transport on Site.—This corresponds to thinking in terms of welding, there will be
less drawing.
the saving in the weight of steel.
Inspection.—At this stage the inspection
Shop Preparation.—A very considerable
amount of punching is made unnecessary. of work on site may have to be augmented
Erection.—This item is unaltered except owing tp novelty.
Amongst other structures which lend
for weight.
Welding on Site.—One welder does the themselves readily to welding, are gasholders and bridges of which there are
work of a gang of riveters.
Painting.—All painting can be done on quite a number already in Australia, and
towers of all descriptions. For example,
site without obstruction through rivets.
Drawing.—Given efficient di aughtsmen, the towers carrying the cables of the grid
system of the Swiss railways are
welded. Many towers for radio
purposes have been welded.

Ftg. ro. —A

TYPICAL PORTABLE PETROL GENERATOR SET.

(4) For Repair Work.
The application of electric
welding for repairs of all kinds
is another almost unlimited field
and many are the articles which
the electric arc saves from the
scrap heap.
Typical examples are the
building up of broken teeth of
gear wheels, the repairing and
building up of broken or worn
shafts and broken supports of
all kinds, the replacement of
broken brackets and almost
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TRIPLE V WELD.

THIN BUTT WELD ON COPPER
PLATE.

ANGLE WELD.

Fig. 11.—THE MOST COMMON FORMS OF WELDS.
In the top figure it will be seen that the
bottom run is straight and as the vee u idens,
so are the upper runs oscillated more and more
to bridge the full width of the vec.

F2g. IL —OTHER TYPES OF WELDS FREQT:ENTLY
USED IN PRACTICE
When making a weld between any two units,
tack them together first at intervals to make
sure of correct and straight relative positions.

any part of broken machinery, the filling
up of blow holes in castings and the strengthening up of worn faces to which may be
added the building up of worn tramway
lines, rails and crossings. Other examples
are the repair of damage to ships' hulls
and keels, the repairing of rolls and
wobblers in all kinds of steel mills, sugar
mills, etc. The value of this repair work is
inestimable very often, particularly if
jobs require doing overseas or otherwise
out of reach of the original makers.
This brief survey just given will show
the practical electrical engineer how, by
embodying electric welding in his activities, he opens to himself an almost unlimited field of additional activity, not
the least profitable of which is the repair

and jobbing side, particularly if he should
be located overseas.
HOW TO WELD.

A weld has, first of all, to be properly
prepared and Fig. 5 shows the correct
relative positions of two parts to be welded
respectively by a butt, lap, vee or X weld.
Right and Wrong Way of Holding the
Arc.

Fig. 6 shows in the upper pictures the
right and wrong way of holding the arc.
The skill of a welder lies in his ability to
keep a very short arc steady ; an eighth of
an inch is the recognised correct distance
for holding the end of the electrode out from
the pool of the metal. If the arc

978

ELECTRIC WELDING

gets too long, there is no penetration, as the top right illustration shows, and only a useless
surface weld would be the result.
The shortest arc is the best arc.
The steady holding of such
short arc is the most difficult
thing to learn and wants practice, for most electrodes will
short circuit and therefore stick
to the base metal if they actually touch it, as will happen to
the novice.
The practical point to remember
is that the electrode melts away
at a given speed and a given
current strength, which latter is
that amount which it will carry
without showing any red heat.
As the electrode melts so it must
be kept down towards the work
and always at the correct
distance of s in. from it.
Touch Welding.
Fig.
Fig. 6 also shows a special heavy
coated or touch welding electrode.
Such touch welding is a quite
recent development and is carried
out with special electrodes, the heavy
coating of which forms a, crater and
acts as an insulator allowing the edge
of the electrode to be kept in touch with
the metal. For unskilled welders or
novices having to do a job, the use of
these electrodes is to be recommended,

3.—A STEEL FABRICATED FOUNDATION PLATE.

as they automatically hold the shortest
arc, keep it even and give the hand a guide
by resting on the metal.

Position of the Electrode.
The right and wrong way and the
angles for holding and guiding the electrode relative to the work piece are shown
in Fig. 7. The electrode must always
approach the metal at an angle
of approximately 45° and
must never be held vertically
down on the metal. At the
same time, it should with rare
exceptions be in a straight
continuing line to the weld
itself.

How to Apply the Electrode.
Fig. 8 shows a normal electrode's path and it will be seen
that it is an oscillating one.
It also shows a single weld
run and a double run, as
used for building up metal.

C Pte us-AR Vistro NG.
Fig. 14.—A TYPE OF WELD THAT REQUIRES SKILL.

Common Forms of Weld.
Fig.

II

shows what are in
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practice the most common form of welds,
the bottom rim is straight and as the
vee widens, so are the upper runs oscillated more and more to bridge the full
width of the vee. Some welders believe
in filling up with equal single runs or
beads like brick work, and there is no
objection to this.

STRikte.wr
WeLo.

Osest...LA-vr4G,
WELD.

between any two units, tack them together
first at intervals to make sure of correct
and straight relative position, thereafter
draw your welds as shown. The lap
weld shown is not too easy and it will
help if the work piece is lifted so as to
bring the weld more into the horizontal
plane, like the lower figure. The touch
welding
electrodes can do
this job extremely well and need
only be pressed
u
SINGLE 13OTT
into the vee as
W
ELD
.
Welt,.
formed and
allowed to run
themselves off
without oscillation, otherwise
the path is as
shown in lower
figure.

ArAn
Ater
- itor Affir
ratirAmtwor

x

T

CoRNEtt

Circular Welding.
1.4eLo.
wtt.D.
WELD.
The weld illustrated in Fig. 14
more
requires
Fig. 15.—A SUMMARY
It
is
ofskill.
OF PRACTICAL WELDS
ten not possible
AS THEY ARE MET WITH
IN DAILY WORE.
to bring the weld
The dotted lines indiinto the horicate the all-important
plane,
zontal
penetration zones.
oscillation must
therefore be more
ON/V*400%D
accurate to get
ANGLE Wu •-15 .
Weu, .
an even weld and
care is needed
not to expose the seam itself. The angle
Chipping Off the Slag.
In using coated electrodes, slag will shown at which the electrode is to be held
form over each layer and this must be is specially important here. Reversed,
thoroughly chipped out with hammer and it is the forerunner to the vertical and
chisel and brushed out with wire brush eventually the overhead weld, which latter
before the next run is laid over, as any slag is the acid test of the skilled welder.
Fig. 15 is a summary of practical welds
remaining will prevent the weld being
homogeneous. Fig. II also shows a butt as they are met with in daily work, the
weld by the oscillating run, as applied to dotted lines indicating the all-important
very thin metal, say 16-2o gauge, which penetration zones.
To criticise one's own welding efforts
would be found unweldable unless placed
it is recommended to chisel off a layer
firmly down on a copper plate.
of weld metal and thus establish that it
Applying Lap and Angle Welds.
requires considerable and equal force
Fig. 12 shows other welds frequently all along the run to remove it, which is
used in practice. When making a weld evidence of good penetration. If lumps

V
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Fig. 16.—MICROGRAPH X 30 SHOWING WELD
METAL FROM BARE WIRE.

Fig. 17.—MICROGRAPH X 700 SHOWING THE
WELD METAL FROM FLUXED ONLY ELECTRODE.

This is the poorest type of weld.

come out or unwelded metal appears, it
is proof of faulty work. Next bend a
straight butt weld built with vee joint,
in a vice, gripping just behind the weld.
A good job has been made if the metal
bends 60-9o° before showing any cracks
in the weld metal.
As a general guide to welding costs, the
table on page 981, is given.

THE ELECTRODE.
We will now consider the all-important factor of the
electrode, for in
this lies the most
scientific part of
electric
welding,
which, remember,
is likened to a
miniature furnace
process. If two
metals are to be
fused into one by
a third (the electrode), it is essential
that the analysis of
the metals match
and that the influence of the air is
excluded in the
process. An oxi-

0

*•

.,)".

dised weld is a bad and, therefore, dangerous weld. Moreover, since all grades and
kinds of metal may require to be welded, the
tensile strengths, elongation and characteristics of the main metals have got to be
watched or else the weld may form the
weakest part of a structure, and, since
same is only as strong as its weakest part,
a serious position may arise.
From these considerations it will
vJe Zd
immediately
be
clear that the use
.
of bare wire as an
;.,,
electrode medium
must
be warned
- 1- c ....:,,Y.,•
. . . _ : *.• I, --i
against and with
the above facts in
mind, the principle
of
electrode con. „
structions will be
- •
better understood.

TT

pkte

-

"

\k-•

Fig. I8.—MICROGRAPH X 150 SHOWING A WELD
METAL FROM A HIGH QUALITY ELECTRODE WITH
A HEAVY COMPOSITE METALLIC COATING.

Essentials of an
Electrode.
An
electrode
must first have
fluxes which, by
creating a gas mantle round the arc,
exclude the oxygen
from the air and
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tages of manganese, chromium, nickel
and other alloys, thus changing characteristics and giving tensiles varying from 20
to 4o tons and elongations from 8 to
3o per cent., according to welders' requirements.

Fig. I9.—SHOWING HOW \ VELD METAL CAN BE
DEPOSITED WHICH WILL ALLOW THE MAXIMUM
COLD BENDING OVER A DIAMETER EQUAL TO
THE WORK PIECE'S OWN THICKNESS.
secondly, must have a metal alloy coating
or similar means by which its characteristics can be varied to match up the parent
metal. This is mostly achieved in manufacture by covering mild steel wire with a
composite metallic coating to which may
be added by the makers various percen-

Importance of Choosing the Right
Electrode.
The micrographs illustrate specimen
results and show the importance of a most
careful selection of the right electrodes
for each job. Fig. i6 shows the weld
metal from bare wire. It is porous, is
bad fusion between the runs of deposited
metal and illustrates the poorest type of
weld. The strength of this weld was
only i3 tons, it broke at an angle bend
of 5° and only withstood izod impact of
1.2 foot lbs.
Fig. 17 shows the weld metal from a
fluxed only electrode. The metal has
still occluded a certain amount of gas from
the atmosphere and the structure shows
oxide formation and nitride needles. The
strength of this weld was 18 tons to the
square inch, it broke at an angle bend of
i8° and withstood izod impact of 2.4 lbs.
Fig. 18 shows a weld metal from a high
quality electrode with a heavy composite
metallic coating. Fusion is perfect, the

TABLE FOR ESTIMATING APPROXIMATE COST PER FOOT OF WELD.

Material
to be
welded.

Preparation
for
Butt Weld.

Minutes.

Feet of
Electrodes.

Gauge
of
Electrodes.

Power
K.W.H.

Mean Ultimate
Strength. Tons
per Linear Inch
of weld.
Medium
Quality
Rod.

I -in.

1 m/m Gap
..
1 m/m Gap
..
7o° V
..
..
7o° V i m/m Gap
6o° V 1 m/m Gap
6o° V 2 m/m Gap
70° V 2 m/m Gap

3
5
7
91
15
25

21
4
41
61
9
15

38

22

10
10
io & 8
io & 8
io & io & 8
io & 8 & 6
10 & 6 & 4

0.24
0.32
0.6
o.8
1.6
2.6
3.0

5.1
6.75
8.4
Io.I
13.5
16.9
20.2

N h0 h0
r,'") 00 N
1-11-1 .NN

h-in.
Fin.
-fw-in.
I-in.
I-in.
Fin.

Highest
Quality
Rod.

For fillet welds calculate as above, taking material thickness equal to minimum depth of fillet.
The power consumption in K.W.H. depends on the welding current in amps. and the voltage
across the arc, plus the losses in the leads, generators, transformers and other apparatus. These
losses depend largely both on the type of apparatus and its state of repair. The figures given in
the consumption column represent a reasonable average.
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structure of the weld metal is excellent.
There is a total absence of oxidation, the
tensile strength of this metal was 29 tons,
it withstood an angle bend of 16o° and an
izod test of 19 foot lbs.
The efficiency of electrode manufacture
has reached such heights that weld metal
can be deposited which will allow the
maximum cold bending over a diameter
equal to the work piece's own thickness,
as is shown in Fig. 19 and again to allow
handling in the smith's fire, of which
Fig. 20 is an illustration. This piece was
welded in the centre, then heated, bent
over to the double and the weld metal
forged down to a knife edge and gives an
illustration of what can be achieved with
electric arc welding.
From the following base formulas the
strength of all welding work and the
required thicknesses of welds may be
calculated :—
STRENGTH CALCULATIONS.
Thickness of material=t.
Width=w.
Tensile Strength=fm.
Cross section=Am =t X w.
BASIS.—The cross section of the weld
must be equal to or greater than that of
the material Aw—Am.
Tensile strength of weld or of electrode
=fw. Breaking load—P.
EXAMPLE.—A flat bar 3 in. x in.
28 tons per sq. in. P=28 x3 x 1=2I tons,
is to be welded with electrodes fw=
24 tons/in. a

Fig.

20.—ANOTHER EXAMPLE OF WHAT CAN BE
ACHIEVED BY ELECTRIC ARC WELDING.

This piece was welded in the centre, then
heated, bent over to the double, and the weld

metal forged down to a knife edge.

Double-Ended Lap Weld.

Butt Weld.
A

Factor for double-ended
lap weld=o65 in.

Am xfm 21
fa
24
=0.875 sq. in.

AW--o.65 x

w=3 in.
Fig. 21.
.875
Height of weld— — = .292
3
Increased height of weld=.292=.25
=.042 in.

Fig. 22.

Am x fm
fw

=o.65 x o.875 -0.57 sq. in.
W=3 in.

Minimum height of weld =

.57
=.19 in.
3

983

STREET LIGHTING SYSTEMS
AND THEIR MAINTENANCE
By H. W.

JOHNSON

HE regular and correct functioning
To make the article comprehensive,
of a street lighting system is the method of the maintenance of the
most important. Street accidents street lighting system of a large city is
described.
and dislocation
of vehicular
The Maintentraffic may
ance and
occur if streets
Cleaning Staff.
are badly lightThe whole of
ed, or a failure
the staff enof the lighting
gaged will be
takes place. The
divided into a
maintenance of
repair unit and
an electrically
several cleaning
equipped street
units.
lighting system
will involve
The Repair
keeping in good
Unit.
condition t h e
following equipThe repair
unit will consist
ment :—
I. The systems
of a suitable
number of wirewhich are
men and wireused to supmen's mates
port and
working under
protect t h e
lighting wires
the direction of
a foreman. The
and cables,
foreman will
both overreceive reports
head and
of failures and
below ground
repairs to be
2. The lighting
done from the
fittings and
cleaning units,
lanterns.
3. The lamps.
and from his
Fig. 1.—SUPPORTING THE OVERHEAD LINE BRACKETS
4. The lighting
round of inFROM SPAN WIRES.
A special iron clamp holds the bracket studs to the span
wires and
spection. He will
The cab tyre cable connections to a lantern are
cables and wires.
then allocate
connected to the overhead lines with a clamping contheir connec- nector.
the various jobs
tions.
to his repair
5. The switchgear and fuses.
staff each morning. During the course
6. The time regulating devices which of the day he will visit his staff at
ensure the switching on and off the their jobs and inspect the work which is in
lights at the correct times.
progress.
7. The traffic signals and their operating
The work will include repairs and
gear.
renewals of lighting lines. The fixing of

T
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The Cleaning
Units.
Each cleaning
unit will consist
of a cleaner and
a labourer. All
the units w ill
work under the
supervision of the
foreman of the
repair staff.
The whole of
the cleaning to be
done will be divided into as many
sections as there
are units, and a
unit will be
responsible f o r
the cleaning of
one of these sections.
Their work will
consist of cleaning the lighting
fittings, reflectors
an d globes, renewal of lamps,
painting of brackets and iron work.
Cleaning the
switchgear a n d
fuses in the
section pillars
and winding the
Fig. 2.—TERMINATING THE OVERHEAD BARE LINES AT THE END OF A SECTION. clocks of the time
The end of the wire is given two turns round the insulator and then formed
switches. A unit
into a loop, the loop is wound over the wire, leaving the free end for connection
should be able to
to the feeds from the section pillar. Note the feeds passing out from the inside
of the post and their connections to the overhead bare wires.
do completely the
whole of the work
lighting fittings and lanterns. The over- of a section in about three weeks. This
hauling and renewals to switchgear and will ensure that the reflectors, globes,
fuses which are fixed in the various section lamps will be kept reasonably clean, and
pillars. The renewal of joints from the that lamp renewals will be regularly made.
A hand tower, a complete set of cleaning
overhead lines to the lighting fittings and
lanterns and general attention to span materials, and a few tools, including
spanners, screwdrivers and pliers, will be
wires, brackets and insulators.
The repair staff will require the services required for use by each cleaning unit.
of a motor tower wagon and driver. Their
tools will include the usual wiremen's kit General Methods of:'Supporting Lighting
Fittings and Lanterns.
and, in addition, special tools for the
erection and straining of span wires and
In the centre of the city and on the
overhead lines.
main roads leading to the suburbs the
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Fig. 3.—METHOD OF SUPPORTING A LANTERN
FROM THE SPAN WIRES AND TERMINATING
THE CABLE CONNECTIONS TO IT.
An iron T fitting with inlet holes for the
cables is fixed to the top of the lantern. The
T fitting hangs on the span wires. A little
slack cable is left at the entry of the cables
to the lantern. The cables are bound to the
span wire with non-corrosive tape.
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Fig. 4.—A LANTERN FIXED TO THE ARM OF
A TRAMWAY POST WITH AN IRON CLAMP.
The clamp is fixed to the top of the lantern
case and then bolted to the arm of the post.

should be taken to ensure that the
vaseline completely covers the whole
of the wire, even the parts of the
lanterns are suspended from span wires, wire which are threaded round insulators.
which are erected between opposite tram- Span wires should be renewed when they
way poles and strained up to the correct show signs of corrosion or if any of the
tension with a draw vice, or the lanterns strands have broken. If possible, renew
may be fixed to bracket arms on the poles. the span wire, using a copper weld instead
In the suburbs, where there are numerous of the galvanised covering. A copper weld
minor roads and streets, the lanterns are wire is a stranded steel wire which has a
fixed at the top of lamp posts which are covering of electrolytic copper. This wire
erected at intervals along the boundary has a very long life. A draw vice is used
to strain up the new length of span wire
line of the parapet and the road.
before the end of
Maintenance o f
the wire is made
Span Wires
off to the strain
and Insulators.
insulator. Strain
insulators should
The life of a
be regularly exgalvanised steel
amined and any
span wire in a
which are cracked
smoke-laden atshould be remosphere is
placed.
three years. A
coating of vaseFig 5.—BINDING THE LINE WIRES TO INSULATORS.
line on span wires A copper binding wire is first wound round the over- Maintenance of
wire for a distance of 3 to 4 inches. Then another Brackets & Lanw ill materially head
binding wire is taken round the insulator two or three tern Supports.
increase their life. times
and the ends bound over the binding on the overParticular care head wire.
Tighten up
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wire about 5 feet
on each side of the
"'Agit -72
insulators. The loop
Strain insulators
Bindings of 41111100fr
passes under the
Shackle used to
non-corroswe , 10
take up excessive'
tape
inner wires and
sag in the span wire
has a clearance of
about 6 inches from
them.
The object of
this loop is to
" short
circuit "
the inner wire or
Fig. 6.—THE METHOD OF SUSPENDING
wires if they should
A LANTERN FROM SPAN WIRES.
A special T fitting is used.
break. The inner
wires are the live
wires of the system, and the outer
wires are neutral
and approximately
at earth potential.
loose nuts on bracket bolts ; smear When an inner wire breaks the broken
a little oil on the bolt threads. (This end of it falls on the loop, causing
will facilitate the unscrewing of the nuts the fuses protecting that section of
when it is desired to remove or dismantle the wire to be " blown." There can
the brackets.) The cast iron T fittings then be no danger of coming in contact
which support the lanterns to the span with the broken wire. The connections
wires should be regularly examined : these from the overhead bare wires to the
are sometimes found cracked due to change lanterns are made with rustless cab tyre
of temperature. Faulty and cracked cable, which is bound to the span wires
fittings should be immediately replaced.
or the bracket arms of the poles with noncorrosive tape at frequent intervals. The
Overhead Bare Lighting Wires.
joint between the cab tyre cable and the
Steel brackets, each fitted with insulators, bare wire is made with a mechanical
are fixed to the tramway poles along the connector, which is clamped to the ends
line of route. In some cases the lines are of the cable and to the overhead bare wire.
only run on one side of the road, and in
Maintenance of the Overhead Lines and
other cases on both sides of the road.
Cab Tyre Cable Connections.
The lighting wires, which are bare hard
The insulators should be frequently
drawn copper wires, are run in sections
along the route. As the wires pass each examined and any which are cracked should
pole they are bound to the insulators with be replaced. The binding wires which
a binding wire. Where the lighting wires hold the wires to the insulators should be
are run on one side of the road, four of tight. Tighten up any loose mechanical
them are used, and three when the wires connectors. If there is any corrosion at
are run on both sides of the road. The total the joints take the connector off, clean
length of a section is about i,000 yards. the wires and the contact surface of the
The wires are strained up with a draw vice connector and remake the joint. Do not
and made off to the
last insulator on
ihinth
G
that section.
0/'
AO
The outer wires
of the runs are
TO THE SPAN WIRES AND USED TO TARE UP
bound together FIg. 7.—SHACKLE FITTED
EXCESSIVE SAG IN THE WIRE.
with a semi-circular
The double nut is rotated over the left and right-hand threads and shortens
loop of bare copper the distance between the fixing lugs.
wi
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allow excessive
sag in the wires.
Tighten up any
such wires with
1House Light .ng Mains
the draw vice, N
and make off the
Street Lighting Mains
end of the wire
at the insulator
Hahenight
again. Cut away
Light Unit
Light Unit
any branches of
trees which
To Section
overhang the
Pigar
wires, or any
which may foul
Fed/-n St
the wires. The Fu//-night
Lic41.- Nit
non-corrosive Light Unit
tape bindings
which hold the
cab tyre cables
to the span wires
and bracket
arms should be
renewed when
they show signs
of deterioration
Fig. S.—STREET LIGHTING CABLE CONNECTIONS FOR SUBURBAN ROADS.
or when they
have become
loose. Examine the insulation of the cab three-wire system D.C. supply, whilst the
tyre cables where it passes into the outer wires are connected to the neutral
wire of the system. In the case of an
terminal holes of the lantern case.
A.C. three-phase supply, the inner wires
The All-night and Half-night Circuits for are connected to two of the phases and the
outer wires to the neutral.
the Lanterns.
When three overhead wires have been
Generally it is arranged that alternate
lamps burn all the night, whilst the re- run on both sides of the road, the lanterns
are fed alternately from each set of wires,
mainder burn only half the night.
When four overhead wires have been the inner wire on one side of the road being
run on one side of the road, the lanterns the + outer D.C. or one of the phases of
are connected alternately between one of an A.C. system and the inner wire on the
the inner live wires and the outer, and then other side of the road being the — outer
between the other inner live wire and the D.C. or another phase of an A.C. system.
outer. The overhead wires are fed from The outer wires on both sides of the road
the section pillar, the inner wires being are the neutral. In this way the lanterns
connected to the
and — outers of a are divided into two circuits on each
section, each circuit being controlled
separately at the section pillar.

Fig. 9.— A STRAIN INSULATOR.

The Feeds to the Overhead Wires.
The overhead lines are fed from section
pillars spaced about i,000 yards apart.
The section pillars are cast iron pillars
containing the necessary switchgear and
fuses to control the lighting circuits, and
are fixed on the outer edge of the parape
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and the other pair feeding the wires
terminating at the right-hand side
of the pole. One of the pairs is connected through the switchgear in the
section pillar to the -i- D.C. or one
phase of an A.C. system and the
neutral cables of the underground
street mains, whilst the other pair
is connected to the — D.C. or
another phase of an A.C. system
and the neutral of the street mains.
Each pair of circuits consists of an
all-night circuit and a half-night
circuit.
This method of feeding the overhead wires materially assists in
balancing the electricity supply
network.
The Section Pillars.
Each of the circuits fed from the
section pillar is controlled with a
Ftg I0 —BONDING THE OUTER WIRES.
switch and protected with fuses. A
The outer wires are bound together about 5 feet from
time switch is connected in each
each pole with a semi-circular loop of bare copper wire.
of the circuits. The electrical energy
consumed by the circuits is registered
and within a short distance of the poles
on two meters, one being connected in
where the sections of the overhead bare
each of the " live " outers or phases
wires terminate.
which feed the pillar.
The feeds from the
pillar are brought
under the ground to
the pole and then
up the inside of a
pole to a point where
the brackets for the
overhead wires are
fixed. Here the feeds
are brought out
through a hole which
has been drilled in
the pole, and the
ends of the feeds
jointed on to the
terminating ends of
the overhead wires.
There are four
circuits fed from the
pillar arranged in
two pairs. One pair
feeds the section of
the overhead wires Fig 11 —THE CAB TYRE CABLE CONNECTIONS FROM THE LANTERNS :TO
terminating at the
THE OVERHEAD BARE WIRES
These are made with mechanical metal connectors.
left side of the pole,
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Maintenance of the Section
Pillars.
The panels should be kept
clean. Switchgear must be
examined, contacts and
switch blades cleaned with
fine glass paper and the
spindles lubricated with a
little light mineral oil. Note
the quick break action of
the switches is working
and keep a little oil on the
springs. Fuses should be
renewed regularly and the
contacts adjusted to prevent
the fuse bridges falling out
due to vibration when
heavy traffic passes the
pillar. Examine the cable
connections and tighten up
any which are loose.
The time switches should
be wound up at regular
periods of not less than
three weeks. The clock of
a time switch will run for
45 days when fully wound.
Examine the switch contacts. The spindles of the
operating levers should be
lubricated with clock oil.
It is very important that
Fig. I2.—CLEANING THE REFLECTOR OF A STREET LIGHTING
the dust should be removed
LANTERN.
from the outside of the time
The lamp is taken out and the nuts of the hinged reflector
switch case before opening
loosened. The reflector can then be turned into a vertical
position and easily cleaned and inspected.
the hinged door. No dust
must be allowed to
When closing the door of the section
penetrate to the inside of the case.
The settings of the hands of the clock pillar after overhauling the switchgear,
should be checked from time to time, and etc., inside, make sure that the joint
between the door and case is watertight.
adjusted when necessary.
Time switches are now generally fitted Water on no account should be allowed to
with a solar dial. This dial is designed to get inside the pillar.
permit the switching " on " and " off "
operations to vary from day to day to Maintenance of the Lanterns.
The reflectors, refractors and globes, also
correspond accurately with the times of
sunset and sunrise in the particular the bulbs of the lamps, should be cleaned
locality in which the time switch is and polished at least once every three
installed, or any other desired schedule of weeks. The presence of dirt on the surfaces of the above mentioned greatly
times.
Instructions for setting the clock hands reduces the illumination, as will be seen
of the switches are given when buying the by the following figures, which are given
switch, and they vary with the make and by the courtesy of the Salford City electype of switch.
trical engineer :—
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Type A Lantern, without enclosing globe.
Uncleaned
Cleaned.
for 22
days.
Fall in
llumiFoot
Foot
candles.
candles.
nation.
Max. illumination ..
2.58
1.8
3o%
MM. illumi..
.115
52 5°o
nation
.242

In the type B lantern the fall in illumination is practically limited to the
collection of dirt and foreign matter on
the surface of the outer globe.
The lamps should be carefully examined
for signs of blackening or loose filaments.
Under ordinary circumstances the lamps
should not be allowed to burn beyond
i,000 hours.
FEEDS TO 8 STREET LIGHTING CIRCUITS
Examine the
ALL-NIGHT CIRCUITS
HALF-NIGHT CIRCUITS
cable connections
to the lampholders, clean the
Edison screw
"i" zl
METER
sleeves and conFU ES
FISES
tacts if they are
1..-1414k,
6 3 6318 18
24 2 4 5 7 5 7 corroded.
The iron cases
TIME \
/ TIME "
of the lanterns
SW I TCH
SWITCH
should be freALL-NIGHT
HALF-NIGHT
quently painted
METER
to prevent
rusting.

U
P B.

1

1
Lalt-.

0O t

Street Lighting in
the Suburbs.
CHANGEOVER
CW
HAIY
16
13
-1- VLI
ER1
Section
pillars
6iwirbit
SWITCH
are placed in
convenient posiBOTTOM CONTACTS
tions and from
GIVES HAND
3-CORE
I -1
CONTROL
these all-night
CABLE
JOINT
and half-night
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underground
along the various
roads and streets.
The lanterns are
fixed on the top
of lampposts,
, t 3-CORE CABLE FEED
which are sitTO SECTION PILLAR
uated at frequent
intervals on the
F/g. 13 —THE CABLE CONNECTIONS AND CONTROL GEAR OF AN EIGHT-CIRCUIT boundary lines of
SECTION PILLAR.
the parapets and
The change-over switch gives hand control of the circuits when desired.
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glass outer globe.
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TOP CONTACTS
GIVES TIME-SWITCH
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lanterns. The maintenance of suburban
street lighting will be considerably less than
that required for lighting in the centre of
the city and along the main roads. This
will be due to the absence of overhead
bare wires and supporting span wires for
the lanterns.
Also the cleaning of the lanterns will
not be so heavy because the atmosphere
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dard is fitted with three light units. The
top light in each standard illuminates a
red lens, the centre light an amber lens,
and the bottom light a green lens. The
lenses are fitted in three sides of all the
standards, so that they will be visible
from all points of approach to the cross
roads. When the green lights are showing
on one route the red lights are shown on

Fig. 14.-SETTING THE DIAL OF A TIME SWITCH.
The secondary dial is turned round with the clock key until the arrow points to the first day of the
current month. The dial is then turned round by hand, once round for each day afterwards, until
the number of turns correspond with the actual day of the month.
There are two time switches fixed in the section pillar, each of them controls four lighting circuits.

farther away from the centre of the city
will tend to become cleaner.

Traffic Signals.
These are now installed in most towns
and cities, and work admirably in dealing
with cross-roads traffic. They are very
reliable and if installed in a proper manner
will continue to function for a long time
without breakdowns.

The Equipment.
Signal standards are erected at the
junction of the cross roads. Each, stan-

the intersecting route. The amber lights
show between the change from green to
red, to enable traffic which is in the act
of crossing to get across the junction before
the direction of the traffic is changed.

The Method of Regulating the Time of
the Signals.
The three circuits, one for each colour
of signal light, are brought from each
signal standard to a central control box
fixed on one of the standards. The cables
are run underground.
At the central control box the signal
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Fig. 15.—SECTION
PILLAR CONTROL OF
LIGHTING CIRCUITS.
The
connections N
from the street mains
to the four circuits
feeding the overhead
bare wires. Each cir- N
cuit is controlled with
a D.P. switch and two
fuses. A time switch
is included in each circuit. The electrical
energy supplied to the
circuits is recorded on
the two meters. There
are two full night
circuits and two half
night circuits.

Fig. 16.—THE FEEDS FROM THE
SECTION PILLAR TO THE OVERHEAD
BARE LINES.
The cables are brought through
bushed holes in the post.

light cables are
connected to a
series of make
and break contacts. Each of the
FEEDS TO
OVERHEAD
is
contacts
W/RES
opened and
closed by one of
a system of
rotating cams
during one revolution of a slowly
rotating shaft to
which they are
fixed.
The cams open
and close the
various signal
circuits for differing times. The
times for which
OR YELLOW
the signal lights
are shown are
determined by
the ratio of the
volume of traffic
in one direction
to that in the
STREET MAINS
intersecting
direction.
The periods of the
times are capable of
begin adjusted by a
series of dials which
are mounted on the
front of the --control
cabinet inside the box.
The rotating cam
shaft is driven by a
low-powered electric
motor, one of the
shunt type for a
D.C. supply and one of
the Foucalt or eddy
current type when the
supply is A.C.
To obtain a slow
speed of the rotating
cam shaft the motor is
N geared through a train
of wheels to the shaft.
N

Hand Control of the
Signals.
When the traffic is
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abnormal due to
special conditions,
the signals may
be switched off
from the cam shaft
control to a hand
switch control,
which is operated
with a cranked
handle.
The
handle is inserted
into the operating
gear of a special
change-over
switch which is
fitted inside a
separate box, fixed
on the inside face
of the hinged door
of the control box.
The handle is
operated from the
outside of the
control box.
Maintenance o f
Traffic Signals.
The light units
in the signal
standards must be
cleaned regularly
and the lamps
renewed after
burning i,000
hours. The lenses
must be carefully
polished with a
soft cloth.
Fig. 17.—THE OPERATING MECHANISM OF TRAFFIC SIGNALS.
No dust must be
An eddy current motor drives the cam shaft through a train of wheels.
allowed to collect The whole of the mechanism is fitted in a cabinet which can be drawn out
inside the control from the box for inspection and adjustment.
box. Examine the
lubrication of the motor, and attend to the
The control of the time settings of the
brush gear if the motor is of the D.C. signals is generally done by the police,
type. The train of wheels will require as they are responsible for the traffic
lubricating from time to time with a little control. A member of the police force
clock oil.
is generally instructed by the makers of the
Examine the make and break contacts signals as to the general settings of the
and clean carefully with oo's glass paper signals.
when necessary.
Make sure the hinged door of the Pedestrian Road-crossing Signal Lights.
control box is watertight and always
Signal posts showing an amber or red
close the keyhole covers when locking the light are erected at intervals along main
box.
roads, to indicate convenient points of
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crossing for pedestrians. These lights ensure that no water collects inside the
are often controlled by a thermal flasher iron frame. The glazing must be waterfixed in a box on the post.
tight.
The flasher should be examined from
Examine the condition of the lamps
time to time and the contacts cleaned and lampholders regularly and the cable
when dirty or corroded.
connections to them.
White Line Illumination.
The Annual Cost of the Maintenance of a
Large Street Lighting System.
A wrought iron frame about 31 inches
wide and 5 inches deep in made-up sections
With the kind permission of the City

Fig. 18.—SHOWING THE TIMING DIALS OF THE MECHANISM WHICH OPERATES THE TRAFFIC SIGNALS.
The timing dials are fixed on the front of the cabinet which holds the operating mechanism. Hand
control of the signals is obtained by switching over the circuits to a control box fitted on the hinged
door. The hand control is worked with a cranked handle from the outside.

to a length of about 3o feet is embedded
in the roadway. In the top of the frame
are placed pieces of prism glass and white
marble arranged alternately. A row of
low-powered lamps is arranged in the
recess below the glass and marble glazing.
The cables from the lamps are brought
under the road and connected to the
supply mains at a suitable place and
controlled with a time switch.
Special provision is made to protect
the lamps from shock due to vibration
by using anti-vibration lampholders.
Maintenance of White Line Illumination.
Special attention should be given to

electrical engineer of Salford, and the
assistance of the mains superintendent
and staff, the annual cost of the maintenance of a large electrically equipped
street lighting system is given :-s. d.
Labour—
Foreman ..
Two wiremen at 17o each
Three cleaners at irso each
Four labourers at 15o each
Motor driver
Jo% overtime

200

0
0

0
0

450
600
160

0
o

0
0

1,750
175

0

0

340
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s. d.
Total labour
..
Labour for cleaning

1,925
900

0
0

0
0

Maintenance labour

.. L4,025

0

0

knnual Cost of Motor and Hand Towerss. d.
3ne motor tower wagon ..
Five hand towers ..
?etrol, repairs, licences ..
land towers for cleaning
;ost of towers for maintenance ..
Zepairs to Fittings—
2.enewals of lanterns broken
iundry alterations

6o
6o
150

0
0
0

0
0
0

270

0

45

0

0
0

£ 225

0 0
s. d

90
30

0
0

0
0

120

0

0

_amp renewals (after burning
1,000 hours), 3,000 at Los. each £1,500

0

0

l'otal Annual Maintenance and Renewals—
.about
l'ower wagons
2.epairs
,amp renewals

1,025
225

o% overhead charges
'otal charge

..

s. d.
0 0

120

0
0

1,500

0

0
0
o

2,870
290

0
0

0
0

3,160

o

0

leaning Costs—
S. d.
'hree cleaners, three labourers
land towers (three at I.5)
laterials Ls per unit
..
o% for supervision

900
45
15

0
0
0

0
0
0

960

o

96

0

0
0

0

0

ost of Electricity—
oo half-night lamps burning 2,000 hours per year
no all-night lamps, burning 4,000 hours per year
Cost of electricity, rod. per B.O.T. unit.
.nnual charge, II million units .. £9, 375 o o

Fig. 19.—TIME

SWITCH CONTROL OF STREET
LIGHTING.

A time switch which is used to control the
times of switching on and off of a lantern fixed
to the arm of a post. Fuses are connected in
the pole of the circuit. The switch and fuses
are fitted in an iron box which is fixed to the
side of the post.
Summary1. Capital charges..
2. Maintenance ..
3. Cleaning
4. Electricity

Total.
1,725

3,160
.. 1,056
••
9.375
£15,316

Per lamp.
s. d.
I 14 54
3 3 21
I

I

I

9

7
6

6
3

QUESTIONS AND ANSWERS
[ow are street lanterns suspended in the
centre of a city ?
From span wires which are erected
etween opposite tramway poles and
:rained up to the correct tension with a
raw vice, or the lanterns may be fixed
) bracket arms on the poles.

How is bonding done ?
The outer wires are bound together
with a semi-circular loop of bare copper
wire about 5 feet on each side of the
insulators. The loop, or bond, passes
under the inner wires and has a clearance
of about 6 inches from them.
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REPAIRS TO ACCUMULATORS
By F. G. KIRBY, A.M.I.A.E., F.I.M.T.
EPAIRS to an accumulator can
usually be carried out by anyone
with a practical turn of mind,
providing care is used in details. The
only exception is lead burning, a process
requiring practical experience and which
will be dealt with later. As all manufacturers of batteries supply groups of plates
already burnt up ready for insertion into
the containers, the repair to a battery
reduces itself to
dismantling t h e
faulty battery and
reassembling with
the new group of
plates, sealing up,
and giving first
charge.

R

Company and by Joseph Lucas. It
consists of a moving coil voltmeter
reading both ways with a heavy resistance
bridged between the terminals. The ends
of the terminals are two pointed ends
which are placed directly across the
positive and negative terminals of each
cell. If the condition of the plates in
the cell is good the voltage shown is
constant, if otherwise, a rapid drop in
voltage occurs.
This method is
an infallible test
of condition of
plates and will show
an immediate drop
in voltage which
proves which is the
faulty cell or cells.

Starter Batteries.
We will deal first
with starter batteries. The first
operation upon receiving a battery
for attention or repair is to test the
acid for specific
gravity ;°this ascertained and corrected
if necessary, make
a high-rate discharge test.

Cadmium Test for
Faulty Plates.
Another test for
faulty plates is the
cadmium test. The
tester consists of a
voltmeter which
should have a zero
reading at the
middle of its scale
and negative and
positive readings to
the left and right of
it. Two flexible
The High-rate
Fig. IA.—REMOVING A CELL.
cords are attached
Discharge Test.
Centre punch the terminal and drill down to to the terminals of
a depth of the thickness of the connecting bridge. the voltmeter. The
It is a good plan
Insert a screwdriver under the bridge, when with
to keep what is
usual contact spike
a slight upward pressure the bridge can be retermed a shooter for
moved, leaving the cells ready for the next for making contact
testing the condition
process, which is to remove the lid. The faulty with plus or minus
group of plates can then be removed as shown. terminals • of the
of starter batteries,
as it is difficult to
cells of the battery
ascertain, on sight, the internal condition is fixed to the positive cord, while
owing to their being sealed (wireless the negative cord has a piece of
batteries, of course, can be observed cadmium about 4 inches long by
through the celluloid). A good type inch diameter soldered to its extremity.
of shooter is marketed by the Exide
This cadmium stick is covered with
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Fig. IB.—HOW TO REMOVE THE COMPOUND FROM THE CELL BY MEANS OF STEAM.
Fit six brass tubes into the side of a kettle or can. The kettle is then partly filled with water,
and placed on a gas ring. On to the end of each brass tube fix a piece of rubber tubing, and insert
one tube into the vent of each cell. The heat of the steam will soften the compound.

Fig. IC.—REMOVING THE COMPOUND WITH A HOT KNIFE.
This is done after the compound has been softened as shown in Fig.

IB.

998

REPAIRS TO ACCUMULATORS

When testing a fully charged battery
by this means the reading with the contact
on the plus terminal should be to the
right of zero and about 2.4 to 2.5 volts.
The reading with the contact on the
minus terminal should be to the left of
zero and about minus 0.15 to minus 0.2
volt. This is obviously equal to a voltage
of 2.4 plus 0.15 equals 2.55 volts.
When testing a discharged battery with
healthy plates a reading between positive
lead plate and cadmium should be about
plus 2.05 volt, whilst the reading between
negative and cadmium should be on the
same side of the zero and equal to about
plus 0.25 volt. These readings indicate
a discharge voltage of 2.05 minus 0.25
equals i.8 volts.
How to Remove a Cell.
The faulty cells are marked for removal, which is done in the following
manner
The tools required are a brace and a
in. twist drill. Centre punch the terminal
posts and drill down to the depth of the
Fig.

2.—DISCHARGE VOLTMETER TESTING SET.

This set enables the voltage of the cell or
battery to be taken with a discharge current
flowing. The rate of discharge is varied by the
movable cliiishown on the centre grid.

perforated hard rubber or ebonite tube to
prevent direct contact with the plates,
and is put through the vent into the liquid
of the cell between two plates, preferably
in the centre of the sections as position
affects the readings considerably.
The cadmium is really another electrode
or plate which forms two other cells
with the substance of the plus and minus
plate and the acid respectively. The
e.m.f. of each of these subsidiary cells
depends on the condition of the plus and
minus lead plates, hence voltage readings
between cadmium electrode and either
plus or minus lead plate indicate the
condition of these plates individually
with respect to the cadmium, and not the
apparent condition of the cell as a whole.
This test will be found useful in indicating
defective negative or positive lead plates
rather than a general reduction of capacity of the cell as a whole, due to age or
bad usage. The connections for the
cadmium test are shown in Fig. 3.

BA77ERV D/SCHARGEC

Fig. 3.—DIAGRAM

ILLUSTRATING THE CADMIUM
TEST.
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Fig. 4 (Right).—TESTMG FOR LEAKAGE BETWEEN ONE CELL AND
ANOTHER.
This test consists of
a lead-lined box
into which the container is placed, each
cell being then filled
with water. A two-volt
battery, a trembler
coil and a two-prong
fork with insulated
handle are used. One
prong is placed in one
cell and the other
prong in the cell adjoining. If there is a
a leakage a fault will
disclose itself through
the spark taking the
path of least resistance.

Fig. 5 (Left).—LEADBURNING GROUP OF
PLATES TOGETHER.

The plates are made a
tight fit on the pillars,
an iron ring is placed
over the pillar, and the
flame applied until the
whole assembly is hot.
Now apply the strip lead
until it runs freely and
fills up the whole of the
inside of the iron collar.
See Fig. 8 for apparatus
used in lead burning.
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trembler coil, also
a two-prong fork
with
insulated
handle, are used
in conjunction
with this test and
the complete
equipment is
shown in Fig. 4.
The high tension
current lead is
connected to the
fork, one pole on
each side, and
when the coil is
switched on,
owing to the distance separating
the two conductors, the resulting high
tension spark is
Fig. 6.—PLACING THE POSITIVE GROUP OF PLATES INSIDE THE NEGATIVE allowed to cross
GROUP.
a spark gap of
approximately
thickness of the connecting bridge, insert 8 millimetres. One prong is placed in one
a screwdriver under the bridge when with cell and the other prong in cell adjoining.
slight upward pressure the bridge can be If there is a leakage, such as a cracked
removed, leaving the cells
ready for the next process, which is to remove
the lid. The faulty group
of plates can now be removed (see Fig. IA).
Next thoroughly clean
out the "container or
containers ready to receive the new group or
groups.
Testing for Leakage
Between Cells.
The next test is for
leakage between one cell
and the other. The test is
only carried out for a complete replate and is one
that thoroughly commends itself. It consists
of a lead-lined box, into
which the container is
placed, each cell being
then filled with water.
A 2-volt battery, a

Fig. 7.—USING

A METAL CONTAINER WITH A LEADING-OUT SPOUT
FOR APPLYING THE SEALING COMPOUND.
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partition, the fault will disclose itself
through the spark taking the path of least
resistance. The container should then
be scrapped.
Reassembling a Container.
Having satisfied yourself that the container is O.K., proceed to reassemble as
follows :—
Assuming you have your groups already
burnt up for insertion, the positive group
of plates is placed inside the negative
group (see Fig. 6). Next place the
separators between each plate and the
whole assembly is now ready to drop in
the container. Care must be exercised
that in placing the second group the
positive terminal post is the reverse to the
preceding one. Having inserted all the
groups in their respective containers, and
assured yourself that they fit properly,
replace the rubber washers over the
terminal posts (first making sure they are
not perished), and replace the lids. Make
sure in doing this operation that the lids
are all the same depth from the top of the
case. Now screw down the locking rings
to a tight fit and finally seal the lids.
The sealing compound is supplied by all
battery equipment concerns and is in
brittle form. It should be broken up Fig. 8.— APPARATUS REQUIRED FOR LEADBURNING.
and heated to running consistency in a
This consists of a cylinder of oxygen, a supply
metal container with a leading-out spout
(see Fig. 7). Carefully run the compound of ordinary coal gas and a burner with necessary
tubing. The burner has a two-way
round the lids to form a good joint, and rubber
intake, one being fed from the ordinary gas
as a final finish for a neat job a small gas supply and the other from the oxygen cylinder.
flame should be lightly run over the joints The amount of oxygen to be used is controlled
until the compound assumes an even by a valve and is dependent on the size of the
flame and the size of work required.
appearance.
of the flame and size of work required.
Fixing the Connectors by Lead Burning.
The pressure gauge should read about
• The last process, namely, fixing the 15 lbs. per square inch. The connectors
connectors is one that requires a certain are made a tight fit on the pillars, an iron
amount of skill and care as the connectors ring is generally placed over the pillar,
have to be burnt on by a process known and the flame applied until the whole
as lead burning. The equipment required assembly is hot. Now apply the strip lead
for this process is the following : A until it runs freely and fills up the whole
cylinder of oxygen, a supply of ordinary of the inside of the iron collar.
coal gas and a burner (see Fig. 8) with
necessary rubber tubing. The burner has Filling the Battery with Acid.
a two-way intake, one being fed from
The final operation is filling up the
the ordinary gas supply and the other battery with the correct specific gravity
from the oxygen cylinder. The amount acid. In the case of starter batteries, the
of oxygen to be used is controlled specific gravity should be in the neighbourby a valve and is dependent on the size hood of 1.280. The battery should be
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position the plates are held rigid.
In other makes a locking ring is
After
used for this purpose.
assembly, the lids are replaced,
and strips of celluloid placed round
the edges and the whole lid, including the sealing strips, is sealed.
Amyl acetate is used for sealing
celluloid batteries, the action
being partially to dissolve the
celluloid so that when two
surfaces are treated with the
solution and placed together they
practically become welded. Care
must be taken when filling
celluloid batteries with acid for
charging that the specific gravity is
not more than 1.23o ; if too strong
acid is used the effect is disastrous
to the celluloid and will soon ruin
the case.

Fig. 9.—THE

FINAL OPERATION OF REASSEMBLING A
BATTERY.

Showing the connections between the cells being lead
burnt.

Care of Terminals.
The terminals and connectors
of celluloid and other batteries
should be kept coated with vaseline to prevent corrosion, and
attention to this detail will often
save a great deal of trouble.

allowed to stand after filling for say two
to three hours to allow the acid to soak
into the separators, and a slow charge
given until the battery is fully charged.
The battery should then be discharged,
the acid emptied, refilled, and given a
final charge. Care must be taken that the
specific gravity in second filling is correct.
CELLULOID BATTERIES.
The operation for celluloid batteries in
the case of replating is similar to starter
batteries, but care must be taken when
opening the case. A sharp, stiff knife is
inserted in the seam round the lid which
is split all round. After removal of the
old plates, the case should be thoroughly
cleaned and dried. Reassemble the new
groups as previously explained, care being
taken, if the voltage is over two volts, that
the positive and negative terminals are
correctly placed for connecting up in
series. On some makes of celluloid batteries,
a rubber ring is placed over the terminal
post, so that when the lid is placed in

Fig.

I0.—ASSEMBLING THE CASE OF A CELLULOID BATTERY.
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ELECTRICAL ENGINEERING
MATERIALS
COPPER AND ITS APPLICATIONS FOR ELECTRICAL WORK
By A. W. JUDGE, A.R.C.Sc., D.I.C., Whitworth Scholar.
OPPER is undoubtedly the most
important metal used in electrical
work, a very large quantity being
employed annually for electric cables, wires,
machines and for conductors of varioustypes.
Apart from the fact that copper is
available, in the form of natural ores, e.g.,
copper pyrites, malachite and chalcopyrite, in various parts of the world, and
can be manufactured in its commercial
forms in large quantities at reasonable
prices, this metal has several important
properties which render it particularly
suitable from the electrical
point of view.

C

Strong and Easily Worked.
In the first place, it is a
hard, tenacious metal that is
easily worked, on account of
its ductility, i.e., its property
of being drawn out into
wire without fracturing. It
is also malleable, that is to
say, it can be beaten out
into sheets or sheet metal
without cracking—provided
it is annealed occasionally.
Copper in the cast condition has a tensile strength
of about 12 tons per sq. in. ;
that is to say, a rod of i sq.
in. section would require a
steady pull of 12 tons to
fracture it.
If the cast copper is drawn
out, through suitable rolls
or dies, into the form of
wire, it gradually hardens
is the drawing process pro:.eeds. Moreover, its
itrength also increases. It

is thus possible to obtain drawn rods and
wires up to 28 tons per sq. in. tensile
strength.
Electrolytic Copper.
One of the most important methods of
copper production is that of obtaining
pure electrolytic copper from crude metallic copper. The electrolyte is circulated
in lead-lined wood tanks holding about
900 gallons. The crude copper is cut
into plates and used as anodes, while
the cathodes are prepared by depositing
copper on copper sheets coated with
graphite and paraffin. After about 24-48

Fig. 1.—A TYPICAL COMMUTATOR FOR D.C. MOTOR.
Showing copper commutator segments and copper
connecting strips.—(General Electric Co.)
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hours the copper is stripped from the
backing and the latter is again used as
the cathode. Three hundred kw.-hrs.
are required to produce i ton of copper
by this method. Copper tubes can also
be obtained by depositing copper electrolytically on a revolving iron cylinder or
mandrel. The tube is rotated in the
electrolytic bath, thus producing a tubelike deposit of copper. Electrolytic strip
copper for electrical conductors is obtained by a similar method, using a
mandrel with a sharp V-shaped spiral
groove.

cently, however, small quantities of other
elements, notably cadmium and silicon,
have been added to copper to increase
still further its strength properties and
also its resistance to atmospheric corrosion,
so that it will withstand better the outdoor
conditions of application for cables and
conductors.
An example of the use of cadmium
copper is that of the wires used for the
overhead conductors of electric tramways.
In this case only i per cent. of cadmium
is contained in the copper, but the strength
and corrosion resistance are increased
appreciably.

Electrical Properties of
Copper.
Coming next to the electrical
properties of copper, this
metal heads the list of the
common metals in the matter
of electrical conductivity.
Actually, however, silver is
a rather better conductor,
but its use is, of course, ruled
out, commercially, on the
score of expense. It may
here be of interest to readers
to compare the relative conductivities of some of the
well-known metals ; for this
reason the following table has
been prepared to show these
Fig. 2.-200-AMP. DOUBLE POLE, DOUBLE THROW KNIFE
metals in the relative order
SWITCH.
of their electrical conductiviShowing copper blades and jaws, for circuits up to
660 volts.—(General Electric Co.)
ties, each metal in this table
being a better conductor of
Perhaps the most interesting of the electricity than those below it.
electrolytic methods is that of obtaining
copper wire. Copper is deposited on an Conductivity Compared with Other Metals.
endless wire of the desired diameter,
It will be seen that silver heads the
which is passed through the electrolytic list but is only 2 per cent. better than
bath and thus coated with copper. The copper, which comes next on the list.
thickened wire is then passed through
ORDER OF ELECTRICAL
a draw plate to bring it to its original
CONDUCTIVITIES.
size so that it is gradually lengthened
until finally the increase is cut off.
Silver (hard drawn)
1.02
Copper (hard drawn)
Imo
Addition of Cadmium and Silicon.
..
1.85
Aluminium
6.5o
Because copper hardens as it is drawn out,
Iron
..
..
12.04.
copper wire is strong enough for overhead
Lead
German Silver
18.5
cables and various other purposes where
wire conductors are required. More re28.8
Manganin
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Fig. 3.—AN IMPORTANT APPLICATION OF COPPER IN ELECTRICAL ENGINEERING.
Commutators are invariably built up of copper segments. Here we see a batch of car dynamo
commutators being tested by means of a motor driven megger and prod leads.
The next best conductor to copper is moist, is liable to eat into the metal
aluminium, but it offers nearly twice the below.
resistance to the passage of electrical
currents than a copper conductor of equal Weight.
length and sectional area.
Copper is a relatively heavy metal, the
Iron, it will be seen, is a relatively specific gravity being 8.8 to 9 (according
poor conductor, having six and a half to whether it is cast or drawn). Alutimes the resistance of copper.
minium, on the other hand, has a specific
As a contrast, at the bottom of the table gravity of only 2.69, so that although
two electrical resistance materials, viz., it has a lower conductivity (1.85 times
German silver and manganin, are given. that of copper) it is actually lighter than
These alloys have high resistances and copper when used as an electrical conthey are therefore used for resistance ductor under similar conditions of current
and heater elements.
and voltage.
Resistance to Corrosion.
Heat Conductivity.
Copper is an excellent conductor of heat,
Copper has a characteristic red colour,
being the only metal of this hue. It being better than aluminium. From the
corrodes in the atmosphere, but the electrical viewpoint this is a decided
coating of oxides and carbonate formed advantage when it is desired to cool
acts as a protection against further certain parts by conducting the heat
corrosion of the metal beneath. It is for away quickly.
On the other hand, when soldering
this reason that copper sheeting is used
for decorative work on public buildings. copper wires one is liable to heat or melt
As we have already mentioned, however, the insulation more readily than in the
the addition of cadmium or silicon in case of other metals.
very small percentages greatly increases
the resistance to corrosion. Incidentally, Screening Electrical Parts.
copper should not be exposed for lengthy
Copper is one of the best materials
periods to salt or moist air as the copper available for screening electrical parts from
carbonate or verdigris that forms, if kept one another. Thus, if there are two coils
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in an instrument, or wireless receiver,
which tend to interfere with one another,
owing to the electrical or magnetic fields
intersecting, it is possible to isolate each
coil by placing it in a box made from copper
plate, or even of copper gauze. This
method of screening coils, magnetos,
and similar electric field producing parts
is much used in wireless and electrical
work.
Incidentally, it is now possible to obtain
a special plywood, known as Plymax,
having a sheet of copper firmly cemented
to one, or both, sides. These compound
sheets are very useful for electrical cabinet
work.
To obtain the best screening effects it
is necessary to solder all the joints of the
copper compartment about the part to be
screened.

alloys are used for electrical parts. The
following are brief particulars of some of
the more important alloys :—
Brass.
This is an alloy consisting of copper and
zinc. As these two metals can be mixed
together in a wide range of proportions, it
follows that a variety of brasses can be
obtained. Those containing more copper
have a golden colour, whilst those having
more zinc than copper are lighter and
greyer.
The strength properties of these brasses
depends upon their composition. Thus
brasses containing about 20 per cent. of
zinc (8o per cent. copper) are the most
ductile ; those containing 6o to 7o per cent.
zinc are very brittle.
A good brass is one containing 66 to
7o per cent. of copper, the rest being zinc.
This alloy is much used for brass castings
and has a tensile- strength of 14 to 17 tons
per sq. in. The cheaper brasses, viz.,
those containing more zinc (35 to 5o per
cent.), are inferior in strength.

Soldering Copper.
Copper has a fairly high melting point,
viz., 1,083' C. It can be soldered either
with soft (lead-tin) or hard (silver alloy)
solders or brazed without difficulty. In
this respect copper has a big advantage
over aluminium as the latter metal cannot Bronzes.
be joined satisfactorily, except with an
These alloys contain other elements,
oxy-acetylene flame or by electric welding such
as manganese, iron, nickel and tin,
methods. This is one reason that copper in addition
to copper and zinc. Phosphor
conductors and connectors are so widely bronze
contains approximately 86 per cent.
used in electrical work.
of copper, 13 per cent. tin, and 0.25 per
cent. phosphorus.
Manganese bronze
Welding.
contains
manganese
and
iron (and in some
Copper, on the other hand, cannot be
welded very easily, as it is a difficult cases tin) in addition to copper and zinc.
matter to keep the joint free from the
oxides which form during the welding Gun-Metal.
This is another important alloy used
operation. Quite recently, however, a
new welding process known as the " Pre- for strong non-corrosive electrical parts
mag " one has given excellent results and fittings. A typical composition conwith copper ; it is now possible to obtain tains 87 per cent. copper, io per cent. tin
sound welded joints free from porosity and 3 per cent. zinc.
It has only been possible to touch on
or included impurities.
the fringe of the subject of copper alloys,
COPPER ALLOYS.
but it should be mentioned that there is a
Copper forms a number of important wide range of commercial alloys of copper
alloys with other metals ; many of these now available under various trade names.
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ELECTRIC GRAMOPHONE MOTORS
WITH NOTES ON ADJUSTMENT AND MAINTENANCE
By A. E. WATKINS
LECT RIC gramo, phone motors can
be divided into
three classes: (1) The
Universal which can be
used for either A.C. or
D.C. current ; (2) the
D.C. motor suitable only
for direct current, and
(3) the induction motor
suitable only for alternating current.
Each type has its particular uses. While a
Universal would appear
to be an ideal type, it
nevertheless has the disadvantage of having a
commutator which is apt
to cause sparking at the
brushes, but, nevertheless,
this type of motor should
be used in cases where
there is a likelihood of
the supply being changed
from D.C. to A.C. or in
Fig, I.—COLLARO INDUCTION MOTOR.
instances where the inThis motor operates on voltages between zoo and 13o, and zoo
strument is to be used on
different supplies. This and 26o. Note the automatic stop, the position of which can be
would apply to cases altered by removing the two screws C and D.
where gramophone entertainments are given, such as in the case The Correct Speed for Satisfactory
of public address work, or for garden
Reproduction.
The original sound recorded on a
fetes, etc. The D.C. motor, of course,
will only apply in cases where it is gramophone record can only be reproduced
desired only to have an instrument which correctly when the turn-table is rotated at
the correct speed, which is exactly the
will operate on D.C. supply.
The induction type of motor is now speed at which the record was originally
solely used on A.C. supplies, as this cut. Uniformity of speed is also
motor having no commutator or brush gear essential, and can only be ensured
is perfectly silent in operation, and can, by the use of a good motor properly
therefore, be used without hesitation when adjusted, and the rate of revolution
the instrument is intended for use always correctly set by the governor on the
motor.
on the A.C. supply.

F
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Effect of Incorrect Speed.
A record which runs too slowly or too
fast will reproduce sound which differs
from the original in several ways. There
will be a change of pitch, the music being
transposed into a higher or lower key,
according to whether the record is running
fastly or too slowly. This change of
quality occurs, not only in music, but

This simple device is called a stroboscopic
indicator.
How to Make a Speed Tester.

If the accompanying illustration (Fig. 5)
is pasted to a piece of cardboard and cut
into a circular disc with a hole in the
centre to fit the turn-table spindle, it can
be used as a quick and accurate speed
tester wherever
there is A.C.
lighting at 5o
cycles frequency.
Place the disc on
the turn - table
over a record,
and view by the
electric light as it
is playing. The
speed regulator
of the gramophone is adjusted
until one of the
rings appears
quite stationary.
The table will
then be rotating
at 78 r.p.m. for
the inner ring, or
8o if the outer is
stationary.
The most suitable lamp to view
the indicator is a
Neon lamp. This
shows up the
stroboscopic defect very vividly
although an
ordinary z watt
Fig. 2.—COLLARO INDUCTION 1\10TOR WITH COVER PLATE REMOVED.
or vacuum lamp
Note the links B on the governors, in place of the springs ; also the spring
is perfectly satisdrive C on the main spindle.
factory. This
test must be
also in speech. Most records are marked carried out in a room free from too
with the correct playing speed, and this much daylight, or the turn-table and
is usually 78 revolutions per minute lamp shaded in some manner from the
(78 r.p.m.). The revolutions may be direct daylight.
checked by means of a stop watch by
If the motor is running too fast, the
counting the number of revolutions, rings will slowly move to the right ; if
but this is rather a tedious process. running too slow they will go to the left.
There is, however, a very simple device
Electric gramophone motors, like all
which can be used by those who have A.C. other pieces of machinery, require attention
electric light of 5o cycles frequency. from time to time, such as oiling and
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adjustment of the automatic stops, for
most motors are fitted with an automatic
stop which stops the motor when the
record is finished.
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reproduction lies in a steadily running
motor.

When the Motor is Cold.
Testing Motor for Sufficient Strength.
To test in order to find out whether the
motor is sufficiently strong to carry out
its work, take a record, in which there are
some heavy passages, such as the Hungarian Rhapsody. Place this record upon
the turn-table and lay over the centre

If the motors are cold, they may run
a little slowly but after being allowed to
run for a few minutes they will quickly
obtain a normal running speed. It is,
therefore, advisable for users of electric
gramophone motors to run the motor for
a few minutes before starting to use,

Fig. 3.—THE ROTOR AND STATOR COILS OF THE COLLARO INDUCTION MOTOR.
The mains are connected to the two terminals z and 2 at the end of the terminal block.

spindle the speed indicator previously
described. Play the record with a loudtone needle and if the speed is correct and
the motor running regularly, the black
spot of the speed indicator will remain
perfectly steady.
It is advisable to make this test on a
rough rig-up before the motors are fitted,
as sometimes a slight adjustment to the
governor or a little oil on the spindle will
rectify any faults, and these are more
easily rectified before the motor is fitted
to the cabinet than afterwards and the
time expended in cutting a rough board to
hold the pick-up and the motor will be well
repaid for the whole success of electrical

unless, of course, the instrument is in a
warm room.
Faults that May Cause Speed Variation.
A good motor, however, will handle the
load satisfactorily without any alteration
of the speed. If the speed does vary it
may not be due to a fault other than a
hard bearing or oil required at some point
in the motor. An incorrect adjustment
of the worm of the governor will also cause
speed trouble. Most motors have provision for adjusting the distance between the
worm and the wheel of the governor, and
this should be adjusted so that the motor
runs freely.
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NOTES ON THE COLLARO INDUCTION
ELECTRIC GRAMOPHONE MOTOR.
This motor operates on voltages between
mo and 13o, 200 and 26o and is made in
three types to suit the various frequencies
of 4o to 6o, 25 to 40 and 6o to Ioo.
The working of the motor can be seen
from Figs. I, 2 and 3.
Fitting the Motor.
The motor automatic stop and speed
regulator being mounted on a metal base

drilled around the base plate so that this
may be shifted to any desired position.
Sufficient flex is left in the switch lead
so that the automatic stop can be fitted .at
any desired point.
Changing the Voltage.
Should it be necessary to change the
voltage, remove the screw G and turn the
pointer on the bakelite moulding to whichever position gives the required voltage.
Screw down the bakelite moulding into
place. This is the
only alteration to
change the voltage of the motor.
If the automatic stop fails
to operate, it can
easily be adjusted. The adjustment is made
at the screw A
and adjusted so
that as the
spindle of the
rotates
motor
the striking lever
B lifts the small
lever H
in.
from the quadrant R.

How the Automatic Stop
Operates.
The automatic
The resistance shown is set for working on direct current of 24o volts. The
left-hand plug is inserted in one of three holes as marked, depending whether the
stop operates as
supply is D.C., A.C. 25 cycles or A.C. 4.0 to 6o cycles. The right-hand plug
follows :
is inserted in the hole near the figure corresponding to the voltage of supply.
The tone arm,
or pick - up
plate, the whole unit is easily fitted. carrier, slowly moves the lever L. As this
Decide upon the position in which the is moved with a steady movement while the
centre spindle is required. Cut out a record is playing, the lever H does not touch
circle of 3/ in. radius i.e., 7-1 in. in diameter. the quadrant R but at the end of the record,
This is the only hole which it is necessary the sharp movement of the cut-out line
to cut in the baseboard. Place the speed causes the quadrant to grip the lever H
regulator to the left-hand side in the and trip the switch lever K and also the
front of the instrument. Decide upon tha brake M. The switch is closed and the
position for the carrier arm of the pick-up brake is reset by moving the lever L to the
and, if necessary, alter the position of the tone arm. This in turn starts the motor.
automatic stop by removing the two
screws C and D as shown in Fig. i. It Adjusting the Speed Regulator.
will be noted that there are various holes
The speed regulator is adjusted by
Fig. 4.—RESISTANCE

FOR ADJUSTING GARRARD UNIVERSAL ELECTRIC
GRAMOPHONE MOTOR TO DIFFERENT SUPPLY VOLTAGES.
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loosening the screw 0 and adjusting the How the Mains Supply is Connected.
position of the cam N relative to the
The mains are connected to the two
lever P. This adjustment may be neces- terminals i and 2 in Fig. 3 at the end of
sary from time to time as the pad slightly the terminal block taking care that
wearing on the governor will alter the the black wire is returned to the
speed. That is to say, after a time the same terminal together with one of the
position of the lever of the indicator may leads from the supply. No connections
not be correct but, of course, this adjust- are made to the terminals with the wires,
ment is only necessary at very rare red, yellow, and green.
(Nos. 3, 4
intervals.
and 5.)
It may be necessary
occasionally to renew the
rubber buffer B, as after
a time, due to hitting the
stop screw A, the buffer
becomes worn. This only
requires adjustment at
rare intervals.
Oiling.
The automatic brake
mechanism should occasionally have a little
light oil applied to the
pivots, also, the main
bearing lubricators require filling with light
oil periodically. It should
be noted that the size of
these two lubricators
differ, therefore, care
should be taken that
they are returned to the
same oiler.
The main spindle
bearing should be lubricated periodically. This
Fig. 5.—SPEED TESTER FOR CHECKING SPEED OF TURNTABLE.
is best done by removing
Mark out a disc as shown above and place it on the turntable.
the turntable and filling When
viewed by electric light (A.C. 5o cycles) the outer ring
the oil cup on top of the will appear stationary at 8o revolutions per minute and the
frame around the main inner ring at 78 revolutions per minute.
spindle.
On removing the cover plate A, Fig. 2, it
The gears should have an occasional
oiling and also the pivots of the governor. will be noticed that the governor is of a
The periods at which oiling should be special design ; there are no springs on the
given to gramophone motors vary con- governor weight, but a link motion B,
siderably, according to the amount of use this patent floating governor having
they have, but in ordinary homes, once entirely overcome any tendency of hunting
every three months should be sufficient, and giving less variations under a fluctuatbut if a lot of playing is done, every month. ing load.
It will be noted, also, that on the main
More gramophone motors are ruined
through neglect of oiling than by anything spindle there is a cushion drive C. This
else, for if a bearing becomes worn through ensures regular playing speed, even should
want of oil erratic running will occur very there be any variation occurring in the
electric supply.
quickly.
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has been removed. Be careful not to lose
the steel ball at the end of the armature.

A

NOTES ON THE GARRARD UNIVERSAL
ELECTRIC GRAMOPHONE MOTOR—
TYPE E.D.
Instructions for Fitting and Running.
The " Garrard " motor, Type E.D., will
run on all voltages between ioo and 250,
either alternating or direct current, and
on all frequencies A.C. between 25 and 6o.
For supplies of less than zoo volts, or
for frequencies above 6o cycles, a specially
wound motor is necessary.

,SPrON,5 no‘e
D017,0_,2_
ro as cur Morow BOARD

0
Fig. 6 —SHOWING TEMPLATE FOR FITTING
GARRARD UNIVERSAL MOTOR TYPE E D.
The full-sized template is laid on the motor
board of the gramophone with its edges parallel
to the cabinet sides and with the centre of the
main spindle at the correct distance from the
tone arm. Pierce through the holes for the
five holding-down screws, mark around the
dotted lines and cut hole in the motor board.

Removing the Armature.
Should it be necessary at any time to
remove the armature, the screws holding
the nickel end plate A, Fig. 3, should be
removed first. The end plate should be
withdrawn and the armature carefully
removed, but as there are no windings on
the armature there is no trouble to be
experienced due to armature breakdown.
The only winding being B, C, D, E on the
stator and these being stationary, there is
very rarely any fault. The probable
cause of the motor not revolving is due
to some stiffness in the bearings or badly
adjusted governor. If the worm gears are
correctly adjusted and the motor running
freely, and yet when switched on fails to
operate, make sure that the switch is
properly closing. If the motor then still
refuses to revolve, see that all the terminals
are tightly screwed up or that a wire has
not become broken. If no visual outside
fault is noticeable, test each circuit of the
field coils. There are four stator coils and
they are connected in series for the high
voltage and in parallel for low voltages.
A faulty coil can be readily removed by
pulling out the wedges after the armature

To Fit Motor.
Use a template as Fig. 6 and lay on
the motor board of the gramophone, with
its edges parallel to the cabinet sides, and
with the centre of the main spindle at the
correct distance from the tone arm.
Pierce through the holes for the five
holding-down screws, mark around the
dotted lines, and cut hale in the motor
board.
To Fit Plug Type Resistance.
Cut a rectangular hole in the side or
back of the cabinet, 41 in. by 2 in., and
fit resistance as shown in Fig. 4. Connect
the ends of the wire projecting from the
side of the casting to the two terminals on
the underside of the motor plate (one tag

Fig. 7.—SHOWING TEMPLATE FOR FITTING
GARRARD No. 202 GRAMOPHONE MOTOR.
See Fig. 6. for details of use.

ELECTRIC GRAMOPHONE MOTORS
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Fig. 8.—INSPECTING THE CARBON BRUSHES OF A GARRARD UNIVERSAL MOTOR TYPE E.D.
This is done by removing the bakelite bush caps and pulling the spring out with the fingers. In
this illustration note the points which require oiling,
on right leg of the terminal and the other
on the centre leg). The motor can then
be screwed down.
The main leads are attached to the
connector supplied with the resistance.
To set the resistance, ascertain the
particulars of electricity supply.
On the front of the resistance are two
plugs which must be inserted in the holes
corresponding with the details of the
supply, thus :
The left-hand plug is inserted in one of
three holes as marked, depending whether
the supply is D.C., A.C. 25 cycles, or A.C.
40 to 6o cycles.
The right-hand plug is inserted in the
hole near the figure corresponding to the
voltage of supply.
The resistance shown is set for working
on direct current of 240 volts.
The plugs must be screwed down firmly
to ensure good contact. As much air
space as possible should be left round the
resistance to assist ventilation, and, if
possible, a few holes should be drilled in

the back of the cabinet above and below
the resistance to provide a current of air.
Setting Resistance with Voltmeter.
For greater accuracy and where the
voltage of the mains deviates from normal,
the voltage indications on the scale can be
ignored and the resistance set by connecting a voltmeter across the terminals
of the motor, and adjusting the slider or
plug until the voltage indicated is in
accordance with the table below.
Supply ..

.. D.C. 25

Voltage across motor .. 4o

6o

40

50

6o•

75

oo

too.

Note.—To ensure correct setting the
following points must be observed :
(I) The turntable must revolve at
exactly 78 revolutions per minute as set
by a watch or stroboscopic indicator.
(2) The belt tension must be such that
when the current is switched on and the
turntable spindle prevented from turning
by gripping in the fingers, the motor
pulley just creeps round slowly. (It does
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Loosen trip lever locking
screw and set trip lever
adjusting screw to clear
striking bush by z mm.
(approx.). To test the
setting, run the motor
slowly and move the trip
lever gently to the left.
If the adjustment is
correct the revolving
striking bush will push
the trip lever back to a
position supporting brake
lever half-way on its
ledge as shown at " A."
Set pick-up with needle
3 in. from main spindle
and loosen two adjusting
screws.
With motor running
adjust operating lever to
touch tone arm and
tighten screws.
If switch operates
before the end of record
is reached, the setting is
too fine and trip lever
adjusting screw should
Fig. 9.—SETTING THE AUTO-STOP OF A GARRARD MOTOR TYPE E.D.
be screwed out slightly.
Remove the auto-switch from the base by taking out screws
Should brake fail to
G and D. Decide the position it is to be screwed back, and bore
a hole rt in. to take switch legs. Refix auto-switch to base and
operate on record with a
adjust stop.
run-in of s in. the setting
is too coarse and trip
not harm the motor in any way to do lever screw should be adjusted in.
this.)
(3) The Values set out in the table give Maintenance.
ample power, and no additional allowance
A small amount of attention at regular
should be made for possible voltage drop intervals is all that is required to obtain
in the mains.
continuous service from the " Garrard "
Regd. Electric Motor, Type E.D.

Setting the Auto Stop.

The following is the procedure to adopt
in fitting the auto stop for Types 202 and
E.D.
(1) Remove the auto switch from the
base by taking out screws C and D, in
Fig. 9.
(2) Decide the position it is to be screwed
back (any of the holes may be used).
Bore a hole is in. diameter to take switch
legs.
(3) Refix auto switch to base.
(4) Adjust auto stop : move operating
lever to the right and motor should start.

Lubrication.
Lubrication of all bearings should be
carried out every few months. Points
requiring attention are indicated in Figs. 8,
9 and io. The speed of the turntable
should be checked with a watch after
oiling, and adjusted if necessary.

Brushes.
The carbon brushes fitted to the electric
motor may require renewal after a few
years. They can be inspected by removing

ELECTRIC GRAMOPHONE MOTORS
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Fig. io.—HOIV TO TAKE THE GARRARD UNIVERSAL MOTOR TYPE E.D. APART FOR CLEANING THE
COMMUTATOR, ETC.
Remove screws A and take out brushes. Unscrew the two hex nuts for cleaning bolt B. Carefully
draw out half the body. if necessary, clean commutator with fine glasspaper. Repack bearing cups
with grease.

Fig. II.—TERMINAL BLOCK FOR CHANGING VOLTAGE ON GARRARD MOTOR TYPE 202.
The motor can be used on any voltage between Pao/13o and 200/250 by changing the leads
A and B (white letters).
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Fig. I2.—ROTOR AND STATOR WINDINGS OF GARRARD MOTOR TYPE 202.
Care must always be taken not to bend the spindle F.

the bakelite brush caps and pulling the
springs out with the fingers as in Fig. 8.
Be careful to replace brushes the same
way round as they were in originally. As
fitted, the brushes are- 196 in. long under
the springs. When they wear to about
in. long they must be replaced by new
ones.

NOTES ON THE GARRARD No. 202
INDUCTION ELECTRIC GRAMOPHONE
MOTOR.
Frequency.
The standard model is suitable for 5o/6o
cycle alternating current only, a special
type of motor being required for periodi
cities outside this range.

Taking the Motor Apart for Cleaning the
Commutator, etc.
(I) Remove screws A in Fig. 1o.
(2) Tale out brushes.
(3) Unscrew the two hex nuts for
clamping bolt B. (4) Carefully draw off half the body.
(5) If necessary clean commutator with
fine glass paper taking care to remove all
dust.
(6) Repack bearing cups with grease.
(7) After reassembly of motor, when
returning to frame, take care that the belt
is on the pulley, and the tension spring is
in the correct position and the motor
rocks freely.
(8) Should the belt slip extra tension
can be obtained by adjusting the nut on
the rod B, Fig. 9, which holds the spring
to the frame.
(9) Should the belt become oily place
in chalk for a few hours.

Voltage.
The motor can be used on any voltage
between 100/130 and 200/250: By changing the leads " A " and " B " in Fig.
Fitting the Motor.
Use a template as Fig. 7 and lay on
the motor board of the gramophone, with
its edges parallel to the cabinet sides and
with the centre of the main spindle at the
correct distance from the tone-arm or
pick-up centre.
Pierce through the holes for the five
holding down screws, and cut a hole in
the motor board as dotted outline.
Temporarily remove the leads from the
automatic stop and also remove the stop
from the motor plate by unscrewing the
two small holding down screws.
Screw the motor and unit plate down to
the motor board, using the five special
screws and rubber washers provided,
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placing the rubber washers
under the motor
plate to act as
buffers between
the plate and the
wood motor
board.
Fit and adjust
automatic stop
in accordance
with instruction
for Type E.D.
It is desirable
to " earth " the
motor by connecting a wire
from the earthing tag fitted
under one of the
bearing co ver
screws.
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Fig. I3.-B.T.-H. SIMPLE INDUCTION MOTOR WITHOUT GOVERNOR.
This motor is designed to run at one -peed, namely, 78 r.p.m.

Maintenance.
Maintenance has been reduced to a
minimum, the rotor bearings being lubricated by two grease cups immediately
accessible on removal of turntable. With
normal use the grease cups should be given
a turn about once a month. The top and
bottom main spindle bearings each contain
a felt ring saturated in oil which keeps
these important bearings lubricated. To
relubricate it is only necessary to saturate
the top bearing lubricating ring with oil
about once a month, and the excess oil

will find its way down to replenish the
bottom bearing felt ring.
The felt pads in the governor regulating
brake should also be kept oiled and not
allowed to become dry.
The governor is accessible by removing
the name plate on the side of motor.

Taking Motor Apart for Cleaning, etc.
(1) Loosen screw A, Fig.
(2) Remove the three screws B holding
motor to top plate.
(3) Take out
the four screws C.
(4) Very carefully remove end
plate D (Fig. 12)
Copper
Copper_,
Disc
Disc
which holds the
starter windings.
(5) Carefully
remove the rotor
and governor,
—HI—
/m
1,
77°Ci.
slowly rotating
to unscrew the
worm, taking
Switch
great care not to
damage or bend
the spindle.
(6) Clean off
Fig. 14.—THE MAGNET SYSTEM OF THE B.T.-H. GOLDEN DISC MOTOR.
any grease from,
Showing wiring and connections of coils. The mains are connected to
the terminals M.
the rotor kE

ica/
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in Fig. 12, for the air gap is small between
the rotor and stator, so that grease on the
rotor may cause the motor to rim slow.
(7) Remove the name plate so that
when returning the rotor, the pads of the
governor may be set in the correct position,
in this motor double pads are used.
(8) Reassemble : taking care that the
pivot F, in Fig. 12, is correctly in its
bearing before fitting end plate.
The mains are connected to the centre
and right legs of the auto switch, which
have the screw terminal ends.

of the armature ; therefore, there is no
method of adjusting the speed, and the
motor is designed to drive the turntable
at 78 r.p.m., this being the speed at which
records are now standardised.
On reference to Fig. 13, the construction of this simple system will be at once
apparent. There is no automatic switch,
only an " on " and " off " switch which is
operated by hand ; and the method of
starting this motor is important.

To Start the Motor.
Place the record on the turntable with the
switch in the
" off " position.
Spin the turntable round in a
clockwise direction by placing
one finger of the
left hand on the
middle of the
non-playing part
of the record.
The turntable
runs very easily
and will quickly
spin up to the
playing speed.
Then turn on
the switch with
Fig. 15.—THE VOLTAGE CHANGING PLATE OF THE B.T.-H. SIMPLE INDUCTION
the right hand.
MOTOR.
Should the motor
run only at half
THE " B.T.H." ELECTRIC GRAMOspeed, the turntable has not been rotated
PHONE MOTOR—TYPE " YG."
quickly enough by hand. Switch off
This gramophone motor is an induction and start again. The motor will not start
motor for operation on 100/125 volts if switched on before the turntable is
or zoo/25o volts at 5o cycles, single rotated by hand.
phase, alternating current only.
This is the most simple electric gramo- Instructions for Fixing the Motor.
To ensure quiet running, the motorphone motor produced. The armature
consists of a four-pole laminated block board should be at least in. thick and
running between two opposite pole pieces. the pick-up should be fitted as far away
The windings on the pole pieces are from the motor windings as possible.
connected in parallel for 100/125 volts, Cut a hole in the motor-board sufficiently
large to clear the motor, and it is important
and in series for 200/250 volts.
that the motor should hang freely from
The Armature Drive,
the metal base plate, the motor being
The armature drives direct through a suspended on springs.
worm gear to the table spindle, there
Do not mistake the method of fixing
being no governor other than the weight the motor to the board, for these three

ELECTRIC GRAMOPHONE MOTORS

screws with the springs underneath should
not be altered or used in any way ; but
the motor screwed down to the base
board by the four small counter-sunk
holes.
Lubrication.
Occasionally grease the worm wheel with
vaseline, and oil the bearings of the motor
and the turntable spindle with light
machine oil. The laminated pole pieces
are fixed to the frame by two screws.
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THE " B.T.H." GOLDEN DISC ELECTRIC
GRAMOPHONE MOTOR.
This motor is of the induction disc type
and depends for its action upon the eddy
current set up in a plain copper disc so
arranged that it will rotate between the
poles of two electromagnets One of
the windings is highly reactive and those
of the other is as non-reactive as possible.
The combination of fluxes produced by
these magnets produces a travelling
magnetic field. Interaction between this

Fig. i6.—THE B.T.-H. GOLDEN DISC MOTOR.
Note the induction disc and two sets of field magnets.
If it should be necessary to remove the
field coils at any time, the pole pieces are
removed from the frame and the coils
rewound. No trouble, however, should be
experienced by a breakdown of the windings. These are well insulated and carefully wound.
The motors are despatched from the
works set for 200/250 volts. Should it
be necessary to alter these to 100/125
volts, simply undo the nuts holding the
linking bar into position and place the
two across the terminals, so that the coils
are parallel (as in Fig. 15 linked for
200/250 volts).

field and the eddy current introduced
produces a torque which gives the rotary
motion to the disc. These magnetic
pole pieces are shown in Fig. 16, and
there is a similar set of coils and pole
pieces on the opposite side of the motor,
set at 180°. The electrical circuit on
this type of motor is somewhat different
from that of the ordinary motor, in so much
that in series with the two lower coils is a
condenser, as shown in Fig. 14. For the
high voltages the coils are connected
in series, but for low voltages, each set
of coils is connected in parallel.
The design of the pole pieces is also
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slightly different from
those of an ordinary
motor, as will be seen
from the sketch.

The Speed Regulator.
The copper disc is
attached direct to the
main spindle, therefore
the torque introduced
into this disc is transmitted direct to the
turntable. The speed
regulator governor is
geared by worm gearing
from the main spindle,
while a small rubber
band drives the automatic sprocket.

How the Automatic
Switch Works.
The automatic switch
and stop on this motor
is unique and probably
one of the best designed
as it operates at the
end of any record,
whether the record has a
run-off groove or not.
Immediately the tone

Fig. I7.—THIS SHOWS THE AUTO BREAK AND THE CAM G WHICH IS
DRIVEN BY THE BELT FROM THE SPINDLE. (B.T.-H. Golden Disc
Motor.)

Fig. 18.—THE B.T.-H. UNIVERSAL GRAMOPHONE MOTOR.
Note the spring for adjusting belt tension.

arm ceases to travel, the
switch automatically knocks
off. This is achieved in the
following manner (see Fig.
z7):
When the lever B is swung
to the right, the switch lever
C is forced home by the cam
D, which in turn causes the
double cam slide E to travel
to the bottom of its stroke.
On this slide E are two cam
projections, the one on the
right being operated by the
cam A. This cam is rotating
and also carries another cam
on the top, G. As this cam
rotates, it knocks the lever to
the right, this causes the cam
G to strike the lever on the cam
projection H and so knock off
the switch, causing the cam E
to travel upward. But this does

ELECTRIC GRAMOPHONE MOTORS
not happen as the tone arm is travelling,
for owing to the rod I slowly travelling
against the lever it is held in a left-hand
position so that the cam does not hit
the projection on the lever,but immediately
the tone arm ceases to travel there being
nothing to hold the lever in a left-hand
positicn, the cam strikes and, therefore,
knocks off the switch. Although this
may appear, from the photograph, to be
complicated, it is
really very simple and immediately it is
watched in action
the principle will
be readily understood.
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oil placed in the hole on the top of the
auto-switch cam. This is best applied
with a match-stick and only a few drops
are required.
The voltage is changed by removing
the fibre protected plate under the turntable, and the terminal links placed in a
position according to the voltage required.
The indication of these positions is on the
name place of the motor.

the
Adjusting
Automatic
Switch.
The design of
this automatic
switch is such
that no adjustare
ments
necessary other
than setting the
arm B in such
a position that
the pick-up carrier arm will
carry the arm
over the full
Fig. lg.-THIS SHOWS THE HEAVY CAST FRAME OF THE B.T.-H. UNIVERSAL
playing space of
MOTOR.
the record. The
setting of this arm
is adjusted by the screw J, and the height Fixing Instructions.
In fixing this motor to the baseboard,
of the arm A is adjusted by the two screws
K, as it is important that the lower care must be taken that the position
projection of the U-shaped arm clears of the motor is correctly decided on as
the tone arm while playing. When oiling the hole necessary to clear the various
the motor, take particular care that oil parts of the motor is of peculiar shape,
does not get on to the rubber belt which as will be seen from the diagram, and
drives the automatic cam. When oiling should a mistake he made it will be difficult
the automatic stop only a slight trace of to rectify the position. After having
oil is placed upon the various pivots, fixed the motor in position, fix the pick-up
carrier arm, arranging the fork and the
and all surplus oil should be wiped away.
lever so that it is in the correct position
Lubrication.
when the pick-up is correctly tracking.
The main bearing, governor pivots and It is important to remember that the
spring pads should be oiled occasionally pick-up arm must be in contact with the
with light machine oil, the gears smeared left-hand side of the lever all the time
with vaseline, and a few drops of light the record is playing, for, if there is any

ELECTRIC GRAMOPHONE MOTORS
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In certain instances, it may be advisable,
but the resistance should be adjusted so
that the motor is just sufficient to carry
the load imposed upon it. If, when the
main spindle is held with the finger,
the motor just creeps round, the setting
will be correct.

MAINS

.13

c
SOLDER TO
CON TACT SPRINGS

Fig. 20.—WIRING CONNECTIONS FOR B.T.-H.
UNIVERSAL MOTOR TYPE YI.

space between the arm, the motor will
switch off, due to the arm not travelling
and preventing the automatic stop coming
into action. No difficulty, however, will
be found when fixing the pick-up, as
there is plenty of adjustment on the arm.

Construction of the Framework.
The motor unit and framework is
constructed of heavy-cast aluminium, and
the reason for this robust construction
is to absorb any vibration and maintain
a quietly running motor, for it must be
remembered that should any vibration
be transmitted to the table of an electric
gramophone, it will be amplified in the
system, for unlike the ordinary soundbox,
an electric amplifier will amplify the
lowest vibration.
SERVICE TABLE FOR D C. AND UNIVERSAL
MOTORS.
SYMPTOM.

POSSIBLE CAUSE.

Motor will not revoke

Resistor unit is burnt out or sliders
making bad contact.
Mains supply not switched on.
Switch operated by the pick-up not
functioning correctly.
Mechanical jam or undue friction.
Insufficient or too much brush
pressure on armature commutator.
Dirty brushes or armature segments
(clean with fine glass paper by
placing a strip under brush and
rotating armature. Do not forget
to remove fragments of glass after
cleaning).
Break down to earth of either field
or armature.
Short circuit of fixed condenser.
Norn.—The purpose 01 this condenser is to reduce interference due
to sparking between brushes and
commutator.
Check up connections.
Lack of lubrication.
Armature touching field coils.
Loose go) ernor spring screws or tight
bearing.
Bottom bearing of motor not correctly
adjusted.
Governor and fibre gear not " fairly "
engaged.
Sparking between brushes and commutator.
Intermittent disconnection, possibly
in field coils or between commutator segments and armature
section.
Motor frame not correctly earthed.
Intermittent leak between armature
windings or held windings and
earth.
Dirty brushes.
Incorrect voltage adjustment.
Insufficient brush pressure.
Short circuit in field coil.
Lack of lubrication.
Undue mechanical friction.

THE " B.T.H." UNIVERSAL GRAMOPHONE MOTOR—TYPE Y1—FORM B.
This motor is of the commutator type
and can be arranged to operate from either
D.C. or A.C. current, from 25/100 cycles.
A special resistance is supplied for adjusting the motor to any of the voltages, and
the resistance should be fitted inside
the cabinet where it cannot be tampered
with or shifted. As will be seen from the
photograph, this resistance has two resistance elements, and is connected in series
with the motor between the top terminals,
the slider short-circuiting the two resistance elements, so that the lower the slider,
the more resistance in the circuit of the
motor.

Resistance Settings.
On the front plate are stamped the
various settings. The first column is for
5o cycles, the middle column for zoo cycles,
and the third column for D.C. current.
The voltages marked are appropriate,
and a slight variation in the setting of
the resistance will not do any harm.

With signs of ON er
heating of resistor.

Motor will not re) oh e
after re-assembl)
Motor noisy mechanically.

Motor noisy electrically (i.e., causing
interference
on
electrical
reproducer).
(Hum or splutter) ..

Motor weak ..

ELECTRIC GRAMOPHONE MOTORS
The main driving spindle is driven by a
flat cotton belt (A) (Fig. 19) ,the motor being
pivoted to the frame and the tension maintained on the belt by a spring (B) (Fig. i8).
Do not adjust this spring other than to allow
just sufficient grip, for should the tension
on the belt be too great it may cause erratic
running, and a slip on the belt due to
voltage variation is an advantage, as it
allows for the motor to slip without
altering the speed of the turntable.
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M

Link

Link

100-130 I!
40- 60 47
Fig. 2 I .-CONNECTIONS FOR SUPPLY MAINS OF
MARCONIPHONE TYPE 24 D.C. MOTOR.

Showing connections for 100-130 volts.

Lubrication.
The lower motor bearings can be oiled
through the small oiler at the side of the
bearing housing, but the upper bearing
at the pulley end is a little more difficult.
To oil this, the pulley C must be removed
and the felt pad saturated with oil.
The brushes are removed by unscrewing

M

M

Link
200-260
40- 60 47

Fig. 22. -THIS SHOWS THE CONNECTIONS FOR
200-260-VOLT SUPPLY.

the insulated brush holders D, which have
a hexagon head of insulated material.
Should it be necessary at any time to
remove the armature, the four screws E
on the drive-end plate are removed,
and the armature withdrawn, first removing the brushes. As in other motors,
the main bearings, governor pivots and
speed regulator pads should be occasionally oiled and the worm gear smeared
with vaseline.
Fitting the Motor.
This motor, not being supplied with a
base plate, is directly fitted to the motor
board, which should be at least in. thick,
as this being a heavy motor, vibration is
likely to occur. Heavy plywood is to be
advised. Make a template and cut a hole
sufficiently large to clear the main driving

pulley and the motor pulley. This is
better than cutting a hole sufficiently
large for the spindle as it allows for
adjusting the height of the turntable
from the motor board.
Mark out and drill a hole for the speed
regulator and suspend the motor by means
of the rubber bushes supplied. One
rubber bush is placed above the top of
the motor board, three underneath, one
through the casting and one under the
washer and nut, as in Fig. 20. Should the
turntable not be high enough from the
motor board, one of the washers underneath the board may be removed, and by
having a hole large enough in the board,
the driving pulley will clear.
Setting the Automatic Stop and Switch.
The automatic stop and switch on this
motor has to be pre-set for the switch-off
at the end of the record and is not fullyautomatic as in the preceding motor,
the lever being adjusted to suit each record.
The lever C starts the motor and the
lever D switches off the motor in the event

M

M

Link

130 -160 V.
40- 60 .47
Fig. 23 .-CONN ECTIONS FOR 130-160 VOLTS WITH
CONDENSER OF 3 MFD. PLACED IN SERIES WITH
THE MAINS LEAD TO THE MOTOR ON THE MOTOR
SIDE OF THE SWITCH.
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currents set up
in a plain copper
disc, so arranged
that it will rotate between the
poles of two
electromagnets,
the windings of
one being highly
reactive and
those of the
other being as
non-reactive as
The
possible.
combination of
fluxes produced
by these magnets produces a
travelling magnetic field. Interaction between
this field and
eddy currents
induced in disc
Fig. 24.-THE MARCONIPHONE INDUCTION DISC MOTOR.
Note the points which require oiling.
produces a torque
which gives
of the tone arm not striking the cam on rotary motion to disc spindle and turnthe lever and releasing the switch. The table.
automatic stop is fitted underneath the
The governor is driven through worm
turntable, so that the levers and the rod gearing from turntable spindle.
project outside, and the position of this
The Magnet Unit (See Fig. 25) .—Consists
automatic stop is determined by the of :—
position of the pick-up carrier arm, and
(A) A laminated steel core held in
position by a brass clamping plate
can only be found out when fitted to the
motor.
and screws a, b, c and d.
NOTE.—Screws e and f, g and h serve
MARCONIPHONE MOTOR, TYPE 24 FOR only to keep the core clamped together,
ALTERNATING CURRENT.
g and h also securing the voltage change
Mains Supply.
block in position.
Voltage Range.—ioo/r3o volts, 2oo/26o
(B) One reactive coil LR. Two nonvolts : link change-over (Fig. 23). 13o/16o
reactive coils LINT' and LN2.
volts with (600-volt test) condenser of 3
NOTE.—In all cases the inner end of the
microfarads placed in series with the coil windings terminate in red wire, the
mains lead to the motor on the motor outer windings terminating in yellow
side of the switch. Figs. 21, 22 and 23. wires.
Frequency Range.-4o/6o cycles (periodicity).
Electrical Data of Coils. (Fig. 25.)
Other Frequencies.—A special motor may
Coil LR.—D. C. resistance (top section),
be fitted for periodicities of from
35 ohms ; (bottom section) 35 ohms.
75/10o cycles.
NOTE.—These values are measured as
Consumption from Mains.—Approxifrom lug i on C2 to voltage, adjustment
mately 25 watts.
screw 3, and lug z. on CI to voltage
adjustment screw 2.
Principles of Operation.
The induction disc type of motor
Coils LIsh and LN2.—D.C. resistance,
i,ioo ohms each (measured from lug 2
depends for its action upon the eddy

ELECTRIC GRAMOPHONE MOTORS
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—CI and screw
3 and lug
2 — C2 and
screw 3).
To remove
condensers Cr
and C2 unsolder leads to
lugs, slack
away screws a
and g, or d
and h, for CI
and C2 respec(Fig.
tively.
25.)
Warning.—
Screws g and h
must be slacked
away from the
back of the
motor ; in the
case of g, by
passing a screwdriver below the
governor to the
Fig. 25.—THE MARCONIPHONE INDUCTION DISC MOTOR.
back of the magNote the field magnets and condensers.
netic unit, and
in the case of h,
by passing a screwdriver to the left of the breaking down, any good make of conmain motor bearings from the back of the denser, Mansbridge type, capacity 2 mfds.,
may be installed by screwing on the motorunit.
Electrical Value of Condensers. 2 nifds. board or other convenient place temporarily, while replacement condensers
each.
NOTE.—In the event of a condenser are being secured.

figlitgent4;..3

Fig. 26.—MAGNET AND COIL SYSTEM OF MARCON PHONE TYPE 24 A.G. MOTOR.
Terminal 2 is connected to the other end of the upper coil on the large magnet.

Removal of Magnet Units.
Withdraw
screws a, d, b
and c. Do not
lose conical
spacer washer
between unit and
motor
frame.
The entire magnetic and elec
trical units may
now be withdrawn.
NOTE.—It is
inadvisable
to
attempt to rewind coils on this
unit.
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TROUBLE TRACING CHART*
SYMPTOM.

POSSIBLE CAUSES.

Motor will not revolve when main
switch on and
motor switch on.

Mechanical interference
between parts of motors.

Motor revolves when
turned by hand. Suggests failure of electricity supply.
If supply is O.K. to motor
suspect motor circuit.
Motor starts satisfactorily, but
slows down when
needle lowered on
record.

Feeble motor with increased hum.
Voltage of supply incorrect
for motor connection.
If connections correct suspect faulty magnet coils.
Check resistance.

(85 motor only.) Breakdown of one or more
condensers.

Mechanical stiffness

Hum

Loose coil winding
Loose magnet unit
Loose laminations
Insecurely fastened motor

Mechanical noise ..

Driving disc fouling magnet laminations.

SUGGESTED REMEDY.

Test turntable gently by hand. If free,
trouble in electrical circuit. If turntable or
spindle very stiff, remove turntable, check automatic brake. If this O.K., remove motor and
motor-board from instrument. Check position of
driving disc in airgap between magnets ; if
necessary, adjust height by means of screw
beneath lower bearing. Ensure that governor
spindle bearings are correctly adjusted by
slackening bearing set screws and adjusting
pivots. Examine worm drive. Remove governor
completely to test if main spindle is free in
bearings.
Test electrical circuit to motor by voltmeter or
test lamp.
Remove motor and motor-board from instrument. Check all magnet coil circuits for continuity and for insulation from frame of the motor.
Suspect burnt-out coil, or disconnected condenser.
Check position of " series-parallel " links on
motor terminal block.
Allow motor to turn, feel coils. Shunt coils
should be at the same temperature, both series
coils should be at same temperature. A coil
hotter than others usually indicates that it is faulty.
Resistance may be low.
Check resistances of all coils.
Short-circuit terminals of each condenser in
turn with piece of wire, if condenser can be shortcircuited without affecting motor torque, condenser may be faulty.
If torque still further reduced, condenser
probably O.K.
Oil all bearings.
Make sure automatic brake is completely
disengaged from turntable rim when in playing
position and that brake-lever collar O.K.
Check adjustment of governor spindle and
worm drivc.
Remove governor and spin turntable spindle
between thumb and finger. If spindle stiff in
bearings and oiling has no effect, try new spindle
to determine whether original spindle or motor
frame at fault. See that brake lever has not slipped
off speed control screw on motor platform.
Insert wooden wedge between outside of coil
and iron laminations.
Tighten screws securing units to frame.
Tighten screws securing laminations to unit
frames.
Adjust tension of these screws.
Tighten motor securing bolts between motor
and motor-board. If necessary insert felt washers
between motor and motor-board to adjust for
correct turntable height.
Adjust height of disc by screw beneath lower
main spindle bearing. Ensure that coil units
are clamped up squarely to motor frame.

ELECTRIC GRAMOPHONE MOTORS

SYMPTOM.

Excessive end play in
governor spindle.
Governor worm wheel ..
Noisy motor

Slack top main spindle
bearing.

Variation in speed

Tight main spindle
..
Tight governor bearings.
Crazy governors.
Disc rubbing pole laminations.
Friction leather too hard.
Lack of lubrication on
leather.
Springs distorted
Tight governor bearings
Tight governor bearings
Congealed or unsuitable
lubricant in bearings.
Grease on disc.

Crazy governors
(whirring sound)

Sluggishness

SUGGESTED REMEDY.

POSSIBLE CAUSES.
Governor springs
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If necessary, tighten all securing screws, loose
springs cause rattle. Ensure that each spring
screwed up in correct relative position. This may
be found by slackening all spring-securing screws
slightly, then giving motor a few turns by hand.
Then re-tighten screws.
Governor spindle should have no perceptible
end play.
Adjust bearing pivots to quietest running
position.
Worm wheel sometimes gives noisy drive ;
should be replaced. Centre line of worm wheel
should be level with the axis of worm.
If upper main bearing becomes worn through
turning for long periods without lubricant, motor
will generally be noisy, although units already
mentioned are correctly adjusted. In this case
the motor should be returned to the makers, giving
full details of trouble experienced.
See " Crazy governors " below.

Lubricate well and massage with pliers to
encourage softness.
Adjust.
Adjust.
Clean and re-lubricate.

* This chart has particular reference to the Marconiphone A.C. Motor, but most of the data applies
equally well to motors of similar type.

Removal of Governor.
(Fig. 25.) Slack off governor bearing
screw k, and governor bearing screw in.
Slide governor gently towards these bearings so that the bearing slips sufficiently
far to allow the governor to be slipped out
of the bearing ; then withdraw governor.
Replacing the k bearing.—This bearing
is fitted with a slot which engages with
the bearing screw into which this screw
must locate.
Removal of Main Bearing and Induction
Disc.
(1) Slack away screws n and p (Fig. 24).
(2) Slack away grub screw r in worm
wheel hub.
(3) Withdraw spindle, worm wheel and
inductor disc.
IMPORTANT NOTE.—Grub screw r in
worm wheel and one grub screw in inductor

disc should engage in the locating dimples
in the main spindle when reassembling.
Warning. Do not lose steel ball in
lower main bearing (t).
Use of Safety Stop.
The screen SS in Fig. 24 which secures
metal collar on underside of top bearing
is to prevent inexperienced persons from
lifting the whole motor spindle and disc
assembly when replacing or removing
turntable and bringing disc in contact
with magnet units.
NOTE.—The position of the screw and
collar (SS) is shown clearly in Fig. 24.
LUBRICANTS.
It is essential that correct lubricants
should be used for this and all other
motors.
" His Master's Voice " greases and oils
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are chosen and carefully tested for freedom
from harmful ingredients.
It is especially important that the oil
on the governor friction pad should be
free from acids.

Fig.

correct position in magnet jaws, i.e.,
does not touch either upper or lower poles.
(4) When lower bearing has been adjusted, adjust safety screw and collar
so that it is impossible to raise spindle

27.—TYPICAL EXAMPLES OF A VOLUME CONTROL AND ADJUSTABLE RESISTANall

On the left is a Watmel wire-wound volume control. Note
(centre) the tape winding of the resistance to give a square-law
adjustment of volume. On the right is a B.T.-H. adjustable resistance
for Universal motor.

Renewal of Governor Friction Pad.
The clip holding this pad is bifurcated.
The pad may be removed by opening the
jaws of the clip with a screwdriver, thus
loosening the grip on the pad, and enabling
the new pad to be inserted ; when the
new pad has been inserted, close up jaws
with suitable tool.
NOTE ON RE-ASSEMBLING MOTOR.
(r) See that steel ball in lower bearing
is present.
(4 See that one grub screw in inductor
disc and in main spindle gear wheel are
locating in special dimples on spindle.
(3) Adjust lower bearing screw so that
when motor is right way up, disc is in

and inductor disc assembly so high that
inductor disc strikes upper magnet pole.
Adjust collar (SS, Fig. 24) to stop this,
but see that collar is not exercising friction
on top of main spindle gear wheel.
It is probable that this safety stop screw
and collar will not require re-adjusting.
(5) When replacing worm wheel the
grub screw should be on top. (Fig. 24.)
The greatest possible care must be taken
to see that the inductor disc is not damaged
or bent in any way. The disc should be
carefully put on one side, after inspection;
in a safe place.
. A later article deals with the adjustment
and maintenance of Automatic Recordchanging Gramophone Motors.
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HOW TO MAKE A SMALL MOTOR
By H. E. J. BUTLER
HE motor described in the article
Cut off a length of this size steel 5s in.
is chosen as being suitable for long, face the ends and centre each
driving a small fan, grinding truly with a Slocomb centring drill so
wheel, sewing machine or for working a that when finished the rod is then 5 R in.
number of models. The maximum output long as shown in the working drawing,
is 1-- h.p. The various parts can be Fig. z. The exact dimension of the
constructed by anyone possessing a 3-in. overall length may, of course, be varied
lathe, which is essential for making the to suit different methods of drive. The
commutator, turning the end-frames and lengths given allow for a wide pulley
the armature shaft. The making of the or worm at one end and for a narrow
commutator requires more patience and V-pulley at the commutator end.
After centring the bar, it is mounted
care than the other parts, but presents
no particular difficulty if the processes between centres in a lathe and the short
1
described and illus4-in• shoulder is
turned first. The
trated are closely
COMPONENTS REQUIRED.
diameter of this
followed. The finpart should be
ished machine is
made so that the
shown in Fig. i.
Component
Quantity.
Material.
ball race is a good
The motor is
push fit on it. The
designed so that it
diameter bright mild
1
same applies to the
may, with suitable Armature spindle .. I-in.steel.
too
diameter Stalloy
other end of the
windings, be driven Armature stampings a in.
stampings with II semishaft. The fin.
from any voltage,
closed slots, T''.,-in. hole
for spindle.
long shoulder A-in.
either A.C. or D.C.
A:mature clamping A in. x 26 tpi. steel lock
nut.
nut.
diameter is the next
2
Components and Bearings .. .. 1-in. diameter by i in. X I in
operation. This part
ball races.
Materials.
22
Commutator bars ..
Drawn copper segnrnt,
of the shaft takes
I-in. long by 1,-in.,
The list of com' 10.
.1364 in. to .0389
the commutator.
taper.
ponents and matWhen these two
Commutator micas .
Ruby mica .030-in. thick
22
erials from which
cut I in. x ', in. full
shoulders
have been
2.
Moulding or flexible micathey are made are Micanite washers
lute l -in. thick, 1 in
turned
the
shaft is
diameter
'
by '' in. hole.
given herewith.
reversed and the
Micanite sleea e
.
Flexible micanite
r
,l -in
thick or micanite tube
two long shoulders
The Armature
with ,„-in. hole, ;_-in.
wall.
turned.
It will be
Spindle.
I
bush .. fin. diameter brass
..
The main part Commutator
necessary to use a
I
Clamp ring ..
.. I-in. diameter brass
..
I
x 26 tpi. brass lochtravelling steady for
of the work of Commutator nut .. 4',, in.
nut.
making a motor is Armature wire .. Double-silk covered copper 3 oz
this. Set up the
wire.
in the construction Armature insulation Presspahn
steady before start5,-in. thick for 2, II-in.
circles.
end insulation.
of the armature.
ing to turn, because
Presspahn .2 mm. for slots 12 in..<
II in.
Cotton tape and AnnaThe first stage of
once the shaft beeel varnish.
making the arma- Field magnet
comes tapered it
.. 2 pole stampings in Stalloy
90
.018 thick.
ture is turning the Field coils .. .. Enamel
will
be found diffi..
4 oz.
covered wire
spindle. This is Field coil insulation Empire tape fin. wide .. 3 yds.
cult to correct it.
.
frames
2
.. Cast aluminium ..
made from fin. End
The long 15s -in.
Field frame
.. Metal tube or casting
..
1
r;,-in. square, I-in.
a
diameter bright Brushes .. .. Carbon,
diameter shoulder
long.
mild steel.
should be turned

T
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so that the
armature stampings slide on
easily but without shake. Finally, screw cut the
26 per inch
thread for the
nut which is to
clamp the stampings together.
Assembling the
Stampings.
Before mounting the stampings
on the shaft a
special clamping
nut is prepared.
This may be
turned from a
standard h-in.
Fig. I.—THE FINISHED 118 H.P. MOTOR, THE MAKING OF WHICH IS
26 nut, which is
DESCRIBED IN THIS ARTICLE.
a cycle size. In
order that it
shall not unduly
enlarge the winding at this end of the any which which may have an extra
armature the nut is turned fin. thick thickness of paper.
and filed down to fit a Fin. spanner. • When the required number of stampings
Chamfer the nut well. The stampings have been threaded on the spindle,
are now threaded on to the spindle ; the nut is put on and the stampings
96 should be sufficient to make
lightly clamped. A piece of iron strip
It will be noticed that the armature is then used to line up the stampings
stampings are covered with very thin and hold them in alignment while the nut
paper on one side. Keep all the papered is done up as tightly as possible. For
faces the same way round so as to insulate this purpose the commutator end of the
each staMping from its neighbour. Dis- spindle is held in the vice, taking care not to
card any rusty or bent stampings, also bruise or bend the shaft. Larger stampings have a keyr 13 ,s
-, way punched in
0 16
the hole so that
the stampings
may be keyed to
the shaft. For
a small motor,
3"
a
however,
546"
i\l\1\1\I\11
clamping nut is
sufficient to prevent the rotation
of the stampings
+4- on the shaft.
77 11
13"
The shape and
4
6
1
6
I6
dimensions of the
stampings are
Fig. 2.— WORKING DRAWING OF THE ARMATURE SPINDLE WHICH IS
TURNED FROM f IN. DIAMETER BRIGHT MILD STEEL.
shown in Fig. 4.
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Fig. 3.— HOW THE STAMPINGS ARE TRUED-UP BETWEEN CENTRES IN A LATHE.
This is done after the stampings have been assembled on the armature spindle.
Truing-up the Armature.
It often happens that the clamping
up of the stampings distorts the slender
shaft, or, if the shaft is not bent the
stampings do not run truly when the
armature is spun on the lathe centres.
If the shaft is bent it may be straightened
by resting the two I-in. sections of the
armature on a pair of V-blocks and tapping
with a mallet or hammer and a piece of
wood. It is not advisable to straighten
the armature whilst it is mounted between
centres, or the centres of the spindle
may be damaged. These must be taken
care of because they will be required for
finishing the commutator and its subsequent returning from time to time. When
the spindle runs true again the stampings
are carefully skimmed up with a keen
tool as shown in Fig. 3.
HOW TO MAKE THE COMMUTATOR.
The various parts of the commutator
together with the clamp which is used
to make it are shown in Fig. 5.
The Clamp.
Before the commutator can be started

3"

Fig. 4.—DIMENSIONS OF ARMATURE STAMPINGS.
The armature core is composed of about g6
of these stampings (II in. diameter) clamped
together on the armature spindle. Some
makes of stampings have a nick at the base
of one slot. The nicks are lined up when
the stampings are assembled to ensure
perfect alignment of the stampings.
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Fig. 5.—THE VARIOUS COMPONENTS OF THE COMMUTATOR.
Showing also the clamp'which is used to make it.

it is necessary to make a special clamp
ring to hold the segments and their micas
while the turning on them is done. The
finished clamp is shown in Fig. 6. It is
made from fin. of brass tube about
to Fin. wall. Unless a piece
of tube is obtainable IA-in. inside diameter, the tube is first bored out to this
size as shown in Fig. 7. The ring thus
bored • to size is then mounted on an
eccentric mandrel held in an independent
chuck as shown in Fig. 8. This produces

Fig. 6.—CLAMP RING FOR HOLDING
THE SEGMENTS AND THE MICATOGETHEIL
This is used while the coned recesses
are turned at each end of the commutator.

an eccentric ring. The object of making
the ring eccentric is to ensure the clamping
of all the segments properly, which a
concentric ring does not do. After turning
the eccentric ring a brass block is brazed
or silver-soldered central with the thin
side of the ring. Before splitting the
ring a hole is drilled for a 2 B.A. steel
screw. One half of the block may be
tapped instead of using the nut, which
gives more room for holding the ring in
the chuck for subsequent operations.
The slot is then cut out about h in. wide.
Two hacksaw blades put together will
do this operation.
The Commutator Bush.
Four stages in making the foundation
bush of the commutator are shown in
Figs. 9 to 12. A piece of /-in. brass rod
is held in a self-centring chuck and a
shoulder turned i in. long and
diameter. Next centre the faced end
of the rod carefully and drill out with a
spear drill, to a depth of i r, in. A spear
drill as shown in Fig. 9 should be used for
the first drilling because this type of drill
is less liable to run out of centre than a
twist drill. The hole is finished to size
with a ?a-in. reamer or a carefully ground
drill of the same size, so that the bush
will push on the armature spindle without
shake. Fig. 10 shows the next operation.
This is recessing the shoulder at an angle
of 6o° to the turn of the bush. The
exact angle is not important, provided
that the angle of the commutator cones
is made the same.
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Fig. 7.—THE FIRST STAGE IN MAKING THE CLAMP RING.
This is to bore out the brass tube to I T% inch diameter.

Fig. 8.—THE SECOND OPERATION IN MAKING THE CLAMP RING.
Showing how to turn the outside eccentric with the bore.
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After turning the coned recess, the thread
is cut as shown in Fig. ii. The pitch of
the thread is the same as for the armature
spindle; that is, 26 per inch. The thread
is cut longer than necessary for which
pm-pose will be seen when finally assembling the commutator. Lastly, the bush
is parted off to leave
long head,
as shown in Fig. 12.
The Clamping Ring.
The clamping ring is made next because
it is turned from the same size of metal

up a thicker piece. The mica is easily
split up with a knife into uniform leaves
within a thousandth part of an inch.
When the required thickness has been
made up in sufficient quantity to cut
22 pieces fin. x
full, the mica
is laid on a flat board and the rectangles
marked out with a penknife as shown
in Fig. 13. The pieces are then cut up
with a pair of sharp scissors or metal
snips. See Fig. 14. Owing to the incohesion of the lamina structure of the
mica, these small pieces will flake into

Fig. 9.—MAKING THE COMMUTATOR BUSH (I).
Showing the use of the spear drill to bore the hole.

as the bush. Its shape is similar, to the
head of the commutator bush. A -12n•-in.
hole is drilled in the fin. bar fin. deep,
and a coned recess turned as for the head
of the bush. The ring is then parted off
A -in. overall thickness.
A nut is then made fin, thick from fin.
brass bar to fit the thread of the bush.
Two flats filed on this are sufficient.
The Commutator Micas.
The mica material is supplied in irregularly shaped pieces which are shown
in Fig. 13. The correct thickness is
.03o in. The thickness may be made up
of any number of pieces or by splitting

thinner leaves when cut. This does not
matter so long as each portion is preserved
separately so as to give a uniform thickness of .03o in. to each piece. There is
no harm in, say, cutting up twice the
number of pieces .015-in. thickness and
making up the thickness in this way.

The Copper Segments.
Although the copper segments can be
made by one skilled with a file, it is better
to purchase the copper section drawn
to the size shown in the preceding table,
Each section is cut fin. long. Preparatory to assembling the copper and mica
for turning, the burrs are taken off the
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Fig. io (Right).—
MAKING THE COMMUTATOR BUSH (2).
This shows the
second operation,
which consists of
recessing the
shoulder at an
angle of 6o° to
the turn of the
bush. The exact
angle is not important provided
that the angle of
the commutator
cones is made the
same. The motor
described in this
article can be constructed by anyone
possessing a 3-in.
lathe which is essential for making
the commutator,
turning the endframes and the
shaft.
armature
The making of the
recommutator
quires more
patience and care
than the other
parts.

Fig. ix (Left).—
MAKING THE COMMUTATOR BUSH (3).
Showing how to
cut the thread on
the commutator
bush.
Reference should
also be made to
Fig, 18 which shows
the completed commutator in section.
The commutator
bush will be clearly
seen with the
threaded portion on
the right. A brass
nut is screwed on
to this end of the
bush when the
assembly is complete.
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a pointer in order to insert the
micas. This operation is shown
in Fig. 15. Before inserting the
micas check the thicknesses with
a micrometer to ensure their
uniformity. With the 22 pairs
of micas and copper segments
thus assembled the clamp is
pushed on.
The copper segments are now
pushed level with a thin rod as
shown in Fig. 17. The micas
should now project into the bore
and at each end of the commutator. See that each segment is
covered properly with mica and
then tighten the clamping screw
of the ring. The assembly is now
ready for turning.
Turning- the Commutator.
For the purpose of turning
the commutator, it is held in an
independent chuck as shown in
Fig. 19. The work is centred
so that the bore of the clamping
ring runs truly. The first step
is to face one end of the segments and bore out the hole
to Fin. diameter. Fig. 19 shows
a boring bar in use for this operation. The turning tools must be
kept sharp and the metal and
mica must °Lie removed in light
cuts or the copper will tend to
bridge over the surface of the
mica edges. It will be found
necessary to touch up the tool
Fig. I2.—MAKING THE COMMUTATOR BUSH (4).
every two or three cuts to proThe final operation in making the commutator bush,
showing the use of a parting tool.
duce the best result, because
mica soon takes the keenness
faces of the copper bars by rubbing on a from the tools, whether they are highsheet of fine sandpaper as shown in Fig. i6. speed or ordinary carbon steel.
The next step is to turn the coned
The burrs are also removed from the large
end of the taper. This ensures that the recess at one end of the commutator.
segments bed closely. Keep the faces of This is shown in Fig. 20. Care must be
the copper flat for if the edges are rounded taken when working into the corner
a gap may be formed in the finished that the tool does not chatter or dig.
commutator which assists the formation Before the coned part is turned the
commutator end is recessed Fin. with a
of a dangerous burr when turning.
square shoulder. The diameter of the
Assembling the Segments and Mica.
that is £-in. for the head
recess is
each side for the
The 22 copper segments are now con- of the bush, plus
veniently held together with elastic bands micanite insulation. When this part has
so that the coppers are easily parted with been turned the commutator is reversed
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Fig. 13.-MARKING OUT THE COMMUTATOR MICAS.
This is done on a flat board with the aid of a sharp penknife and a steel rule.

Fig. I4.—CUTTING UP THE COMMUTATOR MICAS WITH A PAIR OF SCISSORS.
Tf any of the small pieces should flake up, keep each rectangle separate so that the uniform thickness is preserved.

Fig. I5.--ASSEMBLING THE COPPER SEGMENTS IN THE MICA PREPARATORY TO TURNING.
Elastic bands are used to hold the assembly together while the micas are bring inserted. Check
the thicknesses of the micas carefully with a micrometer in order to ensure their uniformity.
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Fig. 16.—REMOVING THE BURRS FROM THE
COPPER SEGMENTS BEFORE THEY ARE
ASSEMBLED FOR TURNING.

in the chuck and carefully centred so
that the bore runs truly on its entire
length, when a similar recess is turned
at the other end of the commutator.
The angle of the coned recesses must fit
that of the bush and the clamping ring.
The dimensions of the commutator are
given in Fig. i8, which shows a section

Fig.

17.-LEVELLING UP THE MICAS IN THE
COPPER SEGMENTS.

This is done after the clamp has been
pushed over them and the elastic bands
removed.

of the finished commutator drawn to scale.
When the second end of the commutator
has been recessed and faced, examine the
edges of the micas to see whether any
of them are partly or wholly bridged with
copper. If the mica edges are quite
clean the work is then removed from the
chuck, but the clamp must not be released
yet on any account.

The Micanite Bush.

0

Fig. 18.—END

2. IN.
ELEVATION AND SECTION OF THE FINISHED
COMMUTATOR.

This is drawn to scale to show the finished sizes of the
various parts.

The micanite bush
serves to insulate the
commutator from the
brass foundation bush.
It may be cut from a
piece of tube fin. outside diameter and
-h-in. bore. The length
of the bush is T7-6,--in.
Alternatively, the bush
may be bent up from
a piece of flexible
micanite. To do this
a piece of 7412--in. flexible micanite is cut
rik in. x 1/6 in., and
bent while hot round
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a warmed rod of
eg -in. diameter,
so that the edges
just meet when
the split sleeve is
closed firmly
round the forming rod.
Assembling the
Commutator.
The final assembly of the
commutator is
shown in Fig. 21.
After lining the
commutator hole
with the micanite
sleeve, one of the
micanite washers
is threaded on
the bush which
is then inserted
into the bore of
the commutator
as shown. The

Fig. 19.—THE

COMMUTATOR SET UP IN AN INDEPENDENT CHUCK FOR BORING
AND FACING.

20.—TURNING THE CONED RECESS AT ONE END OF THE COMMUTATOR.

When this end is finished the clamp is reversed in the chuck and the other

end treated in a similar way.

other micanite
washer is then
pushed on the
projecting thread
and the clamping
ring put on with
its coned side
facing the segments. The nut
is then screwed
on and done up
finger tight.
The whole assembly is now
held in a pair of
pliers over a
flame to soften
the micanite.
This is shown in
Fig. 22. As soon
as the micanite
becomes pliable,
the nut is tightened with a
spanner. The job
is then reheated
and the nut
further tightened
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Fig. 21.—THE FINAL ASSEMBLY OF THE COMMUTATOR, FIRST STAGE.

Testing the Commutator.
The insulation between the segments
is tested by means of a lamp bulb and
the light mains as shown in Fig. 23. The
full pressure of the mains is applied to
each pair of adjacent segments, with a
bulb in series. The bulb will light up if
any two segments are bridged anywhere.
Also test between each segment and the
bush. The most likely cause of failure
is the imperfect forming of the micanite

until the micanite washers are completely formed into the cones, and
the nut is clamped as tightly
as the thread will permit. The final
tightening of the nut must be done while
the job is hot or the micanite will not bed
firmly on the cones and the commutator
bars will not be securely held. The
superfluous micanite is then cut off both
sides and the commutator removed from
the clamp.

Table showing armature and field windings for different voltages, both A.C. & D.C.
D.C. SERIES.

A.C. SERIES 40/6o CYCLES.
VOLTS.

ARMATURE.
S.W.G.
D.S.C.

FIELD.

ARMATURE.

Turns
per
Coil.

S.W.G.
Enam.

Turns
per
Coil.

26

167

27
27

185

S.W.G.

FIELD.

Turns
per
Coil.

S.W.G.

35
35

D.S.C.

Ioo
Iro

35
35

120

36

35
37
40

200

36

200

38

67

30

330

210

38

70

30

350

38
38

220

73

30

370

38

230

38
38

240

38

38

31
31
32

384
400
415

38
38

250

75
75
75

38

D.C. SHUNT.
ARMATURE.
S.W.G.

Enam.

Turns
per
Coil.

35
37

26
27

40
67
70

73
75
75
75

30
31
31
32

FIELD.
S.W.G.

D.S.C.

Turns
per
Coil.

214

35

40

38

2860

36

47

36

30

430

30

450
475
495
515

39
39
40
40
41

47
74
74
95
95
107

39
39
41
41
42

3960

27

237
260

42

6200

535

AI

107

43
. 43

7400
7400

Enam.

Turns
per
Coil.

3960
5275
5275
62oo
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( Right). - FINAL
Fig. 22
ASSEMBLY OF THE COMMUTATOR,
SECOND STAGE.
When the bush and micanite
washers have been lightly
clamped up, the whole assembly is heated over a gas
flame until the micanite is
soft enough to be formed into
the coned recesses.

Fig. 23 (Left).—TESTING THE
INSULATIV OF THE COMMUTATOR AFTER REMOVING IT
FROM THE CLAMP.
The full voltage of the electric
light mains is applied to each
pair of adjacent segments. A
bulb is wired in series to serve
as an indicator of a short circuit.
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loose and damage the connections. A simpler
and equally
effective way of
mounting a small
commutator is to
solder it to the
armature shaft.
This is done by
tinning the short
-in. section of
the shaft and the
inside of the
commutator
bush, and, while
both are still hot
the commutator
is pushed right
up to the shoulder on the shaft.
Take care not
to overheat the
commutator, but
make the shaft
rather
hotter
Fig. 24.—THE ARMATURE SET UP IN A LATHE FOR FINISHING THE COMMUTATOR.
than is necessary
A steady must be used to prevent chattering when turning the outside
diameter. The superfluous thread at the end of the commutator is turned
to melt the solder
off while the armature is thus set up.
so that should
the bush be
cones, which may not have covered the too cool when pushed on, the
metal cones properly in the assembling extra heat may be supplied by the
shaft.
process.

Mounting , the
Commutator.
There are two
methods of
securing the commutator to the
armature shaft.
First, the bore
of the commutator bush may be
made a force. fit
on the shaft,
but unless the
sizes are just
right the commutator may be
damaged while
being pressed on,
or the commutator may work

Fig. 25.—TURNING BACK THE EDGES OF THE PRESSPAHN SLOT INSULATION_
This is done so as to form a guide-in for the wire during winding.
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Finishing the Commutator.
By mounting the commutator on the shaft
before turning up the
outside diameter the need
for making a special
mandrel for this purpose
is obviated. The first
operation in truing-up
the outside is to face
the back and turn off
any superfluous solder
on the part of the
shaft between the comFig. 26.—THE ARMATURE WITH HALF THE COILS WOUND AND
CONNECTED TO THE COMMUTATOR.
mutator and the stamAt this stage the leads from the coils are insulated with cotton
pings. The front face
tape so that they do not come in contact with the second half of the
is then trued if necessary
winding.
and then the outside
diameter is turned parallel, so as to leave superfluous thread of the bush being
it as large as possible. This is now the turned off after the commutator has' been
diameter of the risers or the narrow finished. The thread is faced off flush
extensions of the segments which house with the clamping nut as shown in the
the armature connections. After this sectional drawing. See Fig. 18.
Although the initial turning of the
the commutator is turned down so as to
leave the risers TLg -in. higher and A -in. commutator may have been done
long. The diameter of the working part accurately do not be mystified if the
commutator is found to run out of true
of the commutator is now i lig- in.
Fig. 24 shows the armature set up with the bore after it has been assembled.
between centres in a lathe for the finishing This is due to the unequal flow of the
of the commutator. In order to prevent micanite when forming up the cones.
chattering due to the slender nature of
the shaft it is necessary to use a steady Riser Slits.
Each riser must now be slotted to
as shown. The illustration shows the
receive the armature
wires. This may be
done with a circular
saw about Fin. diameter mounted on a
mandrel in the lathe.
The armature is clamped at the correct
height on the saddle
and turned round for
each of the 22 cuts.
The slits are cut almost
the full depth of the
risers, taking care not
to injure the commutating surface. The
thickness of the saw
should be the nearest
Fig. 27.—THE ARMATURE WINDING FINISHED WITH THE SECOND HALF available size larger
than the gauge of
OF THE CONNECTIONS READY FOR SOLDERING TO THE COMMUTATOR.
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armature. The material
used is empire tape which
is stuck with insulating
varnish or a dab of Chatterton's ccmpound. Two turns
of tape are ample.

Fig. 28 —THE COMPLETE ARMATURE WINDING DIAGRAM FOR

THE II-SLOT ARMATURE WITH 22 COMMUTATOR SEGMENTS.
One pair of coils is shown by heavy lines. The whole winding
consists of I I such pairs of coils wound from each of the
slots in order. The position of the brushes is indicated by
two shaded squares inside the commutator. The second half of
the winding, which start, from No. o Apt, is indicated by
dotted lines. The inter-connections of the coils are indicated
by circular dots. The connections to the commutator have a
lead to suit the direction of rotation shown

wire to be used for winding
the armature. If the commutator is
turned on a mandrel before mounting
it on the armature shaft, the slits may be
cut with a fine hand saw or metal fret
saw.
WINDING THE ARMATURE.
Shaft Insulation.
The end-windings of a hand-wound
armature must necessarily be in close
proximity to a short section of the shaft
beyond each end of the stampings. It is
thus essential to insulate that portion
of the shaft between the back of the
commutator and the armature and about
in. of the shaft at the back of the

Armature Cheek Insulation.
Two presspahn washers
1-in. diameter and
thick are now cut and
clamped between two spare
stampings. The presspahn
is then cut round the slots
so that two cheeks are produced exactly the same size
and shape as the armature
stampings. These are used
to insulate the ends of the
armature. The insulating
cheek which goes at the
commutator end must be
split in order to get it in
place. The presspahn cheeks
are then stuck to the
armature so that they
register perfectly with the
A plain presspahn
slots.
washer is made I-in, diameter to insulate the back
face of the commutator
from the end windings.
Slot Insulation.
Each slot is insulated with
.2 mm. thick presspahn.
Eleven strips
h-in. x

1
8 -in• are cut

and formed
into channels
on a piece of
in. rod. A
presspahn
channel
is
then pushed
into each slot
taking care
not to damage the
points of the
cheek insulation. The
overall
length of the

Fig 29—THE DIMENSIONS OF
THE FIELD MAGNET STAMPINGS.
Some makes of stampings
have two flat-, instead of the
circular recesses on the outer diameter Both types are suitable.
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Fig. 30—THE ASSEMBLED FIELD MAGNET WITH ONE OF THE FIELD COILS IN POSITION.
The wooden former on which the coils are wound is also shown.

slot insulation is the length of the armature plus the double thickness of cheek
insulation. The projecting portions of
the presspahn channels are then bent
over with a rod, rounded at the end, as
shown in Fig. 25. This gives a guide
in for the conductors as they are wound on.
The Windings.
The table on page 1040 gives the armature
and field windings for different voltages
both A.C. and D.C. The data given for
A.C. series windings may be used for
D.C. of the same voltage, thereby making
the motor a universal one. By using the
D.C. series windings a somewhat lower
speed is obtained. The D.C. series and A.C.
series armatures are the same far the same
voltage, but the D.C. field has more wire.
The stronger field is unsuitable for A.C.
operation. The shunt motor, which is
used when a more constant speed machine
is required, can be used on direct current
only. The number of turns shown gives
the data for each coil, thus for the armature
there are 22 such coils, and for the field
there are two.
The armature is wound with double

silk-covered wire, but the field coils are
composed of enamel-insulated wire. This
arrangement gives the highest possible
efficiency consistent with good insulation.
The windings are designed to give a
speed of about 3,500 r.p.m. at full load
output of 16 h.p.
Fig. 28 shows a fully developed winding
diagram of the armature as applied to this
particular motor where the brushes are
at right angles to the axis of the field
magnets.
Full particulars relating to the order
of winding the armature coils, and the
scheme of connections to the commutator
for an eleven-slot armature, are given on
Pages 36-46. The method of winding
field coils is also given in this section.
THE FIELD MAGNET.
The field magnet is composed of Stalloy
stampings. The bore of the armature
tunnel is TIT-in. larger than the armature
stampings so as to give an air gap of
in. The stampings , are clamped
together by means of four 2 B.A. studs,
with round nuts *-in. thick at each end.
The overall length of the assembled
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the coils is knotted so that the
direction of the
winding is easily
identified after
the windings
have been insulated with empire tape. The
two field coils
are then placed
in position on the
field magnet, and
the coils bedded
well down on
the pole pieces.
The ends of the
coils are bent
outwards as far
as they will go,
Fig. 31.-HORIZONTAL SECTION OF THE MOTOR SHOWING THE CONSTRUCTION so as to draw
OF THE BRUSH GEAR AND THE MOTOR CASING.
the coils up
tightly. The field
magnet is Z8 in., which will take coils are held in position by means of
85-90 stampings. The clamping studs two soft iron strips. These are first bent
must be a free fit in the holes of a U-shape, so that the inside measurethe stampings, or great difficulty will ment of the U-pieces is ra in. The limbs
be experienced in threading them on. of the U-pieces are then passed between
The yoke portion of the field magnet, the ends of a coil and the pole piece.
which is the circular section connecting
the two poles, has a total flux area of
sq. in., which gives a total flux in the
air gap between the armature and pole
faces of 55,000 lines. The dimensions
of the field magnet stampings are shown
in Fig. 29.
Field Coils.
The two field coils are wound on
a wooden former, which is shown
in Fig. 3o. The centre piece of the
coil former is made from fin. wood,
and 2 in. square, with the corners rounded
to about fin. radius. The cheeks of the
former are made from y'3 ;-in. or
plywood, and four saw cuts are made to
take the thread for tying up the coils.
The centre piece of the former must be
well tapered to facilitate removing the
wound coil. This is more especially
important for the fine wire coils of the
shunt-wound motor. When the coils have
been wound two flexible leads are soldered
to the ends of each coil. The flexible
lead which is connected to the start of

A.CoR D.C. MAINS
Fig. 3

.—THE INTERNAL CONNECTIONS OF THE
SERIES MOTOR.

The armature and the two field coils are connected all in series.
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Finally the projecting ends of the strip
are bent over the ends of the field coil,
thus firmly retaining it in position. A
piece of .2 mm. presspahn is inserted
between the strip and the coil to prevent
the sharp edges of the iron strip from
cutting the insulation of the field winding.
Fig. 3o shows one field coil in position.
The Motor Casing and Magnet.
The motor case, or frame, which houses
the laminated field magnet, the brush
gear and the armature, consists of three
castings. The casting which houses the
field magnet is a plain cylindrical tube
2/ in. long and fin. thick. The inside
diameter of the tube is made to fit the
outside diameter of the field stampings,
as shown in Fig. 31. The end-frames are
turned with spigots which fit the inside
of the cylindrical shell of the motor. When
turning the motor end-frames, the spigots
and the ball-race housings are turned at
the same setting so as to ensure the
concentricity of the armature with the
field poles. The end-frames are secured
to the body casting by means of small
blocks screwed to the cylinder which are
located so as to avoid the end-windings
of the field coils.
The commutator end-frame is differently
designed from the pulley end of the motor.
It has two bosses which carry the brush
gear. These are drilled out 176 -in. diameter as indicated in the sectional drawing,
Fig. 3r.
The field magnet assembly is located
1-in. from the commutator end of the
cylindrical housing. The stampings are
fixed in position by four 4 B.A. screws,
which pass through the casing into the
yoke of the magnet. The holes are drilled
in the casing first with a No. 27 drill, and
then with the stampings in position the
location of the tapped holes is marked
through with the same drill. The magnet
is then removed, and the four holes
drilled
deep with a No. 32 drill, and
tapped out 4 B.A.
Brush-Gear.
The brush-gear consists of two 1 -in.
sq. carbon brushes which run in square
brass tubes, each 2i in. long. The metal
brush holders are insulated from the frame
of the motor by ebonite tubes, 175 -in.
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Fig. 33.—THE INTERNAL CONNECTIONS OF THE
SHUNT WOUND MOTOR.
This type of machine is only suitable for D.C.
supplies. The two field coils are connected
in series and the ends of the field are in
parallel with the armature, or brushes.

outside. The metal portion of the brush
holders is made to project
beyond
the ebonite, so that the connections to
the brushes can be made inside the motor.
The part of the brush holder which projects
beyond the motor casing is threaded to
receive an ebonite cap, which serves to
retain the brush tension spring. The
grade of the brushes is Link EG4.
Connecting the Field Coils.
The internal connections of the series
wound motor are shown in Fig. 32. The
two field coils are connected in series so
that the two poles of the magnet are of
opposite polarity. This means that when
the coils are viewed from one side, the
current must flow in the same direction
round each pole piece. The field windings
are connected in series with the brushes.
The connections between the brushes
and the field coils for the shunt motor
are shown in Fig. 33. The interconnection
of the two field coils is the same as for the
series motor, but the ends of the field
winding are directly across the mains in
shunt, or parallel, with the brushes.
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ELECTRICITY SUPPLY METERS
By KENELM EDGCUMBE, M.Inst.C.E., M.I.E.E.

.Fig. I.—CHECKING THE PERFORMANCE OF A METER BY MEANS OF A STOP WATCH.
The connections for this test are those shown in Fig. 6.

F the large number of supply meters
available, only a very few types
can be described. Those most
used in this country are the mercury
meter for D.C. and the induction meter
for A.C.
For D.C. house service use, ampere-hour
meters are used, _ the consumption in
kilo-watt hours being calculated on the
assumption of normal voltage. A.C.
meters are invariably of the watt-hour
pattern, since not only do such meters
take into account any variations in the
voltage, but in the power factor also.
With A.C. loads it is never safe to calculate the power by multiplying the current
and the voltage.

O

A.C. Induction Meters.
Fig. 2 shows a typical A.C. induction
watt-hour meter without its case and with
the counting train removed so as to show
the working parts. An aluminium disc
carried by a vertical spindle is caused to
rotate by means of a compound wound
electro-magnet having both volt and
current windings and inducing eddy
currents in the disc. The parts are so
proportioned that the driving force is
exactly proportional to the power flowing
in the circuit to which the meter is connected. The motion is opposed by further
eddy currents induced in the same rotating
disc by a powerful permanent magnet
which is seen to the left of Fig. 2. The

SUPPLY OR_INTEGRATING METERS
POWER FACTOR LOCKING
SCREW
ADJUSTMENT

BRAKE MAGNET
OUSTING SCREW

LOW LOAfl
ADJUSTMENT

LOCKING
SCREW

BRAKE MAGNET
CLAMPING SCREW

Fig.

2.-A.C. INDUCTION METER REMOVED

FROM ITS CASE.

Showing how various running adjustments
are made.

result of this combined action is that,
when properly adjusted, the speed of
rotation of the disc is exactly proportional
to the power flowing, so that a counting
train geared to the meter spindle by means
of a worm can be made to read in units
(kilo-watt hours) direct.

The Spindle.
Fig. 3 gives a sectional view of the
spindle of the same meter. It will be
noticed that both the bottom jewel and
the top pivot are spring mounted, which
protects them from damage, either in
transit or when subjected to excessive
vibration. The bottom pivot and jewel
take all the weight ; the upper one, which
is much lighter, acts merely as a guide.
Curve of Modern A.C. Meter.
A modern A.C. meter should give a
" characteristic curve " connecting watts
with speed, which is almost a horizontal
straight line, as will be seen from Fig. 4
(Ferranti A.C. meter). It will be noticed
that a ro per cent. rise or fall of voltage
has but a small effect on the readings, as
also a departure from the normal frequency.
This latter effect is seen from Fig. 5,
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which shows that whilst at normal frequency (50 cycles) the meter reads almost
the same at unity power factor as at a
power factor of 0.5, yet if the frequency
differs from 5o cycles the error is appreciable. In modern power stations the
frequency is kept so constant (see later
article) that this is of small consequence.
Checking the Performance.
The curves shown in Figs. 4 and 5 refer
to a new meter as delivered by the maker.
After being in service for a long time many
things may happen to a meter. The
damping magnet may weaken, causing
the meter to run fast; the pivots or
jewels may be
damaged, causing
it to run slow ;
dust may accumulate in the
counting train
with the same
effect, and so
forth.
It is
necessary, therefore, to check
such meters from
time to time. If
a standard integrating meter is
available, the
simplest method
is to connect
it up with the
meter to be
tested so that the
current windings
of the two instruments are in
series and their
volt windings in
parallel. A comparison of the
dial readings
after the two
have been run in
Fig. 3.—THE SPINDLE WHICH
this way for a CARRIES THE ALUMINIUM
given time en- DISC OF AN ARON METER.
Note the spring cushionables the error in
the meter under ing of the jewels to prevent
damage. The top and bottest to be. deter- tom
bearings are removmined. In order able by slacking the grub
to reduce the screws seen on the right.
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VOLTAGE VARIATION CURVE
4
3
LL 2

NORMAL VOLTAGE
10% UNDER VOLTAGE

0
IP% OVER VOLT AGE

2
O
3
4

20 10

4

2

FULL
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Fig. 4.—CHARACTERISTIC CURVE OF AN A.G. METER.
Showing how the performance depends upon the load and the voltage.

time taken to carry out this measurement, it is usually sufficient to compare
the number of revolutions made by the
discs themselves in a given time. If the
meter constant (that is, the number of
revolutions of the disc which corresponds
to i kilo-watt hour) is the same for
the standard meter (S) and the meter
under test (T) we have :—
Percentage error of meter T =(Revs. of meter T — revs. of meter S)
x zoo
Revs. of meter S
When a Standard Meter is not Available.
If a standard meter is not available,
an ammeter, voltmeter and wattmeter
can be connected up as shown in Fig. 6.
In this case the load, as measured by the
wattmeter, should be kept constant for
a given time, say half an hour, by means
of a variable loading resistance and the
advance of the meter dials during that
time noted. If the watts as shown by

the wattmeter were, for example, 1,50o,
the total watt-hours would then be
1,50o x = 75o. If the meter registered,
say, 77o watt-hours, then :—
Percentage error of meter under test =
(77o — 75o)
x zoo = 2.7%.
75o
Here, again, matters may be accelerated
by noting the time taken by the disc to
make io revolutions and comparing this
with the time which the io revolutions
should have taken, as calculated from the
meter constant shown on the name plate,
then :—
Percentage error of meter under test =
(Calculated time — measured time)
X 100.
Calculated time
Since the time taken for io revolutions
would probably be less than one minute,
it adds greatly to the accuracy if a stop
watch is used to measure the time, as is
being done in Fig. I.

FREQUENCY VARIATION
3

tr)
FULL 8,O
FULL

LOAD P V 5

& ip

3

LOAD P

FI0

-1
ID 2
3
45

50
CYCLES PER SECOND

Fig. 5.—CHARACTERISTIC CURVE OF AN A.C. METER.
Showing how the performance depends upon the frequency, load and power factor.
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link has been removed in the terminal
Tests at Various Loads.
As will be seen from Fig. 6, it is not box (see B in Fig. 6) care must be taken to
necessary, when making these tests, to replace it before installing the meter.
apply the full load to the meters and
instruments ; in fact, it is usually more Correcting the Adjustment of a Meter.
Having determined the error of the
convenient to employ a " phantom load."
It is usual to make tests at various loads, meter in one of the ways described, it
such as full load, half load, quarter load may be sufficient to apply a correction to
and one-tenth load, and preferably at a the meter readings, but apart from the
power factor of approximately unity inconvenience of so doing it is very likely
and 0.5. A power factor of almost unity that the error will differ according to the
will usually be obtained if the loading load and power factor, so that except
resistance is non-inductive, and a lower in the rare case of a meter which is to be
power factor if it is somewhat inductive. used all the time at a given steady load no
such constant correction
METER UNDER TEST
can be applied. It is
usually essential, therefore, to be able to correct
the adjustment of the
meter and for this reason
meters often embody
easily accessible adjustments for (1) speed at
normal load ; (2) speed
at low load ; and (3)
power factor. The means
STEP DOWN
of making these adjustTRANSFORMER
LOADING
ments, as shown in Fig. 2,
RESISTANCE
are
typical of many
AC MAINS
induction meters. The
Fig. 6.—CONNECTION DIAGRAM FOR CHECKING THE PERFORMANCE
OF A SINGLE-PHASE WATT-HOUR METER BY MEANS OF AN AMMETER, normal load adjustment
VOLTMETER AND WATTMETER.
is made by moving the
If the loading resistance is made somewhat inductive by including poles of the permanent
an iron-cored choking coil, the test can be carried out at any desired
magnet nearer to, or
lagging power factor.
farther from, the centre
watts
Power factor =
of the disc, according to
amps. x volts
whether the speed is to
The power factor can be determined from be increased or decreased. The low load
the ammeter, voltmeter and wattmeter adjustment is made by moving a small
readings, and it is for this reason that piece of magnetic material across the poles
three instruments, as shown in Figs. I of the volt magnet.
and 6, are necessary for A.C. meter testing.
How Power Factor Adjustment is Effected.
Other Tests for Meters.
The power factor adjustment is effected
Besides accuracy measurements at the by varying the position of a copper ring
loads mentioned, it is usual to test a which encircles one limb of the volt
meter for (a) minimum starting current, magnet and by means of which the phase
that is, the lowest current at which the relationship of the magnetic flux to the
disc commences to rotate ; (b) for absence applied voltage can be changed. In
of any tendency for the disc to rotate Fig. 7 the operator is seen adjusting the
when no current is flowing through the position of the brake magnet until the
current winding ; (c) insulation resistance speed of the meter at normal load is
(see later article). If, in order to separate correct. Care must be taken that after
the volt and current windings for a test, a any such adjustment the various parts
VOLTAGE
REGULATING
RESISTANCE
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Fig. 7.—ADJUSTING THE MAGNET POSITION OF AN ARON METER AFTER 4....BECKING
ITS PERFORMANCE WITH A PORTABLE WATTMETER AND STOP WATCH.

are again securely locked in place. When
checking the speed of a meter it is important that its cover should be in place, as
it may have a considerable effect upon its
working.
D.C. Meters.
In the mercury ampere-hour meter,
which, as has been said, is the one
commonly used for D.C. metering, a
copper disc or cup is carried by the meter
spindle, and is free to rotate with but small
clearance in a chamber filled with mercury.

The current to be measured flows in the
cup or disc, connection being made by
means of the mercury in which it is
immersed, and a permanent magnet is so
placed that a strong magnetic flux passes
through it. The copper member is thus
caused to rotate, such rotation being
retarded by eddy currents generated in it,
as well as to a much smaller extent by
fluid friction. As a result of this combination the speed of rotation can be made
almost proportional to the current passing.
Special precautions are taken to preven t

SUPPLY OR INTEGRATING METERS

Fig.

8.—DIAL OF A METROPOLITAN VICKERS MAXIMUM
DEMAND METER (MERZ SYSTEM).

The pointer is geared to the meter spindle for a quarter
)f an hour at a time and is left standing at the highest point
-eached. This position, therefore, indicates the largest
lumber of kilowatt hours which have been registered
luring any quarter-hour period. This number, multiplied
ay four, is equal to the maximum value of the average
oad in kilowatts.
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Maximum Demand Metering.
With the same object in view,
namely, the levelling of the load,
many tariffs include a fixed charge
based upon the consumer's maximum demand, together with a low
charge per unit consumed. The
maximum demand indicator may
be either a separate instrument
(often of the thermal pattern, the
maximum demand being then
measured in amperes) or may
form part of the meter itself (the
maximum demand being then
measured in kilowatt hours).
The dial of such a meter is
shown in Fig. 8 (Metropolitan
Vickers). Alternatively, the
maximum demand may be
measured in k.V.A. (as, for
example, by the Hill-Shotter
maximum demand meter).

he spilling of the mercury during transit
md care is necessary to close the mouth of
he mercury chamber by the means proTided before moving such a meter, since
f the mercury fords its way on to the
vorking parts much damage will be done.
)ouble-tarifi or Two-rate Meters.
It is always the object of the supply
tuthorities to level off the load at the
Power station as much as possible, since
Peak loads of short duration are costly
,o supply. In order to encourage indiTidual consumers to assist in this direction
t higher rate per unit is often charged
luring those hours at which the highest
lemand is expected, for example, in winter
Petween 5 and 9 p.m. This is accomplished by providing the meter with two
;ets of dials, the one being connected to
:he meter spindle during " peak hours "
Ind the other during the remainder of
:he day. The change is effected by
neans of a time switch and this may
Pe most conveniently driven, in the case
Pf A.C. meters, on controlled systems (see
ater article), by a synchronous motor
;o as to obviate the necessity for Fig. 9.—PREPAYMENT METER (FERRANTI) WITH EXwinding or regulating.
TERNAL PREPAYMENT ATTACHMENT AND COIN BOX.
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Prepayment Meters.
These consist of a more or less normal
meter element which, after making a
predetermined number of revolutions,
causes the consumer's circuit to be opened,
thus cutting off his supply. The insertion
of a coin (usually a shilling or a penny)
allows the switch to be closed once more
and to remain closed until a given quantity
of electricity has again passed through
the meter or until a further coin has been
inserted in advance. Fig. 9 shows such
a meter from which the meter reader is in
the act of removing the coin box preparatory to emptying it.
The meter indicates (1) the total number
of units consumed ; (2) the total number
of coins which have been inserted ; and
(3) the number of coins still remaining unused, that is, standing to the credit of the
consumer.

surface with the meter spindle as nearl,
upright as possible.
After fixing in position, and not before
unclamp the rotor.
Study the maker's diagram and con
nect up carefully in accordance with it.
In a D.C. meter the current must ente
at the + terminal and leave at the —
terminal.
In an A.C. meter the terminal whicl
is to be connected to the incoming main
is often marked " M " and that for con
nection to the consumer's load " L ."
Do not attempt to reset the dials tc
zero as this can only be done by carefully
drawing the pinion out of engagemen
with the worm—a somewhat delicat(
operation.
Care is necessary in reading meter:
provided with clock dials (Fig. I), sinc(
neighbouring dials are numbered in oppo
site directions. For example, in Fig.
the reading is 000304 units.
Points to be Attended to When Erecting
a Supply Meter (see also later article). Measuring Instrumens.
Choose a dry situation, preferably
Where reference is made to a late
free from dust.
article, this refers to the article entitle(
Fix the meter against a flat vertical " Electrical Measuring Instruments."

QUESTIONS AND ANSWERS
What type of meter is generally used for
(1) D.C. supply, and (2) A.C. supply ?
(I) For D.C. house service use, amperehour mercury meters are used, the consumption in kilo-watt hours being calculated on the assumption of normal
voltage.
(2) A.C. meters are usually of the induction watt-hour type, as these not
only take into account any variations in
the voltage, but in the power factor as
well.

What method must be adopted if a standard
meter is not available ?
An ammeter, voltmeter and wattmeter
must be used.

What faults are likely to develop in an
A.C. induction meter after long use ?
(1) The damping magnet may weaken,
causing the meter to rim fast.
(2) The pivots or jewels may be
damaged, causing it to run slow.
(3) Dust may accumulate in the counting train, also causing it to run slow.

What other tests besides accuracy tests are
usually made ?
(r) Minimum starting current, that is
the lowest current at which the disc
commences to rotate.
(2) For absence of any tendency for the
disc to rotate when no current is flowing
through the current winding.
(3) Insulation resistance.

What is the simplest method of checking
a meter ?
By using a standard integrating mete
which is connected up with the meter tc
be tested so that the current windings cr
the two instruments are in series and then
volt windings in parallel.
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THE DESIGN OF APPARATUS FOR
H.T. SUPPLY UNITS
By A. E. WATKINS
HIS article deals mainly with the
design and construction of apparatus used in H.T. supply units.
For additional particulars regarding the
use of H.T. eliminators and the various
circuits that can be employed, readers

T

use. It is essential that they are used on
the supply circuit for which -they are
designed, and whether the supply is
direct or alternating current.
Units for D.C. mains supply do not
require a rectifier.

Fig. r.—A STAGE IN THE CONSTRUCTION OF THE COILS FOR A TRANSFORMER FOR VALVE RECTIFIERS.
The winding is bound together by passing a piece of fine string or strong thread through each of the
slots and tying tightly. See Figs. i4 and 15 for the following stages.

are referred to the article on page 506.
High Tension Supply Unit.
An H.T. supply unit, commonly called
an H.T. battery eliminator, is an apparatus
to enable high tension voltage to be obtained from the electric supply main.
There are two distinct types commonly
used for radio work. They are those
which use a metal rectifier and those which
use a valve rectifier. Either type requires
certain precautions in its construction and

Precautions to Take When Installing.
Before installing an H.T. unit, if the
nature of the supply is unknown, write to
the electric supply authorities informing
them of your intentions and asking for
the required information. Very serious
consequences may arise if an H.T. supply
unit is connected to a supply for which it
is not suitable. Certain regulations of the
Institute of Electrical Engineers have been
framed for the introduction of H.T. supply
units and these requirements are insisted.
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consequences, for the
shorting of one of the
mains to earth may cause
fire and even loss of life.
Other houses in the
Detector
same neighbourhood may
Anode
be connected to the other
side of the main, in which
case the positive main
Power L.P.
will be earthed and the
Fig. 2.—A TYPICAL VALVE RECTIFIER CIRCUIT.
negative will remain from
This has an output of 200 volts at 5o/6o milliamps.
200 to 250 volts below
earth. In addition to
upon by the electricity supply authorities. these precautions, others are necessary.
To comply with these requirements the It must be remembered that the whole
unit must be housed in a fire-proof metal set and low tension batteries have
safety box equipped with a double pole now a voltage of minus or plus 200
switch, the metal case of which must be to 250 volts relative to earth, and therefore
earthed. In addition, the speaker must any contact may give an unpleasant
not be connected direct to the receiver out- shock. The low tension battery must
put terminal, but must have a filter choke stand on insulated material—a piece of
output or a separate transformer. That is glass or ebonite is a satisfactory
to say, the speaker must be so insulator.
connected that there is no high tension
on the leads or terminals of the speaker. Connecting Up L.T. Batteries.
The low tension batteries should be
Special Precautions with D.C. Supply.
connected to the receiver with wellOn D.C. supplies the following precau- insulated cable, and should never be
tions are required. A great many of the connected or disconnected when the elimiD.C. mains in this country are connected nator is switched on. On no account
on what is known as the three-wire disregard these precautions.
system. In some cases the negative wire
entering a house may be earthed and the H.T. SUPPLY UNITS FOR A.C. MAINS.
positive wire may be from 200 to 25o volts
The first unit in a battery eliminator for
above earth. In this case, one additional A.C. mains is the transformer. Figs. 2 and
and very important precaution must be 3 show typical circuits for valve and metal
taken. The earth terminal of the set rectifiers. The design of the transformer
should be disconnected from the ordinary depends upon the type of rectifier. If it is a
earth connection and should be connected metal rectifier it only requires the primary
to one terminal of a condenser of 2 mfd. winding which is connected to the A.C.
capacity of the high voltage type. The main and one secondary winding to the
earth wire which was normally intended rectifier as in Fig. 5. If connected to a
for the set must be connected to the other valve rectifier it requires the primary
terminal of the condenser. Also, the winding, one centre tap winding for the
aerial must be disconnected and connected H.T. supply to the valve plates and one
to a small condenser of
approximately .0002 mfd.
tgi
H.7:4lfierirmfd.
The other terminal of this
Screen Grid
should be connected to
the receiver terminal
tilt ode
4mfd.
4.
which was originally conDetector
nected to the aerial.
'3 i9
•+
3
044000/0t.
POWOP
Failure to carry out
these latter precautions
Fig. 3.—A VOLTAGE DOUBLER METAL RECTIFIER CIRCUIT.
may result in very serious
This has an output of 18o volts at 3o milliamps.
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smaller winding for the
filament, which is also centre
tapped (see Fig. 4). This
filament winding must be
To
extremely well insulated, for
Smoothing
this also carries the rectifier
Circuit
high tension current, and a v N
short circuit between this
winding and the other
windings of the transformer
would be serious. The
primary of either transformer Fig. +—TRANSFORMER CONNECTIONS FOR FULL-WAVE VALVE
RECTIFIER.
must be wound suitable to
The transformer requires the primary winding, one centre
the supply mains and tap winding for the H.T. supply to the valve plates and one
whether this is correct or smaller winding for the filament, which is also centre tapped.
not can only be gathered from
the maker's markings, for the resistance of 5. For a given output it is more effective
than a valve.
the winding bears no relation to the supply
voltage for which it is designed. It is the 6. Its life is practically unlimited.
number of turns of wire which count relative
to the size of the iron core. This will be dealt Valve Rectifier.
with more fully in the construction of i. It is cheaper than a metal rectifier.
transformers, towards the end of this 2. It requires a more expensive transformer
because there are more windings.
article.
3. The voltage across the secondary of the
The Rectifier.
mains transformer should be double
The second unit, which is the centre of
that required for the same output of a
the H.T. rectifying unit, is either the
metal rectifier (full wave).
metal rectifier or the valve rectifier. 4. Replacements at rare intervals are
These are the instruments upon which
required, but many workers prefer
the whole operation of the unit depends,
the valve as it is considered to have a
for they rectify the alternating current
better voltage regulation, particularly
to direct current or give a pulsating supply
when required for very heavy loads.
which can be smoothed to a steady D.C.
supply.
Smoothing Systems.

Valve and Metal Rectifiers Compared.
The following are the relative characteristics of both types, and each is equally
efficient in the long run, for, where with
one the transformer is cheaper to make, the
metal rectifier costs more than the valve,
so that the advantages and disadvantages
are balanced.

Westinghouse Metal Rectifier.
1. More efficient than
the valve rectifier.
2. Has no valve or
filaments.
3. It requires a simple
main transformer.
4. For a given D.C.
output voltage the
input voltage need
not be much greater.

The smoothing systems (Figs. 9 and ro)
for both metal and valve rectifiers, also
D.C. mains, is much the same and consists of iron core chokes, condensers
and resistances, and the connections
and circuits of the smoothing system
are the same whether used for any
of these three types. The more elaborate the smoothing system, the
quieter the operation of the receiver, par-

To
aiSmoothing
`;1 Circuit
Fig. 5.—TRANSFORMER CONNECTIONS FOR METAL RECTIFIER.
This needs the primary winding which is connected to the A.C.
main and one secondary winding to the rectifier.
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ticularly when screened grid valves are
used. While a simple eliminator need
only have one smoothing choke, for more
elaborate receivers it is better to have
two or even three, particularly three in
the case of D.C. mains, as with D.C. mains
we have more component ripples to smooth
out than in rectified A.C. current. Reference to the graph of unsmoothed
circuits in Fig. II will explain these
difficulties.
Having now briefly described the various component parts, we will
consider the construction of
each separate unit, together
with the design of transformers and smoothing
chokes.
THE DESIGN FOR MAKING
A TRANSFORMER FOR 50
CYCLES, TO USE WITH
WESTINGHOUSE METAL
RECTIFIERS.
If the transformer is only
required for use with H.T.
supply it only requires two
separate windings. But if it
is required for the filament
supply, then an extra winding is needed ; also it may
be advisable to add a further
winding for grid bias supply,
and this can very conveniently be obtained from special
small metal rectifiers.

used, thereby entirely dispensing with
batteries.
Data for Various Supply Voltages.
The design of this transformer is
suitable for use on either the Westinghouse H.T.I, H.T.3 or H.T.4 units.
The first mentioned requires 23o volts
input, whereas the H.T.3 and H.T.4
operate on 135 to 140 volts, as this is
the maximum potential they
will stand. It is therefore
decided to tap the winding
of the 230 volts secondary
output for the lower voltage,
but, of course, this is not
necessary if the secondary
winding is designed for a
particular unit, as there
would be no object in adding
extra wire unless the higher
voltage were required. The
stampings for the core are
Sankey's No. 4. There are
other manufacturers of
stampings of a similar size.
Sufficient stampings are
required to build up 12
inches. It is only necessary
to construct a simple bobbin
for the winding as in
Fig. 13.

Constructing a Simple Bobbin.
This may be constructed
of heavy gauge cardboard,
after which it is well dried
and soaked in shellac. A
Data for Transformer for Fig. 6.—THE CONSTRUCTION better material is bakelite,
All-mains Set.
OF A " MULLARD " FULLbut this is difficult to cement
WAVE RECTIFIER VALVE.
Data has therefore been
unless a special cement is
Note that there are two
included for these two plates and two filaments.
used. The class of cardboard
windings, since there is
which is recommended is
ample space on the core and
that`which is termed " leather
will very materially widen the scope board." This is a hard brown cardboard and,
of unit so it can be adapted for an when well dried, forms a good insulator,
all-mains operated receiver. These particularly if the bobbin is allowed to
extra windings add so little to the cost of soak in hot shellac for some time and
the construction that their inclusion is well then thoroughly baked in a warm oven.
worth while. The winding for the grid The sizes for this bobbin are set out in
bias is a voltage of 45 volts and is to provide Fig. 13.
grid bias by employing the Westinghouse
G.B. rectifier unit. The others give 4 volts Size of the Core.
and a maximum current of 4 amps. This
The size of the core of this transformer
enables indirectly heated valves to be has been calculated so that the windings
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are allowed for at six turns per
volt, so that it is extremely easy
to work out the number of turns
required for any particular voltage
by simply multiplying the supply
voltage by six. For instance, if
the supply voltage is roo, 600
turns are required. If the voltage
is 200, 1,200 turns are required,
but different gauges of wire will be
necessary, because on the lower
voltages a higher current will have
to be carried. For voltages up to
13o volts, No. 24 gauge wire is
required. For 200 volts and
upwards, No. 28 wire is required.
Fig. 7.—THE " WESTINGHOUSE " METAL RECTIFIER.
Note the three terminal connecting bars.
These wires should be enamelled
and single cotton covered, but
if we should so wish on the Zoo, 110 and the lathe or other machine for rotating the
zoo volts, double silk-covered wire can bobbin while winding, because the bobbin
be used as there is sufficient winding must be rotated evenly and steadily.
space.
Winding the Secondary.
Winding on the Primary Wire.
After having insulated the primary,
The primary winding, which is wound on the secondary is wound. The secondary
first, must be chosen with regard to the consists of 1,38o turns of No. 32 enamelled
single cotton-covered wire, and if it is
main voltage.
After the primary has been evenly wound required for the lowest voltages for the
on it should be covered with three layers of other types of Westinghouse units a
empire cloth. It may be mentioned here tapping is taken at 82o turns. If, of
that the winding can be carried out on the course, it is decided that the transformer
winding machine described for the re- is only going to be used for the lower
pair of loud-speakers (see page 298), voltage units, it is only necessary to wind
it only being necessary to make a wooden on 82o turns of wire. The full winding is
core to take the bobbin. This machine for the full voltage of 23o volts and 135
will be found more convenient than a volts is a tapping at the 82oth turn.
The secondary is again insulated
Spacer
with three layers of empire cloth and
then the 45-volt winding can be wound.
Active Discs
For this 270 turns of 36 enamelled wire
will be required. When completed,
C/c7/77,th7( again cover with three layers of empire
Bolt
cloth. If the 4-volt winding is also
required, we then wind 26 turns of
No. 16 double cotton-covered wire and
a tapping is taken at the 13th turn
for the centre tap. These two latter
Insulating windings may be omitted, if they are
Bush
not required, without affecting the
performance of the transformer in any
Lead Washers);
way.
Cooling A7/78

Fig.

8.—THIS SHOWS THE ASSEMBLY OF A
" WESTINGHOUSE " METAL RECTIFIER.

Building Up the Core.
Certain points require watching during

1o6o
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the process of building the core, and the
stampings must be placed alternately
through the core or tunnel of the body.
That is to say, the single leg stamping
must be placed in one direction and then
reversed so that when the whole core is
built together it is interlaced. They must
be packed as tightly as possible into the
core or tunnel of the body for any looseness
in the core is likely to lead to an unpleasant
buzzing when the transformer is in use.
The whole stamping should be clamped
firmly together and it is advisable to use
two castings for this purpose. A simple
wooden pattern can be
made and a casting made
of aluminium or even cast
iron. These end plates are
then bolted together to
clamp the whole of the
stamping tightly together.

is necessary for the transformers of a
valve rectifier unit to have extra winding.
Therefore we must proceed in a somewhat
different manner in forming the winding
for this transformer, for it is not practical
to wind so many different windings on
one bobbin. It is better to make each
winding in the form of a slab coil, and
independently insulated.
Making the Former for Winding the Coils.
The simplest way is to make a wooden
former the size of the coil required after
making due allowance for the necessary
5q,0000 50,0004'
2mfd.

•+
Screen H.f.De.
tettor

-Med

H . Anode
R
Construction of the
30 Hys.
2mfd.
Terminal Block.
vvvvvv,
s6b00006bOol
157.L.F."1/a/ve
OP
The terminal block is+
also carried along the end
2mfd.
20 Hys.
plate. This terminal block
.-106115000%
can be constructed from
we Valve
ebonite or any other highgrade insulated material.
After the transformer is
mfd.
&ed.
finished it is advisable to
test the insulation
between the winding and.;
X
4
the core. For this purpose
g.9.—SMOOTHING
CIRCUIT
SUITABLE FOR MULTI-VALVE RECEIVER.
a 500 volts megger will If used on D.C. mains an extra
smoothing choke may be required
give the desired test This in the negative lead at X if the mains are noisy.
can be loaned from the
majority of large electricians should the con- taping and for a centre former. Winding
structor not have one of his own available. the coils in this manner, taking each one
Also the insulation between each wind- independently, is very simple and satising should be tested as it may so happen factory, for we are certain that each coil
that if care is not taken in the insulation will be perfectly insulated from the others,
between each winding, a wire from one and it will be realised how necessary this
winding may slip between the insulation is when we consider that between the
and cause trouble between the windings. ends of the secondary winding is a voltage
Therefore every care should be taken that of 500. The former, for winding the coils,
the empire cloth is the full width of the is made of wood. First of all decide upon
bobbin so that there is no chance whatso- the size of the core. Presuming it to be
ever of the winding above slipping to the i inch by I inches and allowing for
lower winding.
116 inch cardboard former, which should be
made so as to fit the stamping tightly into
THE DESIGN OF TRANSFORMERS FOR the tunnel, the wooden centre of the
VALVE RECTIFIERS.
former must be plus a inch ; also another
As mentioned earlier in this article, it 116 inch should be allowed for the tape, for,

Po
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after the coils are taped up, this
will reduce the size of the inside core.

io61

Resistance R
Choke, 20/30 flys.
ion 000no`

Detector

e+
+0
The Cardboard Centre Core.
L.F:Valve
This is to prevent any damage
when the stampings are pressed in Input Tmfd.
?med.
hard, for otherwise the metal of the
stampings will cut through the •
taping. Therefore the centre wooden
Ftg. so —A SIMPLE SMOOTHING CIRCUIT.
The value of the resistance R is calculate din the followcore would be IA in. by IN- in.,
ing manner. Suppose the approximate voltage required
but it would not matter if this was on
valve is, 'ray, szo volts ; the plate current (from the
slightly exceeded, as we could always maker's curve) is, say, 3 milliamps. ; and the output voltage
pack in a few extra stampings. The of the unit is, say, 200 volts, subtract the approximate
width of the former for the primary voltage required from the output voltage. The value of
resistance is then :
and high voltage secondary windings the 8o
x s,000
—approximately 27,000 ohms. (A 25,000 should be z inch and that for the
3
filament windings 1, inch. These ohm resistance
would be suitable.)
sizes will suit the No. 4 stampings,
and the transformers will be sufficiently under the core. Having tightly tied the
core in four places, the side pieces of the
large for the average set.
The side pieces of the former are screwed former are removed and the coil taken
to the centre and a sawcut is made each oft. It is now taped up with thin Egyptian
side, well down into the centre of the core. tape. This is a special tape sold by supThe former is mounted on the winding pliers of material for armature winding,
machine and the required turns of wire and is usually from z inch to ./ inch wide.
wound on. It is best to use enamelled Two layers are carefully bound round
wire with single cotton covering or the coil as shown in Fig. 15, after
double silk-covered wire, as these wires which the whole coil is soaked in insulating
varnish and well baked. This will then
can be wound on more tightly.
produce a satisfactory winding which will
How the Winding is Bound Together.
never give any trouble, for, being tight, it
After having wound on the required will not vibrate, which would be likely
number of turns, the winding is bound if ordinary plain enamelled wire were used,
together by passing a piece of fine string as it is impossible to wind this wire tightly
or strong thread through each of the slots with satisfaction.
and tightly tying. This is the reason for
the slots being cut well into the core so Mounting Coils on the Core.
that the threads can be threaded through
The coils are now mounted on the
cardboard core and the stampings assembled in the usual manner. It will be
worth while to tie a small tag on the start
of each coil with the gauge of wire marked,
as in some cases the gauges of wire are so
close that identification by this means
alone is possible. Needless to say, the
Unsmoothed D.C.Mains
same direction of the winding should be
maintained throughout and the coils
assembled with the inside ends all coming
out to the left. The reason for this is
obvious as the high voltage secondaries
are in two parts and are connected in
series. Consequently, the direction of the
Unsmoothed A.C. Rains
winding must be the same in both halves
of the coil ; that is to say the end of one
Fig. I I.—UNSMOOTHED D.C. AND A C. CIRCUITS.
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Secondary

Primary

the pentode should be 18 g.

Grid Bias double cotton covered.
A larger transformer can be
Winding'

constructed on similar lines
with the necessary allowance
made for the higher gauges
of wire to withstand the higher loading, but this, of course,
would only be necessary in
the case of extremely large
receivers or amplifiers.
Windings for 5o cycles
transformers, section of core
inch by i z inches :—
Mains
Primary.
Voltage.
100 - 600 turns No. 24 D.C.C.
Insulation
Not to Scale
200 - 1,200 turns No. 3o D.C.C.
Fig. I2.—THE WINDINGS OF A TRANSFORMER FOR A
220 - 1,320 turns No. 32 D.C.C.
METAL RECTIFIER.
These may be wound on a single bobbin. Extra
240 -1,440 turns No. 32 D.C.C.
windings can be included to provide filament supply
Two secondary high voltage
and grid bias supply.
windings, each coil 1,550 turns,
36 D.C.C.
secondary winding is connected to the
Filament winding 4 volts 26 turns
start of the second secondary winding, 18 D.C.C. Tapped at the 13th turn.
which is connected to a terminal and is
For further information regarding the
the centre tap.
construction of transformers readers are
referred to the article beginning on page 204

The Filament Windings.

These are wound in one coil and the
centre tap taken at the 13th turn. We
do not fear any trouble with the connection of the coils in series, for, as there
are only 26 turns of wire, it is unnecessary
to make two coils.

Holding the Coils in Position.
After the core is assembled and the
coils placed in position, a wedge of
cardboard should be pushed between the
centre cores so as to hold the coils tightly
in position. It is also an advantage
if at each end of the coils is placed
an insulated disc of bakelite so as
effectively to insulate the winding
from the sides of the stampings. if
required, an extra filament winding
can be added for heating the valve
filaments of the receiver, providing,
of course, that the valves are of the
indirectly heated type. It is usual
with a pentode to have a separate
winding.
For the valve filaments the gauge of
the wire should be 16 g. and that for
Fig.

CONDENSERS FOR SMOOTHING THE
RECTIFIER CIRCUIT.
The various values of the condensers
used for smoothing the circuit are stated
on the diagrams, and these are the usual
size employed in most commercial H.T.
units for the smoothing circuits of mains
receivers.
It will not be necessary to enter into
the construction of these condensers as
they are always made by specialised
manufacturers.

24
1"
18. +

13.—THE CONSTRUCTION OF A SIMPLE BOBBIN.
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They are made up of tin
foil and special insulating
paper, and rated at certain
test voltages. It is advisable
to use the highest test voltage
possible. That is to say,
the test voltage is to be
twice the working current.
For instance, if the voltage
across the condenser is 250
volts, they should have a
test voltage of 500.
Troubles Caused by Faulty
Condensers.
A faulty condenser in the
smoothing circuit can cause
considerable trouble, for it
may not always break down
and directly short-circuit
the supply, but may cause
crackling and noises of a
Fig. I4.—THE WINDING OF A FORMER-WOUND COIL READY
FOR TAPING.
similar nature to atmoSee also Fig. 1.
spherics. Therefore, if a
condenser is suspected of
being faulty, it must be replaced, and if each divider in which a resistance is placed
condenser is taken in turn, the bad one will directly across the negative and positive
be detected, for without special instruments supplies and a tapping taken at a certain
it is not possible to test a condenser for point. This circuit should only be used
this fault, and it must therefore be found for obtaining suitable voltages for a
screened grid valve.
by the " trial and error " principle.
RESISTANCE FOR VOLTAGE
DROPPING.
The next important component in the
unit is the resistance used for the voltage
dropping. Having obtained a D.C. supply
which has been smoothed free from ripple,
it now remains only to provide the means
of obtaining the various voltages required
for the different valves in the set, and
here the constructor has the advantage
which the purchaser of a ready-made
eliminator has not. It is that he can
regulate these voltages to suit the valve
in his receiver. The maximum voltage
required on the power tapping depends
upon the type of valve used in the last
stage of the receiver, and care should be
taken to avoid exceeding the valve manufacturer's rating, and it is as well to see
that the correct grid bias is used. To
obtain voltages lower than the maximum,
there are two methods in common use.
The first is known as the potential

Disadvantages of Potential Divider Method.
At one time it was a common practice
to use a potential divider to give the supplies
for all the various voltages required to
the receiver, but with modern valves the
back coupling introduced by this common
resistance is sufficient to cause L.F.
oscillation of the type usually known as
motor-boating.
The Anode Feed Method.
The other method used is that of the
anode feed type, in which an arrangement
of wire-wound resistances reduces the voltage to the requirements for the purpose.
To determine the value of the resistances
used it is necessary to know the characteristics of the valves being fed by each
resistance. Having referred to the valve
maker's table and decided upon the plate
voltage to be used, we can arrive at the
anode current. The resistance must be
of such a value as to absorb the difference

1064

THE DESIGN OF APPARATUS FOR. H.T. SUPPLY UNITS

between the maximum available voltage
and that actually required, and this
voltage is obtained by dividing the
difference in voltages by the plate current
of the valve in milliamps. and multiplying
the quotient by I,000. For example,
approximate voltage required on the H.F.
valve equals 120 volts. From the maker's
table the plate current is, say, 3 milliamps.
The voltage to be absorbed by the resistance equals 200 minus 120, which equals
8o volts. 8o x 1,000
25,000 approximately.
3
Wire-wound Resistances Should be Used.
All the resistances in an eliminator
should be wire-wound, as resistances constructed with wire are far more reliable
than those constructed of any composition,
and are certainly made more accurately.
Also, if the gauges of the wire with which
the resistances are wound are of correct
size to carry the current without undue
heating, they will give indefinitely long
service. Suitable wire for winding these
resistances is enamelled Constanton. This
may be obtained from most wire supply
houses, and is wound on sub-divided
bobbins. Of course, there are plenty of
commercially made resistances which can

be used with every satisfaction. The
manufacturers usually state their carrying
capacity, and providing these resistances
are rated to carry a few more milliamps.
than required, no trouble will be experienced. If required, a variable resistance may be used for either the detector,
or for the screened grid control, but
usually the screened grid control is accommodated in the receiver itself.
The various circuits,shown are for those
types of eliminators which have been
proved to give the best service under
modern requirements, and it will be
noticed that the smoothing system in each
eliminator is almost identical.
THE SMOOTHING CHOKE—
CONSTRUCTIONAL DETAILS.
The L.F. choke of the type commonly
used in output filter circuits of battery
eliminators is probably one of the most
simple pieces of apparatus to construct,
and involves little more than winding an
appropriate quantity of wire on a bobbin
and fitting this on a core made up of iron
stampings similar to those employed for
the transformers.
Size of Choke.
The size of the choke depends upon
the amount of current which the
eliminator is called upon to supply.
In a small eliminator for operating
a simple radio set, a choke with
an inductance of appro,ximately
20 hys. is sufficiently large, but
when an eliminator has to supply
screened grid valves and pentode
output, it is necessary that the
smoothing should be more liberal
and chokes with an inductance
of not less than 3o/4o hys. should
be used.

Fig. 15.-TAPING THE COIL WITH THIN EGYPTIAN TAPE.
Two layers are carefully bound round the coil, after
which the whole coil is soaked in insulating varnish and
well baked.

Size of Stamping.
We must, therefore, first decide
upon the type of stamping which
we are going to use. For a zo
hys. choke, a stamping the size of
that illustrated in Fig. i8 will be
quite suitable, and this being a
standard stock size stamping, it will
be easily procurable. For a 3o hys.
choke we shall require a larger
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stamping, such as that illustrated in Fig.
i8 for transformers.

copper wire should be used and will mean
approximately 6,000 turns.

Bobbin for Smoothing Choke.

Voltage Drop of Different Types of Wire.

We first proceed to make a bobbin in a
similar manner to that described for the
transformer. The bobbin is then wound
full of wire as evenly as possible. The
wire may be either enamelled insulated or
cotton insulated, or, if expense is no object,
silk covered. Of the three insulated wires,
the writer prefers the cotton covered as
this gives a much better choke and on
test has proved to give the best results.

The D.C. resistance of the choke wound
with double cotton-covered wire will
naturally be a little higher, but this will
not matter at all. For instance, in a
3o hys. choke, one wound with cottoncovered wire and passing 5o milliamps.
will have a voltage drop of approximately
15 volts, whereas that wound with
enamelled wire would have a voltage drop
of io volts, and as 5 volts will make so little

Fig. I6.—ASSEMBLING THE STAMPINGS FOR A TRANSFORMER.
These are assembled in a manner so as to interlace each other. Strong clamping end plates
prevent core hum.
This is due to the lower self capacity of
the winding. While it is true that
cotton-covered wire takes up a little more
space, it is nevertheless compensated.
Also, cotton-covered wire will be found
more easy to wind as it is more docile
and will easily take the form of the core
and can be laid side to side without any
difficulty.
For the zo hys. choke the bobbin should
be wound full of No. 34 double cotton
covered or No. 32 enamelled wire. This
will be approximately 4,000 turns. Avoid
looseness and bunching in winding as this
will lead to a waste of space and there
will not be room to accommodate the
required number of turns.
For a 3o hys. choke No. 32 double
cotton-covered wire or 3o enamelled

difference in the H.T. supply, it is not
necessary to give it any serious consideration.

Placing the Stampings and Assembling the
Core.
After the bobbin is wound and finished
off the next step is to place the stampings
and assemble the core. With the choke,
the stampings are assembled in a different
manner to the transformer, for with a
choke we require an air gap. Therefore
all the stampings are assembled in one
way, not alternately as in the case of a
transformer, and between the stampings
a small air gap is allowed. This should
be approximately Io/I000 inch or, approximately, the thickness of a visiting card.
A small piece of this insulated card
A.
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any movement of the stamping
inside, for as we cannot interlap
the stampings, it is essential that
they should be very tightly packed
to prevent movement or hum.
Fixing a Terminal Board.
Finally, a terminal board is
secured to one of the brackets
carrying the terminals for connecting the wires leading from
the bobbin.
Coating the Edges of the Stampings With Enamel.
The exposed edges of the
stampings in both the transformers
and smoothing choke should be
given a coating of enamel, as
otherwise these will quickly rust.
Any quick-drying black enamel
will be quite satisfactory.
Fig. 17.—ANOTHER STAGE IN THE ASSEMBLY OF THE

Choke for Higher Inductance.
If we require a choke of a higher
inductance than these mentioned,
we increase the size of the core and
the number of turns. For instance,
for a choke of 5o hys. approximately 8,000 turns of wire will be required.
This should not be smaller than No.
30 gauge wire, as otherwise the
resistance of the choke will be high.
Alternatively, two chokes can be
connected in series, and often this method
is to be preferred, as one choke in each
lead of the eliminator sometimes adds to
the smoothing, and, of course, it is

STAMPINGS.
The primary winding is placed in
centre and the
two secondaries each side. The filament windings
would be placed at the side. Note the insulation round
the core.

is placed between the points of the
stampings, as photo, and clamped down
hard together. End plates similar to
those used for the transformer are then
clamped on each side of the stampings to
hold them securely together. With a
choke it is important that as many
stampings as possible should be forced
into the core of the bobbin so as to prevent

78
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Fig.

18.-SUITABLE

4"

SIZES FOR STAMPINGS.
The stampings on the left are suitable for 20 Hys. choke, and those on the right for a
transformer to operate either metal or valve rectifiers.
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SERVICE
NOTES FOR
H.T. UNITS.
No H.T. current.
Main switch
not making contact.
Flex from
main broken.
Fuse broken.
Supply to H.T.
unit O.K. but
no output.
Valve burnt
out or faulty.
Tr an sf ormer
breakdown.
Test all windings of transformer.
Metal rectifier
breakdown (very
rare unless overFig. 19.—ASSEMBLING THE CORE FOR AN L.F. IRON CORE CHOKE.
loaded.)
absolutely important in the case of D.C. Rectifier valve or unit and transformer
O.K. but no H.F. output.
supply units, and two 3o hys. chokes are
Examine all connections for broken
the smallest that should be used for
smoothing this type of supply mains. joint.
Transformer winding overheating.
TABLE OF PRIMARY WINDINGS.
Breakdown of smoothing condensers or
rectifier.
Wire Gauge and
Supply
Turns of
No voltage on one tapping.
Covering.
Voltage.
Wire.
Faulty resistance or smoothing condenser.
100
600
24 D.C.C.
II0
66o
24 D.S.C.
Heavy hum in receiver.
72o
24 enamel S.C.
120
Breakdown of smoothing choke.
130
780
26 D.S.C.
Humming in H.T. unit.
200
1,200
28 D.S.C.
Loose core of transformer smoothing
210
1,260
28 D.S.C.
220
1,320
28 enamel S.C.
choke.
230
1,380
z8 enamel S.C.
Low output.
28 enamel S.S.
2 40
1,440
Faulty valve or rectifier.
250
1,500
z8 enamel S.S.
Low output on one tapping.
Faulty resistance or broken-lead wire.
H.T. unit overheating.
H.T. SECONDARY WINDINGS.
Unit 'overloaded or supply voltage not
correct.
Output
Turns of
Wire Gauge and
Voltage.
Wire.
Covering.
Intermittance or crackling.
23o
1,380
32 enamel S.C.
Faulty smoothing condenser shorting
135
82o
32 enamel S.C.
resistance.
270
36 enamel S.C.
45
Shorting turns in winding of smoothing
choke or transformers.
FILAMENT WINDINGS.
Flexible leads partly broken.
4 volts
26 turns
Bad fitting plugs.
16 D.C.C.
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TIME SWITCHES AND PROGRAMME
CLOCKS
By KENELM EDGCUMBE, M.Inst.C.E., M.I.E.E.

T

HE function of both these devices
is to open and/or close a circuit
at predetermined times. Both the
time switch and the programme clock
consist of two distinct parts, the timing
mechanism and the switching mechanism.

time-controlled frequency, it has been
possible in a large number of cases to
operate the timing mechanism by
means of a synchronous (" Synclock ")
motor, which, running in step with
the controlled frequency of the system ,

Timing Mechanism.
In the past a
one-day, eightday or, more
rarely, a 15 or
3o-day clock has
been employed
and the trouble
of winding has
sometimes been
obviated by the
fitting of an electrical rewinding
device, which
may consist of a
small induction
motor or of a
reciprocating mechanism,' either
operated by a
Fig. I.—STREET LIGHTING TIME SWITCH, FITTED WITH SOLAR CORRECTION
trembler contact
DIAL. ( Everett, Edgcumbe.)
or vibrated in
The mechanism has been half withdrawn from the case to show the
step with the
double break " knife switch " contacts. The " on " rider is just commencing to depress the switch operating plunger. The three depressions
supply frequency
seen to the left of the rider-clamping screw enable switching to take place
(Venn er). Albefore or after sunset or sunrise, as may be desired. The small dial in
though such dethe centre is graduated in months and days of the month. Note that from
vices reduce the
6 p.m. to 6 a.m. is coloured black, so as to indicate the night period.
labour of winding, their value is largely discounted keeps exact time and, moreover, gives large
by the fact that the timing of the clocks working forces for the operation of the
cannot be perfect, and the error being contacts.
cumulative, attention at fairly frequent
Time Switches for Street Lighting.
intervals is essential.
When time switches are used for street
Using a Synchronous Motor.
lighting, frequent resetting is required,
More recently, owing to the rapid exten- particularly in spring and autumn, owing
sion of A.C. distribution at an exactly to the rapidity with which the time of
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to obviate this the so-called solar
or astronomical dial has been
introduced.

The Solar Dial.

OPERATING HANDS

PENCEPERUNIT

This usually consists of a
specially shaped cam which makes
one revolution per year and which
moves the timing lever progressively forward or backward
at a rate based upon the daily
change in the hour of sunset.
This rate differs widely according
to the latitude, so that the cam
must be differently shaped for
various parts of the country. If
the hour of switching off is also
to be varied according to the
changing times of sunrise, another
suitably shaped cam operates the
" off " lever. Fig. i shows a time
Fig. 2.—STREET LIGHTING SYNCLOCK MOTOR-DRIVEN
switch
fitted with solar dial.
TIME SWITCH WITH COVER REMOVED.
Unfortunately, it is not
Provided with pin contacts which also serve to
possible to take full advantage of
support it in the lamp pillar. The third pin is required
for leading the current to the synchronous timing
this device with a spring-driven
motor.
time switch, owing, first, to the
necessity for rewinding, but still
sunset and sunrise changes at certain more owing to the unavoidable and cumuperiods of the year. For example, in lative errors in the time-keeping
September there is a change of nearly a of the clock. Here, again, the " Syndock "
quarter of an hour each week. Unless, or other synchronous motor drive
therefore, the street lights are to be solves the difficulty. A time switch
switched on and off too early or too late,
3.00
very_frequent attention is necessary, and
2.50
2.00
1.50
1.00
0.50
10 20 30 40 50 60
LOAD FACTOR — AVERAGE LOAD o/
MAXIMUM LOAD /0
4,—CURVE CONNECTING THE ECONOMICAL
PRICE PER UNIT WITH THE " LOAD FACTOR "
OF THE STATION.

Fig. 3.—ANOTHER TYPICAL TIME SWITCH DIAL.
(V enner.) (See also Fig. I.)

This shows how great an economy may be
effected by reducing the maximum load for a
given average load.
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so operated and
provided with a
solar dial can be
left entirely
without attention throughout
the year ; in fact,
it may almost be
said that if a
solar dial is fitted
no form of drive
other than the
synchronous
motor should be
used. Unfortunately, on direct
current systems,
this is impracticable and
spring-driven
clocks are essential.
Contact - making
Systems.
In the majority
of cases, the dial
revolves once in
24 hours and
mounted upon it
are either pins
or cams capable
of being fixed in
any appropriate
position, so as to
cause the contacts to open Fig. 5.—A 50-AMPERE TIME SWITCH CONTROLLING AN ELECTRIC ANNEALING
or close at
FURNACE.
The contacts in this case are of mercury in vacuo.
the desired times.
Care must be
taken that the operating members are cor- of a time switch dial (Venner). In order
rectly set and firmly secured in place. The to avoid confusion it is usual to mark the
contacts themselves may be of the button night hours (that is, 6 p.m. to 6 a.m.) in
pattern (usually of platinum, silver or black (see also Fig. I) so as to distinguish
tungsten) or, better, of the rubbing type, them from the daylight hours. The
on the lines of a small knife switch (Fig. I). dial in Fig. 3 is also marked " p.m. "
Button contacts are usually suitable up to, and " a.m. " to avoid any possible
say, io amperes, blade contacts up to confusion. The operating hands, marked
15 amperes. For heavier currents, mer- " in " and " out " respectively, have to be
cury contacts in vacuo are to be preferred clamped at the required times on the dial
(Fig. 5) and will deal with currents up to and, finally, the dial should be set to the
5o amperes at 25o volts for A.C. or D.C. correct time, as shown by the " time "
marker. In some time switches, the operatMarking of Time Switch Dial.
ing pins, although marked " on " and
Fig. 3 shows to a larger scale the marking " off " or " in " and " out," will perform

TIME SWITCHES AND PROGRAMME CLOCKS
either operation and in use merely reverse
the existing state of affairs. This is
an unsatisfactory arrangement, since the
operations are likely to get out of step,
resulting in a dial being switched on
when it should have been switched off,
and vice versa.

1071

their value arises as follows. The possibility of supplying electrical energy at a
low price depends upon obtaining a
steady demand, so that the generating
and distributing plant may be run as
nearly fully loaded as possible throughout
the 24 hours. This question is illustrated
by the curve of Fig. 4, which shows for a
FORMS OF TIME SWITCH.
given maximum load how rapidly the
For street lighting purposes, time switches cost decreases as the average load inhave usually to be fixed in an unventilated creases.* A purely lighting load is oblamp post or pillar, where they are viously unsatisfactory in this respect and
exposed to damp and are often somewhat a cooking load is little better, since both
inaccessible. For the former reason the are of short duration. A water heating
switch should be enclosed in a tight-fitting load, on the other hand, approximates to a
case of its own, and for the latter reason constant demand throughout the 24 hours,
should be readily removable from the but necessarily overlaps the lighting and
pillar for inspection. Fig. 2 shows such cooking loads. The function of the time
switch, then, is to
cut off the water
heater during the
times of lighting
WINDOW
LIGHTING
and cooking loads.
For example, the
water heater may
be switched on at
GENERAL
LIGHTING
II p.m. and
switched off again
at 7 a.m., when
the load tends to
come on. The
Fig. 6.—CONNECTION DIAGRAM FOR " AFTER HOURS SHOP WINDOW
cooking load
LIGHTING, SUPPLIED ON A TWO-RATE TARIFF.
usually falls off
Switch C enables the window lighting to be switched on at any time.
about i p m., so
that the water
a time switch in which the circular case heaters are often switched on again from
3i inches in diameter has a tight fitting I to 3 p.m., after which, in winter, the
lid, secured by a bayonet catch, and the lighting load is likely to be of importance.
whole switch is simultaneously supported
and connected in circuit by three pins, Mercury Switches.
Water heating time switches are usually
which enter three fixed sockets. The
reason for three pins and sockets instead required for fairly heavy currents and a
of two is that this time switch is driven and vacuum mercury switch is the most
timed by a synchronous (" Synclock ") satisfactory for the purpose. Fig. 5
motor.
A press button is provided shows a time switch so fitted. When
which will short circuit the time switch mercury switches are used, great care must
contacts, thus enabling the attendant to be taken that the case is properly levelled,
test a lamp without it being necessary to or the mercury may flow over owing to
close the main contacts or to interfere vibration and thus close or open the circuit
when it should not do so.
with the setting of the dial.
Time Switches for Domestic Water Heating. Switches for Shop Window Lighting.
Time switches are also much used in
Another direction in which the use of
time switches is rapidly growing is in
*C. S. Davidson, Electrician, April 17th,
connection with domestic water heating and 1931, p. 588.
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connection with " after closing " shop
window lighting. Since this occurs largely
after the time of peak load many supply
authorities are ready to furnish the
current at a lower rate, and the consumption is measured either by a tworate meter (see page 1053) or by two
separate meters, the lower price applying
after a certain hour, say, 6 p.m. Fig. 6
shows a convenient method of connecting
up for such a purpose. By day the
time switch keeps the contacts A closed,
so that the normal rate meter is in circuit.
The switch C enables the window lights
to be switched on at any time, but the
higher rates will be charged until the
time switch changes over to the lower.
The time switch way also cut off the
window lighting at a given time, say,
10.30 p.m.
PROGRAMME CLOCKS.
Most of the foregoing remarks apply

equally to programme clocks, which are
generally similar to time switches, although being commonly intended to
operate more frequently and for shorter
periods, they necessitate a finer
setting.
They may be required for a variety of
purposes, from the ringing of school bells
at certain hours to the timing of a complete
cycle of industrial operations. (See also
page 498.)
The timing dial is usually larger than
that of the corresponding time switch, say,
6 inches or 8 inches in diameter, but the
whole travel may be divided between
two or even three distinct dials, the one
rotating, for example, once in seven days,
the next in one day and the next in three
hours. The contact arrangements are
similar to those already described and
likewise vary according to the loads to
be dealt with.

QUESTIONS AND ANSWERS
What is the purpose of a time switch or
programme clock ?
To open and/or close a circuit at predetermined times.
What method is generally used to-day to
control time switches ?
Owing to the rapid extension of A.C.
distribution at an exactly time-controlled
frequency, the timing mechanism is frequently operated by a synchronous (" Synclock ") motor, which, running in step
wi h the controlled frequency of the system,
keeps exact time.
What is a solar dial ?
This usually consists of a specially
shaped cam which works one revolution
per year and which moves the timing
lever progressively forward or backward
at a rate based upon the daily change in
the hour of sunset.

What is a solar dial used for ?
When time switches are used for street
lighting, frequent resetting is required
owing to the rapidity with which the time
of sunset and sunrise change at certain
periods of the year. The use of a solar dial
obviates the necessity for resetting.
What are the chief applications of time
switches ?
(r) Street lighting ;
(2) Domestic water heating ;
(3) Shop window lighting ;
(4) Controlling electric furnaces ;
(5) Electric signs.
How does a programme clock work ?
A large drum is made up of a series of
brass discs with slots at interval spaces
of one minute each. Metal pins are inserted into these slots according to the
programme schedules. The insertion of
metal pins into a series of smaller discs
decides the day on which signals are to be
obtained.
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MAINTENANCE OF AN ELECTRICALLY
EQUIPPED STORES
By H. W. JOHNSON

T

HE modern stores is equipped With installed for special displays, and these
almost every conceivable type will require motor-driven flashers to
of electric light fitting and power
operate them.
Restaurant
appliance. An extenEntrance Halls and
Doorways.
sive knowledge and
wide experience of
Entrance halls and
electrical installation
doorways will be
W R Y B
work and practice is
illuminated with fairy
therefore necessary to
strip lighting fixed
maintain successfully
round the architraves
the electrical equipof doors, and round
Staff Office
ment.
the extreme edges of
The lay-out of the
canopies. Special ceilstores is arranged so
ing fittings and cove
that all the goods for
lighting for recesses
W R Y B
sale may be easily
will be used.
inspecte d by the
general public.
Staircases.
Such an arrangement
Staircases well lightCounting' House
makes it imperative
ed with strip lighting
that the electrical
t)
fixed behind cornices
installation must
and special bracket
always be in good
lights fixed to the walls.
WRY B
working order. The
wiring and appliances
General Floor Lighting.
must be fireproof and
The general lighting
shockproof. All lightof
the various departing pendants must be
ments will be carried
securely hung and
out with high C.P.
there should be no
W R Y B
fittings of various
danger from falling
Control Switches types and designs
glass in the event of a
in Operators Room
Where considerable
glass reflector, diffusoverhead
clearance is
To
Supply
ing panel, etc., crackDist. Board
required , recessed
ing.
Fig. I.—A SIMPLE DIAGRAM FOR FOUR SIG- ceiling fittings will be
NALLING LAMPS OF DIFFERENT COLOURS TO used.
THE LIGHTING
ENABLE MEMBERS OF THE EXECUTIVE TO KEEP
Floor standards will
IN TOUCH WITH THEIR STAFF.
EQUIPMENT.
When switch W is closed in the operator's be extensively used for
Window Lighting.
room, white lights are shown on the signalling localised lighting and
The equipment will boards in all the departments, indicating that a liberal supply of
include the lighting of the attendance of executive officer WI is desired plugs and sockets will
in his department. Similar indications are
all the shop windows given when switches R, Y and B are closed, be installed to supply
and display cases, with to the respective executive officers.
the current to them.
special arrangements
Counter and Showcase Lighting.
for flood and spotlighting.
Colour changing devices will often be
These will be illuminated with concealed

bb

1074

MAINTENANCE OF AN ELECTRICALLY EQUIPPED STORES

strip lighting fitted with suitable reflectors,
and often an arrangement of mirrors will
be used to reflect the light in any desired
direction.
Ladies' Saloons and Hairdressing.
These will have special treatment.
Here the lighting will be designed to give
artistic effects and a considerable amount
of cove lighting with strip light will be
used.
Adjustable lighting fittings will be
installed for the use of the hairdressing

pendant fittings will generally be installed
to produce an artistic effect and a soft
light free from shadows and contrasts.
The Ventilating and Air-washing Plant.
Motor-driven fans and pumps will be
installed with suitable control switchgear,
fixed in convenient positions in the air
ducts.

Air-Compressor Plant.
Motor-driven air compressors will be
used for supplying compressed air to the
pneumatic cash tube system installed
throughout the stores, and for closing
the gates of lifts.
Passenger Lifts, Escalators and Goods
Hoists.
To the Supply End
A battery of passenger lifts will
be installed for the use of the general
public. These lifts will be electrically
driven and generally operated by an
attendant from the car. Push-button
control may also be fitted to them,
so that they may be used without
the lift attendant, when required.
A number of lifts will also be installed
for the use of the staff. These lifts
will generally have push-button control.
Good
Electrically driven escalators will be
Ftg. 2.—TESTING RUNS OF CONDUIT AND AN IRON- installed to deal with the rapid transit
CLAD DISTRIBUTING BOARD FOR AN EFFICIENT EARTH. of the public to the various floors
The resistance of the conduit system between the of the stores.
supply end and any other point must not exceed 2 ohms.
Electrically driven goods hoists will
The bell should ring vigorously with one Leclanche
be used to transmit the goods to
cell in the circuit.
and from the various departments
staff, and various kinds of hairdressing and from the receiving and dispatch departtoilet appliances will be installed.
ment.
The Materials, Dress Fabrics and Carpets Heating and Cooking Appliances.
Departments.
The restaurant and lunch buffet will be
In addition to the general lighting of fully equipped with electric heating and
these departments, daylight and colour cooking appliances. Hot water for the
matching lighting fittings will be installed. various lavatories, etc., may be supplied
from electrically heated water-tanks, which
Sign and Flood Lighting.
The exterior of the building may be will be thermostatically controlled.
illuminated with flood lighting units and The Telephone Installation.
In addition to the G.P.O. telephone
various kinds of electric signs will be
installation
with extension lines to the
installed.
various departments and call boxes, a
The Restaurant, Lunch Buffet, and Rest private intercommunication telephone sysRooms.
tem will be in use between the various
Concealed strip lighting and artistic departments and the offices of the executive.
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The Signalling Lamps.
A system of signalling with coloured
lamps will be in use, whereby the executive
and the staff may always be in touch with
each other, no matter in which department
of the stores one or the other may be. The
signalling lamps will be operated with a
series of switches fixed in the telephone
operator's room.
The Bell Installation.
The stores will be equipped with an
installation of electric bells. The bells
will be used for indicating closing times
and for giving special signals.
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repairs to defective appliances and fittings
could be conveniently carried out.
The Distribution Boards.
These will be fixed in convenient positions in the stores and will be supplied
from the switchboard circuits.
The various sub-circuits to the lighting
and power appliances will be taken from
the distribution boards.

The Pilot Lighting.
A special pilot lighting circuit will
supply a system of pilot lights fixed in all
parts of the stores, to enable the public
to leave the stores in comfort in the event
of a breakdown of the ordinary lighting
installation, or a failure of the supply.
The Supply.
The supply of current to the installation
may be obtained from the public supply
company or, in certain cases, the current
will be generated by a plant operating in
the premises of the stores.
The Switchboard.
The switchboard will distribute and
control the whole of the electrical energy
from the supply company's cables, or the
generating plant, to the installation.
The installation will be split into a
number of main circuits. Each main
circuit will be controlled by a main switch
and circuit breaker or fuses, which are
fixed on one of the panels of the switchboard.
Lighting circuits will be kept distinct
from the power circuits.
Electricity meters will be connected in
the various circuits to record the energy
consumed by the various departments.
The switchboard will be situated in a
separate room, and access to it will only
be allowed to the members of the electrical
staff. A member of that staff should be
held responsible for the efficient operation
and clean condition of the switchboard.
A working bench fitted with a vice and
suitable tools could with advantage be
fixed in the switchboard room. Here

Fig. 3.—TESTING

SWITCH AND FUSES FOR BAD
CONTACTS.

When a circuit does not appear to be getting
the full pressure, test across the various switch
and fuse contacts with a test lamp. The lamp
should be able to take the full supply pressure.
A bad contact will be indicated when the lamp
glows. If the lamp does not appear to glow the
fault is of comparatively low resistance and a
low reading voltmeter may be substituted for
the lamp.

THE MAINTENANCE WORK.
General Organisation.
The whole of the work will be under the
supervision of the Chief Engineer and
Superintendent of the building. He will
have the services of an electrical foreman
and a staff of electricians and their mates.
The foreman will receive instructions from
the Chief Engineer, when any alterations
to the installation are to be made, or any
special display required by a department.
The ordinary routine work will be under
the direct control of the foreman, and he
will divide out this work among the staff
of electricians.
Each electrician will be responsible for
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a certain section of the maintenance work.
Reports of failures and defects will be
given by the heads of the various departments to the Chief Engineer each day, so
that they may be remedied without delay.
It is advisable to give the maintenance
of the telephone and bell installations to
an electrician who has had special experience in this work.
The Switchboard.
Examine the switches for making good
contact—a bad contact will heat up. Clean
the switch blades and contacts with fine
glass-paper and adjust the contacts ;
lubricate with a trace of mineral oil.
Renew the fuses regularly with the
correct size of fuse wire and adjust the
fuse contacts so that the fuse bridges are
held firmly.
Examine the tripping gear of the circuit
breakers and make sure they are working
smoothly.
Inspect the cable connections frequently
and tighten up any which are loose.
Examine the earth wires of ironclad
switchgear for good connection.
Clean the panels regularly with a soft
dry cloth.
The Distribution Boards.
The fuses should be inspected frequently
and any which show signs of corrosion
should be renewed.
The panels must be kept clean. Any
traces of metal which may have been
deposited on the panels when a fuse has
blown on a " short circuit " must be carefully removed.
The circuit switches are often fixed
inside the distributing boards and they
should be examined for bad contact,
faulty make - and - break action, loose
fixings and bad cable connections at the
terminals.
Examine the " earth " wire for efficient
connection.
The Wiring.
The wiring will generally be protected
with steel conduit. Examine the runs of
conduit for good joints at the junction
boxes, inspection T's, etc. Where there is
a doubtful joint test the run of conduit
for a good " earth."

The outlet points of the conduit should
all be bushed. Conduit which is run in
exposed positions should be watertight
and examined frequently for signs of
rusting.
Make an insulation test of all the circuits frequently. Should any circuit show
a low test, it should be split up by disconnecting at the various loops and the
faulty length of wiring traced and renewed.
Examine the connections of the wiring
at all light and switch positions, the
insulation of the wiring at exposed positions is liable to damage and deterioration.
Particular attention must be given to
the wiring of signs. The H.T. side of
Neon signs will be wired with heavy
insulated cable ; keep these cables clear of
all inflammable material. The loops from
one tube to another should be enclosed
,in glass tubes, and V-shaped bell glasses
fitted over the terminal connections.
Where it is possible for water to enter
these bell glasses, they should be provided
with drainage holes.
Examine the main D.P. (pull-down
type) switch which is fixed outside the
building for cutting off the current to the
signs, in case of fire or breakdown.
The metal troughings of strip lighting
should be kept well painted, and frequently
examine the earthing connections to them.
Strip Lighting.
Examine the lampholders of strip lighting for signs of corrosion and contact
plungers sticking. Wiring for strip lighting
fixed at the extreme edges of entrance
halls and canopies may be exposed to
" drip." Examine frequently to see that
the circuits are water-tight. Considerable
condensation of moisture may occur
between the strip lighting and the glass
diffusing panels, when there is a sudden
fall in temperature. The panels should be
taken out and the interior of the strip
lighting troughs and reflectors carefully
dried. Make a test of the circuit for low
resistance betwen poles, having removed
the lamps, and for insulation resistance.
The Lighting Fittings.
Switch on the lights and note any which
show signs of blackening of the bulbs,
or fail to light.
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Examine the lampholders and screw up
any parts which have worked loose.
Carefully clean the reflectors and diffusing panels and bowls with a soft dry
cloth.
Any cracked reflectors, panels, or bowls
should be replaced immediately.
Examining the Spot-lights.
Examine the connections to spot-lights
and the insulation of the cables where
they pass into the case. Test the beam of
light for correct focus and adjust if
necessary. Clean the lenses carefully with
a soft cloth. Flood-lighting units should
be examined. Those which are exposed to
wind and weather, should be kept painted
and the fixing nuts and bolts covered with
a little oil. Examine carefully the insulation of the wiring in the flood-light
cases, and the terminal connections for
signs of corrosion.
The earth wire should be making good
connection with the case.
The motor flashers which are used for
colour changing lighting schemes and for
signs should be frequently overhauled.
Examine the brush gear of the motors
if they are of the D.C. type. Inspect the
condition of the lubricating oil and change
if required. The contacts and the drum
must be kept perfectly clean. Adjust the
contact fingers if necessary. The contact
fingers of animated signs are subjected
to very severe service and they should be
frequently inspected.
Pendant or Bracket Fittings.
The fixings of all pendants and bracket
fittings must be secure and they should
be examined from time to time. Examine
all supporting chains for signs of corrosion,
and renew any which appear to be unsafe.
Concealed strip lighting fixed behind
cornices should be examined for deterioration, especially if the heat produced by
the lamps cannot readily be dissipated.
Particular care must be taken when
cleaning delicate glassware of artistic
fittings and brackets. Always allow for
expansion of the glass inside their metal
frames and do not tighten up the binding
screws, when replacing the glassware after
cleaning

The Ventilating Fan, Air - Compressor
Motors and Switchgear.
The fan motors for the ventilating plant
must be examined each morning, the
4

4

t

4

1

The Megger

FT

Distributing'
Board

Fig. 4.—TESTING STRIP LIGHT WIRING FOR Low

INSULATION BETWEEN POLES.
The lamps are removed from their holders,
the switch in the D.B. opened, and the fuse on
the other pole taken out. The ends of the circuit
are connected to the 111 e and earth terminals
of the Megger and the value of the resistance
obtainea. This test should be taken if there
is excessiA e condensation of moisture where strip
light is fixed in exposed positions.

brushgear and lubrication of the bearing
should be in good condition. Clean the
commutator with a soft cloth and lubricate with a trace of mineral oil to prevent
chattering of the brushes. If the motors
are supplied with A.C. they will generally
be of the slip-ring type. Inspect the rotor
slip rings and brushgear and the lubrication of the bearings. Contactors will be
used for starting and accelerating the
speed of the motors. These should be
regularly inspected. Examine the contacts and the armatures. The contacts
should be cleaned if necessary, and the
movement of the armatures be quite free.
Test the operation of the time limit relays
for accelerating the motors, frequently.
The solenoid plungers should be kept free
from dirt and the pistons attached to the
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lower end of the plungers must work
smoothly in the oil dashpot.
The operation and running of the aircompressor motors will be controlled with
a relay which will start the motor when the
air pressure is reduced below a certain
point, and stop it when the maximum
value is attained. Examine the windings
of the relay and note that the connections
are tight. Clean the contacts and adjust
them if necessary.
The air compressor motors must be
regularly cleaned and the brushgear maintained in good condition. The operation of
r

L

act promptly when the current is switched
off.
(4) The car gate and landing gate
switches should be in good working order.
(5) The locking device attached to the
landing-gate switch must prevent the
gate being opened, unless the car is at the
correct level.
(6) The over travel limit switches in
the car, and operated by the cams fixed
to the side of the lift shaft, must be in
good order and open the circuit if the car
overruns its appointed travel.
(7) The over-speed governor switch
must open the circuit when the
speed of the car exceeds the
safe limit.
(8) The car controller must be
in good working condition and
the contacts on the drum and
contact fingers clean and correctly
Ce//
adjusted.

Winding-Gear Motors.
The motors which drive the
winding gear will generally be of
the D.C. type, even if the supply
Fig. 5.--TESTING A TELEPHONE TRANSMITTER FOR " OPEN "
is A.C., because the Ward
CIRCUIT OR SHORT CIRCUIT.
The connections to the receiver or transmitter are dis- Leonard system of speed control
connected and a linesman's detector and a cell are connected will be used. Motor generators
to their terminals. If the instrument has an open circuit, for the conversion of the A.C.
there will be no deflection on the detector. Now connect the supply current to D.C. will be
detector and cell in circuit with an instrument which is in
good condition and note the deflection on the detector. installed. The motors will be
Compare the deflection obtained with the one obtained when started and accelerated and
the detector is connected to the one suspected of " short reversed with contactors which
circuit." A large deflection, probably over to the extreme are controlled from the car
edge of the scale, will be obtained if the instrument is short
circuited. This test may be applied to test an induction coil controller.
The contactor gear must be
of a telephone set for open and short circuits.
regularly cleaned and kept in
the contactors used for starting and acceler- good working order.
ating the motors must be tested frequently.
The motors must be regularly cleaned,
brush gear kept in good condition, and the
The Passenger Lifts.
lubricating oil in the motor bearings
The correct and safe operation of the changed at regular intervals. Frequently
pa csenger lifts is perhaps the most im- examine the connections of the car
portant of the maintenance work. Each trailing cables in the connection box fixed
lift should be tested every morning before in the lift shaft. The direction indicator
the public are admitted to the stores.
lamps fitted on each floor at the lift
The examination and testing of the lifts landings should be inspected from time
should include the following details :—
to time. Examine the wiring to the lamp(1) The steel suspension cables to be in holders and screw up tightly any loose
good condition.
connections which are found.
(2) Their attachment to the lift car
The Escalators.
and to the counterweight to be secure.
(3) The electric solenoid brake should
The motors are coupled to a worm shaft
Linesman's
Detector
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which drives the sprocket wheel of the
escalator through a spur-gear wheel.
Each worm shaft may be coupled to
one or the other of two motors, which are
fixed on either side of the shaft. This
arrangement avoids stoppages of the
escalator if one of the motors breaks down.
The motors should be regularly cleaned,
the brush gear and commutator inspected
and kept in good condition.
Heavy duty starters or controllers will
be used to operate the motors. The contact studs and starter arm contact must
be cleaned regularly and adjusted to
prevent arcing when the arm of the
starter is in operation.
The gearing should be efficiently lubricated and inspected for signs of wear and
incorrect alignment.
The Staff Lifts.
These will generally be push-button
controlled, and in addition to the necessary
daily inspection of their efficient and safe
operation, and the general maintenance
to the driving motors and contactor control
gear, the relays which are operated by the
various push-buttons will require regular
inspection and cleaning.
The mechanism which operates the
selecting switches must be inspected
regularly. The mechanism will be driven
from the winding shaft. The chain driving
the striker arm spindle should be lubricated regularly and examined for correct
alignment, excessive wear and stretching.
The Goods Hoists.
These will be fitted with hand and pushbutton control. Special attention should
be given to their winding gear and the steel
cable attachments to the cars on account
of the heavy loads they have to deal with.
The maintenance of the control gear and
wiring will be on similar lines to that for
the staff lifts. The gates and their opening
and closing gears will be subjected to
severe conditions and the condition of the
gate locks on the car and at the landings
should receive special attention.
The Telephone Installation.
The operation of the switchboard for the
departmental telephone system will generally be done by the person who answers
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and puts through to the various departments the calls from the G.P.O. system.
Complaints of failures should be reported
to the foreman at the earliest moment.
The general faults which may exist will
be:—
(Z) Can hear the station called speak,
but this station cannot hear the caller.
(2) The signalling bells operate, but
neither station can hear or speak.
(3) Cannot call up a station.
Copper Tape
EarthingConnection
C/amp
Variable Resistance

To Water
Pipe

II I

ik-Earth Plate
Fig. 6.—TESTING AN EARTH PLATE FOR
EFFICIENT EARTHING.
An earthing plate is used for earthing a
lightning conductor. Its resistance to earth
may be obtained by sending a suitable
current through it from a battery of
accumulators and testing the pressure drop
between the copper tape connection to it and
a water main, with a milli-voltmeter. The
reading on the instrument should be small.

(4) Cannot get attention from the
operator.
In addition to the above faults, line
wires may be broken or in contact. Indicators fixed on the switchboard sticking,
bad contacts in the jack springs, bad
joints due to defective soldering, and
batteries require recharging.
When a station can hear, but cannot be
heard, the local microphone circuit is
faulty, or the secondary wires from the
induction coil are short-circuited.
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Examine the receiver for a cracked fuses which protect the transformer should
diaphragm, the wire gauze pressing on the only be of small carrying capacity.
If accumulators are used to supply the
diaphragm, or the carbon granules packinstallation, a spare set will be required
ing together.
Test the induction coil secondary for to supply the circuits when recharging
short-circuit and open circuit. Examine the set which is run down. The discharge
the transmitter circuit for bad connec- must never be continued after the voltage
of each cell is 1.8. Keep the level of
tions.
If the signalling bells are working, but the electrolyte always above the top
neither station can hear or speak, the of the plates and always use pure or
secondary or the main line speaking distilled water in making up the level to
the correct height. The terminals of the
circuit is defective.
Test the receiver for short circuit and accumulators must be covered with a little
open circuit, buckled diaphragm, insuffi- vaseline and the containers must be kept
cient clearance between magnet poles and perfectly clean and dry.
the diaphragm. Examine the switch hook
contacts, and all the connections in the The Pilot Lighting.
The pilot lighting circuit will be totally
circuit. When the station cannot call or get
attention from the switchboard operator, independent of the main generating plant,
the magneto generator, the bell, or some or the supply companies cables which
part of the line circuit is defective. The supply the main installation. In some
line terminals of the bell should be short cases it may be supplied from the mains
circuited with a piece of wire, and the bell of another public supply company.
The circuit must be switched on each
cut-out on the generator be prevented
from acting by inserting a piece of paper morning before the stores is open to the
between the contacts. If now the bell general public and all lights examined,
does not ring when the generator is turned, failures should be made good immediately.
there is either an open circuit or short The fuses must be renewed regularly.
circuit in bell or generator coils. A short
circuit will be distinguished by the fact Small Current Appliances.
that the generator runs heavily.
There will be numerous small power
If the bell does not ring, but the motors driving various appliances in
generator works heavily, and then works different parts of the stores. These must be
easily when the short circuit is removed regularly inspected and cleaned. When the
from the line terminals, the bell coils are supply to them is through a plug and
short circuited ; but if no change occurs, socket, always examine the condition of
it is probable that the generator is itself the flexible cable and the connections to
the plug. Renew the flexible if it shows
short circuited.
signs of deterioration and make sure that
The Bell Installation.
the earthing connection to the appliance is
The bell installation will require periodi- efficient.
cal inspection. Examine regularly the
contact springs and screws and clean them Heating Appliances.
Examine the fuses of cookers and stoves
if they are corroded. The contact screws
should be locked tightly in the bell contact regularly for corrosion and loose connection, and make them good without delay.
pillars.
Test the earthing connections for good
The signalling switches and pushes must
be examined for good contact and tight contact with the cooker or stove cases.
connections.
If the supply is A.C., a bell transformer Insulation Test of the Wiring.
will be used. The connection should be
A complete insulation test of the whole
tight and the insulation of the wiring of the wiring should be made at the main
close up to the terminal connections should switchboard once a week, and a continuous
be in good condition. Give the windings record of the results obtained should be
an occasional coat of shellac varnish. The preserved.
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FURTHER NOTES ON ELECTROPLATING
DEALING WITH ZINC, CADMIUM, TIN AND BRASS,
BARREL PLATING AND STRIPPING
By W. MERRY
or cyanide one following the types given
ZINC AND CADMIUM PLATING.
INC and cadmium are the metals under acid and cyanide copper solutions.
which are to be preferred above
Since for perfect protection the deposited
all others where the intention is metal should be of the highest order of
to preserve iron and steel
against corrosion. They
offer no advantage over
any other metal when
applied to any non-ferrous
base. But both, by reason
of their position in the
electro-chemical series, do
protect iron in an additional manner beyond
mere mechanical shielding, since any electrical
action that occur s
between them and the
base metal in the presence
of moisture, is at their
expense and not to the
detriment of the iron.
Cadmium is slightly
better than zinc as a
Fig. 1.—ELECTRO-GALVANIZING CRADLE.
protection for iron and
The solution used for electro-galvanizing may be either an acid or
steel. Other points of cyanide one. Every effort should be taken to preserve the solution
comparison are briefly : from contamination and only anodes of the highest purity of zinc
Cadmium is softer than should be used.
zinc, tends to stain
when handled, and is definitely poisonous purity, every effort should be taken to
if associated with food stuffs. It, however, preserve the solution from contamination
resists the action of alkaline liquids (lyes, (especially the cyanide solution) and only
caustics, soap solutions, etc.) much better anodes of the highest purity (99.9 per
than zinc does, and is, in consequence, cent.) of zinc should be used.
much used for washing machines and
for all iron parts likely to be exposed to The Equipment.
caustic liquids or vapours.
Acid zinc solutions should be contained
in a wooden vat, lined with chemically
Electro Zincing.
pure lead and matchboarded inside. If
Electro-galvanizing is a perfectly simple an old vat is used which has been preprocess and presents no more difficulty than viously used for another solution, strip
any other electrical metallic deposition.
out the old matchboard, thoroughly clean
The solution used may be either an acid down the lead and re-line.

Z
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Cyanide zinc solutions should
be contained in plain welded
iron tanks fitted with a wood
top surround to carry the insulators and rods.
The Solution.
A reasonably good acid zinc
solution may be made with the
following formula as a basis :—
Zinc sulphate
3 lbs.
W.CANNIN
CI?
Boric acid . .
2 OZS.
BIRMINGHAM.
Salt ..
..
. . 2 OZS.
Aluminium sulphate 3 ozs.
Dextrine
..
. . I oz.
Water to i gallon.
Fig. 2.—ILLUSTRATION OF OUTFIT FOR ELECTRO-ZINCING
TUBES.
The boric acid acts as a
" buffer " acid and prevents a
high ionization. The function of the contained in an oak tub, a gutta-percha
dextrine is to condition the grain size of tank, or a solid lead vessel. Never in
Castings will
stoneware or earthenware.
the deposit.
Sometimes a little mercury sulphate is need from io to 40 minutes in this
added to the solution, and this, besides solution according to their state.
tending to whiten the deposit, promotes
ZINC BATH TROUBLES.
even and good anode corrosion.
The working acidity of a zinc solution is
APPEARANCE OF
considerably higher than that of a nickel
REMEDIES.
CAUSES.
WORK, ETC.
solution and usually stands from 2 to 3 on
Deposit rough, hard Too high current Lower voltage.
the pH scale.
density.
and brittle.
Working Conditions.
The bath should be worked at from 2f
to 3 volts, a pressure which will give about
10 amps. per square foot of cathode
surface.
The temperature of the solution should
never fall below 6o° F. and may be raised
to I00° F.
Preparation of the Work.
All work should be
prepared and cleaned as
previously recommended
(see page 445). Cast-iron
should be freed absolutely
from casting sand and
scale. Sand is best
removed by immersing in
a pickle of :—
Hydrofluoric
acid
. . I part.
Water
.. 9 parts.
This pickle should be

Deposit dark.

Low current density.

Raise voltage.

Bad " throw " into
recesses,

Low acid content.

Add pure sulphuric
acid I fl. oz. per
gallon.

Scale may be removed by immersion in
a pickle of :—
Sulphuric acid (oil of vitriol) I part.
9 parts
Water ..
..
used either hot or cold.
It is, however, cleaner
and in many ways safer
to sandblast in preference to pickling if this
course is practicable.
After plating, articles
should be well swilled in
cold water, dried after
immersion in clean hot
water, or with hot boxFig. 3. — A TYPICAL PLATING wood sawdust. They
BASKET.
may then be lightly
This may be used for plating
scratchbrushed for a
small articles such as pins, fish
bright finish or left matt.
hooks, or hooks and eyes.
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Cadmium Plating.
As already explained, cadmium is
probably the best metal to deposit on
iron and steel purely from the protective
point of view. It has, moreover, distinct
decorative properties and when scratchbrushed and lacquered retains its lustre as
long as the lacquer stands.
Only solutions of the cyanide salts .are
at present employed, and a typical formula
would run thus :—
Cadmium oxide . . 6 ozs.
Potassium cyanide
98/100% 14 ozs.
..
Water
gallon.
The cyanide should be dissolved first
in the water (warm), and the cadmium
oxide slowly stirred in till it has all
dissolved.
The product is double cadmium cyanide,
sodium cyanide (free) and caustic soda.
The vat should be of plain iron, mounted
in the usual way with wooden surround,
insulators and anode and cathode rods.
Current conditions : 2-2k volts will
be suitable for the still vat (use 6 volts for
barrelling). The current density will be
about 15 amperes per square foot of
cathode surface.
Notes.
The work should be cleaned as for zinc,
and where possible sandblasting should be
recommended in preference to pickling,
since the pickling acid has a decided
tendency to " spot out," especially from
castings, and cause unsightly stains.
If the solution works sluggishly and the
anodes become coated with slime, add
I to 1 oz. of potassium cyanide 98/100%.
Articles may, after plating, be scratchbrushed bright or left matt. Swilling
should be very stringent and drying out
is best done in hot boxwood sawdust.
TINNING.
Electro-tinning is a powerful rival to
" pot tinning " in modem industrial
practice, and a brief account of the process
is desirable. Tinned iron is used largely
in many articles and tinned brass and
copper are employed in the arts. Much
" oxidised silver ware," especially of the
cheaper sort, is iron sheet electro-tinned
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and subsequently " bronzed " with suitable chemicals.
Electro-plating solutions of tin may be
made readily and cheaply, and a good
formula is :—
Hydroxide of potash ..
8 ozs.
" Tin salts " (stannous
chloride)
2 ozs.
Water
..
gallon.
The potash should be dissolved first
(avoid spitting and overheating when
adding the caustic to the water), then
the tin salts should be added little by

Fig.

4.—HOT SAWDUST DRYING-OUT
BARREL.

Used for drying articles after plating.
little with constant stirring. Don't let it get
too hot. Finally a little glue size—about
one-tenth of an ounce per gallon, should
be dissolved in the solution.
This last ingredient is quite important,
since without it, the deposit will " tree "—
that is, grow pronounced whiskers round
the edges of the work!
A plain or enamelled iron vat with the
customary wooden frame on top is used.
Cleaning of the work is carried out as
usual but need not be so stringent as for
nickel plating, since the powerful caustic
solution itself tends to remove the last
traces of grease. The anodes should be
of pure cast tin and should be removed
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from the solution and cleaned when work
ceases for the day.
Voltage.
One half of a volt is the correct voltage
for plating, with an anode distance of about
7 in. The work should be " struck "
at about i volt but as soon as the surface
has covered, the voltage should be reduced
to that stated above. Temperature of
solution about i4o° Fah.

deposit should be obtained in 3o mins.45 mins. and the articles should then be
swilled in clean water, dried out in clean
boxwood sawdust and then polished in a
barrel containing dry bran.
Replating and renovating old cooking
utensils, baking pans, etc.
These are first cleaned in the alkaline
cleaner (see page 445) preferably with the
current. After cleaning, they are pickled
in a solution of :—
Sulphuric acid
I part.
Water
Io parts.
(Always add the acid to the
water, and never the water to the
acid.)
Use this pickle hot (about
180° F.) and keep the work in till
all rust is removed from it—a few
minutes should suffice.
Swill in clean water, scour
with sand and a stiff brush.
Then tin in plating solution for
io minutes. Swill and either
scratch brush or scour with sand
till bright.
Cold solutions may be used
compounded much as the previous
formula but of higher concentration of salts. Generally speaking
these solutions should be worked
at lower voltages, from one-fifth
to two-fifths of a volt being the
extremes of the permissible
current pressure.

Tinning Iron Dress Pins.
These are generally given a
Suitable for nickel, copper, brass, zinc and cadmium
preliminary coating of brass,
plating. No anodes are shown in the above illustration.
polished highly in a hot sawdust
barrel. They are then tinned by
the well-known " boiling white process."
Plating Small Articles.
Swan articles such as pins, fish hooks, This process, though not strictly electrical,
hooks and eyes are generally polished in a must be included here not only for comshaking barrel, then put straight into the pleteness sake, but because it is often used
tin solution without any other cleaning in electro-plating works.
The solution may be prepared as
or preparation. They may be barrelplated or plated in a basket similar to follows :—
that in Fig. 3. Such a basket is made Dissolve :—
Tin chloride ..
4 ozs.
with wood sides, gauze of metallic meshed
Cream of tartar
2+ ozs.
bottom and conductors running to it as
Water ..
gallon.
shown. When work is basket-plated it
Use boiling.
should be frequently turned over with a
The articles, with a few pieces of granuwooden fork or stick. A really good
Fig. 5.—PLATING

AND BURNISHING BARREL, SUBMERGED TYPE.
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lated zinc are either placed loose in the
containing vessel or hung in by a muslin
bag. They should be left in the solution
for about 2 minutes, then taken out and
swilled and replaced for another 2 minutes.
After tinning the work is swilled and
dried out as before.
TIN BATH TROUBLES.
OF
WORK, ETC.

APPEARANCE

CAUSE.

REMEDY.

Solution w o r k s
sluggishly.
Anodes dirty.

Conductivity low
and solvent absent.

Add i oz. of potash
for every gallon
of solution.

Solution w o r k s
sluggishly.
Anodes bright and
crystalline.

Too little metal
and too much
solvent.

Add 1 oz. tin salts
per gallon. Dissolve these salts
in a bucketful of
hot solution and
return to vat.

uneven,
Deposit,
and feathery.

Too high current
density.
Deficiency of colloids.

(A) Reduce current
(u) Add r/zoth oz.
of dextrine per
gallon of solution.
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and at any fixed voltage a considerable
variation of colour can be obtained by
alterations of temperature. The solution
itself can be readily prepared by mixing
a gallon of cyanide copper solution with
half • a gallon of cyanide zinc solution, if
these are available.
Failing these a good solution may be
made by the following formula :—
Potassium cyanide • • i6 ozs.
Copper carbonate
8 ozs.
Zinc carbonate
8 ozs.
Sodium bicarbonate .. 2 ozs.
Sodium bisulphite
3 ozs.
Water ..
gallon.
Dissolve the cyanide first in warm water
and stir in the other ingredients in the

BRASS PLATING.
Brass, of
course, is an
alloy of copper
and zinc and its
colour largely
depends on the
relative proportions of its two
constituents. It
is possible to
deposit both
metals in any
required proportions from their
cyanide salts by
suitable adjustments of concentration, voltage
and temperature.
But it is pracFig. 6.—THE " QUICKPLATE " PLATING BARREL WITH DEPOLARISED (DEtically impossible
PASSIVE) NICKEL ANODES.
.
to plate anything
Showing anodes in postion and swill trough at back.
but copper from
an acid solution of the combined salts. order given. The solution (when cold)
Hence acid solutions of copper are used should register 23° Tw. (or 15° Be.).
A little ammonium chloride may be
from the electrolytic refining of that metal
from adulterants and cyanide solutions for advantageously added, especially if there
the deposition of alloys.
be any difficulty of obtaining a good brass
colour over a fair range of voltage.
Making the Solution.
The vat should be of plain welded iron
Brass solutions are preferably worked and (if possible) fitted with a steam coil,
warm (at about a temperature of Ioo° F.) or a stand with gas burners.
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The usual insulated rods are, of course,
required.
The anodes should be of good quality
brass, and as many should be used as
possible. The smaller the anode surface
the greater the tendency for them to slime
up, with consequent rise of resistance and
poverty of deposition.
Conditions of Working.
Articles are prepared for plating in the
usual manner. The point in the actual
operation of the process that calls for
special attention is the control of the
colour. Zinc requires a higher voltage for
its free deposition than copper does, so

slime an addition of cyanide is indicated
Add 1. oz. of potassium cyanide 98/10o
per cent. per gallon of solution and note
the effect.
Even more may be required.
BRASS BATH TROUBLES.
SYMPTOMS.
(Appearance of
Articles, Solution,
etc.)

CAUSE.

Work blisters, deposit breaks and
peels on scourmg or scratchbrushing.

(x) Bad cleaning.

Colour of deposit
too red, i.e., too
much copper deposited in proportion to zinc.

(x) Too low current density.

(a) Oxide on base
metal.
(3) Temperature
too low.

(4) Insufficient
zinc in solution.
,
Colour of deposit
too pale, i.e.,
too much zinc
deposited in proportion to copper.

(r) Too high curcurrent density.

(4) Insufficient
copper in solution.
Solution " gasses "
excessively.
Solution gives good
deposit,
but
work stains on
standing.

Fig. 7.—"MIDGET " PLATING APPARATUS.
Suitable for mixed loads of work.

that other things being equal, a low
voltage will deposit a brass high in copper
and low in zinc—therefore red ; a higher
voltage will deposit more and more zinc
in proportion to the copper and therefore
pale. Only actual experiment will determine the best plating conditions and this,
when determined, will vary as the internal
conditions of the bath changes.
As more brass baths are worked warm,
a gradual and steady disintegration of the
cyanide is certain, and this must be
replenished periodically. A certain sign
of lack of cyanide is the state of the anodes;
if and when they become coated with

Working solution
past its capacity.

REMEDY.
(x) Clean as directed on page 445.
(a) Dip in cyanide
dip, so per cent.
solution, swill.
(3) Warm a portion
and replace.
(x) Increase voltage. If this fails:
(a) Cool solution.
If this fails :
(3) Add I fluid oz.
of liquid ammonia per gallon
(x.5 cc. per litre).
If this fails :
(4) Add zinc salts,
I oz. to x oz. per
gallon.
(x) Decrease voltage. If this fails:
(a) Warm solution.
If this fails :
(3) Boil to dispel
excess ammonia
and cool again.
If this fails :
(4) Add I oz. to
it oz. per gallon
copper salts.
(x) Add brass salts.
(x) Add I oz. to
I oz. potassium
cyanide p e r
gallon.

Nora.—Anodes should look a DULL brass, and should be
cleaned often. If slimy green or black, add oz. to oz.
potassium cyanide (x.5 to 3 grammes per litre). If very pink
add copper salts.

Redness of Deposit.
Sometimes brass baths produce red
deposits very obstinately, and however
much the current density and the general
conditions are varied. This is generally
due to the inferior insolubility of the zinc
salts. They are, however, readily soluble
in ammonia or ammonium salts, and the
addition of either liquid ammonia or solid
ammonium carbonate will often aid the
deposition of a true brass. Very small
additions of these chemicals are advised
(f to oz. per gallon).
Should this treatment fail, as it sometimes does, an actual deficiency of zinc
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in the solution is suggested and zinc
cyanide (or zinc carbonate) should be
cautiously added.
Paleness of Deposit.
A pale deposit, even at the lowest
current compatible with good plating,
indicates that the solution is deficient in
copper, and copper salts should be added,
either as copper cyanide, or copper
carbonate.
Both the zinc and copper salts should
never be added directly to the solution,
but should be prepared as follows :—
Add a little potassium cyanide to a
bucket full of the brass solution (not a
galvanised bucket I) ; now stir in the
metallic salts, and warm till dissolved ;
if they will not dissolve add more cyanide,
little by little, till they do. Now pour this
concentrated solution into the original
vat through a filter of muslin or linen.
BARREL PLATING.
" Barrel " plating is generally employed
by the electro-platers for all such small
parts (nuts and bolts, washers, pins, etc.)
that are not convenient or economical
to wire up. The apparatus consists
essentially of a revolving container for
the work and provision for the necessary
anode and cathode connections. Great
ingenuity is exhibited in the best type
of barrels to secure good sliding connection
and to obtain rapid and easy handling
of the loads.
It should be noted that the work must
always be in contact with the cathode
connections and that the load should
always be sufficiently large, so that it
does not scatter and lie isolated in the
container.
Several types of barrel are shown in
Figs. 5 to 9.
How the Barrels are Constructed.
A type of barrel suitable for nickel,
copper, brass, zinc and cadmium plating
is shown in Fig. 5.
It consists of a central container of
octagonal form made of perforated celluloid panels fixed to a teak base. A
trunnion on the barrel acts as a support
while the barrel revolves, the driving
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end being carried in an iron bracket
secured to the vat.
A suitable contact device is fixed inside
the barrel at its base, the insulated centre
shaft being fixed into this.
To allow the barrel to be emptied, the
shaft is pivoted on the vat bracket,
fast and loose pulleys are fitted together
with suitable moving gear.
The barrel runs practically submerged
in the solution and this permits a large
quantity of work to be plated in one load.

Fig. 8.-THE " MINIX " PLATING BARREL.
The barrel illustrated has the following
specifications
Diameter at t op .. 13 inches.
Depth
13i inches.
..
Capacity
3 gallons of articles.
to
Horse-power
..
h.p.
drive
Other Types of Barrels.
A somewhat different type of barrel
possessing several advantages is shown
in Fig. 6, while Fig. 7 shows a small
and economical unit very suitable for
mixed loads of work and it has the advantage that it can be quickly attached to any
existing vat.
The container is of Xylonite, except
when used for tinning or cleaning when
a stoneware container is fitted.
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Specifications.
Inside width of vat
2 feet.
needed
.. 1- gall. articles.
Capacity of barrel
Max. speed of barrel .. 20 r.p.m.
Still another design is shown in Figs. 8
and 9. This apparatus permits the central
container to be lifted away and the work
swilled without removing the solution
from the apparatus.
Specifications.
.. I or 2 galls.
Size of container
20 r.p.m.
Speed of container
Horse-power required
to drive
h.p.
Notes on Barrelling.
One of the chief virtues of barrelplating is that the process polishes or
burnishes as the plating proceeds. To
obtain the best results the speed of
rotation should be carefully regulated.
Shape of Articles.
Sometimes it is best to mix the load ;
work all of one shape (e.g., flat washers)
often lie close together and steel balls or
scrap will often break up the mass.
Cleaning.
All work should be cleaned before
barrelling exactly as for still plating.
Barrel polishing often precedes the actual
barrel plating.
Voltage and Current.
The internal resistance of all barrel
systems is higher and the voltage must
be adequate to obtain the necessary
current density. Some solutions work
at 6 volts, but it is generally necessary
to work from a 10 to i8-volt supply.
The use of a resistance board and an
ammeter are essential, because if too high
a current be used a good burnished appearance is not obtained.
For nickel plating use all current possible
during the first half of the time ; then
reduce to about two-thirds, and leave the
articles plating until they have a sufficient
coat on and a good bright appearance.
STRIPPING DEPOSITS.
When electro-plating is proposed for
articles that have already received a

deposit (replating of worn parts, repair
work generally, etc.) it is sometimes
advisable to remove all the old
deposit before attempting a new one. In
some cases—nickel for an outstanding
example—all the old deposit must be
most carefully stripped before replating
with the same metal. If for any reason
it is impracticable to strip nickel, it may
be copper plated after careful preparation
and the copper p dished and nickelplated.
Stripping electrolytically is, of course,
only the converse to electro-plating, and
might in general be performed in the same
solution used for the metal deposition.
The article, of course, would be made the
anode of the circuit and the usual anodes
be connected to the negative pole of the
current supply.
However, special solutions are invariably
used for stripping, and the electrical conditions are adjusted accordingly.
Nickel.
Nickel may be cleanly and expeditiously
removed from its base metal in the following manner :—
A solution of sulphuric acid 22 parts by
measure, is carefully added to water,
2 parts. (Always pour acid to water, and
never vice versa.) This solution should be
contained either in a lead lined tank or in
a stout earthenware container.
The usual insulated brass rods are
fitted to the tank, but the central rod in
this case is made the
anode and the two
outer rods are
cathodic.
Lead sheets are
hung upon the cathode
rods, and it is best to
bend them over the
rods as shown in the
illustration ; this
method ensures better
connection than would
be obtained by hooks—especially after
some days running.
Rolling the sheet completely round the
rod is better still because it preserves the
brass from the corrosive fumes and spray
sent up from the acid.
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Current Conditions.
A pressure of from 5
to 6 volts at the vat
terminals is used and
the amperage is varied
according to the load.
A resistance board
should be fitted in the
circuit, and a 6-volt
meter should also be
incorporated.
The Care of the
Solution.
The solution must
be maintained at a
density of from 50-53°
Beaume, by the
periodical additions of
sulphuric acid.
In
time, of course, large
Fig. 9.-- NOVAT " BARREL, SHOWING METHOD OF SWILLING.
accumulations of metal
will " kill " the free
acid and give a misleading density (the attacks most base metals the process must
density due to dissolved nickel sulphate, be very carefully done if the article itself
iron sulphate, etc.) ; when this occurs the is to escape irreparable damage. Diebath is best emptied and a new solution castings and zinc articles generally can
never be done in this way.
made up.
The Procedure.
Old work is wired up and cleaned
exactly as for plating except that several
strands of copper wire should be used in
order to take the higher current employed.
After swilling, the work should be well
drained so that the acid solution shall not
be diluted.
The work should be periodically inspected and immediately all the nickel is
removed it should be taken out, swilled,
passed through a solution of washing soda
(about 8 ozs. per gallon), swilled again and
dried out.
Stripping Nickel Without Current.
Mix together in an earthenware vessel :—
Nitric acid
i part.
Sulphuric acid ..
.. 2 parts.
Water ..
part.
(Add acid to water and not vice versa.)
Small articles can be placed in a perforated
porcelain basket and dipped into this
solution till clear. Since this mixture

Silver and Gold, Etc.
The electrolytic method is most suitable
for stripping silver or gold deposits from
table ware, etc., and may be advantageously
used for removing old brass, copper, tin
or zinc deposits from iron. The solution
consists of :—
Potassium cyanide
lb.
Caustic soda ..
I. lb.
Water ..
r gall.
A suitable vat (plain iron, enamelled
iron, or earthenware) is fitted with the
usual rods. The articles to be stripped are
made the anodes and hung on the centre
(positive) rod, sheet iron cathodes are
suspended on the two outer rods which
are connected to the negative pole of the
dynamo.
A resistance and voltmeter should be
incorporated as usual. The pressure used
is about 6 volts and at this pressure the
work should strip cleanly and quickly. •
The articles are cleaned and wired as for
electro-plating and the process should be
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carefully watched less any undue attack
takes place on any bare patches of the
underlying metal.
When the deposited metal is all removed
the work should be carefully swilled in cold
water, then in hot, and finally dried out in
hot boxwood sawdust. It is then ready for
repolishing.
This method is the best and cleanest
for removing the metals specified. .
The silver in the stripping solution may
be recovered when concentration justifies
it, by several processes.
Either add hydrochloric acid (caution!)
little by little, and throw down silver
chloride ; or reverse the whole process
and deposit loose silver on a silver sheet
hung in the solution as cathode, using a
carbon or steel plate as anode.
Stripping Copper from Steel.
When it is necessary to strip a copper
deposit from steel or iron without injuring
the base metal, the following method
should be used :—
Dissolve i lb. of sodium cyanide in
gallon of water and pour this into a
plain iron or stoneware tank.
Make the article the anode and a sheet
of iron the cathode, using a pressure of
6 volts.

After stripping, swill and dry out as
usual.
Removal of Brass after Bronzing.
The excess brass round bronzed joints
can be most economically removed by
electrolytic stripping methods. Use a
solution made as follows :-8 ozs. nitrate of soda.
i oz. nitrite of soda.
oz. nitric acid.
r gallon water.
This solution should be contained in a
plain wood vat.
The articles to be treated should be first
sandblasted to remove the borax flux and
then it should be wired up with fairly
stout wires and hung in the solution as
anode. Steel sheets are convenient
cathodes. 6 volts across the vat terminals
should be ample, and this on an ordinary
cycle frame will give an amperage of from
5o-6o amps.
The process should take about half an
hour if reasonable precautions have been
taken to avoid wasteful lumps of brass in
the bronzing process.
When the article is clean it should be
well swilled and dried out in the usual
manner.

QUESTIONS AND ANSWERS
Why is cadmium so useful for protecting
iron and steel P
Because owing to its position in the
electro-chemical series, any corrosion which
takes place is at the expense of the cadmium. Also, it has distinct decorative
properties and when scratch-brushed and
lacquered retains its lustre as long as the
lacquer stands.
How should an electro-plating solution
of tin be prepared ?
(I) Dissolve the potash (taking care to
avoid spitting and overheating when
adding the caustic to the water).
(2) Add the tin salts little by little with
constant stirring, taking care not to let
it get too hot.
(3) Dissolve a little glue size in the
solution (about one-tenth of an ounce
per gallon).

What is barrel plating ?
Barrel plating is the method generally
employed by electro-platers for all
small parts, such as nuts and bolts,
washers, pins, etc. The apparatus used
consists essentially of a revolving container
for the work and provision for the necessary
anode and cathode connections.
What is the most suitable method for
stripping silver or gold deposits from
table-ware, etc. ?
The electrolytic method, a suitable
solution being potassium cyanide, r lb. ;
caustic soda, z lb. ; water, i gallon. The
article to be stripped is made the anode.
A piece of the metal which is to be recovered
should be used as the cathode.
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ILLUMINATION OF OFFICE BUILDINGS
By E. H. FREEMAN, M.I.E.E.
OFFICES.
General Lighting and Local Lighting.
HE design of a lighting installation
The great advantage of general lighting,
for a block of offices involves designed to provide adequate illumination
problems which, whilst they must over the whole area to be lit, is that desks,
be solved on the main principles already etc., can be moved at any time without
formulated, yet
any need for
require special I
alteration to the
lighting. This is
consideration. As
regards any indiof great importv i du al office,
ance in buildings
where floors are
whether large or
small, the proboccupied by
lem is usually
separate tenants,
simple and must
thus making it
23
be dealt with on
impossible, as a
standard lines,
rule, to obtain
but with due
access to the floor
allowance for the
above. If alterviews of the
ations are retenant as to the
quired the work
methods of lightmust thus be run
ing to be adopted.
on the surface,
Some banks, for
and this is usually
)1'
4.
example, insist
consid ered
on general lightobjectionable.
11111
ing adequate for
The first cost
all work in their
of
installation
main banking
should also be
,e "r7 /V C
halls, without the
appreciably
use of any local
lower with large
F/ CE
desk standards,
general lighting
whilst others
units and also
prefer less general
possibly in runlighting comning cost, providbined with local
ii ing the entire
lamps for each
area is in use.
00
clerk. There is 5.ok 7
On the other
much to be said Fig. I.—GENERAL PLAN OF GROUND FLOOR FOR IMAGINARY hand, local lightin favour of each
ing provides the
OFFICE BUILDING DESCRIBEDJN THE ARTICLE.
scheme, and the
maximum of
decision must
light where it
rest in most cases with the tenant, is most required and may be very much
particularly if this is an institution cheaper to run if the office area is only in
such as a bank or insurance office with partial use. With general lighting all the
much past experience in their own require- lights might be required at times to give
ments.
sufficient illumination for a few clerks,

T
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Fig. 2 . —BASEMENT—GENERAL PLAN.

whereas with local lighting each would
use only his own small local light.
Obviously, the decision in favour of one
or other scheme must depend on the
conditions, which would include such
points as :—
(r) The likelihood of any rearrangement
of desks and tables.
(2) The prospects of part of the staff
being required to work during irregular
hours.
(3) Cost of installation.
(4) Cost of current.
If, for example, current is cheap and
the staff is so inter-connected in its work
that if any of them are at work they must
all be working, there is little doubt that
general lighting would be advisable.
On the other hand, if each clerk can
work independently of others and if
current is expensive, there is a strong

argument in favour of local lighting.
Other Problems.
Apart from this general principle,
which must be decided independently for each of the larger office
areas, there are many other
special questions that must be
considered before the design of
an office building such as that
shown can be completed.
These include :—
Nature of lighting to be provided for unknown tenants'
requirements on lettable floors.
Pro b able arrangements for
metering these tenants' areas.
Whether and what provision
should be made for landlord's
lighting on lettable floors.
Method of control of landlord's
lighting.
These and other questions can
best be considered by working
out in detail the design for such
an imaginary office block as is
shown in Figs. z, 2 and 3, which
show respectively the ground
floor, basement and a typical
upper floor of the building.

TYPICAL BUILDING.
For the purposes of the design the
following data can be assumed :
Sub-basement.—Occupied entirely by
landlord for boiler-house, lift gear rooms
and similar purposes with sundry stores,
which can be hired by tenants, including
the use of light. Fig. 13.
Basement and ground floor, west side.—
To be occupied by bank, details of planning
all being decided as shown in Figs. 5 and 6.
The bank requires local lighting for all
desks in main banking hall.
Basement and ground floor, east side.—
To be occupied by insurance company,
details of planning also being decided, as
shown in Figs. 8 and 9. The insurance
company will also occupy the east side
of the first floor, as Fig. io.
Unlike the bank, the insurance company
prefers general lighting with local lamps
only at a few special positions, including
desk lamps in private offices.

ILLUMINATION OF OFFICE BUILDINGS
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SCHEDULE I.—BANK.

Area.

No. of
Points.

Fitting.

No. of
Switches.

Position
of Switch.

Watts
per
Fitting.

Ground Floor.
Main office, general
..
lighting
Cashier's desk
Front desks ..
Back desks ..

8
6

I

16
6
8
8
6
1
1
1
1
1
1
1
1

Near waiting room
On standards ..
On standards ..
On standards ..
On standards ..
..
Door
..
Door
..
..
Near plug
Door
..
..
Near plug
..
Door
..
..
Near
..
..
Near
Near
..
..

400
6o
6o
6o
6o
too
too
6o
too
6o
25
6o
too
6o

3,200
360
480

Waiting room..
..
Manager

Pendant
Standards
Standards
Standards
Standards
Pendant
Pendant
Plug
Pendant
Plug
Pendant
Pendant
Pendant
Plugs

6o
6o
6o
40
40
40
40
40
40
6o
40
40
6o
zo

6o
36o

8
6
I

Assistant Manager
Store ..
By stairs
Porch ..
Messengers
Basement.
..
Near stairs
Typists' office..
Filing ..
Lobby..
Ladies' lavatory
Cloaks..
Men's lavatory
Cloaks..
..
Corridor
Messengers .. .
Messengers' lavatory..
2 stores
Strong room ..

I
I
I
I

6
2

I
I
I
I

2
4
I

Promenade corridor ..

2

Pendant
Pendant
Pendant
Pendant
Pendant
Pendant
Pendant
Pendant
Pendant
Pendant
Pendant
Pendant
Pendant
Pilot lamp
Pendant

Upper floors, including first floor west.—
All left for letting off to tenants. In order
to maintain the character of the building
it has been decided by the landlord that
the first, second and third floors will be
let off in areas not less than about one half
of the total floor area, whilst the fourth,
fifth and sixth floors may be let off in separate rooms or other areas to suit tenants.
Seventh floor.—All occupied by lavatories
and cloak-rooms, as in Fig. 14, but with a
caretaker's flat, attached to which is a
kitchen to enable the caretaker to provide
teas for the tenants.
Other details that affect the lighting
scheme will be ascertained as the design
for each area is worked out.
BANKING PREMISES.
General Description.
The entrance to the bank is independent

2

J

D.C.
6

Top and bottom..
Door
..
..
2
Door
..
..
I
Door
..
..
..
..
6
Doors
1
Door
..
..
6
Doors
..
..
x
Door
..
..
i
..
Near stairs
I
Door
..
..
2
Door
..
2
Door
..
..
2
1 Inside door
.. 1
switch -,:
1 j Control
outside door .. 1_
L
1
..
Outer door

40

Total.
Watts.

480
36o
too
I00
6o
too
6o
25
6o
too
120

120

40
240
40
24o
40
8o
6o
8o
8o
2 40
20

16o

of the main entrance and opens, as usual,
direct into the public space at the back
of which is a range of cashiers' desks
with another row of clerks' desks behind.
Beyond this on the east side are several
private offices and a further area for
clerical work. A staircase at the back
leads to the basement, where there are
offices for typists and filing and messengers;
men's and women's lavatories ; stores and
strong room.
Ground Floor—General Lighting.
The whole general office area and public
space can be considered as one unit area,
and can be divided into two sections :
one at the front to include the public
space and cashiers, etc., measuring 3o feet
by 44 feet, and the other at the back for a
general office measuring 36 feet by 18 feet.
The total floor area will thus be about
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floor to ceiling, as taken fron
the sectional drawing of the
building, is 14 feet, so tha1
E G L.
the working height from fittin
to desk level will be not more
than 9 or ro feet, and fitting5
should be spaced about 14 tc
16 feet apart or one and a hall
times this at most. To suit
the beams three fittings in
each bay of the front section
will suit this spacing admirably
and will then be 14 feet
inches apart in one direction—
east to west--and 15 feet apart
in the other north to south.
In the back section a single
row of fittings will also suit the
arrangement of the beams, and
the scheme for general lighting
will be as shown in Fig. 6.
To allow for reduced lighting
B for cleaning, etc., it would be
advisable to put each fitting
on two switches.
It will be seen that there
will be eight of these general
lighting fittings in all, so that
each should carry lamps giving
24,600
8
SO
20
+...e rear or 3,10o lumens. A single
Fig. 3.—TYPICAL LETTABLE FLOOR PLAN.
30o-watt lamp will suit,
giving 4,140 lumens, but to
1,320
648 or 1,968 square feet in allow for the use of fittings requiring
all.
several lamps it would be advisable
As desk lamps will be used in addition to allow for four 75-watt lamps at each,
to the general lighting, there is no need to which will give 4 x 78o or 3,120 lumens
allow for more than 5 ft. candles or a per fitting. If it is possible to obtain a
total of about 9,840 lumens. On the decision on the design of the fitting at an
other hand, allowance must be made for early stage of the scheme so much the
possibly inefficient fittings, as in a large better, but otherwise it would be inadbanking hall appearance rather than visable to cut the loading below this, and
efficiency will be studied. Fittings with it would be safer to allow for four roo-watt
an efficiency as low as 40 per cent., or lamps per fitting.
even less, might be used so that the
lumens to be allowed from the lamps Desk Lighting.
For the desk lighting a lamp will be
should be 24,60o.
required for each cashier as shown, i.e.,
Arrangements for Spacing.
for six lamps along the front desk. On
Accurate spacing will also probably the general office area one lamp for each
need to be sacrificed to appearance and 5 feet run of desk should be allowed, i.e. :
must be arranged to suit the beams which For long desk in front area,
project well below the ceiling, as indicated
4o feet long ..
.. 8 lamps
by the dotted lines. The height from For desk facing wall, 38 feet
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..
.. 8 lamps
long ..
For central desk, back area,
.. 6 lamps
..
32 feet lohg . .
All of these should be wired for 6o-watt
lamps.
For each of the private offices a central
pendant and desk lamp will be wanted,
and these can be taken as 100/150 watts
for the pendant and 6o watts for the plugs.
No plug will be necessary
in the waiting room, but
a plug in each front corner
of the public space will
be desirable for messengers' tables. A small lamp
(6o-watt) over the stairs
down and one in the porch
entrance will complete the
ground floor lighting.

1095

a light at each corner all on one switch
at the entrance.
Stores and messengers —One light in
each will be suitable.
Corridor.—Two lights will be ample.
This completes the scheme for the bank,
and the lighting schedule can now be made
out (see page 1093).

$EVENr.v Fioae

/2ooR.

F sr Alcoa

Basement.
There will be no need
"724.6env Floc,*
to calculate the lighting
details of the basement
area with any great
77w.ec, Aloo/e
accuracy. Taking the
rooms as they appear on
1/41
the plan, the requirements
.5A-como flame
can be met as follows :—
Near stairs.—Pendant
for general lighting-6o
if2esr #200,2
watts.
4
Typists.—Several pendants to suit arrangement
of machines. The number
and location will be known
Ceocevo
and provision for six
machines should be ample.
Filing.—Two pendants
will suit—one for a desk
by the window and the
a5C.1111 • oaSEVIZNT
other for a central table.
017
so
¶0
40
Lavatories.—The light7car
ing of these will depend
on the manager's in- Fig. 4.—SECTION THROUGH BUILDING. (SECTION AB, SEE FIG. 3.)
structions, i.e., whether
there is to be one light per w.c. or only Distribution Scheme.
The wiring distribution scheme will be
general lighting. A suitable scheme is
shown on the plan.
quite simple. The loads on the floors,
Strong room.—Only general lighting is as will be seen from the schedule, are :—
required, sufficient to locate particular Ground floor 5,605 watts or 25 amps.,
books, boxes, etc., and four 6o-watt lamps
at 23o volts.
will be sufficient with a control switch and Basement .. 1,86o watts or 8 amps.,
pilot light outside. The promenade corriat 230 volts.
dor round the strong room will require
The supply may be an independent
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SCHEDULE 2.—INSURANCE COMPANY.

No. of
Points.

Area.

First Floor.
Board room ..

Pendants
2
Brackets
4
Plugs
4
1 1 Pendant
Plug
I
1
Pendant
Plug
i
Pendants
IS
Pendant
1
Plug
I

Secretary
General manager
General office ..
Manager, No. 3
Assistant:
No. 3

Area.

Ground Floor.
General office ..

1
I
5
1

Pendant
Plug
Pendants
Pendant

No. of
Points.

Fitting.

6

4-light
pendants
Plugs
Pendant
Plug

2

Messengers ..
Manager, No.'

I
I

2

I
6
I
I

Position
of Switch.

Door
Door
Door
Door
Door
Door
Door
..
Near stairs
Door
Door

Watts
per
Fitting.

Total.
Watts.

15o
6o
6o
150
6o
150
6o
15o
100
6o

300
240
240
15o
6o
I5o
6o
2,700
ioo
6o

Door
Door
5
Door
2 D.C. Ground and first
floor.
I

Ioo
6o
15o
ioo

ioo
6o
75o
roo

No. of
Switches.

I

Position
of Switch.

Watts
per
Fitting.

Total.
Watts.

Near stairs

700

4,200

Near plugs
Door
••
Near plug

6o
I00
6o

120

Door
.
Near plug
Door
..
Door
.•
Near plug

Ioo
6o
ioo
ioo
6o

ioo
6o
ioo
loo
6o

Door
.•
Near plug
Doors
..
Door
Near stairs
Near
.•

Ioo
6o
40
40
ioo
roo

6o
24o
40
ioo
ioo

Near stairs
Near stairs
Outside ..
Control switch
Door
..

15o
ioo
6o

1,650
ioo
240

20

20

6o

120

Doors
..
..
Doors
..
Doors
Near plugs
Basement
and
ground floor ..

40
6o
I00
6o

240
120

6o

6o

Doors

240

280

TOO
6o

Manager,
I
I

I

Waiting room..
Manager, No. 2

I
I

Assistant
No. 2

No. of
Switches.

Manager,

Typists
Stairs ..

Assistant
No.i

Fitting.

Pendant
Plug
Pendant
Pendant
Plug

I
I

I

I

Manager,
..

Pendant
Plug
Pendants
Pendant
Pendant
Pendant

..

Manager's lavatory
..
Cloaks..
Stairs ..
Porch ..
Basement.
General office ..
North end
..
Strong room ..
Book store . Men's lavatory and
cloaks
..
Filing
2 private offices
Foot of stairs ..
Ladies' lavatory and
..
cloaks

Pendant
Pendant
Pendants
Pilot lamp
Pendants
6
2
2
2

I

Pendants
Pendants
Pendants
Plugs
Pendant
Pendants

I
I

6
I

2
1 2

I
I

2

2
2
2 D.C.

7

200

120
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service from the street taken to some
such position as the front store or may be
taken from the main supply in the subbasement to a position in the basement
corridor. In either case the runs of mains
and circuits will not be long enough to
give more than a small voltage drop
and cables rated up to I.E.E. standard,
will be large enough,
The fuse board circuits can be arranged
as follows :—
General lighting pendants,
ground floor
4 circuits
Desk lamps, one circuit per
desk ..
.. 4 circuits
Other lamps, ground floor .. 2 circuits
Total .. io circuits
Basement.—Circuits as convenient with
not more than eight lights per circuit.
Total, say, 6 circuits.
The distribution scheme would thus
be :—
Main switch and
fuses ..
••
40 amps.
Main cables
•
7/.052 (for a total
load of 33 amps.)
Main fuse board .. 2 ways, 25/30 amps.
Sub-mains
to
ground floor .. 7/.o44 (for 25 amps.)
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Allow..
7/.020 (for 8 amps.)
Sub-fuse boards :
Ground floor .. 12 ways (including
2 spares)
Basement
6 ways, each with
spare capacity
The scheme is shown diagrammatically
in Fig. 7.
INSURANCE OFFICE.
First Floor.
The first floor of the insurance company's offices is devoted mainly to a
large general office and, as stated earlier,
the lighting of this is to be designed for
general lighting only without any local
desk lamps.
The area is 34 feet by 5o feet, or a total
of 1,70o square feet. The illumination
provided should be eight to io candle
feet, so that a total of 1,700 X io or 17,000
lumens must be obtained. In such a
general office fittings can be used of an
efficient character providing they are
free from glare, i.e., of the usual enclosed
unit type having an efficiency of 5o per
cent. or more. The total output from the
lamps must thus be about 34,000 lumens.

How Fittings Should be Spaced.
The height from floor to ceiling (see
Section Fig. 4) is
10 feet 6 inches,
so that with
lamps i foot
down and desks
3 feet from floor
the working
height will be 6
feet 6 inches, and
the spacing distance about 10
feet to 1i feet,
i.e., to i4 times
the working
height. Although
appearance will
not be of great
importance (as
it will be on the
ground floor), it
will certainly be
desirable to space
the fittings on
some plan that
Fig. 5.—BASEMENT PLAN —BANK SECTION.
0
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higher th an
those in Fig.
iic, but still
well below the
theoretical
distance.
This last
scheme will
probably be
the
best,
but it may be
criticised
as
extravagant.
The two
small sections
of the ceiling
at the north
and south
ends can be
ignored, as the
60
/61
/0
5 0
20
floor space
36;
I .,/reet below must
A5coie
Fig. 6.—GROUND FLOOR PLAN—BANK SECTION.
be left for
Showing general lighting points.
gangways,
which will
will correspond with the beams that receive ample lighting ; in fact, the
project below the main ceiling area. effective floor area to be lit might be
These are 15 feet apart in one direction, reduced on this account to 34 feet
the whole ceiling being divided into bays by 45 feet, corresponding to a re34 feet by 15 feet, as shown in Fig. 1o.
duction in the total lumens from the
It will be seen that a scheme arranged lamps down to 30,00o.
symmetrically with the beams involves
With the layout in Fig. IID the total
some difficulty and alternative arrange- number of fittings will be 18, so that each
ments are shown in Figs. IIA to IID.
must give 30,000 x
, or about 1,66o
Fig. IIA has three fittings in each bay, lumens, and 150-watt lamps giving 1,876
which will be at 15 feet and 12 feet spacing, lumens will be suitable. Lamps of no
i.e., decidedly too far apart.
watts giving only 1,13o lumens would be
Fig. IIB has additional fittings on the too small.
beams. This is much better, but involves
the difficulty of taking the wiring below Private Offices on First Floor.
the beam, which is an awkward wiring
The remainder of the first floor consists
problem to be avoided if possible. It may of private offices, which will only require
also mean lowering all the fittings 6 inches the usual pendant and plug for each, and
to 12 inches, making the spacing less the board room, which will require two
satisfactory than before.
pendants and two or three plugs, and
Fig. iic has eight fittings in each bay possibly some brackets for decorative
with spacing about
7 feet 6 inches by
7 C11.e...".
/217/7y ,3.0/9e.o
8 feet 6 inches, i.e.,
a/2OCWC; A-40.0.42
II
closer than neces0-0- 0-0
1
sary.
52 0-.0. 0-0
Fig. IID has six — —0
—=-11 7/029
6Wx,>-,e3coq.ect
21-49) -/.300c 1.1=== =-...-z.fittings in each bay
rcfry
1:3.9.szpqz,vr
P7/9/A,
"¢..o
Fuszs
with an average
Fig.7.—D IAGRAM OF CONNECTIONS FOR BANK.
spacing rather

77. 0

-- --II
--.
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effect rather than
illumination.
Typists' Room.
Finally, there
is the typists'
room, for which
local or general
lighting may be
required, according to the views
of the management. Typists,
as a rule, undoubtedly prefer
local lighting,
and certainly
need very good
general lighting
if this is provided, copying as
they usually do
from possibly
blurred pencil
notes. If general
lighting is used
not less than five
pendants each of

ZAzo/.e..s

0.91r5

Boon

P.e/v/7.,"
0,,A-/CE"

-57-,2o/vG

0 0 i
ic32,x4TE

C. .E',/v
I
C) A-A--/ce

i2ooi"7

I

OFF/CE

t

O
'0 5

20

0

O

0 I

I

.30

1
4.0

.312

of Feet

Fig, 8.—BASEMENT PLAN—INSURANCE SECTION.
Showing arrangement of general lighting points. °

15o watts should be
provided.

.6c

/0

20

.30

40

20

Feell
Fig. 9.—GROUND FLOOR PLAN—INSURANCE SECTION.
Showing arrangement of general lighting points.

Ground Floor.
In the main hall
of the ground floor
appearance will no
doubt be more imthan
portant
efficiency in the
lighting units, and
proper spacing in
the ceiling panels
will be essential. Of
these there are three
each 15 feet wide
by 34 feet, and
obviously two units
in each will be a
satisfactory scheme.
The height is 14 feet,
as in the banking
hall, with a working
height of 9 to To feet,
and this corresponds
very well with the
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square feet in all. The height is 9 feet
from floor to ceiling, giving a working
height of 5 feet and a spacing distance of
8 to 9 feet. This indicates two rows of
fittings with two in each bay, and as the
rows correspond to the desks these might
with advantage be moved rather to one
side and be fixed over the desks. The
fact that this will leave the west side
slightly less well lit will not matter as
this is all corridor. Any re-arrangement
of the desks is unlikely, as there is obviously
not room for an
extra row. The
north end light
on the back row
can with advanL3opi,e,r,
Y.ci 5 7:5
7tage be moved
k'ooiv
opposite the
gangway space,
as the desk
cannot extend as
far as the front
desk if gangwayO
space is to be
provided.
For an area of
,47.ss/sr/wyr
r,000 square feet,
and an illumination of io foot
candles, Io,000
r7/9A//70e../2
N,9orpce
lumens nett will
0
be required, and
20,000 lumens
A& from the lamps.
There are II
4/0
so
.20
30
s 0
/0
fittings, so that
oitfeet
Scale
each must give
Fig. xo.—FIRST FLOOR PLAN—INSURANCE SECTION.
about i,800
Showing arrangement of general lighting points.
lumens, and 15owatt lamps
according to the design of the fittings, giving 1,875 lumens each will be suitable.
three Zoo-watt lamps (total 7,80o lumens)
The schedule for the insurance comor four 15o-watt (total 7,50o lumens) or pany's premises can now also be completed.
seven Too-watt (total 7,9ro lumens).
In any case two switches per fitting would Distribution Scheme.
be desirable.
The loadings on the various floors as
The remaining areas do not require anytaken from the schedule are as follows :—
special design and the lighting details
First floor . . 5,070 watts or about 22 amps.
can be as given in the schedule.
Ground floor 5,540 watts or about 24 amps.
Basement.
Basement . . 3,15o watts or about 14 amps.
Only the general office area in the basement needs any special consideration.
Total load 13,76o watts or about 6o amps.
This area is 5o feet by 20 feet or r,000
spacing required to suit the ceiling
panels.
The total area is 5o feet by 34 feet or
1,70o square feet, requiring 17,000 lumens
nett or about 42,500 lumens from the
lamps, allowing 40 per cent. efficiency,
which is as high as can be allowed for
fittings which may be designed for appearance more than efficiency. The lamps
per fitting must thus give 42,50o x or
about 7,100 lumens. One 50o-watt lamp
(7,500 lumens) would be suitable, or,

Ai.
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The cables required for these loadings
at I.E.E. ratings would be : —
To first floor..
7/.036 (maximum
loading 24 amps.)
To ground floor
7/.044 (maximum
loading 31 amps.)
To basement..
7,'.029 (maximum
loading 18.2 amps.)
Main cable for
(maxitotal load ..
19 /.052
mum loading 64
amps.)
It will be as well to check the voltage
drop, as the switches all being at the
north end, remote from the supply
position, the fuse boards should also be
placed thereabouts. The measurements
for the first floor are approximately 120
feet run for the main cables to the fuse
board and about ioo feet run to the
worst circuit that supplying the board
room, etc.
For 7/.036 main cables the voltage drop
at the maximum loading is I volt per 33
feet of conductor, so that the drop for
120 feet run or 240 feet of conductor will
be :—
2 X 120

22

or 61-volts.
24
33
For the circuit to the board room the
drop at maximum loading (7.8 amps.)
with 3 7.029 conductors is i volt per
3o feet of conductor. The current with a
load of 800 watts is ai amps., so that the
voltage drop will be :—
X

Fig. I IR.—SHOWING ARRANGEMENT WITH ADDITIONAL FITTINGS ON THE BEAMS.

IIOI

4
•
Fig. 'IA.—ALTERNATIVE ARRANGEMENT OF
FITTINGS FOR FIRST FLOOR.
With three fittings in each bay.

3.5
Or 3 volts.
X
30
7. S
The length of conductor required for a
drop of i volt is given in the I.E.E. Tables,
and the voltage drops obtained on any
circuit can be calculated from these
figures. The drop will vary directly with
the length of conductor and inversely
with the current carried, i.e., it will be
increased in proportion to the length
of the conductor and reduced if the
current carried is less than the I.E.E.
maximum.
2 X 100

Total Voltage Drop.
The total drop on sub-main and circuit
would thus be about 91-- volts without any
allowance for losses in the main cables,
switch contacts and fuse boards and
flexible cords. This considerably exceeds
the I.E.E. allowance of 3 per cent. +
volt or 7.9 volts, and some reduction
must be made. This might be effected
by:—
(I) Increasing the size of the sub-main.
(2) Reducing the load on the few long
circuits below 800 watts.
(3) Increasing the circuit wiring on these
circuits to 3/.o36.
Of these alternatives either (2) or (3)
would be the cheapest as the voltage
drop on circuits supplying lights near the
fuse boards will be well below the
maximum in any case, but as the drop
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Ground Floor.
General office
Front offices
Back offices . .
Lavatory and stairs
Spare ..

*

Total ..

Fig. I I C.—SHOWING ARRANGEMENT WITH EIGHT
FITTINGS IN EACH BAY.

on the sub-main cable is as high as 62 volts,
it would be advisable in any case to
increase the size of this so that there is
some spare capacity available.
Cable to Use.
Cables of 7/.o44 section will carry 31
amps., and give a voltage drop at
this rating of I volt per 39 feet. The
actual drop would thus be :2 X 120

6 circuits
I circuit
I circuit
I circuit
I circuit

22

X — or

about 41 volts.
31
39
If two or three of the longest circuits
are wired with 3/.o36 conductors this
will be satisfactory.
For the ground floor a similar change
can be made also and the voltage drop
here will then not be excessive as the
run is shorter than for the first floor.

Basement.
General offices ..
Strong room and book store
Lavatory and filing ..
Back offices and stairs
Lavatory
Spare ..

•.
.•
••
••
.•

Total

10

circuits

3 circuits
circuit
I circuit
I circuit
I circuit
I circuit
8 circuits

The distribution scheme is thus completed, and the wiring diagram can be
made out as in Fig. 12.

LANDLORD'S LIGHTING.
In such a building as this there must be
a separate system of lighting in the areas
used for the general service of the building ;
i.e., for such areas as the boiler house,
lift gear rooms, main switchboard room,
etc. These are all controlled by the
landlord for the general convenience of

Fuse Boards.
The arrangements of the fuse board
circuits can now be decided, a convenient
scheme leaving spare capacity on all
circuits being :—
First Floor.
Board room and front
offices ..
. • 2 circuits
General office ..
•• 5 circuits
Back private offices ..
•• i circuit
Typists and stairs
•• i circuit
Spare
• • I circuit
Total .. 10 circuits

Fig. II D.—SHOWING ARRANGEMENT WITH SIX
FITTINGS IN EACH BAY.
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the whole building, and lighting must be
supplied independently of the tenants.
The landlord must also provide for the
lighting of the staircases which are for the
common use of the various tenants,
although not, of course, for those in
separate tenancies, such as those in the
bank and insurance offices.
Lavatories.
Lavatories used in common by various
tenants also must be included in the
landlord's system and also the caretaker's
quarters.
All these sections can easily be arranged
and do not need special consideration.
The requirements can easily be seen from
the plans. Figs. 13 and 14 show the
arrangement of the sub-basement and
the seventh floor,
and the lighting
scheme is detailed in Schedule
No. 3.
ig/0s2

Even then the arrangements made will
not be final, as alterations of tenancies
may make it necessary to alter the corridor
lighting.
In the present case the problem is
fairly simple. With a single staircase the
only points of entry to the lettable area
on each floor are at A and B (see Fig. 15).
Corridors must run from these points
at first west and east to C and D. It may
be necessary to extend them still farther
in these directions to E and F, but this
need not affect the lighting, as points at
C and D will give sufficient light for
corridors between C and E or between
D and F.
From C and D corridors might run
north as shown—C G J and D H K. It
is most unlikely that any other planning of
I

0-0

7/ 04,44

o4t.o.

—==

/0 147 L3oAxe,c,
/les r "*.z oae

/014.7v 13.0,9,ec.

GABOuNc. PA 00,e

L1
Staircases.
60 ot
)11,7Y 2000(
The staircases
5H/7-CH Zt
2 ->re".9 .130/7•20
17.w/v 13,,F4er,
FuSES
require a light
in each landing
and half-landing,
Fig. I2.—DIAGRAM OF CONNECTIONS FOR INSURANCE SECTION.
and these are
also given in the schedule as are also the the corridors will be adopted as the office
two lights for the lift cages for which areas will naturally be arranged to give
wiring must be run to a point half- them the maximum daylight from the
way up the lift well to which the trailing light wells and other windows. The
cables attached to the lift cage can be landlord's corridor lighting need thus only
be continued along these lines. It may
connected.
easily be stopped short of J or K if a large
Corridor Lighting.
area at the back is let to one tenant, but
The only question involving any diffi- it need not be continued along the short
culty is that of providing for corridor ends at J L and K M (which might be
lighting on lettable floors. In the case required as a landlord's corridor to give
we are considering this will not arise on access to the area north of the central
the first, second and third floors, where well). These short corridors, if required,
it is decided that only half floors will be will be sufficiently well lit from points
let without sub-division. This means that at J and K.
any corridor lighting required must be
The landlord's lighting might thus
provided by the tenant and will consist of points placed at C, G, J, D, H
not be connected to the landlord's and K, and provision must be made on
system.
each of these upper floors for these lamps.
On the fourth, fifth and sixth floors, Each should be 6o-watt and one switch
however, this condition does not apply, should be provided on the landing for
and corridor lighting may need to be each side of the building, i.e., two per
provided by the landlord, although this floor.
will not be known until the floors are let.
More complicated schemes are occa-

ZI
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sionally required, but if the plan of the
building makes such necessary it is
usually sufficient to make provision on
the main cables supplying the landlord's
lighting, and to leave the circuit wiring
to be run on the surface to suit the planning
of the lettable areas.
In the present case it would be advisable
to run a tube from the landings to points
G C J and to draw in the wires as
necessary when the areas are let.
If a large area is let to one
tenant the landlord's corridor
lighting can be omitted where
it is not required—due to the
corridors being included in the
tenant's area.
The schedule of landlord's
lighting can now also be made
out and should include for all the
corridor lighting that may be
necessary.
Distribution Scheme.
From Schedule 3 it will be
seen that the loadings on the
various floors are as shown in the
table on page mo.
The whole load can go on one
main switch, but there are many
alternative schemes for sub-dividing the load ; probably the most
convenient will be to provide a
main board in the sub-basement
sub-mains feeding sub-fuse boards
for various sections somewhat as
follows : Circuit r—To supply
sub-basement and basement.
Total load 1,66o watts, 7.4 amps.
Sub - main Allow 7/.029
Sub-board 5 ways fixed in subbasement Circuit 2—To supply
ground floor and lettable floors
up to sixth floor.
Scuile
Total load 2,32o watts, 10.2 amps.
Sub - main Allow 7/.029
Sub-board 6 ways fixed on ground floor
Circuit 3—To supply seventh floor.
Total load 2,020 watts, 9 amps.
Sub - main Allow 7/.029
Sub-board S ways fixed on seventh floor
The main board should be 3 way, ro/15
amps., and the main cables supplying it of
7/.044 section.
It will be seen that the mains and

boards have ample spare capacity, but
this will be desirable in view of the
possible use of inefficient fittings on
landings, etc., which may involve the
use of larger lamps than would otherwise
be necessary. The extra cost will be very
small and it must be remembered that the
whole of the staircase and corridor
lighting is likely to be in use, so that

L
°

'0

20

so

f feet.

Flg. 13.—SUB-BASEMENT PLAN.

allowance must be made for maximum
lighting.
If a sub-meter is required for the caretaker's flat, the bus bar of the seventh
floor board can be split and the meter
connected between the two sections of
the bus bars.
The wiring diagram for the landlord's
lighting is shown in Fig. 16.
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Staircase Lighting.
It will be noted that the staircase
lighting is all arranged with two-way
switch controls, thus allowing the caretaker to have light all the way up and
yet leave all lights off as he makes his
final tour of the building at night. Tenants
on any floor can also then switch on their
lights as they wish. Objection is sometimes made to this, the landlord preferring
to have the whole of the staircase
lights controlled only by the
porter. If this is required, a
master switch must be fitted at
the ground floor and the distribution scheme modified to suit.
In such a case this switch can, if
desired, be of an automatic type
arranged so that the caretaker
can switch it on or off by pushbutton control from the seventh
floor or the ground floor. There
are many other variations that
can be adopted, but it is always
desirable to leave the caretaker
with control at the top in any
case so that he can have ample
light for going up and down stairs
after the offices are shut.
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The second question—the location of
the building—may be of very considerable
importance. Higher standards of illumination or, alternatively, less efficient
designs due to the use of special fittings
will be required in very important areas,
such as the heart of the City, than in outlying districts. In certain districts,
also, it may be necessary to make
allowance for special showroom lighting

--..„„Scv„,1M./ TC /IAA/

.A. 0/200,1

/200,1
LivNvG

REoRoon

ieoofti
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p
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LETTABLE AREAS.
The provision to be made for
the lighting of the lettable areas
r,S,TOR
MENS
remains to be considered, and in
designing this section of the
installation at the commencement
of the scheme the difficulty arises
of deciding what allowance must
YO
3o
be made for the requirements of
.0 J o
I of Feet
unknown tenants. Obviously the Sco/e {only thing to do is to make a
Fig. 14.—SEVENTH FLOOR PLAN.
suitable allowance in watts per
square foot of floor area and to calculate with special fittings in display cases.
the probable loading on this basis.
Calculated Results.
Location of Building.
If results are calculated, only rough
In forming an opinion on this point approximations can be mach. For extwo methods are practicable—one to ample, the area west of the west corridor
work out the wattage required for a in Fig. 15 of the typical floor measures
specimen area on an assumed standard of 14 feet by 76 feet or about 1,05o square
illumination and the other to base the feet. This might need illumination up to
loading on the requirements in similar 8 candle feet, i.e., a total of 8,400 lumens.
buildings in the same neighbourhood. The class of fitting to be used is unknown,
Both methods should be adopted as a so that an efficiency of over 5o per cent.
check.
cannot be expected with certainty, thus
fri/in/90000
Z.81/

A

/0

AO
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The first scheme
would certainly be
impracticable, as the
large lamps could not
be spaced satisfactorily
for effective lighting,
whilst the second would
also be unsuitable if
only on account of the
high cost of installation.
Some scheme between
these two extremes
would be adopted,
whilst if the areas were
sub-divided into private
offices a much lower
loading in watts per
square foot would be
sufficient. Unless it is
anticipated that special
lighting for showrooms
or some similar purpose
may be required, it
should be safe to allow
the loading per floor
at the rate of r watts
per square foot.
The area of the
typical floor shown in
Fig. 3 is about 6,000
square feet, excluding
the light wells and the
space occupied by the
lifts and staircases, and
,.. 4.
o0
30
00
Scale
of Feel' the allowance for tenants' requirements
Fzq. 15.—TYPICAL LETTABLE FLOOR.
would thus be 9,000
Showing arrangement of corridors.
watts or, say, 4o amps.
making the total lumens required about Cable Sizes.
17,000. So far the calculation is straightThe size of cable required for this load
forward and fairly reliable, but the main on I.E.E. rating would be 7/.064, which
difficulty arises in deciding how this total will carry 46 amps., but this must be
load is to be obtained from the lamps. checked for voltage drop. The voltage
It might be obtained from seven lamps drop at 46 amps. is i volt for every 55 feet
each 200 watts and giving 2,600 lumens of conductor, whilst the length of the main
each, in which case 7 X 200 or 1,400 watts up to the fourth floor is about 3o feet on
would be sufficient or about 1.4 watts per plan to the pipe duct by the staircase
square foot.
and about 90 feet vertical.
On the other hand, if small units of
The voltage drop will therefore be :—
40 watts were used, each giving only 316
110
2
0
lumens, the number required would be
X 46 or under 31- volts.
55
4
about 55 and the total watts, 55 X 40 or
2,200, requiring well over 2 watts per
This would leave about 31 volts drop
square foot.
for the circuit wiring, etc., which will be
.
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sufficient, so that 7/.064 mains will be Distribution System.
suitable.
The distribution system for the lettable
The slightly increased length of mains areas can now be designed, and this should
to the fifth and sixth floors will be more be considered with that for the landlord's.
than balanced by the reduced areas The whole installation must be balanced
which will be noticed from the section Fig. 4. on the company's three-phase supply, so
The cables would be run up to each floor that the total load for the building must be
and, on the three lower floors, connec- considered. The details as calculated
tions taken across the landing to positions above are :—
just inside the
lettable areas
through a two-.
way main fuse —o
1029
).65, 450,902-0
board, which —0
30,x O.P. P7.9m/
must be sealable
5)wrcH & Fuses
-3-reaY /0/A5u
>K9yz30.9.e.0
by the supply
/sZswv.613.0,9,e0
company.
Fig. I 6.—DIAGRAM OF CONNECTIONS FOR LANDLORD'S LIGHTING.
On the upper
floors similar
main connections must be made, but pro- Bank area—
33 amps.
..
Total load
vision must also be made for extending the
wiring to the various separate tenancies Insurance company's
into which the area may be divided.
area—
Probably the best method of arranging
6o amps.
Total load
..
for this would be to extend the mains Landlord's lighting
along the prospective corridor, leaving
. . Allow 3o amps.
Total load
..
access boxes at suitable intervals so that
connections can be made to suit the tenants. Tenants' areas—
First floor (half floor) Allow 20 amps.
All such boxes must also be sealable by
. . Allow 4o amps.
Second floor . .
the company. The alternative to this is
. . Allow 4o amps.
Third floor . .
to run these tenants' services as required
. . Allow 4o amps.
Fourth floor . .
on the surface.

-

SCHEDULE 3. —LANDLORD 'S LIGHTING.

Area.

Sub-basement.
Lift gear room

No. of
Points.

Fitting.

No. of
Switches.

Position
of Switch.

Watts
per
Fitting.

2

2

1
I
8
1

Door
..
..
Near plug
••
Top and bottom..
..
Door
..
Near plug
••
Door
..
..
Near plug
..
..
Door
Near plug
..
..
Door
..
..
Door
..
Doors
..
..
End

6o
40
40
6o
40
6o
40
6o
40
40
6o
6o
40

2 D.C.
2

Top and bottom..
..
Doors
..

Ioo
6o

Transformer room

..

Boiler house ..

..

2
2

Fuel ..
..
Lobby ..
.
8 stores
Corridor
Basement.
Main landing ..
..
Stores ..

..
..
..
..

1
1
8
1

Pendants
Plugs
Pendant
Pendants
Plugs
Pendants
Plug
Pendants
Plugs
Pendant
Pendant
Pendants
Pendant

..
..

I
2

Pendant
Pendants

..
Stairs up
Switchboard room

..

..
..

2
1
2

z
2

1

z
2 D.C.
2
2
2

1
z
2

Total.
Watts.

120
8o
40
'20
8o
120
40
120

8o
40
6o
480
40
Ioo
120

(Continued overleaf.)
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SCHEDULE 3.—LANDLORD'S

Area.

No. of
Points.

Ground Floor.
Entrance hall ..
..
Lobby..
Over entrance
First Floor.
..
Landing

I

Fitting.

No. of
Switches.

Pendant
Pendant
Sign

I

Pendant

2 D.C.

Second Floor.
Landing

I

Pendant

Lift well

I

Points for
Lifts

Third Floor.
Landing

Pendant

Fourth Floor.
Landing
Lettable corridors*
Fifth Floor.
Landing

6

Lettable corridors*
Sixth Floor.
Landing

6

Lettable corridors*
Seventh Floor.
Landing
..

6

Manager's lavatory
Men's lavatory
Corridor
..
Women's lavatory ..
Corridor to caretaker..
caretaker .—
Living room
2 bedrooms
Bathroom
Kitchen
Scullery
Passage

a
i
r

I

2

D.C.

2 D.C.
2 D.C.

Pendants

2

Pendant

2 D.C.

Pendants

2
2

D.C.

Pendants

7
16
r
13
1
I

I

Pendant

Pendant

2

LIGHTING

Pendant

2 D.C.

Pendants
Pendants
Pendant
Pendants
Pendants

7
16

Pendant
Plug
Pendants
Pendant
Pendant
Pendant
Pendant

13
2 D.C.

2
I

I

(continued).

Position
of Switch.

Watts
per
Fitting.

Total.
Watts.

By lift
By lift
By lift

300
100
100

300
I00
100

Ground and first
floor • •

100

I00

First and second
floor ..

I00

roo

6o

120

Second and third
floors ..

I00

100

Third and fourth
floors ..
Landing ..

100
6o

roo
36o

Fourth and fifth
floors ..
.
Landing ..

Too
6o

100
36o

Fifth and sixth
floors ..
Landing ..

roo
6o

roo
36o

100

100

40
40
40
40
40

2So
640
40

6o
40
40
40
6o
40
40

6o
40
8o
40
Co
40
40

Sixth and seventh
floors ..
Doors
Doors
End
Doors
Ends
Door
Door
Doors
Door
Door
Door
Door

520

8o

* Provision to be made on main cables.

Fifth floor
Sixth floor
Total for entire building

Allow 4o amps.
Allow 4o amps.
• • 343 amps.

Very accurate balancing is not necessary
and is, in fact, impossible with the scanty
knowledge of the tenants' requirements
that is available, and a satisfactory scheme
would be :—
Phase A.—Bank and insurance company
and first floor area. Total = 113 amps.

Phase B.—Second, third and fourth
floors. Total = 120 amps.
Phase C.—Fifth and sixth floors and
landlord's lighting. Total = no amps.
The scheme involves a complication
that needs careful attention, viz., that the
corridor lighting on the landlord's supply
will be connected to phase C, whilst the
general lighting in the lettable areas will
be on phase B. In wiring great care must
be taken to avoid the circuits being run
so that two phases will be in proximity.
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conductors b e in g
required only a fourcore cable is necessary. Another is
that if one tenant
makes an excessive
demand for current
this may be
balanced by a reduced demand from
another. With a
separate main to
each floor no such
adjustment is possible between
__J
various floors.
f ,24;
ir
This is not of
08 ao
i:1
great importance for
Oar
an ordinary lighting
scheme, but if the
ZoRNOLOR0.5
.1../CLLTYNC
mains also supply
./VZR/N re3ONR•O
heating and power
there may be very
great advantage in
this alternative.
r52,

r Tr e r.00P

r1.7:0400.05

A7,9/1Y •30,AZOIrae

.EACH

2 )FY N,TH 7/052 Q.ec,a,
----51:71
V.55r ZNas

I
171
4VS(JRN/LCC
/ST Arif..5013 Age

1/
' .41-

rd
4,
3
L3Awir

Mg/A, 23.o.
hYso,e,9.vc
C7A7bv

OLP

Complete Scheme
for the Building.
The complete
CiRcwr 13R.E,K.E,2
scheme of distribuTO CONTROL. }INC/.&
rer<0.4.0/NO
tion cables, etc., for
the building can now
TT?
-3 PHASE -4-}KRz
be made out :—
Main switches. — 3
Fig. 17.—COMPLETE WIRING DIAGRAM FOR -WHOLE OF BUILDING.
(one per phase) each,
say, 15o amps.
If the landlord's supply is kept in a Main cables. 37/.o64 for each phase suitseparate tube and the switches fixed on
able for about 13o amps.
the landings outside the lettable areas Main circuit switches—
there is little risk of danger.
Phase A 4o amps. for bank.
An alternative scheme would be to
6o amps. for insurance company.
divide the landlord's lighting into separate
sections, but this is probably not necessaryzo amps. for first floor lettable
if suitable precautions are taken in arrangarea.
ing the tube run for the circuits and in
Phase B 40 amps. for second floor do.
labelling or marking the phases for the
40 amps. for third floor do.
various sections.
40 amps. for fourth floor do.
Phase C 40 amps. for fifth floor do.
Alternative Scheme for Tenants' Mains.
40 amps. for sixth floor do.
Another alternative is to run the whole
3o amps. for landlord's lightof the tenants' supply from a three-phase Main cables, etc.—
[ing.
main. This has definite advantages. One
For bank, as detailed in bank section
is the saving in cost in that a common
above.
return on the neutral is provided so that,
For insurance company, as detailed in
for example, instead of three pairs of
insurance company's section above.

rrlo
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For first floor lettable area,7,/ .044
cables, terminating in main switch
inside area.
For other lettable floors, 7/.o64 cables to
each supplying two-way (sealable)
main fuse board with sub-mains each
7/.052 into the two sections east and
west of the building.
For landlord, as detailed in landlord's
section above.
Wiring Diagram.
The complete wiring diagram can now
be made out as shown in Fig. 17.

TABLE SHOWING LOADINGS ON VARIOUS FLOORS.
Floor.
Points.
Total.
Sub-basement 27 1,42o watts = 6.2 amps.
Basement ..
220 watts = 1.o amps.
3
Ground
500 watts = 2.2 amps.
3
First ..
I
ioo watts = .5 amps.
Second
220 watts = Lc) amps.
3
1
I oo watts = .5 amps.
Third
7
Fourth
46o watts = 2.0 amps.*
Fifth..
7
46o watts = 2.0 amps.*
7
46o watts = 2.0 amps.*
Sixth..
4o 2,020 watts = 9.o amps.
Seventh
Total

5,96o watts = 26.4 amps.

* Including corridor lights.

QUESTIONS AND ANSWERS
What two systems of lighting are generally
employed in banks ?
(1) General lighting adequate for all
work in their main banking halls.
(2) Less general lighting combined with
local lamps for each clerk.
What is the great advantage of the first
of the above systems ?
Desks, etc., can be moved at any time
without any need for alteration to the
lighting ; also the first cost should be
appreciably lower.
Under what conditions would the second
system be better ?
When there is a prospect of part of the
staff being required to work during irregular hours.
How many lamps should be provided for
desk lighting ?
One lamp for each 5 ft. run of desk
should be allowed if 6o-watt lamps are
to be used.

How would you effect a reduction if you
found that the total voltage drop
exceeded the I.E.E. allowance ?
Either by reducing the load on the long
circuits, or by increasing the size of wires
used for circuit wiring on these circuits.
Why should greater illumination be allowed
for in basements which are to be
artificially lighted during daylight ?
Because they have to stand the contrast
with direct daylight. People entering an
artificially lighted basement from daylight
require a high intensity of illumination
to enable them to see reasonably well.
For this reason from 25 per cent. to 5o per
cent. extra illumination should be provided in rooms which are to be artificially
lighted during daylight.
What is the maximum current which can
safely be carried by the following sizes
of cables : 1, 7/.036 ; 2, 7/.044 ;
3, 7/.029 ; 4, 19/.052 ; 5, 3/.029 ?
The above cables should have a maximum loading of :—
I, 24 amps.; 2, 31 amps.; 3, 18.2 amps.;
4, 64 amps. ; 5, 7.8 amps.

ELECTRICAL MEASURING
INSTRUMENTS
AND THEIR USES
By KENELM EDGCUMBE, M.Inst.C.E., M.I.E.E.

Fig. I.-MEASURING THE CURRENT IN A BRAN CH CIRCUIT.
The tester has removed the fuse from a fuse carrier and connected the ammeter across the two
fuse terminals. This provides a rapid means of testing each circuit in turn.
N the vast majority of cases the best
answer to the question " How shall
I repair this instrument ? " is undoubtedly " Don't." Electrical measuring
instruments are so delicate and their
operating principles so diverse that their
repair is in most cases work for the
specialist, and it is far better (and in the
long run, far cheaper) to return them to
the makers for any necessary repair. At
the same time, unless the engineer has a
good knowledge of the internal construction of the instruments under his care, he
cannot make the best use of them.

I

Moving-Iron Ammeters and Voltmeters.
Fig. 2A shows the working parts of a
typical ioo-ampere moving-iron ammeter.
The iron vane A, attached to the spindle, is,
when in position inside the coil, opposite

a small fixed vane. The current flowing
in the winding (of heavy copper strip)
magnetises these two pieces of iron in
such a way that they repel one another
with a force which increases rapidly with
the strength of the current. This repulsion
causes the spindle to rotate against an
opposing force exerted either by weight
(gravity control) or by a flat spiral spring
(spring control as shown at D). The reading, therefore, depends upon the value of
the current, and the scale is marked off
in amperes.
Construction of a Voltmeter.
The construction of a voltmeter is
similar, except that in place of a winding
consisting of a few turns of comparatively large cross-section (Fig. 2A), it has a
very large number of turns of fine wire
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board mounting, but also for
precision work.

Moving-Coil Ammeters and
Voltmeters.
Fig. 3 shows a typical
moving-coil instrument. The
horseshoe permanent magnet
A produces a strong magnetic
field in the narrow gap between the pole pieces BB and
the cylindrical core C, all of
which are of soft iron. In this
gap swings the rectangular coil
W, which carries the current
to be measured, and which is
urged to turn round the pivot
D with a force which, with a
given magnet, is precisely proportional to the strength of
Fig. 2A.— A I00-AMPERE SUPERSCALE AMMETER WITH the current. This twisting force
MOVING IRON WITHDRAWN.
is opposed by that of the spiral
spring E, so that the deflection
(Fig. 2B), so that the same deflecting force of the pointer P over the scale
is obtained with a current of perhaps depends upon the current flowing
1/2o ampere (50 milliamperes).
The through the coil W. The moving-coil
form of coil shown in Fig. 2B is one which is arrangement is equally applicable to the
employed particularly in " Precision " construction of voltmeters, a resistance
moving-iron instruments in which a flat being then connected in series with the
iron vane is drawn into an oval coil. coil Win the same way as shown in Fig. 2B.
Whatever form of coil is used, an idle When " Shunting " is Necessary.
It is evident that only a very small
resistance is connected in series with it so
that if the current flowing is 5o milli- current can be led into and out of the
amperes at full scale, the total resistance moving-coil W, since extremely flexible
of a 250-volt voltmeter would be 20 by connections are essential. Consequently,
25o = 55o0o ohms. The idle resistance if the current to be measured exceeds
(or " swamp") must not vary with tempera- about z ampere, the instrument must be
ture, should have a resistance many times " shunted" as shown in Fig. 4, which is
that of the copper coil, since otherwise self-explanatory. For currents exceeding
the total resistance of the voltmeter will 3o amperes or thereabouts such shunts
vary with temperature, and its accuracy
will be impaired. In the voltmeter shown
in Fig. 2B the idle series resistance represents go per cent. of the. total, which is a
very satisfactory proportion.
SWAMP OF HIGH
When the current or voltage changes RESISTANCE ALLOY
4500n
rapidly it is most inconvenient if the
pointer swings about violently, and the
instrument should be " damped," as it is
soar'
called, by a light paddle attached to the
VOLTMETER COIL
spindle and moving in an air-tight box
OF COPPER
(F in Fig. 2A).
DIAGRAM OF MOVINGModern moving-iron instruments are Fig. 2B.—CONNECTION
IRON VOLTMETER.
extremely satisfactory and are largely
Note the high ohmic resistance of the
replacing other types, not only for switch- " swamp."
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are usually placed externally to
the instrument and great care
must then be taken either to
use the shunt leads supplied by
the maker or leads of very
nearly the same resistance. If
this precaution is not taken
the correct proportion of the
total current will not be
shunted and the readings will
be unreliable.
Rectifier - Operated Ammeters
and Voltmeters.
Recent improvements in the
dry (Westinghouse copperoxide) metal rectifiers now
make moving-coil instruments
available for A.C. measurements also, although with certain limitations. The price of
such rectifier-operated instruments is considerably higher
than that of the corresponding
Fig 3.—TYPICAL MOVING-COIL MOVEMENT WITH SCALE
moving-iron pattern, so that,
REMOVED.
except for the measurement
A magnetic shunt variable by means of the screw head H
of very small alternating enables the readings to be adjusted, should this be required.
currents or voltages, the latter
hold the field for all industrial purposes. The chief advantage of these instruments
is that the scale can be extended to
Induction Ammeters, Voltmeters and Watt- perhaps three-quarters of a full circle, thus
making it easy to read at a distance'
meters.
These instruments Hot-Wire Ammeters and Voltmeters.
In these instruments a stretched wire
Operate on
inuch the carries the current to be measured or one
same prin- proportional to it. The wire is heated
ciple as the in- thereby and in expanding allows the
MOVING COIL
- duction watt- pointer to be drawn across the scale to an
hour meters extent dependent upon the heating effect
described on of the current. Although little used at
page 1048, ex- power frequencies, they have a considercept that, in- able field of usefulness for radio, diathermy
SHUNT
stead of the and similar high frequency purposes.
disc being
Fig. 4.—CONNECTION DIAGRAM OF A MOVING-COIL
allowed to Electrostatic Voltmeters.
SHUNTED AMMETER.
revolve conFig. 5 shows the construction of a small
Note that such an instrutinuously, it is electrostatic voltmeter for 2,500 volts.
ment is really a millivoltattached to a The very light aluminium vane carried by
meter and that, consequently,
for it to read correctly, the
spring, so that the jewel-pivoted spindle is drawn by
resistance, both of the shunt
the deflection electrostatic attraction into the narrow
and of the moving-coil circuit,
is dependent gap formed by the two fixed vanes, the
must remain constant under
upon the cur- motion being opposed by a very fine spiral
all conditions of temperature.
Hence the " swamp.'
rent flowing. spring. The higher the voltage applied to
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Fig. 5.—GROUP OF " DWARF " ELECTROSTATIC VOLTMETERS. (Everett, Edgcumbe.)
The movement held inverted in the left hand has just been removed from the bakelite base. The
moving vane assembly from a similar voltmeter is lying on the bench to the right.

Dynamometer Wattmeters.
Another group of instruments is the

the terminals, the greater will be the force
of attraction and therefore the further will
the moving vane be drawn in and the larger
the deflection of the pointer over the scale.
For voltages higher than about 7,000,
condensers are often connected in series
with electrostatic voltmeters and this
forms a convenient method of extending
the range.

so-called electro-dynamic or dynamometer
pattern. Although at one time dynamometer ammeters and voltmeters were
extensively used, they have now been
almost entirely displaced by the precision
moving-iron pattern, so that only wattmeters need here be considered.

Thermo-Couple Ammeters.

How a Wattmeter Works.

Mention should be made of these
ammeters since they are much used for
radio measurements. When the junction
of two dissimilar metals is heated, an
E.M.F. is generated which is very closely
proportional to the temperature. This
principle is applied to the construction of
an ammeter by causing the current to be
measured to heat the thermo-couple
formed by the junction of two dissimilar
alloys, for example, constantan and manganin. The temperature reached is proportional to the square of the current
and the resulting thermo E.M.F. is
measured on a sensitive moving-coil
milliammeter. The couple may be mounted
in the instrument or separate from it.

Fig. 6 shows a typical electro-dynamic
wattmeter. The two fixed coils (of which
one has been removed in the figure) carry
the current and the small flat coil attached
to the pivoted spindle is connected through
a swamping resistance (as in Fig. 2B) and
forms the voltage circuit. The electromagnetic interaction between the currents
in the fixed and moving windings produces
a deflecting force proportional to the power
and this is opposed by a spiral spring, so
that the movement of the pointer is proportional to the watts consumed by the load.

How to Connect up a Wattmeter.
Fig. 7 shows how an electro-dynamic
wattmeter should be connected to the

ELECTRICAL MEASURING INSTRUMENTS
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Fig. 6.—DYNAMOMETER WATTMETER MOVEMENT.
One of the current coils has been removed and lies on the bench. A spare moving volt coil
assembly is seen in the middle. The cover of the damping box has been removed and a complete
switchboard wattmeter is to be seen at the back.

circuit for the measurement of power, four current terminals of that instrument must be
typical cases being given. The two upper reversed in order to make it read up the scale
diagrams are self-explanatory. With the once more. In this case, in order to obtain the
third system, i.e., the three-phase, three- total power, the reading of this latter wattmeter must be
wire undeducted from
balanced load,
.TO LOAD
that of the
the readings on
other.
the wattmeters
■
In order to
(which are two
D.C. OR SINGLE PHASE A.C.
obviate the
exactly similar
necessity for
instruments)
3 PHASE 3 WIRE BALANCED LOAD
adding or submust be added
tracting the
together to obreadings in
tain the total
this way, the
power. If the
two wattmeter
"power factor"
elements are
of the circuit
sometimes
is less than 0.5,
contained in
one of the
one case with
NEUTRAL WIRE
watt meters 3 PHASE. 3 WIRE . BALANCED
OR UNBALANCED LOAD
3 PHASE 4 WIRE
the volt coils
will read in the
reverse direc- Fig. 7.—CONNECTION DIAGRAMS FOR ELECTRODYNAMIC WATT- mounted on a
common
tion and the
METERS.
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Fig. 8.—MEASURING THE CURRENT CONSUMPTION OF A MOTOR.
For comparison, a modern " Superscale " ammeter (right) and an obsolete ammeter (left) have
been connected in series. Note (i) the clear and open dial of the modern ammeter as compared with
the 90 degree instrument, and (2) the relative width of the scale divisions, due both to the extra
scale length and to the more suitable range chosen.

Fig. 9.—DETERMINING THE ORDER OF PHASE SEQUENCE BY A PHASE SEQUENCE INDICATOR.
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spindle, which carries the pointer. The deflection is then the true sum or difference, as
the case may be, of the readings of the individual elements and therefore indicates
the total power on the scale.
In the fourth diagram of Fig. 7, the
current winding of each element is divided
into two parts, which must be highly
insulated from one another, since the full
line voltage exists between them.
How to Decide Upon the Most Suitable
Range for a Measuring Instrument.
Having settled upon the type of movement to be used, the range has still to be
considered. It is a good rule never to
make the maximum scale reading more
than io per cent. or 20 per cent. greater
than the highest value likely to be measured. Any higher scale reading than this
means that the readings will have to be
taken at an unnecessarily low part of the
scale. For the same reason it is convenient
if the upper divisions of the scale are
somewhat closed up, so that a large proportion of the range may be available for
the lower readings. Clearly, also, the
modern 120° scale instrument is vastly
superior to one of the older ones in which
the scale usually subtended only 85 or at
most 90 degrees. These points are brought
out in Fig. 8, which shows two ammeters
each measuring the current taken by a
motor. In the one on the right the scale
is long and open ; in the other—an
out-of-date ammeter with twice the range—
the measurement being made at a
cramped part of the scale. There is little
or no advantage in extending the length
of scale beyond I20°, since, although such
an instrument may be somewhat easier
to read at a great distance, the intrinsic
accuracy is al49
50
51
ways less.

Fig. II.—PART OF THE
SCALE OF A VIBRATING
REED FREQUENCY METER.
The frequency may be
estimated from the relative amplitude of swing
as 50.1 cycles per second.

Power-Factor
Meters.
The powerfactor of the load
is of such importance from
the point of view
of the economical
generation of

THE VOLTAGES ARE ASSUMED TO REACH
A MAXIMUM IN THE ORDER A B C
Fig. 10.—CONNECTION DIAGRAM FOR A THREEPHASE UNBALANCED LOAD (THREE OR FOUR-WIRE
POWER-FACTOR METER.

power that many systems of charging
take it into account, either in the
form of a bonus to consumers showing
a good power-factor or as a fixed
charge based upon the maximum kilovolt-amperes taken during any quarter.
In order that a consumer may reduce his
kilovolt-ampere demand without reducing
the power consumed he must " improve "
(raise) the power-factor of his load ; since—
volt -amperes =watts/power-factor.
For example, if the power-factor is
increased from 0.7 to 0.87 the kilovoltamperes for a given kilowatt loading will
be reduced by 20 per cent. For these
reasons the use of power-factor meters, both
indicating and graphic, is extending rapidly.
Principles of a Power-Factor Meter.
The underlying principles of the powerfactor meter are somewhat complicated,
but the resulting instrument is simple and
comprises volt and current windings, as
does the wattmeter. For single-phase
systems there is one volt and one current
circuit ; for three-phase balanced load
systems there may be either three volt
and one current or three current and one
volt circuit, and for three - phase unbalanced load instruments there will be
three volt and three current circuits.
Modern power-factor meters have 36o'
scales, the pointer standing in the upper or
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Fig. I2.—A SECTION THROUGH THE WARREN (SYNCLOCK) MINIATURE SYNCHRONOUS MOTOR, WHICH
MEASURES ABOUT 21 INCHES SQUARE.
A, shading rings producing a rotating field. B, steel disc drawn round thereby. C, Brass housing
protecting the gearing and forming an oil bath, D.

lower half of the scale according to the
direction of the flow of power in the circuit
in which it is connected.
How to Connect up a Power-Factor Meter.
Fig. To shows the connections for a powerfactor meter suitable for a three-phase
system in which the three phases may or
may not be carrying equal currents and
of which the power-factors may differ from
phase to phase. The instrument has
accordingly three volt circuits and three
current circuits. It will be observed that
the diagram is marked " Voltages are
assumed to read a maximum in the order
A B C," which implies that the line A
reaches full voltage relatively to earth
one-third of a period before line B and
that full voltage on line B is followed onethird of a period later by full voltage on
line C, followed again by line A and so on.
It is most important that the connections
should be made correctly both as regards
direction and phase sequence, and the
only way of ensuring that this is correct is
by the use of a phase sequence indicator.
Phase Sequence Indicator.
One of these instruments (Everett,
Edgcumbe) is shown in use in Fig. 9, and consists of an iron disc, lightly pivoted and
acted upon by three electro-magnets, each
connected to a length of flex terminating
in an insulated clip, the other ends of the
windings being joined together. The clips

may be attached to any convenient terminals, as shown in the figure, and the disc
then indicates by the direction of its
rotation in which order the voltages are
reaching their maximum at these three
terminals. The windings are so proportioned that the instrument will operate at
any voltage between say, 6o and 450 volts.
Frequency Meters.
These instruments may be of the deflectional or of the vibrating reed pattern. In
the former a pointer deflects over a scale
as with an ammeter or voltmeter, but in
the latter a number of thin flat springs
or reeds, each terminating in a white flag,
are fixed side by side close to an electromagnet, and each is tuned to a frequency
differing slightly from that of its neighbour. The reed which happens to be
tuned to the frequency of the current in the
winding of the electro -magnet, that
is, to the supply to which the meter is
connected, will be set in " resonant "
vibration, and will show quite a large
swing, whilst the remaining reeds will
hardly vibrate at all. The flags appear
under a slot in the dial, the frequency to
which each responds being marked against
it in the form of a scale.
Reading a Frequency Meter.
Such instruments are not altogether
easy to read, since the frequency may lie
between the values to which two neigh-
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bouring reeds are tuned. Fig. II shows
such a case. The reeds are tuned a quartercycle apart, and it will be observed that the
one next below 5o cycles is vibrating
slightly more than that above 5o cycles,
so that the frequency may
be read as about 50.1
cycles per sec. Such instruments, whilst accurate,
are clearly not nearly so
convenient to read as the
deflectional pattern and
the majority of modern
frequency meters take
the latter form.
Mean Frequency Meters.
Frequency meters of
both these patterns
measure the value of the
frequency at any instant ;
but in the control rooms of
modern power stations,
the operator regulates the
speed of his turbo-alternators so as to keep a
correct average frequency.
Not only is this advantageous from the point of
view of correctly sharing
the load between the
various power stations connected to the " grid," but
it affords the inestimable
boon of an accurate time
service for all consumers
connected to the A.C.
mains by merely plugging
in a synchronous clock.
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revolve exactly together, the frequency
is correct, but if one gains over the
other, it is high or low according to which
one is leading. The mean frequency, as
compared with time, can be kept correct
by this instrument to within a few seconds at all
times, so that the accuracy
of the domestic Synclock
connected to any wallsocket is as high as that
of the best spring-driven
clock, besides requiring no
winding or regulating.
Ohmmeters and Other Resistance Measuring
Instruments.
The ohmmeter for the
measurement of insulation
or resistance is made in
many forms, known by
various trade names. On
page 167 is given a diagram
illustrating the general
principle of an insulation
testing olunmeter, sometimes spoken of as a
"Megger," although,
strictly, this name, coined
by Mr. Sydney Evershed
many years ago, applies
to his particular form only.
Another pattern is shown
in use in Fig. 2 on page
168. Fig. 14 shows
the essential parts of this
instrument, and Fig. 15
the connections.

How Frequency is ConHow an Ohmmeter Works.
trolled at the Power
For the sake of clearStation.
ness, the permanent
The frequency is conmagnets have been retrolled at the power
moved from the polestations by means of Fig. 13.—THE WARREN MASTER pieces, A and B. The ohman Everett-Edgcumbe FREQUENCY METER, WHICH meter proper is mounted
master frequency CONTROLS THE FREQUENCY OF above the generator, E
meter in which the speed THE GRID. (Everett, Edgcumbe.) being the coil which is
of a synchronous motor
connected in series with
(Fig. 12) connected to the system whose fre- the insulation to be tested, and D the
quency is to be controlled is compared with voltage or control coil, connected through
the speed of an accurate master clock by a high resistance, F, across the terminals
means of two concentric hands moving of the generator, A, and serving to comover a common dial (Fig. 13). If the hands pensate for variations in the voltage.
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W IRING UNDERTEST

installation
and that the
ohmic value
thereof must
not be more
than 2 ohms.
It was further
pointed out
that the test
is difficult to
carry out
effectively.
The conduit
tester has
been devised
for this purpose and is
shown in use
in Fig. 16A.
The instruFig. 14.—WORKING PARTS OF A MAGNETO OHMMETER (METROHM) WITH
ment consists
MAGNETS REMOVED.
of a pocket
The revolving drum H contains a centrifugal milliammeter mounted in the same box as a
slipping clutch, which ensures an almost " torch " battery and press-key. A long
constant voltage being applied to the re- pair of leads terminating in bull-dog clips
sistance under test. This is important if the is provided for making connection with the
latter has any considerable capacitance, distant end of the conduit, and an earthed
since although the average indication point respectively (see Fig. 16A). All that
is quite independent both of the voltage and is necessary is to clip the leads in place,
of the capaCitance, the momentary charging press the key and note the reading in
current due to a change of voltage may ohms. If it is less, than 2 ohms, the installacause an annoying flicker of the pointer. tion will pass ; if not, the cause must be
For this reason, a constant voltage ohm- sought in a bad contact at one of the sockets
meter, which does not cost much more or some other joint in the conduit, the
than the variable voltage pattern, is position of which can be easily located by
always to be preferred.
transferring the farther clip to other
points of the conduit. A simple adjustUsing an Ohmmeter for Testing Resistance. ment is provided on the tester which
Ohmmeters are also available for the
workshop testing of resistances, both
high and low, and their use is very much
easier and quicker than that of the Wheatstone bridge which was at one time almost
the only method available. Fig. 17 shows
a number of similar coils having their
resistance measured as a routine test by
a workshop " Metrohm," a 4-volt accumulator being used as a source of current in
place of the generator shown in Figs. 14
and 15.
The Conduit Tester.
It was pointed out on page 173 that the
I.E.E. Rules insist upon a test of the
resistance of the conduit in a completed

A

Fig.

I5.--CONNECTION DIAGRAM OF INSULATION
TESTING OHMMETER.

The letters refer to the same parts as in
Fig. 14.
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16A.—THE CONDUIT TESTER IN USE.

One terminal of the tester has been connected to earth. The wooden spool at the right serves
to carry the spare length of lead.

arrester earth by
means of a " Metrohm " earth plate
tester. This instrument (see Fig. 18)
consists of a handdriven magnetogenerator provided
with a slipping
clutch (see H, Fig.
14), so as to give
a constant voltage,
connected in series
with a self-conThe Earth Plate
tained milliammeter
Tester.
(MA). The generThe maintenance
ator and milliamof an effective earth
meter are connected
is of vital importin series with the
ance for many purearth plate (EP)
poses and a simple
and a good earth
means of measuring
(E), such as a
its resistance is
water main. The
essential. In Fig. r
instrument is scaled
on page 599 is
so as to read the
Fig. 165.—THE CONDUIT TESTER IN USE.
shown the testing
Showing connections made with farthest point earth plate resisof a lightning of the conduit.
tance directly in

compensates for any
fall in the voltage
of the dry cell. This
instrument may also
conveniently be
used for making.
.rapid
continuity
tests and for this
purpose it replaces
the ammeter and
accumulator battery shown in Fig.
8 on page 172.
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Fig.

17.—MEASURING THE RESISTANCE OF COILS AS A WORKSHOP ROUTINE TEST.

ohms. The resistance of two similar earth
plates can be measured by connecting one to
each terminal of the instrument and
measuring the total resistance, that of each
plate will then be half the dial reading.
A connection to a domestic water-heating
system does not make a suitable earth,
nor should a gas-pipe be used for the
purpose.
Continuity of the
Earth Return.
Whilst the danger
of a high resistance
earth plate is selfevident, it is often
forgotten that a
defective joint in the
earth return is
equally dangerous,
since in the event of
a breakdown in the
insulation between a
conductor and this
earth return, a high
voltage to earth may
sufficiently
ensue,
high, in fact, to be
dangerous to life. For
this reason, very great

Fig. 18.—THE

stress is laid in all wiring regulations on
the maintenance of perfect joints in earth
return conductors and various instruments
have been devised with which the continuity of a joint can be readily tested.
One of these (Everett, Edgcumbe) is
shown in use in Fig. 2 on page 6oi. In
underground installations the periodical
testing of all such joints is insisted upon
(see Mining Regula7
tions).
Of the electrical
movement little need
be said, since it
differs but slightly
from that of an indicating instrument,
except that larger
working forces are
essential in order to
overcome the inevitable friction between
pen point and paper.

METROHM " DIRECT
READING EARTH PLATE TESTER.

The tester can be checked at any time
by closing the short-circuiting switch SS
and turning the handle of the generator,
when the pointer should fly to o on the
scale. If it does not, it must be brought
there by an adjustment of the magnetic
shunt, MS.

Inking Devices.
The inking devices
in use differ widely.
In the older instruments a long pen arm
hanging from the
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19.—INKING AND CHART-DRIVING MECHANISMS OF THE " INKWELL " GRAPHER.

movement merely took the place of the phoned from the inkwell, along the tubular
ordinary instrument pointer. It carried pen, on to the paper chart, and since
a spoon or bucket-shaped pen at its the arm moves in a horizontal plane the
lower extremity. This arrangement had indications are quite unaffected by the
many serious drawbacks. In one modern amount of ink in the system. The inkgraphic instrument the pen is eliminated well, being fixed, can be made of ample
altogether and its place is taken by a fixed size and contains enough ink for a month's
ink
reservoir,
having a small
central hole, just
large enough to
allow the end of
the tubular pen
arm to pass
through it. Fig.
19 shows the
inking arrangements of this
instrument, the
" inkwell " being
shown at Q. The
tubular pen arm
S is pivoted in
notches V at the
top of the uprights, which are
carried by the
electrical movement below them
(not seen in Fig.
19, but shown. in
Fig. 2o).
Fig. 20.—A METAL-CASED PORTABLE GRAPHER WITH THE BACK PLATE
In this way R MOVED SO AS TO EXPOSE TO VIEW THE MOVING-COIL AMMETER MOVEMENT.
the ink is siThe operator is replacing the pen in its supporting pivots.
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Fig.
In place of the
spring-wound clock, it is now
becoming common to drive
graphic instruments by means
of a synchronous motor, which,
when connected to the mains,
drives the chart at a constant
speed.
Fig. 21 shows how the tubular
pen should be cleaned out in
case it has become choked
after long use or if it has
been allowed to dry. A small
quantity of glycerine is put
in the little basin and is drawn
backwards and forwards
through the pen tube by means
of the small squirt which forms
part of the equipment. The
pipette lying on the table is
used to draw ink through the
pen after it has been put in
position in the inkwell. When
once filled, the inking becomes
automatic.
General Hints Relating to
Graphers.

See that the pen point is
clean and unobstructed. This
is best done by washing in
methylated spirits. Never use
force, or the pen may be
ruined. - A strip of paper can
be drawn through a pen having
parallel points.
Adjust the pressure between
the inking point and the chart
to a minimum, consistent with
the tracing of a good line.
Fig. 2I.—CLEANING OUT THE TUBULAR PEN WITH
If the pen has to move rapidly
GLYCERINE, AFTER LONG SERVICE.
across the chart more pressure
run. The movement is rendered dead- is needed than if the motion is slow.
beat by means of the oil chamber C, in
When changing a chart take care not to
which swings a small paddle moving with damage the pen point or to bend the penthe pen.
arm.
If a grapher is to be laid aside for any
Chart-driving Mechanism.
length of time, the pen or the pen
The chart itself usually takes the form tube should be cleaned out and preferably
of a continuous roll some 6o feet long, left full of glycerine.
driven forward by a clock through the
When the used chart is arranged to be
medium of holes punched along one or wound up on a roller (a very convenient
both edges, into which engage pins carried and usual arrangement), the latter is
by driving wheels as shown at RR in driven by friction, a light spring belt
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being often used for the purpose. It is important that
the drive should be sufficiently
powerful to wind up the chart,
but it must not be enough
either to tear the paper as it
passes on and off the driving
pins or to pull up the clock.
Always empty the oil out
of the oil damper before moving a switchboard grapher from
its fixed position.
When ordering new charts,
it is well to send a small
sample of the existing chart.
This will obviate any mistake.
Altvays use the ink and
damping oil recommended by
the maker.
If the quantity to be
measured is varying so rapidly
as to give a thick or blotted
record, use a heavier oil in the
damper. If this does not cure
the trouble then the chart
speed is too low.

Electrical Speed Indicators.
The electrical speed indicator is the most convenient
of all wherever the indication
is to be made at more than,
say, 6 feet away. These instruments commonly consist of a
D.C. magneto-generator, the
voltage generated in the armature of which is directly proportional to the speed of
rotation, so that a voltmeter
connected to its terminals may
have a scale graduated in revolutions per minute, miles per
hour or any other desired unit.
The armature usually runs at
Fig. 22.—ELECTRICAL SPEED INDICATOR WITH OPEN
from 1,50o to 3,000 revolutions
TYPE TRANSMITTER BELTED TO A MOTOR.
per minute at full scale, the
The indicator is in this instance close to the motor,
former being the better speed
but it may be placed at any distance away. Note the
even scale. A similar transmitter, but in a watertight
for continuous use. The tercase, is seen to the left of the figure.
minal shaft may, by suitable
gearing, be caused to run at any
convenient speed according to the form of Methods of Driving.
drive, whether direct, through external
If the speed is suitable, the direct drive
gearing, or by means of a belt or chain. is convenient. It must be arranged so
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Fig.

23.—SOLDERING A HAIR SPRING ON TO A " DWARF " MOVING-COIL INSTRUMENT.

The springs used are of phosphor bronze, so as to be non-magnetic. At A is a group of springs;
at B, a number of moving-coil assemblies; at C, the bridges to which the other end of the spring is to
be soldered; at D, some completed movements; and at E, the moulded bases on which the movements
are to be mounted.

that no strain is thrown on the generator
shaft, which should run in ball bearings.
External gearing is useful under certain
conditions, but is liable to be noisy. A
chain, like the direct drive, has the advantage of eliminating all slip, and if chain
and sprockets are of good quality, is

Fig.

24.—SET OF " CADET " A.C. INSTRUMENTS
IN LEATHER CARRYING CASE.

very satisfactory. A belt forms a handy
drive (Fig. 22) and may consist either of
flat webbing, or, perhaps better, of a wire
spiral running in grooved pulleys. This
latter arrangement has the advantage
of being elastic and therefore self-tightening and the slip is negligible.

25.—OMNI-RANGE CURRENT
Fig.
VARIOUS
TRANSFORMER,
WITH
RANGES UP TO I,000 AMPERES.

As shown (with five turns), the
ratio is zoo/5 amperes.

ELECTRICAL MEASURING INSTRUMENTS

It is important that no oil or grease
should find its way on to the commutator
of the generator and for this reason most
electrical speed indicators bear some such
legend as " Use oil sparingly."

Making an Adjustment.
Fig. 22 shows an electrical speed
indicator measuring the speed of a motor
to which it is connected by a spiral wire
belt. All the shafts run in ball bearings
and so require no lubrication for long
periods. When setting to work, it is
well to check the correctness of the
indications at one point on the scale of the
indicator by comparison with a revolution
counter, so as to ensure that the effective
gearing ratio is correct. An external
magnetic shunt is usually provided for
this purpose, so that any discrepancy can
be allowed for. Such an adjustment is in
progress in Fig. 22, the magnetic shunt
being operated by means of a
hexagon nut. The transmitter in use is
of the open type, but for many purposes
a totally enclosed transmitter is to be
preferred. One of these, of watertight
pattern, is also seen in the figure.
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power and voltage to be measured,
as well as the current, and the powerfactor at different loads, etc. Other forms
of portable instrument will have been
observed in the various illustrations.
Fig. 24 shows a still smaller instrument
known as the " Minisquare " (Everett,
Edgcumbe).

Portable Testing Instruments.
Almost all the types of measuring
instruments so far described are available
in both the switchboard and portable
patterns, the latter usually in wooden
cases. For workshop and outdoor testing,
a wax finished oak case is probably the
most suitable, since although it may not
look quite so " smart " when new as a
polished mahogany or walnut case, it
will survive a year's average use very much
better than either. For the test room,
the comparative delicacy of a french
polished case is probably an advantage in
that it compels a certain amount of respect
at the hands of the user.
Recently a number of very compact
portable instruments have become available, such as can be contained in a leather
despatch case for ease of transport.
Fig. 24 shows a number of such instruments in their leather case, comprising two
ammeters, a voltmeter, wattmeter and
current transformer. This
set of instruments enables the electrical

Fig. 26.—LEAKAGE INDICATOR FOR A
DIRECT CURRENT TWO-WIRE SYSTEM, OF
WHICH BOTH POLES ARE INSULATED
FROM EARTH.
Satisfactory insulation is indicated by
the pointer standing in a central position
(as in the figure), and a fault by a deflection to right or left.

How to Prevent Overloading.
When using a portable instrument
which has more than one range, care is
necessary to ensure that the instrument is
not overloaded. To this end, if there is
any doubt as to•the value of the current or
voltage to be measured, it is advisable to
connect one of the high ranges in circuit
first and to change to a lower range only
after the approximate value has been
ascertained.

A Cell-testing Voltmeter.
A special form of portable instrument
is the cell-testing voltmeter. Cell testers
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considerably lower than that on
open circuit or in use.
Leakage Indicators.
These instruments, as their
name implies, serve to indicate
continuously the state of the
insulation of a system, as evidenced by a leakage of current
to earth. Their use has extended
rapidly of late, since it is now
recognised that " prevention is
better than cure "—an early
intimation of increased leakage
often allowing an unsuspected
defect to be located and removed before it attains the dimensions of a serious fault.
Fig. 26 shows a typical leakage
indicator suitable for a D.C.
system insulated throughout.
A switch operated by a knob is
left in the " normal " position
Fig. 27.—AMMETER WITH HINGED CORE RANSand the pointer then instantly
FORMER CLAMPED ROUND A CONDUCTOR CARRYING
shows the development of a
A.C. AND INDICATING THE VALUE OF THE CURRENT.
fault on either the positive or
The instrument shown has two ranges, o-too amperes
negative mains by a deflecticn
and o-5oo amperes.
to left or to right respectively.
differ somewhat according to whether Readings taken with the switch on the
they are to be used for the testing of large "
test " and " — test " stops, enable
cells, such as these in central stations, the actual insulation of the positive and
motor cars, or low tension wireless batteries, negative poles of the system to be read
or for cells of small capacity such as off from a table which accompanies the
wireless high tension batteries. For the instrument.
former purpose it is no disadvantage for
the voltmeter to consume a considerable Current and Voltage Transformers.
current ; in fact, properly to test an accuThese are usually employed either
mulator the voltage measurement should because the current to be measured is too
he made at a current approxiCURRENT
mately equal to the normal disTRANSFORMER
charge rate, and for this purpose
specially low resistance cell
testers are made (see Fig. 2, page
993). For the testing of small
TO L
cells, however, a high resistance
is essential; in fact, for use with
high tension wireless batteries
the current corresponding to
full scale deflection should not
exceed 2 milliamps. and for
CURRENT
-RANSFORMER
testing high tensicn battery
eliminators a current of r milli- Fig. 2 8 .— CONNECTIONS FOR THE MEASUREMENT OF THE
CURRENT, POWER AND POWER-FACTOR ON A
amp. or less is desirable. If the VOLTAGE,
HIGH-VOLTAGE, THREE-PHASE CIRCUIT, IN WHICH THE LOAD
current consumption is greater, MAY BE BALANCED OR UNBALANCED BETWEEN THE
the voltage as measured may be
THREE PHASES.
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large to be conveniently passed through
the instrument or because the voltage
of the system is too high to be safely indicated by it. Although the construction
and design of current and voltage transformers differ fundamentally, yet from
the user's point of view they are very
similar. Each has a primary and secondary winding for connection in the main
circuit and a secondary winding for connection to the measuring instrument, and
each has a magnetic core made up of thin
pieces of highly permeable iron or one of
its alloys. The primary of a current
transformer may consist of a number of
turns if the current is low, or of a single
conductor passing once through the core
if the current is fairly high (say boo amperes
or more). If special precautions are taken,
single turn or " bushing current transformers," as they are called, can now be
constructed for currents as low as 50 or
roo amperes.
For portable use, current transformers
are usually mounted in wooden cases and
are insulated with bakelite. A convenient
form of current transformer is one having
a central hole, as shown in Fig. 25.
Such a transformer is suitable for a wide
range of current measurements, the one
illustrated having fixed primary windings
for ro and 20 amperes and enabling
further ranges to be obtained of zoo,
200, 250, 500 and i,000 amperes by threading the conductor carrying the current
to be measured through the central
opening, making ro, 5, 4, 2 and r turns
respectively. A still smaller " omnirange " current transformer is shown
among the group of instruments in
Fig. 24.
Precautions to Take When Using a Current
Transformer.

The satisfactory performance of a voltage or current transformer depends largely
upon the value of the secondary burden ;
that is, upon the number and impedance
of the measuring instruments connected
to it. Care must, therefore, be taken
that the rated burden shown on the nameplate is not exceeded. Another very
important precaution is to ensure that the
secondary circuit of a current transformer
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is never opened so long as a current is
flowing in the primary. If this precaution
is neglected, there is a grave risk of a high
voltage being generated in the primary
winding sufficient to break down the insulation of the transformer and even to cause
danger to life. It should be remembered
that the value of the secondary current
of a current transformer is determined
by that of the primary current, so that
there is no risk of damaging it by short
circuiting the secondary terminals. With
a voltage transformer, on the other hand,
the secondary circuit may be broken with
impunity, but must not be short circuited
or it will be burnt out.
Clip-on Current Transformer.

Fig. 27 shows a form of portable current
transformer in which the core can be
opened by pressing the trigger and reclosed round a conductor. The ammeter
will then read the value of the A.C.
flowing through the conductor. A measurement can thus be made without breaking the primary circuit. The instrument
shown in Fig. 27 has two ranges, o-roo
and 0-50o amperes.
When using current and voltage transformers with wattmeters or any other
form of instrument, the connections are
similar to those given for the various
direct-connected instruments. For example, in Fig. 7 the primaries of the
current transformers will take the place
of the windings there shown, the secondary
being connected to the instrument windings. As an example, Fig. 28 shows the
connections for a high tension, threephase, unbalanced load system, with two
single-phase wattmeters, two ammeters
and two voltmeters.
PRECAUTIONS WHICH SHOULD BE
TAKEN IN ERECTING AND CONNECTING UP ELECTRICAL MEASURING
INSTRUMENTS.

The majority of these precautions
apply equally to supply meters as to
indicating instruments (see also page 1054).
Connecting Up.

Examine the maker's diagram carefully before connecting up and check over
the connections again before making the
circuits alive.
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OUTSTANDING FEATURES OF VARIOUS TYPES OF MEASURING INSTRUMENTS.
Type.

Scale Shape.

Advantages.

Disadvantages.

Suitable for.

Permanent - Even throughmagnet movingout.
coil
ammeters
and voltmeters.

Dead-beat, accurate,
low power consumption, shows direction of current.

D.C. only. Ammeters
must be shunted.
Somewhat expensive.

D.C.
switchboard
and
portable instruments of
high accuracy.

Moving - iron
a mmeters
and
voltmeters.

Fairly even
above I/ro
scale.

Inexpensive. Can be
made dead - beat.
Available for D.C.
and /or A.C.
If
Specially construcnon can be made
extremely accurate.

As usually constructed,
not very accurate on
D.C. Power consumption rather high. Not
suitable for \ oltmeters below say
ro volts.

A.C. and ' or
D C. Industrial switchboard f o r
portable use.
Also, when
specially
con strucled,
for accurate
testing work.

Induction ammeters and
voltmeters.

Reasonably
even above
r/5th scale.

Robust construction ;
long circular scale.

Large power consumption. Somewhat expensive.
Readings
affected by any large
changes of frequency,
wave-form
or
temperature.

A.C.
switchboard
instruthent s
only.

Even throughout.

Robust construction;
long circular scale.

Readings affected by
changes of frequency,
wave form and ternperature.

A.C.
switchboard instruments only.

Electro - dynam i c (dynamometer)
wattmeters.

Almost even
throughout.

Extremely accurate on
A.C. and/or D.C.
Fair] y 1 ow power consumption.

Somewhat delicate in
construction.
Seriously affected by
stray magnetic fields.

Switchboard
or portable
wattmeters
for all purposes.

Rectifier - operated movingcoil ammeters and voltmeters.

Almost even
throughout.

Lower power consumption and available
for low current or
low voltage A.C.
measurements.

Only applicable to A. C.
of sine wave forms.
Liable to be affected
by changes of ternperature.

Particularly
for A.C.Measurements of
small
curor
rents
low voltages.

Hot-wire ammeters and
voltmeters.

Cramped below i scale.

Give the same readings
on A.C. and D.C.
Available for use on
high frequency circuits.

Uncertainty of zero.
Liability to damage
by overloads. Large
power consumption.

High frequency measurements (e.g.,
radio or diathermy.

Electrostatic
voltmeters.

Ditto.

No consumption of
power. Equally accurate on D.C. and/
or A.C.

Delicate movement and
liable to damage by
over-voltages.

Switchboard
or portable
use for any
voltage up to
500 k.V.

Thermo-couple
ammeters
and
voltmeters.

Ditto.

Equally accurate with
A.C. and/or D.C.
Also, with certain
limitations at radiofrequencies.

Somewhat expensive.
Liable to damage
through
moderate
overloads.

Switc hboard
or portable
instrument s
for radio frequency
measurements.

Induction
wattmeters.
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See that all accessory apparatus such
as shunts, series resistances, current or
voltage transformers, condensers, chokers,
etc., which are shown in the diagram of
connections, are in place.
The Question of Levelling.
Gravity-controlled instruments must be
so levelled that the pointer stands at zero
when no current is flowing. This is a
precaution often overlooked in the erection
of " controller " pattern instruments ;
that is, instruments mounted on a small
pedestal having a flat base and suitable
for erection on the top of a switch or
control box. It is not easy to level up
such instruments, since this entails levelling
the whole switch box. For this reason
" controller " instruments should always be
specified to be spring controlled.
Arrangement of Shunts.
Shunts should, if possible, be erected
with their longitudinal axes horizontal
and with the leaves vertical, so as to give
the maximum amount of ventilation. If
the longitudinal axis must, for any reason,
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be vertical, the current, if D.C., should
enter by the lower terminal and leave by
the upper.
See that good contact is made at all
points or over-heating will ensue.
The accuracy of any shunted instrument
depends upon the shunt leads having a
certain resistance. Consequently, the leads
supplied by the maker should be used
or, if not, others closely equivalent to them
in resistance.
Current Transformer Precautions.
On no account must the secondary circuit
of a current transformer be opened so
long as current is passing through the
primary. As a safeguard, it is well to
keep the secondary terminals short circuited until all the connections have been
finally made (see page 1129).
Special A.C. Instruments.
Many instruments, such as power factor
meters, polyphase wattmeters, etc., will
only read correctly if the phase sequence is
correct. To ensure this a phase sequence
indicator should be used.

QUESTIONS AND ANSWERS
How does a wattmeter work ?
Two fixed coils carry the current and a
small flat coil attached to a pivoted
spindle is connected through a swamping
resistance, and forms the voltage circuit.
The electro-magnetic interaction between
the currents in the fixed and moving windings produces a deflecting force proportional to the power and this is opposed by a
spiral spring, so that the movement of
the pointer is proportional to the watts
consumed by the load.

How is frequency controlled at a power
station ?
By means of a master frequency meter
in which the speed of a synchronous motor
connected to the system whose frequency
is to be controlled is compared with the
speed of an accurate master clock by means
of two concentric hands moving over a
common dial. If the hands revolve
exactly together, the frequency is correct
but if one gains over the other it is high
or low according to which one is leading.

What precaution should be taken to prevent
overloading when using a portable
measuring instrument which has more
than one range ?
If there is any doubt as to the value
of the current or voltage to be measured,
it is advisable to connect one of the higher
ranges in circuit first and to change to a
lower range only after the approximate
value har been ascertained.

What special precautions must be taken
when using a voltage or current
transformer ?
(r) Take care to see that the rated
burden shown on the nameplate is not
exceeded.
(2) See that the secondary circuit is
never opened so long as a current is flowing
in the primary.
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What would happen if the second of these
precautions were neglected ?
There would be a grave risk of a high
voltage being generated in the primary
winding sufficient to break down the
insulation of the transformer and even to
cause danger to life.
For what purposes are the following
ammeters and voltmeters suitable :—
(1) Permanent magnet moving-coil ;
(2) Moving-iron ;
(3) Induction ;
(4) Rectifier-operated moving-coil ;
(5) Hot-wire.
(r) D.C. switchboard and portable instruments of high accuracy.
(2) A.C. and/or D.C. industrial switchboard for portable use. Also, when
specially constructed for accurate testing
work.
(3) A.C. switch board instruments only.
(4) Particularly for A.C. measurements
of small currents and low voltages.
(5) High frequency measurements (e.g.,
radio or diathermy).
What is the difference between a watthour meter, and an ampere-hour
meter ?
A watt-hour meter takes account of
variations in voltage whilst an amperehour meter does not.
In selecting an ammeter for use in a factory
to read up to 50 amperes, what requirements would you specify regarding the
scale ?
That it should be of the modern " open
scale " type. That is, with the 25-ampere
scale division reasonably near the centre
point of the scale, and the scale fairly
evenly spaced.
What is a thermocouple ammeter ?
This instrument is used for measuring
very small currents and contains a small
thermocouple of constantin and manganin.
The current to be measured passes through
the thermocouple and sets up an electromotive force which is measured on a
sensitive moving coil milliammeter. Small

high frequency currents can be measured
in this way.
Can a permanent magnet and moving coil
instrument be used for measuring
alternating currents ?
In the ordinary way an alternating
current sent through a moving coil
instrument would merely cause the needle
to quiver. By incorporating in the instrument a suitable rectifier, such as the
Westinghouse copper-oxide rectifier, these
instruments can, however, be used to give
a steady reading on an A.C. circuit.
What is an earth-plate tester ?
A special instrument for measuring the
resistance of an earth connection on a
lighting installation or for a lightning
conductor. This instrument is calibrated
to give a direct reading of the earth-plate
resistance in ohms.
What is the principle of the electrical speed
indicator ?
An electrical speed indicator consists
of a small direct current generator giving
a voltage directly proportional to the
armature speed. A suitably calibrated
voltmeter can then be used to give a direct
reading of the speed in revolutions per
minute.
Why are power factor meters becoming
of increasing importance in electrically
driven works and factories ?
Because many power supply companies
make a special concession in price when
the power factor of the load is kept high.
The use of A.C. motors often leads to a
bad power factor, and it is sometimes
advisable to install special apparatus,
such as a large condenser, to introduce a
leading current and so bring up the power
factor of the installation.
Proper use of a power factor meter in
an installation of this type (where the
electricity charges depend upon a good
power factor) may easily be the means of
effecting substantial economies in running
costs.
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RECORD CHANGING ELECTRIC
GRAMOPHONE MOTORS
By A. E. WATKINS

Fig. 1.—THE GENERAL APPEARANCE OF THE CAPEHART AUTOMATIC RECORD CHANGER.
This unit consists of an induction motor, turntable and pick-up, with a distinct feature that it
incorporates a magazine device in which up to io records can be stored or played automatically.
Note the cam which operates the lever to lift the tone arm.

HIS instrument which is known as
the Capehart Automatic RecordChanger Electric Gramophone
Motor is of American origin and is
marketed in this country by The Sun
Electrical Co. It is the only automatic
record-changing gramophone motor which
can be purchased as a separate unit for
building into any type of radio-gramophone. It is, however, the intention to
have this machine made in this country.
This unit consists of an induction motor,
turntable and pick-up, with a distinct
feature that it incorporates a magazine
device in which up to ten records can be

T

stored or played through automatically
without any interference or attention.
The general appearance is shown in Fig. 3.
The top record on the turntable is in
the act of being played. Those left on the
turntable have already been played, and
the others in the magazine are awaiting
release by the automatic feeding device.
The Operation of the Magazine.
The action of the magazine can be seen
from Fig. 2 which shows it in its loaded
position. The central fixed spindle in the
magazine is hooked at the end and the
records are placed on the spindle held by

1134

RECORD-CHANGING ELECTRIC GRAMOPHONE MOTORS

two spring attachments at the edges
of the records. After loading, the magazine is lowered into place so that its
hooked end rests on the spindle of the turntable. The record in the magazine is then
kept in place by means of the hook on the
magazine spindle, and by the stationary
horizontal plate below the magazine. The
tipping mechanism which comes into play
at the end of playing one record pushes
forward a movable plate which bears on
the edge of the record. This, in turn,
pushes the record off the turntable on to
the stationary horizontal plate, and also
pushes it over the hooked end of the
magazine spindle, so that the record goes
from the magazine on to the turntable.
Before this occurs (the ordinary automatic
operation of the changing), the pick-up has
been swung clear of the turntable, so that
the falling record has a clear path.
The Pushing Plate.
The pushing plate referred to is of such
a width as to push only the bottom record
in the magazine, so that the remaining
records are still held on the hook spindle
and stationary plate. The magazine is
intended to accommodate either 10-in. or
12-in. records, but all records placed in the
magazine must be of one size. Adjustment of the magazine for the size of
record is by means of what is called the
magazine control lever, as shown on the
right side of Fig. 2. This has two positions marked io in. and 12 in. and adapts
the stationary horizontal plate to the size
of the records loaded on the magazine.

time from the magazine on to the turntable, but it is not involved in the normal
automatic running of the machine. When
loading the magazine, one record can be
placed on the turntable and any number
up to ten records in the magazine. The
magazine is then lowered into position
and the machine is ready to work.
How the Pick-Up is Placed on the Record.
Switching on the main switch then
starts the turntable motor. After a slight
pause the pick-up is swung into position
-and starts on the outside of the record.
The pick-up is then lowered on to the
record, which then moves in a normal
manner.
At the end of the record, the pick-up
is raised and swung clear of the turntable.
After a slight pause the tripping mechanism
is released and drops the next record into
position. In due order the pick-up is then
swung back to the beginning of the record,
lowered into place, and played through.
This continues so long as the main switch
is left on.
What Happens When the Magazine is
Empty.
When the magazine is empty, the pickup still continues to play the last record
until the main switch is turned off ; but
should the main switch be switched off
before the record has finished playing, it
will continue playing the record before
coming to rest, so that the pick-up is not
left on a half-played record.

Loading the Magazine.
As the magazine is being loaded, it is
also necessary to set the pick-up control
lever to the corresponding position, either
10 in. or 12 in., as shown at the side of
Fig. 3. This regulates the position at
which the pick-up is dropped on to the turntable, which, of course, naturally varies
with the size of record which is being
played.

Rejecting a Record.
If at any time it is desired to reject a
particular record which is being played, all
that it is necessary to do is to press the
button marked " Reject." This first
shorts the pick-up so that the sound of the
record ceases immediately and brings into
operation the normal " end of record "
mechanism, raising and swinging the pickup and releases the next record and carries
on automatically.

Releasing the Push-off Device.
The lever seen in Fig. 2 provides an
independent manual control for releasing
the push-off device. This is intended
finally for unloading the records, one at a

Repeating a Record.
If on the other hand, it is desired to
repeat the record which is being played,
it is only necessary to lift the magazine to
an upright position. This prevents the
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records in the magazine from being
released.
Used either as a magazine device or as
a player of single records, the Capehart
changer is a remarkable, simple and convenient instrument, and it is certainly a
great advantage to be able to load up ten
or eleven records and leave the whole to
run through with no more effort than is
involved in listening to a continuous radio
programme.
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by three bolts, and mounted on rubber
cushions.
The brace over the turntable spindle
which is bolted to the base plate serves as
an excellent gauge for aligning the motor
in the centre.
When removing the two screws that
hold the turntable locating plate over
the turntable spindle, preparatory to
operating the instrument, be sure that
the locating plate lines up with the holes

Fig. 2.—THIS SHOWS THE ACTION OF THE MAGAZINE.
The central fixed spindle is hooked at the end and the records are placed on the spindle held by two
spring attachments at the edges of the records.
So that the reader may be fully acquainted with this device, the complete description of the mechanical construction is given
in detail, and also the necessary adjustments should the reader ever be called
upon for service or repair, as many of the
manufacturers have adopted this recordchanger in their standard radio-gramophone.
SERVICE DETAILS
FOR CAPEHART RECORD-CHANGER.
Assembly of Motor to Base Plate
(Model 10-12-C).
The motor is attached to the base plate

that the screws have been removed from.
If the motor has become shifted in transit
there will be a tendency for the holes in
the locating plate and base plate to be
imperfectly lined up.
In this case it is necessary to loosen
slightly the three bolts holding the motor
to the base plate and shift the motor to
such position that the holes in the brace
and the base plate align perfectly, and
while the brace is still in place, tighten
the suspension bolts to hold the motor in
that particular position. The brace must
then be removed before the turntable is
mounted on the shaft.

1136

RECORD-CHANGING ELECTRIC GRAMOPHONE MOTORS

The Turntable.
In placing the turntable on the shaft,
be certain that the rubber driving washer
is in proper place with clips over the
spindle pin.
After the turntable is put on the shaft,
force it down by hand to be sure that the
rubber washer and turntable are making
perfect contact.

the motor by either of the suspension bolts
being too loose.
Tone Arm Adjustment.
Pick-up change lever No. 5509 in Fig. 3
is for changing the instrument from io-in.
to z2-in. record operation and vice versa.
The lever changes the position of the
pick-up return lever in such a manner that
the needle is let down
for the ro-in. or the
r2-in. record, as desired.

Fig. 3.—TOP VIEW OF THE AUTOMATIC RECORD CHANGER.
The turntable has been removed to show the adjustment of the
speed regulator lever.

To level the turntable, place a straight
edge across the turntable and adjust the
three suspension bolts holding the motor
to the base plate until the same distance
is obtained from the bottom edge of the
straight edge to the base plate near the
three points where the suspension bolts are
located.
This measurement should be approximately H- in. This adjustment must be
made so that there is no free movement of

(1) For 10-in. Records.
To adjust for playing
io-in. records, loosen the
forward lever stop
No. 5526 and hold the
lever in such a position
that the needle will come
down on a ro-in. record
exactly 411-in. from the
edge of the centre pin.
(A scale should be placed
on the record with the
end of the scale against
the centring pin in such
a position that the needle
point will come down on
the scale at the 4n-in.
position.)
When the proper
location of lever No. 5509
is ascertained, then the
front stop may be set
snug against this lever
and the screw tightened,
which will allow the lever
always to be thrown over
to that exact position
when desiring to play
10-in. records.

(2) For 12-in. Records.
To adjust for playing 12-in. records,
loosen the back lever stop No. 5527
and hold the lever in such position that
the needle will come down exactly 541- in.
from the edge of the centring pin. (A
scale should be placed on the record with
the end of the scale against the centring
pin in such position that the needle point
will come down on the scale at the 5H-in.
position.)
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What to do if this Adjustment is Incorrect.
If unable properly to adjust for either
io-in. or 12-in. records by the above
method, make the adjustment as nearly
correct as possible, then refer to instructions on tone-arm bracket lever adjustment, making certain the adjustment is
correct.
Then loosen the lock nut holding the
adjustment screw on the tone arm return
lever No. CA5687, Fig. 4, and turn the
adjusting screw either in or out, as required, to bring the needle to the proper
location for the size of the record. It will
then be necessary to readjust the lever
stop which was originally set in position
for the other size record.
The lever stop screws must be set tight
so the lever stops will not be jarred out of
position as the lever is thrown from one
position to the other.
Adjustment of Pick-up Weight.
Make this adjustment while the music
is being played, and only one record is
on the turntable. With a delicate pair
of scales, having a range of o to 12 ozs.,
catch the needle screw and lift the pick-up
from the record until the audio quality
breaks, at which time a reading of 51 to
6 ozs. should be shown on the scales.
Raising or lowering the spring support
No. 5575, which is affixed to the tone arm
lifting rod No. 5553, adjusts the weight
of the pick-up.
Governor Adjustment.
If the turntable speed cannot be regulated to 78 r.p.m. by the speed control
lever located under the turntable, then
loosen the set screw holding the governor
to the governor shaft and move the
governor either in or out respectively,
to increase or decrease the speed of the
motor.
This adjustment must be made when the
speed control lever under the turntable
is in the centre position.
Do not, under any conditions, change the
adjustment of the end thrust bearing
screws.
An occasional drop of oil on the governor
brake will assist in maintaining a constant
speed.
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ASSEMBLY AND ADJUSTMENT OF OSCILLATING AND SPIRAL TRIP LEVER
AND PICK-UP SILENCER.
To time the automatic switch so the
instrument will automatically trip and
change records, proceed as follows :—
First.—Thoroughly acquaint yourself
with the different part numbers.
Second.—Study the photographs carefully and note the relative location of the
various parts.
Third. Complete each of the following
operations before going on to the next
operation.
Operation No. 1.
Turn the master cam No. 5504 until
the large timing mark is exactly above
the timing mark on the tone arm lifting
lever No. 5761.
Operation No. 2.
Hold the switch lever and cam assembly
No. 5612 against the driven clutch No.
5616, so the radius of the cam will centre
against the clutch. (Be sure that cam
No. 5612 is directly under the driven
clutch No. 5616.)
Operation No. 3.
Set the pick-up silencer switch No. 564 3
against the casting bearing so the shaft
of cam No. 5612 cannot be moved farther
toward the automatic switch.
Operation No. 4.
Hold the tail of the cam No. 561 2
against the lug on the inside of the master
cam No. 5504 and adjust the trip lever
No. 5611 until it is in. beyond the catch
in the oscillating trip lever No. 5657.
(This adjustment is made while the tail
of the cam No. 5612 is held against the
outside of the lug inside the master cam
No. 5504.)
Operation No. 5.
Care must be exercised to have the end
play of the oscillating trip shaft just free.
This is taken care of in adjusting the
pick-up silencer switch No. 5643, so a good
contact is made on the pick-up short
circuiting switch when the needle is on the
record and the automatic switch has been
tripped.
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After the pick-up silencer switch No.
5643 has been set according to the above
instructions, the resetting of the automatic trip should allow the contacts on
the pick-up silencing switch to open.
If the above operations are followed
out in detail and adjustments properly
made, the clutch will automatically disengage when the pin on the clutch No. 5616
has travelled approximately one-half of the
distance of cam No. 5612.
At the time the pin has travelled onehalf of the distance of the clutch release
cam, the small timing mark on cam No.
5504 should be exactly above the timing
mark on the tone arm lifting lever No.
5761.
Adjustment of the Spiral Trip Cam.
To adjust the spiral trip cam, turn the
master cam No. 5504 until the small
timing mark is exactly above the timing
mark on the tone arm lift lever No. 5761,
at which time the automatic trip can be
manually reset or tripped at will.
Lay a steel scale, graduated in 64ths,
flat on the record under the pick-up,
with the end of the scale against the
turntable spindle in such position that the
needle rests on the scale. By sliding the
needle toward the centre of the record,
the spiral cam should cause the automatic
trip to operate when the point of the needle
is
in. from the edge of the turntable
spindle.
If the automatic trip operates before
the needle has come to 1t-.1 in. position,
then the spiral cam is set too far ahead
and must be moved very slightly back;
while, if the needle comes closer to the
turntable spindle than
in., then the
spiral cam is set too far back and must be
set ahead to the proper position.
Effect of Incorrect Adjustment.
Failure properly to adjust the spiral
trip cam to the automatic trip operates
when the needle is IR in. from the edge
of the turntable spindle, will cause the
instrument to change records before the
music is finished, or not to change records
automatically.
To adjust the spiral trip cam No. 5529,
slightly loosen the two screws holding the

cam to automatic switch lever No. 5657,
and pry the cam forward or back as
required to obtain the proper setting.
To test the position of the spiral cam,
it is necessary to carry the pick-up back
to the edge of the record each time to
reset the automatic trip manually.
Assembly of Trip Bracket to Base Plate.
The automatic trip bracket No. CA5742
is mounted to the base plate by two nickelplated bolts and lock washers.
The end the bakelite panel is mounted
on is to be mounted toward the front
of the base plate in such a manner that
the bearing aligns perfectly with the bearing in the drive bracket. The final alignment can be made when the trip lever
shaft No. 5612 is being installed and adjusted.
Tone Arm Bracket Lever Adjustment.
Set lever No. 5509 to io-in. record
operating position, and slightly loosen the
clamp screw holding the bracket lever
No. 5704 to the bracket under the tone arm
base, and turn the bracket lever to such
position that the slot, where the bracket
lever clamps together around the bracket,
is exactly centred on each side of the
aligning notch cut in the lower rim of the
bracket.
Then lay a scale, graduated in 64ths,
on the turntable, placing the end of the
scale against the turntable spindle in such
position that, when the needle is automatically let down, the point of the needle
will come to exactly 411i in. from the edge
of the turntable shaft.
If the needle does not automatically
come down at the 4U in. position, refer
to page 1136 and make final adjustment at
lever stop on lever No. 5509.
Care should be exercised to lock the
tone arm return bracket lever, allowing
.o15-in. clearance between the cork insert
and the tone arm base.
After the adjustment is properly made,
tighten the clamp holding the tone-arm
bracket lever No. 5704 in place, which
should leave ample clearance between the
cork insert and the tone arm housing
to allow perfect freedom of the tone arm
operation.
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If the needle fails to feed into music
groove, lift tone arm bracket lever No.
5704 tightly against tone arm housing
and manually move tone arm back and
forth to relieve any unevenness that might
occur on the face of the cork inset.
Assembly and Adjustment of Record
Magazine.
The record magazine pin No. 5555, must
be tightened in the elongated hole in the
magazine top plate No. A5736 in such a
manner that the offset at
the bottom of the pin
extends directly away
from the record support
shelf.
The magazine pin must
also be adjusted to such
a position that exactly
4-in, clearance is obtained between the back
centre of the offset at
the bottom of the magazine pin, and the extreme
right and left corners of
the record support shelf.
This adjustment is to be
made when the record
magazine is in io - in.
playing position.

'139,

Assembly of Record Magazine and Standard to Base Plate, and Alignment
of Turntable Shaft.
Mount the magazine and standard on
the base plate with four bolts, tightening
the bolts only just enough to hold the
complete magazine assembly in position.
The magazine assembly must be so adjusted by shifting the standard on the base
plate to bring the offset at the bottom end
of the magazine pin exactly over the centre
of the point of the turntable spindle.

To Adjust the Record
Support Hooks.
First, throw lever
No. 5509 to the io-in.
position, and place a
io-in. record on the
Fig. 4.—UNDERNEATH VIEW OF THE AUTOMATIC RECORD
magazine pin, bringing
CHANGER.
the magazine down to
Note the lever for lifting the tone arm.
the playing position.
The record support hooks are adjusted
This adjustment cannot be made until
by bending to proper position.
the motor has been aligned according
The record support hooks must be kept to the instructions.
31g- in. from the edge of the record support
Enough clearance is allowed in the four
shelf and must be adjusted far enough holes to take care of this adjustment.
back just to clear the edge of a 10-inch
After the adjustment is made perfect.
record, as the record is released from the the bolts must be securely tightened with
record support shelf.
lock washers.
The record support hooks must also be
low enough to clear the bottom side of the Assembly and Adjustment of Record Slide
Shelf and Finger.
record, as it is supported on the magazine
shelf.
First, set the master cam No. 5504 so
The record support hooks should ()prate the lug on the cam at the side of the large
freely in either 10-in or 12-in position.
timing mark comes directly under the end
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of the record release finger No. CA.57o9.
The eccentric stud, No. 5563, affixed to
the main record release finger, controls the
adjustment of record release finger. Turn
the eccentric stud No. 5563 until the record
slide shelf No. 5521 is • g1T, in. past the front
edge of record support shelf No. 552o,
at which time it should be possible to
obtain a slight amount of clearance
between the end of the record release finger
and the point of the lug on the master

the record slide shelf while in the 10-in.
position, but comes low enough to hold
one record in proper position for the slide
plate to unload it on the turntable.
Assembly of Drive Bracket Assembly to
Base Plate and Motor.
The drive bracket No. 5651 must be
bolted to the base plate in such a manner
as to align the drive shaft with motor
shaft so the coupling is free. A flexible

Fig. 5.—ANOTHER VIEW OF THE CAPEHART AUTOMATIC RECORD CHANGER.
Note the switch, which is closed while the record is playing. The switch is connected in parallel
with the hand-operated switch.
cam without causing the safety spring
(which is a part of this lever assembly)
to give.
The two points on the record slide shelf
must come to the edge of the radius on
the record support shelf at the same
time.
Record Weight Adjustment.
The record weight, No. 5759, must be so
adjusted at the bearing pivot that the lower
edge of the record weight does not touch

coupling No. 5613 takes care of any minor
lack of alignment between the drive shaft
and the motor shaft, because of the motor
hanging on rubber cushions.
Assembly of Tone Arm Housing to Base
Plate.
The tone arm base is attached to the
base plate with three screws. This can
be mounted only in the proper position.
The two pivot screws holding the tone
arm to tone arm bracket must be so
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adjusted that the pick-up is free to come
down on the record by its own weight and
still the points of bearing must be in good
contact in such a manner that the tone
arm cannot be twisted from side to side.
To Adjust for Needle Playing Position.
Turn the master cam until the small
timing mark is exactly above the timing
mark on the tone arm lifting lever No. 5761,
at which time there will be no pick-up
weight on the tone arm lifting rod.
Then, without a record on the turntable, and the needle (of the length that is
regularly going to be used with the
instrument) properly inserted in the pickup, the " T "-shaped tone arm rest
No. 5534 should be adjusted to allow the
tone arm to lower to such a position that
the needle just clears the highest point
of the turntable surface. This adjustment
properly made will eliminate the possibility
of the needle damaging the turntable surface.
Tone Arm Lift Lever and its Adjustment.
Turn the master cam to such position
that the small timing mark is directly
above the timing mark on the tone arm
lifting lever No. 5761.
Without a record on the turntable, and
the needle in playing position, adjust the
one arm lift lever screw No. 62 until a
visiting card can be slid between the top
of the lever screw No. 62 and the lower
end of the tone arm lifting rod No. 5553.
Timing of Cam No. 5576.
To time cam No. 5576, turn the master
cam No. 5504 by hand, bringing the lug
near the large timing mark on the cam,
directly under the end of the record
release finger No. CA.5709.
Now hold
the master cam in position and turn cam
No. 5576 to the right until the corner of
the cam touches but does not raise the
switch contact lever on switch No. A.5732.
Care must be exercised that the switch
contacts on switch No. A.5732 make perfect contact when cam No. 5576 is away
from the switch lever, and when the cam
is in the down position
in. clearance is
maintained between the switch finger and
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the low side of the cam. This should
ensure a perfect contact at the switch
points.
It is important, in the adjustment of
cam No. 5576, that 4 in. clearance be
allowed between the back side of this cam
and the bearing through which the shaft
passes.
After the above adjustment is made,
check the instrument with one record on
turntable, by shutting current switch off,
and see that instrument comes to an
automatic stop position when the lug on
the master cam No. 5504 has completely
passed under the end of record release
finger No. CA.57o9. If the lug has not
entirely passed under the end of the
record release finger, then move cam
No. 5576 to the left as little as possible to
allow the lug to clear the cam when
instrument stops automatically with one
record on turntable.
Tone Arm Return Lever and its Adjustment.
The tone arm return lever No. CA.5687
is mounted on an eccentric pin with the
bushing extended downward. The tone
arm change and adjusting lever No. 5509
is mounted on the same shaft and located
on the top back left corner of the chassis.
The sharp point of the cam, which is a
part of the eccentric pin, is to be mounted
toward the tension spring which is affixed
to the base plate, so that when the lever is
thrown to 10-in. or 12-in. position the
spring will hold the cam in that particular
position.
The coil spring No. 5585 is attached from
the lug on the tone arm return lever to the
lug on the automatic trip bracket in such
a manner that the spring is held as far
down as possible by the lugs.
NOTE.—The adjustment screw found on
the tone arm return lever is covered in the
instructions and, after once being properly
set, should need no further adjustment.
Care must be exercised to have clearance
between the high point of the master cam
No. 5504 and the tone arm return lever.
Mounting and Adjustment of Rejector.
The rejector button is located at the
right of the tone arm and is for the purpose
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of discontinuing a record before it has
finished playing. With the automatic trip
set and the instrument playing music,
there should be T1E in. clearance between
the bottom of the reject pin and the lateral
pin affixed to the automatic trip lever
No. 5657.

If this distance is too great, it will not
be possible to reject a record. If this
distance is too small, the automatic trip
will not properly reset. Adjustment can
be made by carefully bending the lateral
pin to its proper position in relation to
the rejector pin.

WHAT HAPPENS IN A NEON TUBE ?
C node

T

HE neon
signs
which
are now coming
into such wide
use for advertising purposes
form an interesting example
of scientific research applied
to industry.
Geissler,
Crookes,
Faradayand
Fleming all
conducted researches on the
discharge
of
electricity
through tubes
containing
various gases
under low
pressures. As
a result of these
researches
it
was found that
neon possessed
properties rendering it peculiarly adapted
for use in large
tubes which
could be used
for advertising
signs.
These
were introduced
by Claude in
19to.
In the illustration :—
(a) shows the
effect contained

Negative
Glow

Anode

Faraday
Dark Spicer,

Cathode

by discharging
a direct current
through a tube
of neon gas.

Positive
Column
Anode

Faraday
Dark SPZACC

Crookes Dark Space
(Note Cathode Clow)

Positive
Column

(e)

(d)

t
(Research Laboratories of the G.E.C.).
DISCHARGES THROUGH NEON TUBES.

a and b show direct current effects ; c and d show alternating current effects.

(b) shows
how the
appearance of
the discharge is
altered when
the pressure inside the tube
is decreased.
(c) shows
the appearance
of the glow
when a high frequency alternating current is
applied to the
ends of the
tube.
(d) shows
how the high
frequency discharge can be
broken up into
discs by the
introduction of
a slight impurity.
Where low
frequency A.C.
is used, the
glow is practically the same
as for D.C.
The positive
column a n d
the negative
glow are interchanged at each
reversal.
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REPAIR OF ELECTRIC IRONS
By D. R. AuLD

Fig. I.—THE PRINCIPLE COMPONENTS OF AN ELECTRIC IRON.
A, flat, suitably shaped metal surface ; B, electric heating element ; C, cast-iron weight ; D, cover
with insulated terminals ; E, handle ; F, tilting stand ; G, socket ; H, flexible cord.

LL electric irons, with one or two
exceptions, are manufactured on
the same principle. They consist
of (a) a flat suitably shaped metal surface ;
(b) an electric heating element ; (c) a
cast-iron weight ; (d) a cover with insulated terminals ; (e) a handle ; and (f)
a tilting stand. By means of a suitable
socket (g) the flexible cord (h) is led from
the cover terminals to the source of supply
of electricity. (See Fig. I.)

A

Faults.
The most common faults arising from
the use of electric irons are (a) broken or
short-circuited flex ; (b) burnt-out element
and (c) burnt or corroded terminals.

The Flexible Cord.
The flex used should be of first-class
quality (2,500-megahm grade), preferably
of the round asbestos braided type and of
ample carrying capacity. Where possible,
a 3-core flex should be used as a safeguard
against shocks due to short-circuiting in
the iron itself, one end of the extra core
being connected to the iron cover and the
other end to the third (or thick) pin of a
3-pin plug. Where the iron is being used
off the lighting circuit by means of the
usual adapter this course is, however,
unpracticable.

Fitting New Flex.
When fitting a new length of flex, only
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Fig. 2 (Left).—
How TO FIT A
NEW ELEMENT TO
AN ELECTRIC IRON.
The cover can be
removed by unscrewing the nuts
holding the strips
from the element
on to the terminals. The two nuts
A are removed so
that the top weight
can be lifted away,
leaving the element exposed.

Fig. 3 (Right).—
A NEW TYPE OF
IRON WHICH DOES
AWAY WITH THE
CHIEF SOURCE OF
TROUBLE,
THE
FLEXIBLE CORD.
This iron is called
the
Donaldson
wireless iron and
this photograph
shows the commercial type. The incoming cable is
taken to an insulated block in the
interior of the
stand, and thence
through two brass
springs to the
carbon contacts,
which are pressing
on another slotted
insulating block.
The terminals of
the iron are placed
at the extreme end,
and project horizontally instead of
the usual semivertical.
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approximately two-thirds of the braiding
should be cut off, the remaining portion
can be pushed back till the required
length of rubber-covered wire is exposed.
The rubber covering should only be
stripped off the exact length necessary to
make the eyelet, etc., for attachment to
the plug or socket at the iron end, thus
obviating any chance of shorting due to
unnecessary exposed wire. A small piece
of black insulating tape should now be
wound round the end of the braiding ;
this in turn is held firmly in place by the
socket when the two halves are screwed
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pull out by gripping the insulated plug
body.

Fitting New Element.
When the iron itself has to be dismantled for the fitting of a new element
or new terminals, the two nuts or set screws
holding down the handle should first be
unscrewed and the handle removed. The
cover can now be lifted up at the tip of the
iron and the back of the terminals exposed. The nuts holding the strips from
the element on to the terminals should
now be unscrewed when the cover can be

Fig. 4.—THE DONALDSON WIRELESS IRON FOR DOMESTIC USE.
As explained in Fig. 3, this iron does away with the use of flexible cord.

together, or gripped by the upper portion
of the metal covering if the socket is of the
porcelain type. At the supply end, if a
plug is used, the type having a side entry
is to be preferred as the braiding can
again be firmly gripped when the plug is
assembled.

Use of Cable Reel.
In commercial work a light spring cable
reel or counterweight fining is often
provided to take up the Wk cable. This
not only helps to prolong the life of the
cable by preventing kinks but also keeps
the cable from interfering with the efficient working of the iron.
Breakage of the cable is chiefly caused
by pulling out the plug, or socket, at the
iron end, by means of the cable. Always

completely removed. (See Fig. 2.) With
some irons, i.e., the Cosmos, etc., the
terminals are Mounted on a separate
block which is held on to the cover by two
screws which pass through the tilting
stand ; if these two screws are undone
the cover can be removed, leaving the
terminals still attached to the element
strips.
The two nuts holding down the top
weight are now exposed (see A in Fig. 2),
and on removal the top weight can be
lifted away, leaving the element exposed.
The element is rather fragile, being made
up of special resistance wire or tape
wound round a suitably shaped mica
former and then covered on either side
with a sheet of mica. The element should,
therefore, be carefully removed and
0

1146

REPAIR OF ELECTRIC IRONS

examined for breakage in the wire. If
broken a new element of the correct
voltage and shape should be procured
from the manufacturers of the iron
(always state the serial number usually
found on the nameplate fixed to the
handle).
Reassembling the Iron.
The iron should now be reassembled by
first placing the new element in position
and then laying on the top weight and
screwing down tight. The small strips
from the element should now be fastened
to the terminals on the terminal block or
cover as the case may be, and the cover
replaced. Great care must be taken to see
that these strips are bent into such a
position that they will not touch any
part of the iron when the cover is fitted.
The handle and tilting stand are now
replaced when the iron is ready once more
for use.
The Terminals.
Corroded or burnt terminals are caused
by the socket fitting too loosely. If not
too badly burnt, they may be scraped or
filed, but if badly damaged new terminals
should be purchased from the manufacturer and fitted in position. The spring
contacts in the socket should then be
adjusted with a pair of pliers till a firm

contact with the terminals is obtained.
Special Types of Irons.
An iron has recently been placed on the
market designed specially to meet the
chief source of trouble, i.e., the flexible
cord. This iron, called the Donaldson
Wireless Iron, is manufactured in two
types, commercial (Fig. 3) and domestic
(Fig. 4). In both cases the incoming cable
is taken to an insulated block in the
interior of the stand and thence through
two brass springs to two carbon contacts
which are pressing on another slotted
insulating block. The terminals of the
iron are placed at the extreme end and
project horizontally instead of the usual
semi-vertical. On placing the iron on
the stand it slides down the sloping portion
and the terminals pass through the slotted
insulated block and make electrical contact with the carbons—thus the iron is
heated in the ordinary way. Provision is
made for earthing these stands in the
ordinary manner, thus making the whole
absolutely foolproof and safe.
The chief advantages of these irons are
(a) complete freedom of movement due to
the absence of flexible cord on the iron ;
(b)freedom from danger due to shorting or
breaking of the flex ; and (c) saving in
current as no current is used while the iron
is off the stand.

QUESTIONS AND ANSWERS
What are the most common faults arising
from the use of electric irons ?
(I) Broken or short-circuited flex.
(2) Burnt-out element.
(3) Burnt or corroded terminals.
What flex should be used for irons ?
2,500-megohm grade, preferably of the
round asbestos braided type and of ample
carrying capacity.
How can shocks due to short-circuiting
in the iron itself be prevented ?
By using a 3-core flex, one end of the
extra core being connected to the iron

cover and the other end to the earth pin
of a 3-pin plug.
How would you fit a new element ?
(I) Remove the handle.
(2) Lift up the cover so that the back
of the terminals is exposed.
(3) Unscrew the nuts holding the strips
from the element on to the terminals so
that the cover can be completely removed.
(4) Unscrew the top nuts holding down
the top weight.
(5) Remove the top weight.
(6) Remove the broken element, and
insert a new one.
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ACCUMULATORS
FOR CAR ELECTRICAL EQUIPMENT, WIRELESS
AND OTHER PURPOSES
By E. HILL
TYPES OF BATTERIES
FOR DIFFERENT
PURPOSES.
TORAGE batteries
are in general use
for a great variety
of purposes and the
table on page 1148 gives a
selection of these with
range of capacities and
types of cell.
In addition to these
uses, extensive use is
made of batteries for railway signalling, electric
generating stations as reserve supply, submarines,
lifeboats and other marine
craft, and hand lamps.
The notes regarding storage and first charge relating to automobile work
apply to batteries for any
other use.

TeRh-frNALs
LEAD
PLATES
MOE XNEE)

S

Maintenance of Lead-acid
Cells.
The maintenance requirements of any leadacid cell are :—
The cell must not remain in a discharged condition.
Have the cell charged
whenever the voltage has
dropped to 1.8.
Keep the cell clean and
dry.
Top up with distilled
water at regular intervals.
Test the specific gravity
of the electrolyte periodically.

D/LUTE
5ULPHVAVC
AC/D
CONTA/NER
Fig.

I.—THE SIMPLEST FORM OF
ACCUMULATOR.
Two lead plates immersed in dilute
sulphuric acid form a simple accumulator. If a current is sent through in
either direction, one of the plates becomes coated with lead oxide. When
the cell is discharged the oxide returns to its original state of metallic
lead. The capacity of such a simple
cell would, however, be far too small
for practical purposes. It is, however,
interesting to note that all the modern
types of lead accumulators have been
developed from the above simple cell.

Dynamo
Battery
Fig. 2.—THE SIMPLEST BATTERY
CHARGING CIRCUIT.
Note that the positive of the dynamo
is connected to the positive of the battery during charging.

Lamp
Battery
Fig. 3.—A SIMPLE DISCHARGING
CIRCUIT.
Note the direction of flow of the current with reference to the positive and
negative terminals of the battery.

Keep the terminal connections clean and tight.
Maintenance of Alkaline
Cells.
For alkaline cells the
instructions are :—
Keep the cells clean and
dry.
Top up with distilled
water regularly.
Test the voltage and
the specific gravity of the
solution at intervals.
Keep the terminal
connections clean and
tight.
Types of Cells Compared.
Each type of cell has
its advantages. The leadacid battery has a rather
higher efficiency in a.h.,
a lower internal resistance, is less affected by
low temperatures, and is
less liable to selfdischarge. Whereas the
nickel-iron battery has
a greater capacity per lb.
of weight, requires less
maintenance and has a
longer life under normal
conditions.
Most satisfactory results are likely from the
lead battery given skilled
attention, but when the
attention is liable to be
neglected, the alkaline has
the advantage, and will
also withstand higher
temperature than the
lead type.
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TABLE SHORING TYPES OF BATTERIES FOR
DIFFERENT PURPOSES.

Calculating the Running Load.
Allowing 3 amps. for each head lamp,
Purpose.
Volts.
Type of Cell.
amp. for each side, tail and dash lamp
Radio L T. ..
2 to 6
so to 3o a h. Lead acid
and
amps. for the ignition coil, a
Radio H.T ..
ro to 6o
1 to 5 a h. Lead acid
Motor-cycles
6
ro to 35 a h. Do. and N.I.
running load of oi amps. is arrived at
Pleasure cars
6 or 22
3o to 12o a h. Lead acid
during lighting periods. This load should
Lorries
and
vans
..
6 or 12
30 to 120 a.h. Lead acid
be balanced by the generator output
Passenger
coaches ..
12 or 24 rio to 24o a.h. Lead acid
during running times and a small margin
Passenger
left to keep the battery charge up.
coaches ..
12 or 24
35 to 14o a h. Nickel iron
Train lighting
24
90 to 300 a.h. Lead acid
Allowances must be made for the interHouse lighting
5o
90 to 30o a.h. Lead acid
Electric
mittent loads required for starting, horn,
trucks
8o
6o to 36o a h. Lead acid
screen wiper and stop light, and also for
Electric delivery vans
6o
75 to 450 a.h. Nickel iron
standing time with lights on. A further
time factor or safety factor
NOTES ON CAR
is advisable to cover the
Ifkiaaza 1344/...
BATTERIES.
time occupied in completing
The starting load on a
a journey after a breakcar battery may be anydown of the generator.
thing up to 600 amps.
Summing up these various
momentarily, rapidly defactors, i.e., running load
GLASS
creasing to about 3o per
with lights on—A• amps.
BODY
cent. of the stalled current
plus ris amps. allowance for
when the engine is turned
horn,
screen wiper and stop
GRADUATED
at firing speed, say 120 r.p.m.
lamp, plus 4 amps. starter
5rz.44
This load may only be on
motor allowance, a total of
for 5 seconds or so when
15 amps. is arrived at, so
the engine is warm, but
FLOAT
that a 75 a.h. battery would
may be for 20 -to 3o seconds
provide a safety factor of
when the engine is cold.
/4C/0 DA'APYA,UP approximately 5 hours at
full load starting from a
FROM CELL
Discharge.
fully charged state.
It will readily be appreciated that frequent deSTORING AND PUTTING
mands on the battery for
BATTERIES INTO
starting operations quickly
TUBE
COMMISSION.
exhaust the available
Capacity.
capacity. With a normal
fully charged 75 a.h. starter
In speaking of the capabattery upwards of 120 discity of a battery this is
charges of ioo amps. for 5
generally understood to
second periods, with io
mean the capacity at the
Fig. 4.—HYDROMETER FOR
seconds interval between TESTING ACID STRENGTH OF io-hour rate. That is to
each discharge, can be obsay that a battery of 75 a.h.
BATTERIES.
tained before exhausting
would provide a current of
the battery, these conditions approxi- 7.5 amps. for io hours in discharging
mating to starting conditions with a from a fully charged state to a fully
free or warm engine. On the other hand discharged state, which latter is cononly ro to 15 discharges of ioo amps. for sidered to be when the voltage per cell
3o-second periods and 3o-second intervals has dropped to i.8. American practice
are probable under tight or cold engine favours the 20-hour rating, which shows a
starting conditions. A smaller battery- capacity of approximately io per cent.
would necessarily give a less number of more than the capacity at the io-hour
heavy discharges, whilst a larger battery rating. In comparing the relative value
would give more or stand higher discharge of batteries this factor should be borne in
rates.
mind, and adjustment made where the
Capacity
Range.

ACCUMULATORS

ratings are different, in order to arrive at
the true relative capacities. Discharges
heavier than the to-hour rating reduce the
overall capacity, for instance, a battery
of 75 a.h. at the io-hour rate will only give
about 372 a.h. at the 1-hour rating.

manufacturers in
regard to the first
charge should be
strictly followed,
and that the
battery be put
into active service as soon afterwards as possible.
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Thick or Thin Plates—And Their Effect
on Capacity.
The thickness of the active layer has
a great influence upon the capacity. If What to do when
the active substance is distributed in a
Storing a A
thin layer with large surface (such as in
Battery.
a starter battery used in motor-cars)
When it is
the acid can more easily penetrate into
necessary
to stor e
the plate than when the active material
Fig. 5.--DIAGRAM OF
is in the form of a thick plate with a small a battery after TRANSFORMER
AND
surface, such as are used for wireless first charge, it is
METAL RECTIFIER.
reception, etc., therefore the elements good practice to A and C represent
with thin plates have a considerably discharge the terminals on input side,
B and D represent
greater capacity than such of like weight battery through positive
negative terwith thick plates. Starter batteries, a resistance or minals onand
D.C. side of the
therefore require more careful attention lamp load, then rectifier.
recharge,
during their useful life than any other to
following this up
battery, owing to the stresses of heavy with
boosting charges at fortdischarges, when for instance the starter nightly periods. After a battery is inswitch is closed to start an engine from cold. stalled on a car, further care is necessary
How a Battery is to cover any period of warehousing by the
car manufacturer or agent, and the boostDelivered.
Batteries are ing charges should be continued at regular
usually delivered intervals until the car is put into service.
dry, i.e., before being The battery should be inspected regularly
filled with electrolyte. during this period and distilled water
A
In this state, they added to the electrolyte as necessary to
can be stored inde- keep the acid level above the tops of the
Fig. 6. — METAL finitely, but should be plates.
kept in a cool, dry
RECTIFIER UNIT.
Filling a Battery with Acid.
Showing similar room. Owing to the
arrangement to Fig. 5. weight of the plates
The acid solution consists of pure
it is inadvisable to brimstone sulphuric acid diluted with
store batteries one on another, and if floor distilled water to the required specific
space is limited adequate shelving should gravity. Instructions regarding the corbe provided. After a battery has been filled rect specific gravity are usually attached
with electrolyte and given its first charge, it to the battery, and should be carefully
is necessary that it should receive regular followed. The density specified has a
attention. Delay in putting
a battery into service after
the first charge may cause
serious harm and reduce A.0 frfa/n.s
the life of the battery con- --e/
Batteries
- charged 1
siderably unless measures are
- /n Series
taken to recharge the cells
from time to time. It is of
the utmost importance that
Fig. 7.—DIAGRAM OF CHARGING SYSTEM USING METAL
RECTIFIER.
the instructions of the
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Batteries
charged
in Series

acid should be tested
periodically as impurities in it may lead to selfdischarge, heating and
other battery troubles.

First Charge.
The first charge is of
critical importance to
the life of a battery,
Fig. 8.—DIAGRAM OF CHARGING SYSTEM USING VALVE RECTIFIERS.
and the manufacturers'
instructions should be
direct bearing on the battery condition, followed implicitly. The usual period is
and acid of too low a density will reduce 36 hours and the charging rate that of
the capacity whilst too high a density about half this period. The period and
decreases conductivity and sets up heating rate vary with different makes of cell,
and local action in the plates. The specific and depend on the formation of the plates
gravity is affected by a rise or fall in the and the density of the solution used.
temperature of the acid solution, and an During the charge the temperature of the
appropriate correction must be made electrolyte should be kept below roo° F.,
before using the acid.
and if this figure is exceeded the charging
Density is normally stated as at 6o° F. rate should be seduced or the charge susTo correct for temperatures above 6o° F. pended until normal temperature is readd .002 to the specific gravity for every gained. High temperatures cause the active
5' F. For temperatures below 6o° F. material in the grids to expand and to
deduct .002 for every 5° F., to obtain the loosen, resulting in flaking, loss of capacity
requisite equivalent gravity at 6o° F.
and shorting of the plates. Batteries will
For cells in which the separators are give much better service and last longer
wood it is necessary to make an allowance it the temperature during charge or disfor the moisture content of the wood ; charge periods is kept within the limits of
this type of separator being kept in a wet 70° F. and 9o° F. At the end of the
condition for storage.
charging period the cells should be gassing
freely and the density of the acid have
How to Dilute Acid.
attained a maximum value. The vent
Pure brimstone sulphuric acid is sup- plugs should be removed during the first
plied in carboys and can be obtained charge, to allow the gas generated to
broken down to any specified density disperse. This gas is highly inflammable
required for battery electrolyte, but as and explosive and on no account should a
this density may alter owing to evapora- naked flame be allowed to be brought
tion, it is preferable to dilute the acid as near to the cells.
and when required. In mixing the solution, glass glazed earthenware or lead Nickel-Iron-Alkaline Batteries.
The nickel-iron-alkaline battery as used
vessels should be used. The water
must be poured in first, and the acid
Variable
added gradually, stirring meanwhile
Resistanc....;
with a glass rod. Violent and dangerous splashing of the acid is liable D.CMains
to occur if water is poured into acid.
A new battery should not be
filled with solution until ready for
charging, and before filling, the acid
should be cooled to atmospheric
temperature. After filling, the
battery should be allowed to stand Fig, 9.—DIAGRAM OF CHARGING SYSTEM WITH RESISTANCE CIRCUITS IN CASCADE.
for 12 hours, before charging. The
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Batteries
charged
in Series

A.C. or.
D.C. Mains

Motor-Generator
4(

Field
Regulat

4
Main / Fuses
Switch

Fig. I0.—DIAGRAM SHOWING CHARGING PLANT WITH MOTOR GENERATOR.
Charging by means of a rotary transformer is similar to the above except that the motor generator
is substituted by a single machine.

used for lighting and starting purposes on
commercial vehicles, is capable of withstanding a considerable amount of neglect
and rough usage. The state of charge
when the cells are stored is not of very
great importance, but the best conditions
are maintained if the cells are fully charged
and then half discharged before storing.
The electrolyte consists of a solution of
potassium hydrate in distilled water and is
supplied at the correct density by the
battery manufacturer. The specific gravity
does not alter with the state of charge and
gassing is not an indication of full charge.
Temperature of the Alkaline Solution.
The temperature of the solution is an
important factor and should be kept within
similar limits to that of the lead-acid type.
Acid must not be allowed on or in an
alkaline cell and considerable damage will
result if this is permitted. Hydrometer
tests are useful in determining whether a
change of electrolyte is desirable. These
tests should not be taken during a
charge, nor after adding distilled water
for topping up until after a further charge.
The temperature of the solution should
be noted and corrections made to obtain
the density readings at 6o° F.
The
correction constant is .0025 for each 10° F.
variation, and this amount should be
added to the density readings for temperatures above 60° F. and subtracted for
temperatures below that value.
The

normal specific gravity of the solution used
in Ni-Fe cells is 1.190. This density will
gradually decrease during the charge and
discharge operations over a period of
about 12 months until a specific gravity
of 1.170 is reached. At this point the
battery will have lost its efficiency and the
electrolyte should be emptied out and
renewed. The normal density of the
solution as used in Edison storage cells is
1.200 and when this decreases to 1.160 it
should be renewed. Alkaline cells must not
be allowed to stand empty. Glass or
enamel-ware should be used for filling
purposes and vessels previously used for
acids must not be allowed to come in
contact with the solution.
Defective vent plugs may cause excessive swelling of the steel cell cases and the
plugs should be tested periodically to
ensure that efficient ventilation is maintained.
Charging Vol' age of Alkaline CeI's.
The charging voltage of alkaline cells
commences at 1.4 volts and rises to 1.8
volts per cell, so that it is necessary for
the charging voltage of the D.C. supply
to be not less than 1.85 times the number
of cells charged in series.
The first charge
must be at the normal current for double
the normal period. On discharge, the
voltage of this type of cell should not be
allowed to drop below 1.0 volt per cell.
When the cells are charged the cases are
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supply exists it
will be necessary to install
a D.C. generator
which may be
driven from any
running sh a f t
line if sufficient
power is available, or by any
prime mover
such as a steam,
gas, petrol or oil
engine. Compact
self-contained
charging sets are
manufactured in
various sizes.
The current
applied to the
terminals of a
battery for
charging purposes must be
D.C. so that
when charging is
from A.C. mains,
the current must
be rectified to
D.C. before it can
be used for this
purpose. Several
methods of rectification are possible viz.:—
(1) The motor
generator in
which the motor
is run off the
Fig. 11.—A TYPICAL BENCH AT A CHARGING STATION.
A.C. mains and
Showing two charging boards fed from the D.C. mains supply.
the generator is
wound to give
electrified and short circuits will occur if D.C. at a voltage suitable for the method
contact is made between them by metal of battery charging employed.
spanners used for tightening terminals or
(2) The metal rectifier of the copper
for other purposes, and extensive damage oxide type.
may result. The same types of charging
(3) The thermionic valve rectifier.
equipment described for acid cells can be
(4) The rotary or commutating type of
suitably applied for charging alkaline cells. rectifier.
When the mains supply is D.C. the
CHARGING SYSTEMS.
charging circuit may be obtained by the
The choice of a system of battery use of :—
(1) Resistance boards having either
charging depends on whether electric mains
supply is available and if so, whether this lamps or wire resistances to reduce the
supply is A.C. or D.C. Where no electric mains voltage to a suitable value.

1153

ACCUMULATORS

(2) Rotary transformers.
(3) Motor generators.
The following paragraphs give a brief
summary of the advantages or disadvantages of the charging methods mentioned
above, as they are dealt with more fully
later in the article.
THE MOTOR GENERATOR.
The motor generator for use on D.C. or
A.C. mains is probably the most popular,
and is applied in two ways :—

battery is in a normal state, and owing to
the graduated charge it is possible to use
higher currents and so reduce the time
required to complete a charge. Batteries
of various capacities can be charged at one
time and disconnected without any adjustment of the charging rate being necessary.
The charging circuit is of low voltage,
S or 16 for car batteries, and therefore
there is no risk of shock on the output side.
Disadvantages of the constant potential
method occur when new or sulphated
batteries have to be dealt with. Long
period charges at low currents are necessary in these circumstances and the constant potential system is not readily
adaptable to these conditions. Supplementary means, consisting of resistance
leads, can be obtained for the purpose, and
allow for suitable reduction of the current.

The Series Method.
(I) The series method in which the
batteries to be charged are connected in
series, i.e., the positive of one battery is
connected to the negative of the next, and
so on. For large sets this method has the
advantage of low first cost and provides
a reliable charging supply,
4545E8040
AMMETER (B POLAR/TV /NO/C4TOR)
especially for battery first
charge and for restoring sulphated batteries. The current
*>.
is constant throughout the
charge unless the regulator is Pt ei0
ct
11 h
adjusted by hand, so that
,
DUMMY
e e
cd — SOCKETS
some attendance is necessitated.
Disadvantages are that only DOUBLE
LA/tip
56c irErs
batteries of similar charging POLE 4,14/N
rates can be adequately
charged on the same circuit so
12.—SIMPLE FORM OF CHARGING BOARD FOR CHARGING
that it is necessary to group
BATTERIES FROM D.C. MAINS
batteries of similar capacity Lamps removed
lamp sockets may be safely stored
and make up separate circuits. by plugging into thefrom
dummy sockets. See also Fig. 13.
The motor generator also requires a certain amount of
maintenance, high speeds being usual, When used in conjunction with a bus bar
with resultant wear of brushes, commu- type of ammeter, these special leads are
effective, but attention is necessary to
tators and bearings.
avoid the overheating and other damage
The Constant Potential Method.
which careless charging of defective cells
(2) The constant potential method in
may engender.
which the batteries to be charged are
connected in parallel across the bus bars Thermionic Valve Charges.
Charging sets embodying thermionic
of the charging system. In this type of
valves
and others with copper oxide rectisystem the voltage is set at the fully
fiers
have
recently been developed. The
charged voltage of the battery and kept
series
method
of charging is employed
constant. As the back E.M.F. of the
and
the
sets
are
simple
in operation, of good
battery increases during the charging
electrical
efficiency
and
are noiseless and
period, the current gradually drops. The
occupy
little
space.
The
primary cost is
current is therefore at a maximum at the
rather
high,
but
upkeep
is
inexpensive.
commencement of a charge and at a
min'mum at the end. This provides Rotary Rectifiers.
excellent charging conditions when the
The rotary rectifier as applied to charg-

es
zzizicz
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LAMP Soceers

SW/TCHES
Fig. 13.—ADAPTATION OF THE ARRANGEMENT
SHOWN IN FIG. 12.
Switches are provided so as to save removing
the lamps.

ing sets also employs the series method of
charging and has similar characteristics
to the motor generator or rotary transformer but has rather higher electrical
efficiency.
Resistance Boards.
Resistance boards with either lamp or
wire resistances form the simplest method
of battery charging, but are the least
efficient. Economies can be effected by
employing the cascade system of wiring
circuits. The batteries are charged on the
grouped or series system.
PRACTICAL NOTES ON CHARGING.
Normal charging procedure is similar
for all types of cells. As previously stated,
it is necessary for the charging current
to be D.C.
THE SERIES METHOD.
For lead-acid cells charged by the
constant current method, connect cells of
approximately equal charging rates in
series, i.e., the positive of one to the negative of the next and so on. The charging
voltage available should be 2.8 times the
number of cells, that is to say that the number of cells grouped is limited by the supply
voltage. Separate groups can be made up
of cells of other equal charging rates,

providing the total supply current is not
exceeded and provided separate regulation for each circuit.
How to Connect up the Chareng Circuit.
The positive terminal of the
charging circuit must be connected to
the positive end of the battery group,
and the negative of the group to the
negative of the charging board. After
switching on, maintain the charging current
at the normal rate by adjustment of the
resistance, lamp load or other regulation
provided until the voltage reaches 2.3 per
cell. After this, taper off the charging
rate and maintain the finishing charge
current until the cell voltage is 2.6. The
temperature of the solution should be
noted from time to time and the charge
stopped immediately should this be above

14.—CHARGING HIGH TENSION BATTERY
FROM D.C. MAINS.

Ioo° F. After the cells have cooled down,
the charge can be continued at a lower
rate. The specific gravity of the electrolyte
will give a direct indication of the state of
charge of the cell, this being 1.15o when
fully discharged and 1.28o when fully
charged. Continue the charge for one hour
after the density of the solution has
attained a maximum.

Methods of Switching Off.
Automatic means for switching off are
provided on some sets and an amperehour meter operates a trip for this purpose.
On simple sets it is necessary
to switch off by hand. The
cells should be examined for
acid level and any shortage
1.0
0
0 M.T.
made up by the addition of
A.C.Abvs
Recri/Ex,
BATTERY
distilled water, both before
—0
0
0
and after charging. An
examination of the plates
Fig. 15.—CHARGING HIGH TENSION BATTERY FROM A.C. MAINS. should show the positives to
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The generator panel rehe a deep chocolate colour, and
quires :—
the negatives a light grey.
A voltmeter.
Batteries showing signs of
547-7-ERY
D.P. main switch.
suiphation should be given
Cfr/ARC_SP7
2 S.P. fuses.
special treatment consisting of
I shunt field regulator.
long periods of charge at very
p
The charging panel may be
low charging rates. If this is
To
split up to give a number of
not effective the density of
APAoio
charging circuits providing
the electrolyte should be re5E these are kept within the
duced and further charging
capacity of the generator.
periods continued. Cell cases
7c5 BATrERY
Each charging circuit should
should be kept dry and protected from external damage, Fig.16.—SIMPLETRICKLE have the following panel equipespecially in cold weather. CHARGINGARRANGEMENT. ment :—
A double-pole, doubleAmmeter.
Celluloid cases require special throw
switch is provided,
Automatic cut-out.
care and it is a good plan to and the battery is conVariable resistance.
use shallow trays filled with nected to the central pair
2 terminals.
water in which to stand the of poles. It can thus be
thrown over to " charge "
2 S.P. fuses.
cells during charge.
or to " set," as desired.
D.P. switch.
Nickel-iron cells charged by
Say that the generator
the c.c. method are connected
up in a precisely similar manner as output is 15 amps. 5o volts, and that this is
for lead cells and grouped for the split up into 1-71, 1-5 and I-21 amp.
correct charging rates. They should circuits, then from the 71 amp. panel leads
be charged at the normal rate for 7 hours. may be run to 50/2.8 = 18-2-volt cells
The cells should then stand at 1.8 volts connected in series, each cell requiring
each. The charging circuit voltage should up to 71- amp. charging rate. This
be at least 1.85 times the number of cells. charging rate can be varied by the
Topping up with distilled water should resistance on the panel and reduced to
be done as necessary before and after approximately 25 per cent. of the
charging. Temperature tests are necessary full rate when necessary. The 5-amp.
and the electrolyte must not have a circuit can be likewise connected up with
i8-2-volt cells requiring not more than
temperature exceeding 115° F.
5 amps. charging rate, and the 21-amp.
circuit to 18-2 volt cells requiring not
Switchboards for Charging Plants.
Switchboards for charging plants are more than 22 amps. A less number of
made up on angle iron framing for attach- batteries can, of course, be connected in
ment to floor or wall, on which framing is either circuit and the resistance and shunt
mounted a slate or marble panel for the field regulator adjusted accordingly. More
efficient charging will result if the number
switches and instruments.
The layout for a of cells on each circuit are nearly equal.
v»11»»11»mimprp
motor generator set Starting Up
consists of a sub-panel
Lighting
dim
the Plant.
Connector
on which, for D.C.
To start
supply, are mounted:— up, engage
Cable
A starting switch the main
(Socket
with no load and over- switch on
load release.
the motor
A shunt regulator.
panel, then
A D.P. main switch the starter
Fig. I 7.—C ONVENIENT TYPE
and D.P. fuses.
switch, and
OF
BATTERY
speed
up Fig. 18.-ANOTHER TYPE OF
These
items
are
the
TERMINAL FOR
equipment for the with shunt MOTOR-CAR BATTERY TERMOTOR-CAR
MINAL.
regulator.
motor side of the set.
BATTERY.
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When the generator voltage exceeds the
battery volts on the circuit having the
greater number of cells, switch on the
generator main switch. Then switch on
the charging circuit main switches with
battery loads in position, and adjust
shunt regulator to correct output of
dynamo. Adjust panel regulator to charging currents required.
Adjustments During Charging.
When the charging panel main switches
are switched on the cut-out will connect

Na,q7-/
41,q/Ns LER,e,

reverse current through the windings of t]
cut-out will cause that instrument
break the circuit and prevent a revers
of current from the batteries to tI
generator. The generator will then rt
on open circuit at normal volts and r
load until the regulator is adjusted
increase the generator voltage. The cu
out also operates if a battery on a serif
circuit becomes disconnected, that is wit
open circuit. When this happens th
operator should switch off the batter
circuit main switch before attempting t
reconnect t h
battery.
Posmvz

kigAvsLzgo

When the Cut
out does no
Function.
If for an:
CHRRG/IYG BOARD
reason
the cut
,FOR QC /lig/Ns
FUSE
out does no
4/
function and re
mains in with the
battery vol-L
LA./tips
high and genera.
tor volts low
there will be a
reverse current
from the battery
through the
generator armature circuit which
.474inierede
will have the
eftect of assisting
r
the motor. In
this case, the
ammeter readings will fall to
zero on single
scale meters or
show a discharge
BATTER/ES
on a centre zero
I9.—ANOTHER DIAGRAM OF CHARGING BOARD FOR D.C. MAINS.
instrument, thus
The dotted hne shows how to test for polarity. (See also Fig. 12.)
giving an indication of the
up the generator circuit with the battery fault. Adjustment of the regulator should
circuit, and the charge commenced. During restore normal charging conditions.
the period of the charge it is necessary to
make adjustments from time to time by Withdrawing a Battery from a Series
Circuit.
means of the shunt field regulator, to
maintain the charging rate against the
If it is necessary to withdraw a battery
rising back E.M.F. of the battery circuit.
from any series circuit, shut off the charge
Should this be neglected and the battery circuit main switch and after reconnecting
volts rise above the generator voltage the the battery circuit, switch on again,

ACCUMULATORS
re-adjust the current to the battery and
proceed with the charge. It is necessary
to switch off the charging circuits at the
end of the charge, and this should be done
before switching off the motor.
Generators Driven from Line Shafting or
from an Engine.
The same equipment for generator and
charging circuits are necessary for generators driven from line
shafting or from an engine, and the same procedure in regard to connecting up and !charging
should be carried out.
With rotary transformers
and A. C. motor generators
the same applies, the only
difference being on the
motor control panel. For
3-phase supply a Star
Delta starter with no
volt and two overload
releases and fuses is used.
This starter has three
positions, OFF, START and
RUN, and incorporates a
main switch, or the latter
may be a separate item.
For single-phase supply
the starter is of the
graduated resistance type,
the switch and fuses being
a separate unit.
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volts per cell, independently of the
charging current. This voltage should be
maintained until the charge current is
reduced to approximately a the initial
value. Then gradually increase the voltage
until the cells are at 2.6 volts each. The
current at the end of the charge will have
tailed off to a very low value. The same
tests of specific gravity and temperatures
as for the c.c. method of charging should

CONSTANT POTENTIAL
METHOD.
Charging Lead Acid Cells.
Lead-acid cells charged
by the constant potential
method require a supply
Fig. 20.-ROTARY TYPE RECTIFIER. (G.E.C.)
current at a potential of
This machine is suitable for use where not more than
2.8 volts per cell of the
20-26-volt or 10-12-volt batteries have to be charged at any
battery. That is for a
one time.
12-volt b at ter y, the
supply voltage should be 16.8, and be observed, and the topping up process
for an 8o-volt battery, 112 volts.
carried out.
Each circuit is suitable only for batteries
of like voltage and those are connected in Charging Nickel-Iron Cells by Constant
Potential.
parallel across the bus bars of the charging
system, the positive of the battery being
Nickel-iron cells charged by the constant
connected to the positive bus bar.
potential method require a charging
The charge should commence at 2.3 voltage of 1.85 per cell of the battery to
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be charged. Connections are made as for
lead-acid cells charged by the same method.
The charges should commence at i2 times
the normal rate at a voltage of 1.7 per cell.
The charge rate will diminish gradually
throughout the period of charge and after
7 hours the cells should stand at 1.7 volts
each.
Special equalising charges are desirable
for lead-acid traction batteries at fortnightly periods. After the completion of
the ordinary charge continue at a low
charging rate until there is no change in
the specific gravity or voltage shown by
hourly readings taken over a period of
3 or 4 hours.
The Charging Set.

115-9

to the negative bus bar. The bus
bars should be prominently marked to
avoid mistakes in this respect as permanent
damage will occur to a battery should it be
charged in the reverse way. Supposing the
top bar to be positive and the bottom one
negative, the centre bar will be negative
to the top one and positive to the bottom
bar. Thus 6-volt batteries connected across
the top and centre bars should have the
battery positive joined to the top bus bar
and the negative terminal to the centre
bar. 6-volt batteries connected across the
centre and bottom bars should have the
positive side joined to the centre bar and
the negative to the bottom. 12-volt
batteries connected across the outer bars
should have the positive connected to the
top bar and the negative to the bottom one.

Charging sets as used on the constant
potential method of charging have the
motor panel suitable for A.C. or D.C. Disconnecting Batteries.
supply, as required, and fitted with exactly
Batteries can be disconnected at any
the same starting equipment as described time without shutting down the circuit
for motor generators. On the generator although slight adjustment of the voltage
side also the controls are similar in every controlling shunt regulator may be advisway for single charging circuits except able. The field circuit of this type of
that the current regulating resistance is generator is non-reversible, but the cut-out
unnecessary. Two bus bars are necessary as used on motor generator panels should
and form the positive and negative con- be employed to prevent motoring the
nectors for the batteries. On a 15-volt generator by back feed from the batteries
set, six 2-volt cells can be charged in when the supply fails or is cut off without
series across the two bus bars. Connections first switching off the charging circuits.
are usually made by means of a flexible
connector having a clip at either end. CHARGING PANELS FOR VALVE OR
METAL RECTIFIERS.
Special leads can be obtained with a
resistance incorporated between the two
On valve and metal rectifier charging
clips so that lower charging rates than panels practically the same provision is
normal can be obtained.
made on the output side as on the motor
Three bus bars equipments employ generator set described, but the cut-out
controls for two charging circuits and 72 is omitted as the system is non-reversible
volts is obtainable between the centre bus and in the case of open circuit on the
bar and either of the other two, and 15 battery side or failure of the input supply,
volts across the
the set will not
two outer bars.
function on the
output side. The
Connecting Up
ammeters and
Batteries.
voltmeters used
In connecting
0 for this type of
up batteries it is
charging plant
necessary to join
must be the
the positive of a
moving coil typ.
battery to the
as the rectified
positive bus bar
direct current has
and the negative F2g. 23.-CIRCUIT DIAGRAM OF NEWTON CONSTANT a fluctuating
of the battery
POTENTIAL CHARGING SYSTEM.
value, the average
PO YE 51/1
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2 4.—CUT-OUT AS USED ON BATTERY

CHARGING PANELS.

of which is shown by the meter. On
the input side there is a transformer
with tappings to give alternative voltages.
A change over switch on the panel connects up with these tappings, and enables
the voltage of the battery charging circuit
to be adjusted to suit the number of
batteries on charge. A variable resistance
in each charging circuit provides adjustment for the current between each voltage
range. When smaller charging rates are
required than the circuit rating, batteries
can be connected in series parallel, thus
reducing the charging rate to 2, a or 1,
according to whether two, three or four
banks of batteries are connected in
parallel.

QUESTIONS AND ANSWERS
What are the chief differences between
lead-acid and nickel-iron batteries ?
A lead acid has a rather higher efficiency
in ampere hours ; a lower internal resistance; is less affected by low temperature;
and is less liable to self-discharge.
A nickel-iron battery has a greater
capacity per lb. of weight ; requires less
maintenance ; and has a longer life under
normal conditions.

What is the usual period for a first charge ?
36 hours, and the charging rate that of
about half this period.

What is usually meant when speaking of
the capacity of a car battery ?
This is generally understood to mean
the capacity at the io-hour rate. That
is to say that a battery of 75 ampere
hours would provide a current of 7.5 amps.
for io hours in discharging from a fully
charged state to a fully discharged state.

What method of charging should be adopted
where no electric supply exists ?
A D.C. generator should be installed
which may be driven from any running
shaft line if sufficient power is available,
or by any prime mover such as a steam,
gas, petrol or oil engine.

When is a battery considered to be fully
discharged ?
When the voltage per cell has dropped
to 1.8.

What methods are there for rectifying
the current from A.C. mains for batterycharging purposes ?
(I) The motor generator in which the
motor is run off the A.C. mains and the
generator is wound to give D.C. at a
voltage suitable for the method of battery
charging employed.
(2) The metal rectifier of the copper
oxide type.
(3) The thermionic valve rectifier.
(4) The rotary or commutating type
of rectifier.

How would you correct the specific gravity
of acid for temperatures other than
normal (i.e., 60° F.) ?
To correct for temperatures above 6o° F.,
add .002 to the specific gravity for every
5° F. For temperatures below 6o° F.
deduct .002 for every 5° F., to obtain the
requisite equivalent gravity at 6o° F.

What should be the state of the cells at the
end of the charging period ?
They should be gassing freely and the
density of the acid have attained a maximum value.
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THE DEVELOPMENT OF ELECTRICAL
MACHINERY
By Professor MILES WALKER, D.Sc., M.I.E.E., F.R.S.
N a recent article (p. 741, vol. II) on
the relations between the quantities
in the electric and magnetic circuits,
these two circuits were treated as separate
entities interlinked with one another. In
practice they often occupy part of the
space in common. All the laws still hold,
but care must be taken to specify the
particular path we have in view, so as to
ascertain the quantity of flux enclosed by
that path. When there is movement of

I

Fig.

IA.—THE ELECTRODYNAMIC MACHINE
IN ITS SIMPLEST FORM.

one circuit with respect to the other, some
important phenomena occur.

left. Sliding the bar to the right will
increase the lines and generates an E.M.F.
from A to B.
The " Flat Hand Rule."
The most convenient rule for remembering the direction of the E.M.F. in cases of
this kind is the following : Hold the right
hand perfectly flat with the thumb at
right angles to it. Imagine that the
magnetic lines are received vertically

Fig. I B.—THE "FLAT
HAND RULE" FOR
FORCE AND CURRENT.

Fig. IC.—THE "FLAT
HAND RULE" FOR
E.M.F. AND MOTION.

(like falling rain) in the palm of the hand,
then if a conductor is moved in the
direction of the thuMb (Motion) the E.M.F.
is in the direction indicated by the four
GENERATION OF ELECTROMOTIVE
fingers. This flat hand rule will be found
FORCE.
Take the case illustrated in Fig. 1 in more convenient to apply for fields and
which is shown an electric circuit ABCD conductors in any position than the wellenclosing a number of vertical magnetic known " Fleming Rule " which sometimes
lines along which a N-pole would travel calls for acrobatics* in its application.
The value of the E.M.F. in volts is
downwards. If the number of lines
equal
to Bvl x io-8 where v is the
through the rectangle changes there will
be an E.M.F. generated in the circuit pro- velocity in cms. per second at right angles
portional to the rate of change. We can to the lines, and / is the effective length
*An Irish student of mine once said : " If you want
change the number either by increasing
to find the direction of an E.M.F. you must draw a
the field strength through the rectangle or figure
on the blackboard and make faces at it with
by sliding the bar A B to the right or your hands.
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Fig. 2.—FULLER-GRAMME RING ARMATURE.
Showing tappings to the commutator taken from the continuous winding about a ring of laminated
iron. The coils were wound in a closed ring and permanently connected in series, independently of
any connection to a commutator.

in cms. of the conductor at right angles to
the motion.

The Electrodynamic Machine in its Simplest
Form.
Thus in Fig. r we can study the action
of a generator or of a motor. Let the
current go from A to B, then the magnetic
force is towards the left. By means of a
greater external force move the conductor
to the right. In doing so you generate
an E.M.F. in the same direction as the
current and the bar delivers electric
power and requires mechanical power to
move it. Now let the conductor move
towards the left. An opposite or " back "
E.M.F. is now set up in the conductor and
current will not pass from A to B unless
we have some external E.M.F. big enough
to overpower the generated E.M.F. and
and force the current against the back
E.M.F. Thus we supply electric energy
and get in return mechanical energy for
we can make the conductor do work as it
moves to the left. These simple principles
enter into all generators and motors
whether D.C. or A.C.
In the generator the generated E.M.F.
is with the current and in the motor it is
against the current.

Creation of Mechanical Force.
In 181g, Oersted, of Copenhagen, showed
that a conductor carrying a current exerts
a force upon a magnetic pole, and it
follows from the principle of equal actions
and reactions that a magnetic pole exerts
a force upon a conductor carrying a
current. Ampere made exhaustive experiments on the forces on conductors carrying
a current and laid down precise laws.
In Fig. i we have the phenomenon
illustrated in its simplest case. If the
vertical magnetic field shown is uniform
and the flux density is B, then the conductor carrying a current of I amperes in
the direction A to B will be subjected to a
force of 0.1 B I 1 dynes where 1 is the
effective length of the conductor at right
angles to the lines. The direction of the
force in Fig. Is will be towards the left as
indicated by the " left-hand rule." Notice
that the thumb in the left hand gives the
direction of the force. The direction of
motion will depend upon other conditions.
If the conductor is fixed, the force will still
be there ; or the conductor may be
forcibly moved towards the right, but the Electrical Power.
force we are speaking of will be towards
Power is always the product of two
the left.
factors :—
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Fig. 3.—COMPLETED DRUM ARMATURE.
The "return " conductors are placed under a pole of a polarity opposite to that of the pole under
which the " go " conductors are placed. Thus the E.M.F. per turn is doubled.

(r) A force tending to bring about a volts, the resulting power is 746 watts,
motion of some kind ;
equivalent to one horse power.
(2) A motion at a certain rate under the
An Interesting Point.
action of the force.
A common example occurs in hydraulic
Now when we generate electric power
transmission. A pipe carries water under by moving a conductor in a magnetic
a hydraulic pressfield, it is interest5.5
ure of r,000 lbs.
ing to note that
1931
D
per sq. inch. When
the factors, mech50
water is being
anical force and
1932
drawn off (say to
motion
in one case
4.5
19%6
work a lift) at the
electrical
and
rate of 33 feet per
motion (that is
minute along a
4.;
B current) and elecpipe whose area is
tromotive force in
z3 5
one sq. in., the
the other, are repower delivered is
versed in a way that
X30
ca
r,000 x 33 foot lbs.
we would not have
ca
0 2,5
per minute, that
,4 - expected. It is the
40 1902
is one horse power.
motion of electricity
A556
Similarly
with
in the magnetic field
•:&2•0
electric power, we
that creates the
have two factors :—
mechanical force on
15
(I) Electromotive
the conductor and
force tending to
it is the motion
10
move electricity ;
of the conductor
that creates the
(2) A motion of
05
electricity at a
electromotive force.
certain rate—a cerAs long as we
00
50 100 150 200 250 300 350 400 have a continually
tain current in amDiameter of Armature, in Centimetres
flowing
peres. When a
current
Fig. 4.—OUTPUT COEFFICIENTS FOR D.C.
current of 10 amthrough the field
GENERATOR.
we get a static
peres flows under
Showing how improvements in design have
given increased output for a given size.
a pressure of 74.6
force on the
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Fig. 5.-4,500 to

11,250 H.P. THREE-PHASE INDUCTION MOTOR BUILT BY THE BRITISH THOMSONHOUSTON CO., LTD.

conductor, but if the latter does not
move there is no power. On the
other hand as long as the conductor moves
through the field we get an electromotive
force, but if the current does not flow there
is no power. Both factors must be there
in both cases. It is the motion factor in
the one case that gives the force factor in
the other.
Early Dynamos.
Faraday's first successful experiments on
magneto-electric induction were made on
a simple transformer in which the interlinked circuits were separated and the
electromotive force was produced by the
rate of change of flux in an iron core. He
went on almost immediately to the movement of a conductor in the magnetic field
and his first continuous current generator
was what we would call a homopolar in
which the conductor moved continuously
under the same pole. Homopolars have
the advantage of avoiding the use of a
commutator, but they are cumbrous and
heavy machines for their output and have
been almost entirely superseded by heteropolar machines, except where very great
currents at a low voltage are required.
In the heteropolar machine the conductors
move under N-poles and S-poles successively and therefore generate an alternat-

ing voltage so that a commutator must be
used to reverse the connections to the
outside circuit if a continuous current is
required.

Commutation.
The first commutators consisting of two
parts of a split tube gave a rectified current
of varying intensity and sparked badly.
It was not until after the invention of the
Gramme ring that there was a really
satisfactory dynamo. The Pacinotti or
Gramme ring was really a revolutionary
invention. Before it came, inventors of
dynamos wound their coils on projections
or poles and brought both ends to commutators. All sorts of arrangements of
brushes were devised to connect the coils
in series so as to get a uniform direct
current.
The Gramme Ring.
In the Gramme ring the coils were
wound in a closed ring, as in Fig. 2, and
permanently connected in series independently of any connection to a commutator. Branch wires were brought off
from junctions of the coils to the bars of
the commutator so that a continuous
current could be led in at one bar and
out at another at a diametrically opposite
point passing through the two halves of
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Fig. 6.—SECTIONAL ARRANGEMENT OF ALTERNATOR. (English Electric Co., Ltd.)
Twelve poles, 50o r.p.m., 8,82o K.V.A., 6,600 volts, 5o-cycle three-phase.

the winding. When this armature is
revolved between the poles of a magnet
the E.M.F.'s in all the coils in series
opposite one pole are added together and
the current in each coil can be reversed
separately as it passes a brush so that the
commutation is easy though the number
of turns in series is sufficient to generate a
high electromotive force. The secret of
success of the Gramme winding is the
large number of turns in series and the
few turns between commutator bars.
The Drum Armature.
While the ring armature is quite economical when the axial length is not great

as compared with the diameter, it becomes
wasteful in copper for armatures of
greater axial length because the return
conductors inside the ring are inactive.
In the drum armature (Fig. 3) the
" return " conductors are placed under a
pole of a polarity opposite to that of the
pole under which the " go " conductors
are placed. Thus the E.M.F. per turn is
doubled.
Growth of the Dynamo.
In the early eighties much had been
done to commercialise the dynamo by
Gramme, Siemens and others, but its
quantitative design was not properly

THE DEVELOPMENTOF ELECTRICAL MACHINERY
Fig. 7.—SECTIONAL ARRANGEMENT OF WATER TURBINE AND ALTERNATOR. (English Electric Co., Ltd.)
TURBINE.
ALTERNATOR.
Twelve poles, 500 r.p.m., 8,82o K.V.A., 6,600 volts,
Maximum static head, 497 feet. Average nett head, 472 feet. Normal full
load, ro,600 B.H.P. Maximum overload, 12,65o B.H.P. Speed, 500 r.p.m.
5o cycles, three-phase.

THE DEVELOPMENT OF ELECTRICAL MACHINERY
understood. In 1886 John and Edward
Hopkinson published a paper in which
they taught engineers how to deal scientifically with the quantities involved in a
dynamo. They showed how to calculate
the total magnetic flux in a given magnetic
circuit and how to predict the performance
of the machines from its dimensions.
After that date large and economical
machines began to be built. Kapp showed
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greater than the opposing ampere turns
on the armature. Any smaller value than
this only makes the commutation worse.
The decrease in the weight per kilowatt
in modern continuous- current machines
has been greatly aided by improved
systems of ventilation and by the introduction of commutating poles. The latter
have not only enabled the total field copper
to be reduced, but have increased the

Fig. 8.-13,000 K.V.A., THREE-PHASE, 6,600-VOLT, 60-CYCLE GENERATOR. (English Electric Co., Ltd.)
This is driven by a water impulse turbine at a speed of 30o r.p.m.

the advantage of the multipolar frame
for large machines and the big two-polars
that had been previously built were
superseded by 6-pole, 8-pole, and for large
traction generators multipolar frames.

Carbon Brushes, Interpoles and Compensating Windings.
The problem of commutation was more
carefully studied, carbon brushes were
introduced and commutating poles and
compensating windings were invented by
Menges, Ryan, Thomson and others ; but
it was not until many years after their
invention that they came into use. Commutating poles were at first thought to be
an unnecessary complication and only
some designers appreciated the fact that
the ampere-turns in these poles must be

permissible ampere-wires per centimetre
of periphery while maintaining good commutation.

The Output Coefficient.
It is interesting to see the change in the
value of the output coefficient of dynamos
during the last 3o years. Let us for this
purpose define the output coefficient K.
as the output in kilovolt-amperes divided
by the product D2m Lm Rpm where Dm is
the diameter of the armature in metres,
Lm the gross axial length of iron in meters,
and Rpm the revolutions per minute, so
that
K. = KVA /D8m Lm Rpm
We may observe that this output coefficient is not a complete index of economical
design, because, in the first place, it only
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relates to the armature, taking no account
of the metal of the field system ; and,
in the second place, even when given the
dimensions of the armature, we cannot
determine the cost, unless we know the
ratio between the copper and iron weights.
For it is well known that we can sometimes
increase the output of a given frame by
increasing copper and reducing the iron ;
but the resulting machine costs more than
an iron machine built upon a larger frame.
Nevertheless, with machines of the same
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80,000
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60,000
50,000
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value was regarded as low for bi-polar drum
armatures. As the size of machine was
increased up to 2 metres in diameter, the
value of output Ko improved up to 2.5.
Hobart, in his " Continuous-current
Dynamo Design " (1906), gives curves
showing values of output coefficients at
various dates. Two of these curves are
reproduced in Fig. 4. See page 1163. The
lowest, A, is after Fischer-Hinnen and
relates to machines dating between 1895
and 1902, and curve B gives good values
of output coefficients in 1905. Curve C,
shows somewhat how the matter stood in
1916 when commutating poles and a good
system of ventilation were employed.
In the fifteen years that have elapsed up
to 1931 still further improvements in
design and ventilation have enabled the
output coefficient to be still further
increased so that the curve D may be taken
to represent good modern practice. But
this is not all. In cases where it is desirable to get machines of the greatest possible output into the smallest possible
space, special devices can be employed to
give truly marvellous figures.

VARIOUS DATES.

An Interesting Experimental Machine and
What it Indicates.
In a D.C. machine constructed at the
Manchester College of Technology to see
what can be done in this direction, an
output coefficient as high as 4.5 was
obtained on an armature only 32.5 cm. in
diameter. The cross in Fig. 4 gives one
point in a new curve. The experiments
point to coefficients of about 6 for large
diameters.

type, employing the best ratio of iron to
copper, the output coefficient does give us
a fair guide to the progress that is being
made in the use of material. One must
remember, however, that Ko is strictly not
a constant for a given machine, but varies
with the speed, being greater at higher
speeds. We shall assume when it is used
here that the peripheral speeds are
sufficient to give the right ventilation. The
early Gramme armatures had very low
output coefficients, so that writers on the
dynamo before 1900 gave values as low as
for the output coefficient of machines
less than 5o cm. in diameter ; but this

ALTERNATING-CURRENT
MACHINERY.
The demand for electricity for lighting
was at first met by the supply of direct
current, but when electric power had to be
transmitted over distances greater than
the precincts of a small town, the advantages of higher voltages and smaller currents
became obvious. The alternating current
transformer offered such a simple and
reliable method of stepping down the
voltage from that suitable for transmission
to that suitable for incandescent lamps as
to bring A.C. transmission into general use
in the late eighties.

C

A 30,000
47220,000
10,000
0

1880 1890 1900 1910 1920 1930

Date of Manufacture
Fig. 9.—OUTPUTS FROM SINGLE UNITS AT
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At first transformers of small capacity
(1 or 2 kw.) were used, placed in or near to
the house ; but as the use of alternating
current extended, transformer substations
were installed in which banks of large
transformers dealt with hundreds of
kilowatts.
Alternating current transmission on a
large scale did not come into being until
after the invention of polyphase
machinery.

through coils whose axes are 12o° to one
another, and thus invented the three-phase
induction motor. His ideas were developed
along practical lines by C. E. L. Brown,
Dobrowolsky, Nikola Tesla and others,
until to-day we have induction motors of
great power and wonderful efficiency. It
is not necessary here to explain fully the
action of these motors as this has already
been done in an excellent article by Mr.
A. T. Dover (see p. 809 vol. III).

Polyphase Machinery.

Difficulties Overcome.

In the middle eighties there were no
satisfactory alternating-current motors, so

When first the induction motor was
introduced it was regarded as a machine
having constant
characspeed
teristics similar
to those of a
shunt directcurrent motor.
It was at that
time only possible to change
the speed over a
wide range by
the insertion of
wasteful resistances. Moreover,
it had the drawback that its
power factor at
light loads was
poor and at all
Fig. 10.-50,000 K.W., II,000-VOLT, 50-CYCLE, THREE-PHASE TURBO GENERAtimes it drew a
TOR RUNNING AT 1,500 R.P.M. (Metropolitan Vickers Elec. Co., Ltd.)
lagging magnetising current
that for power purposes direct current dis- from the line.
These drawbacks
tribution was regarded as best. In 1888 have to a great extent been eliminated by
Ferraris showed that when two alternating the methods described in the article above
currents differing in phase as do the cranks referred to. The induction motor to-day,
of a locomotive are passed through two when fitted with suitable appliances, can
coils whose axes are at right angles, they be run as a highly efficient variable speed
produce a rotating magnetic field which motor, having a power factor near unity,
will cause a suitable conducting mass to or, if desired, a leading power factor can
revolve. This gave the possibility of a be obtained.
revolving member or rotor without any
electrical connections to the external Eleven Thousand Horse-Power.
circuit, so that the alternating-current
Fig. 5 shows a very large three-phase inmotor had this great point of advantage duction motor built by the British Thomson
over the direct-current motor.
Houston Co., Ltd., for driving a rolling
mill. This motor with a continuous rating
The Three-Phase Induction Motor.
of 4,50o h.p. can deliver peaks up to
Ferraris extended his idea to three 11,25o h.p. at a speed of 375 r.p.m. The
currents differing in phase by 12o° passing frames of the stator and rotor and the
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base plate are built up entirely of rolled
steel plate cut to the shapes desired and
welded together. These " fabricated "
frames are largely replacing the cast-iron
frames commonly employed a few years
ago. They are not only cheaper to
construct, especially when only a few of
one size are needed, but they are lighter
and more reliable. They give the
maximum space for the circulation of air
for a given size of frame. The bearing

for a given weight of material. The
design of three-phase generators of large
output driven by high-speed water turbines
has been brought to a high state of perfection. One of the difficulties to be met
arises from the fact that the large output
calls for a revolving field magnet of fairly
large diameter involving very great centrifugal forces. The runaway speed of a
water turbine (assuming that something
has gone wrong with the governor) is

Fig. I I.—TWO 15,000 K.V.A., 132-K.V., THREE-PHASE TRANSFORMERS WITH ON-LOAD TAP-CHANGING
GEAR, BUILT BY THE ENGLISH ELECTRIC CO., LTD., AND INSTALLED IN THE YOKER SUBSTATION,
CENTRAL SCOTLAND ELECTRICITY SCHEME.

pedestals are the only parts visible in the
picture made of cast iron.

Three-phase Transmigsion.
The introduction of the polyphase motor
gave great impetus to three-phase transmission and it was soon recognised that
this was the most convenient method of
taking power from one place to another.
It made possible the utilisation of great
water powers that otherwise would have
gone to waste. It can be shown that the
polyphase generator is more efficient than
a single-phase one and has a greater output

8o per cent. higher than the normal speed.
The revolving member of the generator
must be designed so that in case of
accident to the governor it will withstand
8o per cent. above normal running speed.
To meet these conditions the field magnet
is commonly constructed from a ring of
specially treated steel and the poles are
held by dovetail designed for maximum
strength.

Water-driven Generators.
The method of securing the poles against
the great centrifugal forces is well illus-
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Fig. I2.-A WATER-DRIVEN GENERATOR.
Three-phase vertical shaft alternator, 36,000 K.V.A., io,000 volts. Power factor o.8, 42/5o-cycles,
232/30o r.p.Ir.
(Reproduced by courtesy of the " Brown Boveri Review.")

trated in Fig. 6 which gives a sectional
view of an 8,820 K.V.A., 6,600-volt, 50cycle 3-phase generator designed to run at a
normal speed of 500 r.p.m. built by the

English Electric Co., Ltd. A section
through the axis is given in Fig. 7. The
poles are built up of laminated 'steel
flanked by steel castings which give
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Fig. 13.—Ioo,000 K.V.A. HELL GATE GENERATOR.
This is a three-phase turbo-alternator, 6o cycles, I,2oo r.p.m. This figure shows the internal construction of a ioo,000 K.V.A., 3-phase
turbo-generator built by Brown Boveri & Co. It is a six-pole generator running at 1,200 r.p.m. The rotor has a central hub of forged
steel with the centre bored out to get rid of all internal flaws. In this hub are pressed rolled steel plates with ventilating ducts between
them. The slots for the winding are then cut in these Plates. The ends. of the windings are held by rings of non-magnetic steel. The
system of ventilation is clearly shown in the figure by the arrow which indicates the direction of the air supplied by the special fan on the
right of the figure. The air after being discharged from the fan passes through a cooler supplied by cold water circulating in pipes. Thus
clean air circulates over and over again and the internal surfaces can be kept clean for years. (Reproduced by courtesy of the " Brown
Boveri Review.")
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support to the ends of the coils. The temperature too high for any oil lubricated
central hub is built up in two sections of sliding surfaces such as are found in a
laminated steel plate. The sections are steam engine. The possibility of working
separately pressed on to the shaft and between these extremes of temperature
form an exceedingly strong centre into gives such a high efficiency that it is
which the dovetails on the poles are fitted. possible to generate a kilowatt hour with a
The latter are tightened up by means of consumption of not more than g lbs. of
wedges shown in the drawing. This steam. This is about one half of the steam
machine will withstand a runaway speed used in the best steam engines 25 years
of goo r.p.m. with perfect safety. The ago. The use of cheap-powered fuel and
armature is provided with open
slots. The coils
are fully insulated before they
are placed in
The
position.
end windings are
of the lattice type
and are strengthened by means
of insulated rings
fixed to the
frame and secured to the
outer side of the
coils.
Fig. 8 shows
a 15,000 K.V.A. ,
6o6,600-volt,
cy cl e,
threephase generator,
built by the same
Company. The
normal speed is
30o r.p.m. under
an effective head
Fig. 14.—INSTALLING A TRACTION MOTOR IN AN ELECTRIC PASSENGER
of I,oIo ft. and
LOCOMOTIVE FOR THE INDIA RAILWAYS. (Metropolitan Vickers Ekc. Co., Ltd.)
the rotor is designed for an
high efficiency boilers has so far reduced
over - speed of 555 r.p.m.
the cost of steam raising that the combined
Steam Turbine-driven Generators.
running costs of generation in our super
In this country we do not have water power stations are well below 0.2 of a
power sufficient to supply our needs so we penny per kilowatt hour. This would not
have to rely mainly upon steam plant for be possible if the design of the electric
generating our electricity. For this pur- generator had not kept pace with the
pose the steam turbine has almost entirely design of the high-speed steam turbine.
superseded the steam engine, largely on
account of the ease with which it can make Outputs from Single Units at Various
Dates.
use of the low-pressure, low-temperature
Twenty-five years ago it was thought that
steam at the far end of the expansion.
Another reason for the economy of the to help the electrical designer it was necessteam turbine is the fact that it can make sary to employ low turbine speeds for large
use of very high-pressure steam at a outputs. Speeds of i,000 to 1,50o r.p.m.
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were thought to be the maximum for
generators of 5,000 kw. As 5o cycles
became a standard in this country, a twopole generator running at 3,000 r.p.m.
was the desideratum from the turbine
builders' point of view, but in the year 1900
it was thought quite a good performance
to build a generator running at 3,000 r.p.m.
as large as 500 kw.
One Thousand Kilowatts in 1905.
Some bold spirits suggested the possibility of L000 kw. at that speed, but
there was much shaking of heads. About

Fig.

Forty Thousand Kilowatts in 1932.
But that difficulty has now been overcome, and units of 40, 000 kw. at 3, 000 r.p.m.
are the order of the day. Things have
changed, for when the turbine designer
looks back doubtingly at the electrical
man, the latter says assuringly, " Go on,
I'll follow you."
It is interesting to plot curves showing
the sizes of single units built on various
dates. In Fig. 9 are plotted five such
curves.
A relates to continuous-current enginedriven generators.
B relates to alternating-current
engine-driven generators.
C relates to water turbinedriven alternating-current generators.
D relates to steam turbo-generators (any speed).
E relates to steam turbogenerators, 3,000 r.p.m.

15.—ONE OF THE 400-H.P. MOTORS BELONGING
THE LOCOMOTIVE SHOWN IN FIG. 14.

TO

(Metropolitan Vickers Elec. Co., Ltd.)

Modern Turbo Generators.
Fig. io shows a 50,000 kw.,
ri,000-volt, 5o-cycle, 3-phase
turbo generator made by the
Metropolitan-Vickers Electrical
Co., Ltd., for the Burton Power
Station, Manchester. This machine
feeds into the 132,000-volt grid
by means of step-up transformers.

Substations on the Grid.
the year 1905, 1,000 kw. at 3,000 r.p.m.
became quite usual, and then the outputs
still went on rising.

Five Thousand.
After that 5,000 kw. was regarded as a
goal which might possibly be reached by
some very special type of construction.
Ten Thousand.
When 5,000 kw. at 3,000 r.p.m. became
usual, it was only a step to make it
7,50o kw. and another to make it 10,000
kw.
At this point the electrical designer had
caught up the steam turbine designer, for
the difficulty of dealing with the exhaust
steam seemed for the moment to preclude
the steam turbine greater than 10,000 kw.
which runs at 3,000 r.p.m.

The interconnecting of all the great
power stations in the United Kingdom, by
means of the 132,000-volt grid, has called
for the erection of numerous outdoor highvoltage substations in which the switching
in and out of transformers can be carried
out independently of the weather conditions.
Fig. II shows one of these outdoor
substations, situated at Yoker, of the
Central Scotland Electricity scheme. In
the foreground are two 15,000 K.V.A.,
132,000-volt, 3-phase transformers, built
by the English Electric Co., Ltd. These
transformers are provided with suitably
designed contactors under oil for changing
the tappings to the windings while the
transformer is still on load. This gives
great convenience in regulating the voltage
supplied to various branches of the Grid.
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The on-load tap changing devices are
contained in the rectangular compartment,
seen in front of the transformer above the
three smaller pipe-cooled receptacles which
contain auto-transformers for equalising
the voltage between taps at the moment
of switching. Each of the large transformers is provided with a number of large
cooling wings in which the transformer oil
circulates and is cooled by air blown from
down below. The picture shows the seven
petticoated condenser bushes which bring
the high tension
current to the
transformers
and are designed to stand
up to 132 kv.
in any weather.
The breakdown
voltage of one
of these bushes
under the worst
weather conditions is 32o
kv.
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The Four Methods of Converting A.C. to
D.C.
The main power throughout this country
is supplied as three-phase current from the
Grid so that where direct current is required it will in general have to be obtained
by conversion from alternating current.
For this purpose we may use either motor
generators, motor-convertors, synchronous
convertors or mercury arc rectifiers.
The synchronous convertor has a very
high efficiency and is preferred by some

Electric Traction.
If the recommendations
contained in
the Report of
the Weir Commission on the
Electrification
of our Railways Fig. 16.-2,000 X.W. SYNCHRONOUS SIX-PHASE CONVERTER, 500 VOLTS D.C.,
4,000 AMPERES, 500 R.P.M. (General Electric Co., Ltd.)
is carried out,
the Grid will be
called upon to supply an all-day load users on account of the steadiness of
of hundreds of thousands of , kilowatts the D.C. voltage. Overall efficiencies as
for driving the trains on our rail- high as 96 per cent. can be obtained. These
are very widely used in this country for
ways.
The steady all-day load would consid- supplying direct current for traction at
erably reduce the cost of generation voltages up to 1,500 or higher.
The mercury vapour rectifiers are coming
of electric power and lower the price to all
widely into use on account of their high
users.
Fig. 14 shows the method of installing a efficiency where a D.C. voltage is
large traction motor in a passenger required. Single rectifiers have been
locomotive. The locomotive shown is built to carry as much as 6,000 amperes.
the 22 G.I.P. built by the Metropolitan- It is difficult to imagine a current of
Vickers Electrical Co., Ltd., which are 6,000 amperes carried across a partial
giving such good service in India. Fig. 15 vacuum by means of electrons. To carry
sows one of the 400 h.p. motors belonging only one ampere requires about 6 million,
million, million electrons per second.
to this locomotive.
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MEASURING ONE TEN-MILLIONTH OF
AN AMPERE

AN INTERESTING EXPERIMENT.
This illustration shows how the minute E.M.F. generated by holding the hand near the thermopile
can be easily indicated on this sensitive microid galvanometer. To the engineer this instrument is
of special interest by reason of its robustness combined with extreme sensitivity.

N electrical instrument which can
easily be carried from place to
place, and which will give a
perceptible scale reading when one tenmillionth of an ampere is passed through
it, will interest many readers, especially
those who like experimental work. The
above picture shows one of these instruments connected up to a thermopile. If
the hand is placed a little distance from
the thermopile hood this causes a large
deflection on the needle of the instrument.
The heat from a lighted match held 20 ft.
away would be easily detected on this
instrument. Readers will hardly need to
be told that the thermopile consists of a
number of thermocouples which generate
a minute electromotive force when the

A

junctions of the couples are subjected to
heat. The " Microid" galvanometer, manufactured by Griffin & Tatlock, is a movingcoil instrument—the coil being suspended in
the air gap of a very powerful permanent
magnet. It is made in several grades of
sensitivity. The most sensitive type gives
a deflection of one scale division per tenmillionth of an ampere. The standard type,
however, requires one millionth of an
ampere to give the same deflection. With
a suitable rectifier connected in circuit this
instrument can be used for comparing the
very minute currents which are obtained
in a wireless aerial when different stations
are being received. Full details as to the
method of doing this are given in a later
article " Installing Wireless Sets."
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SMALL ELECTRIC GENERATING SETS
HOW TO INSTALL AND OPERATE THEM
By T. J. BARFIELD
HE following notes apply generally
to all sets of the petrol or petrolparaffin engine type. With different makes and systems—automatic,
semi-automatic and non-automatic—there
are variations in operating procedure,
but most makers
issue detailed instructions.

T

ERECTION.
Small sets have
the engine complete with radiator, tanks, etc.,
and generator
mounted on one
bedplate, and
these merely require bolting
down to a prepared concrete
foundation. The
surface of the
foundation
should be truly
level, or it is
quite possible for
the bedplate to
be distorted, with
consequent misalignment of
bearings and
bearing trouble.
It is best to raise
the bedplate from
the foundation
by 4 inch to
inch by means
of wedges, flow
concrete into the
gap and remove
the wedges just
before the concrete sets. The

Fig

bedplate will then settle level without
distortion.
With separate engine and dynamo,
belt coupled, erect each on a level concrete
foundation with a distance between pulley
centres of not less than four times the

I —MAKING THE CONCRETE BED FOR AN ELECTRIC LIGHTING PLANT.
(Stuart Turner, Ltd.)
Note how the formers of the holes for the foundation bolts are located on
the wooden mould. The mould was made to the dimensions on the blue print
hanging on the wall.
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diameter of the larger pulley. Align the
pulleys carefully, as described in a previous
article dealing with the installation of
motors, and take particular care that the
belt joint is smooth, to avoid vibration
and noise.

garage or workroom by running the pipe
from the top of the water jacket along
the wall of the room up to the tank,
running the return pipe back at a lower
level. The amount of heat radiated in
this way by even a small set is quite
surprising; a
cock in the return pipe will
allow the temperature to be
regulated to
secure the best
operation of the
engine.

Connecting Up.
Unless the
switchboard is
mounted immediately above
the generator it
is best to run
the connections
of V.I.R. cable
in conduit. Both
these and the
connections from
the battery
should be kept
as short as possible to avoid
resistance losses,
and for the same
reason care
should be taken
to make a
thorough job of
all sweated connections. The
switchboard is
best mounted on
Fig. 2.—ANOTHER STAGE IN MAKING THE CONCRETE BED. (Stuart Turner,
the wall between
Ltd.)
the dynamo and
Withdrawing the formers which make the holes for holding-down bolts.
battery rooms, to
Note that these formers are tapered slightly for easy withdrawal. They are
drawn out before the concrete has set hard.
keep down the
length of connections. After
Water and fuel and exhaust connections, connecting according to diagram, make a
in the case of engines not self-contained, " Megger " insulation test from both
should be made to particulars supplied negative and positive wiring to earth
by the makers. With an independent (disconnecting any permanent earth on
cooling water tank, it is possible to the negative for the purpose of test)
arrange for the warming of an adjacent and between poles (with generator, battery
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and voltmeters disconnected). All these
tests should show readings of several
megohms.
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card.) Unscrew the plug, rest the body
on a metal part of the engine, with the
H.T. lead connected and the terminal
clear of the engine, and give the engine
a smart turn or two. A fat blue spark
should be observed if the ignition is in
order. If damp weather, wipe any con-

Trial Run—Engine.
The engine should be started up and
the dynamo run disconnected, or supplying
lights only, before preparing to
put the battery
into service. A
run of a few
hours on light
load is very
valuable in the
case of a new
engine, to get
the bearings and
the piston thoroughly "run in."
Fill fuel and
water tanks, the
crank case and
all lubricating
points with the
recommended
oil, not forgetting
dynamo bearings
if of the sleeve
type. The automatic cut-in and
cut-out on the
switchboard may
have a mercury
cup which should
be filled.
If the engine
will not start
when the maker's
instructions are
Fig. 3.—PLACING THE PLANT IN POSITION ON THE CONCRETE BED. (Stuart
followed, check
Turner, Ltd.)
the following
Always put across the bed two strips of wood and drop the plant on them.
points :—
This avoids the possibility of damage to the hands. The holding-down
Fuel.—Is tank bolts are previously threaded through their holes in the plant base and
filled and tap on ? suspended by their nuts and washers. See that the nuts run freely on the
Is supply pipe bolts and that threads are not damaged.
blocked ? Is the
jet choked ? (A common trouble with densed moisture off the plug insulator.
new machines.) Are you trying to start
on paraffin ? If the weather is cold, some
THE DYNAMO.
hot water poured into the cooling hopper
or tank may help.
When the engine is running steadily,
Ignition.—Switched on ? Plug gap cor- bring it to normal speed and read the
rect ? (About the thickness of a visiting dynamo voltage. Failure of the dynamo
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Fig. 4.—METHOD OF LIFTING BATTERY
PLATES ON TWO STRIPS OF WOOD. (D.P.
Battery Co., Ltd.)

speed caused by an incorrectly adjusted
governor or bad running. If the
engine speed is correct, then, in the
case of belt-driven machines, either
the belt is slipping, the ratio of
pulley diameters incorrect, or the
dynamo has been ordered for the
wrong speed.
(4) Connections not made according to
diagram. If everything else fails,
carefully check all connections one
at a time, marking them off on the
diagram as they are verified.
(5) Shunt field regulator making bad
contact, or resistance wire broken.
To check this, first shut down t and
then temporarily bridge the regulator
terminals or connect the two leads
to one terminal. Then run up slowly,
and if the voltage rises at normal
speed to the maximum, the regulator
is at fault.
When the engine and dynamo are running
correctly, if possible make a load test of
some hours duration, by supplying the
lights direct, to make quite sure that all
will be in order when the battery is
installed.

to build up to correct voltage may be
caused by :—
(1) Wrong direction of rotation—unlikely
except in the case of belt-driven
dynamos, and then only if the
dynamo has been ordered incorrectly.
If the direction of rotation cannot be
reversed easily, change over the
field connections so that the field
lead which was connected to the
positive pole of the dynamo is connected to the negative. This alteration may usually be carried out by
changing links in the terminal box,
according to a diagram probably
pasted on the inside of the lid or cover.
THE BATTERY.
(2) Brushes lifted or brush rocker in
wrong position. See that the brushes
Before installing a new battery, be quite
are free in
their holders
by pulling
on the pigtails, and
that they are
making good
contact with
the commutator. The
correct position of the
brush rocker
is obtained
by registering a mark
on the rocker
with one on
the frame.
(3) Speed low.
If this is the
case it is probably due to
5.—CONNECTIONS FOR CHARGING A Low CELL. (D.P. Battery
low engine
Co., Ltd.)
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Most small house lighting batteries
are supplied in sealed-in glass cells.
If of the open type, the plates must
be assembled according to the
makers' instructions. Fig. 4 shows
the method of lifting the plates.
In connecting up, well cover the
connecting lugs and the nuts and
bolts with vaseline. (This not only
prevents corrosion, but acts as a
tell-tale by melting if a bad contact
gets hot.) Tighten nuts securely,
taking care that in so doing the cells
are not tilted.

Fig. 6.--METHOD OF REMOVING A HEAVY
CELL. (D.P. Battery Co., Ltd.)

sure that the engine and dynamo are in
order, and that the polarity of the dynamo
is correct. If a moving coil voltmeter
is fitted to the switchboard, or is available,
this can be used. This type of voltmeter
will only read when correctly connected,
and the positive terminal is marked +
or coloured red. Failing this, run up the
set, take an insulated wire from the
two poles, or the cables to be connected
to the two ends of the battery, and dip
the bare ends in a glass of water to which
a little sulphuric acid has been added.
Bubbles will rise from the negative wire.

Filling the Cells.
After erection, if the cells are
not delivered filled, first make sure
that enough acid of the correct
specific gravity is available, then 'fill
by syphoning through a rubber hOse
or from an earthenware jug. A metal
pail must not be used.
If it is necessary to dilute the acid always
add acid slowly to water, never vice versa.
The Important First Charge.
Immediately after filling, begin the
first charge, which plays a very important
part in the subsequent performance of the

Battery Room.
The battery should be housed in a room
apart from the engine and dynamo. Good
ventilation is essential, and ample room
and light desirable. Avoid erecting cells
in the corners if they are arranged round
the sides of the room.
Erection.
Wood stands are usually supplied with
the battery. See that they are erected
level, then lift the cells into position,
accurately lining them by means of string
stretched taut, when the end connections
should come opposite each other. If
glass insulators are supplied, these should
be filled with resin oil.

Ftg. 7.—TYPICAL FOUR-STROKE
WITH HEAD REMOVED FOR DECARBONISING.
(Boulton and Paul, Ltd.)
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Fig. 8.--GROUTING IN THE ELECTRIC LIGHTING PLANT.

(Stuart Turner, Ltd.)

The top of the bed is faced with liquid cement, the strips of wood removed and the plant
lowered into position. The bolt holes in the bed are filled with liquid cement. If the bolt holes
do not show, a small channel leading into them should have been scraped in the top of the bed.

battery. Many cells are now supplied
dry charged, or filled with acid and charged.
Nevertheless, even with such cells a first
charge should be made before the battery
is called upon to give a discharge. The
maker's instructions for first charge must
be followed exactly. This is so important
that no information will be given here
to assist any engineer in carrying out this
operation without the battery maker's
recommendations, which vary slightly
with different batteries.
Battery " Don'ts."
The care and operation of the battery
should also be carried out according to
the maker's regulations, the following
being the most important " don'ts "
according to the D.P. Battery Co., Ltd.:—
(I) Don't overcharge the battery—give
the cells io minutes' gassing at

(2)

(3)

(4)

(5)
(6)

each charge, and once a week about
3o minutes extra.
Don't undercharge it--every cell in
the battery should gas freely from
both positives and negatives at the
end of charge.
Don't gas the cells more frequently
than once in 24 hours or less frequently
than once a week. If the battery
is being freely used they may be
gassed io minutes every day, but if
lightly used 4o minutes once a week
may be sufficient.
Don't work blindly by watt-hour or
ampere-hour meters—the indications
furnished by the cells themselves
are the only reliable guides.
Don't take it for granted that every
individual cell is gassing—look at
each cell periodically and make sure.
Don't neglect low cells, they must be
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dealt with immediately—the longer
they are left the worse they get.
(7) Don't trust to memory—write the
weekly readings of each cell in the
battery log book.
(8) Don't let the tops of the plates become
exposed—add distilled or pure water
as often as necessary.
(9) Don't put in acid unless there is some
good reason for doing so.
(To) Don't remain in doubt consult the
manufacturer if anything unusual
occurs, and shift the responsibility
on to him.
Treatment of Sulphated Plates.
Plates which have become sulphated
by under-charging—a condition indicated
by a gradual fall in the density of the
electrolyte—may be restored (unless the
sulphation is severe) by a prolonged
charge at half or one-third of normal
rate. Continue until gas is coming freely
from positives and negatives. If the
temperature of the cells rises above 90 - F.,
reduce or temporarily stop the charge.
Charging a Low Cell.
If one cell does not gas when all the
others are up, find and remove the cause,
probably a short circuit between plates.
The cell must then be charged separately,
and Fig. 5 shows the usual method of
doing this in the case of cells bolted together. It will be seen that by connecting
as shown by the full line connection on
discharge, the centre (low) cell is cut out
of circuit, and does not discharge, and
when connected as shown by the dotted
line on charge it receives full charge.
It may be necessary to spare the cell more
than one discharge, unless the following
charge is a long one.
Cleaning Cells.
In normal use a quantity of sediment
will be slowly deposited at the bottom of
the cell. When this deposit is deep enough
to reach near the bottom of the plates
it should be removed. The simplest
method of doing this, in the case of small
cells, is to lift the plates, carefully pour off
the clear acid into a clean tub or earthenware vessel, and then wash out the con-
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tainer, afterwards refilling the cells
with the original acid.
Replacing Broken Container.
If the cell is small, simply unbolt from
adjacent cells, bridge across the gap
with a piece of copper cable or strip
firmly bolted to the lugs. If too heavy
to lift, remove the plates first, then the
container. If there is insufficient headroom to permit this to be done, get a box
a little lower than the height of the stand,
prepare a piece of wood, as shown in
Fig. 6, with smooth top greased with
soap, and insert under the container by
levering up the latter half an inch, afterwards sliding the container out. Remove
any insulators from under the container
as soon as it is on the wood slide, or they
may be dislodged and fall into a cell
below. In replacing, when the new cell
(or old plates in new container) is over its
final position, place the insulators in
position, lever up the cell off the slide and
withdraw the latter.
Taking a Battery Out of Service.
It sometimes happens that a plant
is to be shut down for a few months.
The battery must not be left idle for this
length of time, but may be taken out of
service as follows :
9

G

(INLET) (EXHAUST)

OIL FILLER

,,,,,mpliometiottltil€9 A
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wORMSHAFT
CHAIN AND
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a
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CORRECT
CLEARANCE
BETWEEN
ROCKING LEVER
AND VALVE
I TAPPET -006
( SIX THOUSANDTHS
OF AN INCH )

Fig. 9.—ADJUSTMENT OF TAPPETS.
F is the locknut, E the adjusting nut.
(Boulton and Paul, Ltd.)
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Discharge at the normal 10-hour rate
to i.8 volts per cell. Draw off acid into
carboys, fill cells with pure water and
allow to remain in cells for 36 hours.
Then syphon out the water and allow the
plates to drain and dry. When putting
the cells into service again, fill with the
same acid, or acid of the same specific
gravity, and charge.
OPERATION.
Most makers issue fully detailed operating instructions, which vary considerably,
especially for automatic and semi-automatic sets. It is therefore impossible to

ir
A

(3
11." 'MONO

t

Fig. 10.—POLISHING DYNAMO COMMUTATOR.

give detailed rules, but the following
general conditions are important :—
Engine.—Use a good grade of fuel and
fill the tank through a strainer. Use one
of the lubricating oils recommended by
the makers and drain the sump occasionally (see " Care of Engine "). Keep the
oil level correct, plugs clean and gaps
correct, and decarbonise if the engine
begins to knock or lose power. In very
cold weather, if the engine room is not
frost-proof, drain off the water from the
cylinder jacket and pipes.
Battery.—Do not under or over-

charge or discharge too fast or to below
normal voltage: Keep cells topped up.
In summer, if very little current is required (especially when the household
is on holiday), leave a few lights on one
night every fortnight and give a full
charge the next day. Regular use and
proper charging will prolong the life of a
battery by years.
Dynamo.—Take care of the brushes
and commutator (see " Care of Dynamo ").
General.—Keep everything clean.
CARE OF ENGINE.
The following points apply generally
to all engines.
For fuller instructions, consult the
maker's handbook.
Spare the Battery
at Starting.
Many sets are
arranged to start
by motoring from
the battery, but
to spare the
battery as much
as possible, either
start by hand
(especially with a
new, stiff engine)
or give the engine
WOOD PAD
a few turns by
hand to free the
bearings (especially in cold
weather) before
(Boulton and Paul, Ltd.)
starting from the
battery. If the
battery is low, or has just been installed, start by hand. If the engine
fails to start in a few seconds from
the battery, do not keep it motoring, but
find the cause of failure to start.
Bad Running.
If the engine runs unsatisfactorily,
the following may be the symptoms and
causes :—
(1) Slow running. Governor set incorrectly.
(2) Loss of power. Engine needs decarbonising ; poor fuel ; partially
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choked jet ; ignition timing faulty ;
exhaust pipe and silencer choked.
(3) Misfiring or " popping back." Partial
fuel stoppage or choked jet; dirty plugs;
weak mixture caused by misadjustment of carburetter ; sticking valves.
(4) Stoppage. Lack of fuel ; ignition
failure such as loose lead, oiled plug
or magneto trouble ; fault in the
control system of an automatic set.
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of the oil by dilution with petrol or
paraffin ; a worn engine also will need new
oil oftener than a new one.
When the oil seems thin or very dirty,
drain the sump after the engine has
stopped and is still warm, and swill out
the crankcase with paraffin, or better
still, a little clean, thin oil. If paraffin
is used, every trace must be removed
before adding new oil. The best procedure

Fig. II.—ERECTING THE TANKS AND EXHAUST PIPE. (Stuart Turner, Ltd.)
See that the pipes from the water tank lead fair and straight. The top water pipe must slope
upwards from engine to tank throughout its length. Put the petrol tank the correct height
above the carburetter according to the makers' instructions. A coil in the petrol pipe provides
flexibility. The coil must be vertical as shown. Be sure that the pipe falls all the way to the
carburetter and that there are no rises in its length. They cause air locks. Install the
exhaust pipe so that it slopes downwards from the plant.

(5) Knocking. Engine badly needing decarbonising ; worn bearings ; lack of oil.
Draining Off Old Oil.
It is very necessary periodically to
renew the lubricating oil. Makers' instructions vary, some saying after Zoo
hours' running ; others every month.
A hard and fast rule is impossible, for
light load running or the use of inferior
fuel will lead to Quick deterioration

after draining is to add enough oil for
the oil pump to work, give the engine
a few turns by hand, again drain and then
fill up with the usual oil. The cost of oil
is much less than the cost of premature
wear caused by running on thin, sludged
oil.
Note.—With some systems of lubrication, especially on two-stroke engines,
only very occasional cleaning of the
crankcase is required.
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Attention to Valves.
Keep the clearance between the tappets
and valve stems to the recommended
amount, usually about the thickness
of a magneto gauge, measured when the

be familiar to most engineers. The following points should be noted :—
In grinding, rotate several times through
a quarter turn at a time, lifting the
valve before grinding through the next
quarter turn. Apply light pressure
directly downwards on the valve head,
not at an angle.
Use coarse paste only when the valves
are badly pitted. Usually medium, finishing with fine, grinding paste is enough.
Do not grind more than is necessary to
form a continuous bright line on the valve
face and seating, or the valves will be
" pocketed " below the normal level
of the seating and power will be lost.
Very carefully clean all traces of grinding
compound from valves and engine before
re-assembling.
Do not replace the exhaust valve in
the inlet position or vice versa.

Decarbonising.

Fig.

I2.—THE EXHAUST SILENCER.
(Stuart Turner, Ltd.)
The exhaust pipe should slope down to
the silencer so that moisture may drain
away. The pipe must not be cemented
into the wall. It must be removable for
cleaning. Means of draining the silencer
must be provided. A small drain pipe is
shown. The exit from the silencer is
taken straight up 6 to 8 feet. Keep
exhaust pipes as short and straight as
possible. The fewer bends there are,
the better. Elbows must not be used.

Most engines have detachable cylinder
heads. To detach, first drain off water,
disconnect water pipe (and exhaust pipe,
if necessary) and ignition lead ; then
loosen the nuts on the holding-down bolts
and smartly swing the engine over compression. This should loosen the cylinder
head. If not effective, use the following
method :—Loosen the cylinder nuts half
a turn only and start up the engine in
the ordinary way ; the explosion in the
cylinder will loosen the head. Avoid
prising apart the head from the cylinder
with a chisel or screwdriver or the gasket
will be damaged.
When the head is removed, cover the
cylinder with a clean rag, take the head
to a bench and clean out all carbon with
a blunt tool, such as an old wide screwdriver with slightly rounded edges. A
cranked scraper, which can be made easily
from a piece of soft iron strap, is useful
for cleaning out the exhaust ports and
around the valves.
When decarbonising, grind in the valves
as already described.

Clean the Plug.
engine is warm. When the head is
removed the valves should be ground-in.
The procedure is generally the same as
for a car or motor-cycle engine, and will

The plug should be removed when
decarbonising and thoroughly cleaned
with a wire brush. The electrodes may
have to be scraped clean of carbon with a
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knife. After cleaning, set the gap between
the points to the thickness of a visiting
card by bending in or out the outer
electrode—never the centre one.

Replacing Cylinder Head.
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cooling system with water. If the engine
can be left a few hours for the jointing
compound to set, so much the better.
As soon as the engine gets warmed on
the next run, go over all nuts again, and
finally tighten after the run. If water
leaks between the head and the cylinder,
or exhaust gas blows out, the joint is bad,

After decarbonising and grinding in
valves, wipe the head perfectly free from
loose carbon,
clean the facing
down on which
the head bolts,
and the gasket.
Thinly smear
both sides of the
gasket with gold
size or jointing
compound, drop
over the cylinder
bolts, and then
drop the head
into position.
Make very sure
that no dirt gets
between the
faces. Screw up
theholding-down
nuts finger tight,
then with a
spanner give each
a few turns one
after the other.
Tighten diagonally opposite
nuts in turn, not
all on one side
first ; and when
fair pressure has
to be exerted
with the spanner,
give each nut
one turn only at
ELECTRIC LIGHTING PLANT. (Stuart ,
a time. In this Fig. 13.-CONNECTING UP THE
Turner, Ltd.)
way distortion of
Working to the makers' wiring diagram. The three leads from the battery
the cylinder head are shown encased in conduit. The electrician is making the final connection
of the main cable to the house. This cable passes through an ironclad D.P.
is avoided.
If the gasket main switch and fuse (shown open).
is damaged and
a new one is not to hand, a substitute may be probably because of dirt or a damaged
made out of a stout, undamaged sheet of gasket.
brown paper, carefully cut by using the old
one as a pattern. This should be replaced Magneto.
Do not interfere with the magneto
by a proper gasket when next decarbonising.
After replacing the head, reconnect unnecessarily. If a bad spark or misexhaust and water pipes, etc., and fill the firing suggests trouble, check the gap
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INCORRECT
CORRECT

The Silencer Needs
Attention.
Loss of power may
be caused by back
pressure in the exhaust
system. Once a year
dismantle the silencer
and clean out all soot,
and clean the piping if
it seems necessary.
Plugging one end of the
pipe, inserting a handful
of sharp gravel, plugging
the other end and
shaking violently, will
remove most of the
soot if no suitable
brush is available.

MAINTENANCE OF
DYNAMO.
Fig. 14.—BEDDING-IN DYNAMO BRUSHES. (Poulton and Paul,
Cleaning.—Unless
the
Ltd.)
engine room is dusty,
little cleaning is needed
between the contact breaker points when beyond an external wipe down every few
open with the gauge on a magneto spanner days. Occasionally open the end covers or
and see that they butt squarely together, remove guards (when the set is shut
if necessary cleaning up with a very smooth down, of course) and blow out dust in the
file.
windings with a pair of bellows or a
In damp weather the rocker arm may reversed vacuum cleaner. The commustick due to swelling of the fibre bearing tator and the connections from the
bush, which should be eased with a piece commutator segments to the armature
of glass paper wrapped around a thin need special attention, as here carbon
pencil. The least possible use should be and copper dust from brushes and commumade of the sandpaper.
tator may lodge. This point should be
remembered after bedding down brushes
or trueing commutator.
Adjusting Tappets.
Remove cover over valve stems and try
Bearings.—Most small dynamos are
with a gauge between end of valve stems now fitted with ball and roller bearings.
and tappet heads (see makers' instruc- These need attention not oftener than
tions regarding clearance). If clearance annually, unless the housings leak grease.
is too little to allow the gauge to be They should be filled with grease when
inserted, or so much that the gauge necessary through the grease plug, if
can be lifted up and down, loosen the fitted, or by removing the end cover.
locknut and adjust the gap by turning Do not cram too much grease into the
the adjusting nut, then lock, and again races, or " churning " will be set up,
feel with the gauge in case locking has which causes friction and heating. Use
shifted the adjustment. It is usually the grease recommended by the machine
recommended that this adjustment be makers, or in the absence of any recommade with the engine warm, as unequal mendation use Price's Belmoline " C "
expansion with heat may upset an adjust- or similar.
ment made when cold. This adjustment
of the tappets is usually necessary after Bedding the Brushes.
grinding-in the valves (see Fig. 9).
Occasionally check the brush pressure
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(which with most machines should be in
the region of i2 to 22 lbs. per square inch)
with a spring balance, altering the spring
adjustment if necessary. The brushes
should slide freely in the holders and bear
evenly on the commutator. If they do
not, bed them down by slipping a strip
of sandpaper, face upwards, between
the brushes and the commutator and
working backwards and forwards (Fig. 14).
This operation is necessary when fitting
new brushes, which are needed when the
old ones are worn down to about s inch
long. Always use the grade of brush
recommended by the makers. Clean away
all carbon dust before putting the machine
into use again.
To bed down the brushes it may be
necessary to move the rocker to bring
the brushes into a convenient position.
If this is done, reset afterwards to the
marked position.

Care of Commutator.
A commutator should naturally polish
itself in use and need little attention
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unless the brushes are neglected and
sparking develops. If it becomes rough,
shape a wood block to the surface of the
commutator and, using this as a holder,
apply carborundum cloth or sandpaper
while the machine is running (not on load,
and with the brushes lifted or removed),
see Fig. io. Do not exert much pressure,
and use fine carborundum cloth. Remove
all dust before putting the machine into
use again.
Ridges in the commutator will only
develop if the brushes are not staggered
and their tracks consequently coincide.
Bad ridging can only be removed by
withdrawing the armature and skimming
up the commutator in a lathe, afterwards
polishing.
After grinding or polishing the commutator, see that the mica is below the
surface by about 1/ 32 inch, if necessary
undercutting with narrow cutter made to
fit the grooves. Also, after repolishing
the commutator, remove sharp edges on
the segments by drawing a sharp V-shaped
tool between them.

QUESTIONS AND ANSWERS
What tests should be made after connecting
up the dynamo ?
A "megger " insulation test should be
made from both negative and positive
wiring to earth (disconnecting any permanent earth on the negative for the purpose of test). Also test between the
positive and negative sides of the installation (with generator, battery and voltmeters disconnected).

If everything is in order, what indication
will be given by the " megger "
Readings of several megohms should be
obtained.

What would you do if the engine will not
start when the maker's instructions
are followed ?
(1) See that the fuel tank is filled and
the tap on.

(2) See if the supply pipe or jet is
choked.
(3) See if the ignition is switched on.
(4) See if the plug gap is correct.
(5) Test the ignition by unscrewing the
plug, resting the body on a metal part of
the engine with the H. T. lead connected and
the terminal clear of the engine, and giving
the engine a smart turn or two. A blue
spark should be observed.

If the dynamo fails to build up to correct
voltage, what faults would you look
for ?
(1) Wrong direction of rotation.
(2) Brushes lifted or brush rocker in
wrong position.
(3) Speed low.
(4) Connections not made according to
diagram.
(5) Shunt field regulator making bad
contact, or resistance wire broken.
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ASBESTOS AND WOOD
ELECTRICAL PROPERTIES AND USES

T

HE ancients called asbestos by a
name describing its fireproof quality.
The Greek word " asbestos " means
" inextinguishable " or indestructible. It
has been regarded for centuries as an indestructible substance. It was formerly used
for lamp wicks. Asbestos occurs as a rock,
chiefly in Canada where it is called chrysotile.
The rock is found to be composed of
closely packed soft, white fibres which are
easily split off. In spite of this peculiar
appearance, asbestos is actually a mineral
compound of magnesium and silicon.

The Heat-Resisting
Properties of
Asbestos.
The fibres of
asbestos are extremely weak mechanically, and
attract
moisture.
electric
The
strength is poor,
and the only reason
for the use of asbestos is to employ
its heat resistance.
Asbestos is unaffected by temperatures up to
i000°C. It melts
at 1200-1300°C.
It is a difficult
matter to spin
asbestos fibre, but
tape can be produced without the
addition of any
adhesive. It is
coarse compared
with cotton tape,
and usually contains
adulteration in the
form of cotton
fibres to give
better mechanical

strength. Impregnated asbestos tapes are
heat resisting.

Asbestos Paper and Boards.
Paper is made of asbestos fibres in the
same way as cellulose paper. The paper
is thick, soft and felted, and resembles
coarse blotting-paper. It is used for
lining fuse boxes and for separafing
insulated coils in large generators, where
" hot-spots " occur. Boards may be built
up from paper sheets stuck together, but a
more common type
of board is that
produced by a
mixture of asbestos
and Portland
cement. This mixture is particularly
good, for asbestos
is a mineral fibre,
and a chemical
action takes place
between the asbestos and the
cement, making a
well - bonded, although hygroscopic,
material. Such
boards do not bum
and will not support
combustion, nor will
they suffer under
high temperatures.
A particular advantage is their
resistance to damage
by electric arc,
making them suitable for arc barriers
in switches and on
commutators. Asbestos - cement
boards are easily
Fig. f.—AN IMPORTANT USE OF ASBESTOSCEMENT COMPOUND.
sawn, drilled and
This illustration shows an ebony " Sindanyo "
otherwise maswitchboard at the Manchester station of the
chined. A wide
British Broadcasting Corporation. (The Relay
outlet is the buildAutomatic Telephone Co., Ltd.)
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form, used, for example, in electric cooker
wiring, comprises a braiding of asbestos
fibres, soaked with a gummy dressing
and compressed to size.
Boards for High Temperatures.
Boards and tubes composed of bakelite
and asbestos have been developed for
use at high temperatures. The material
is acid and insect-proof, unsplittable,
unaffected by water and oil, and stable
up to 200° C. Further, it can be machined,
is mechanically strong, and proof against
acids, oils, petrol and steam. The electrical strength, as with all asbestos
products, is moderate. It is used, for
example, for packing-pieces in turbo
alternators, and for brake blocks.

Fig. 2.—AN ELECTRO-MAGNETIC HARDENING
FURNACE.
Used is made of " Sindanyo " arc-resisting
board for front plate, base plate and door.
(Wild-Barfield Electric Furnaces, Ltd.)

ing trade in which large quantities
are used.
Untreated boards are not electrically
good. An asbestos-cement-bitumen combination, however, has better electrical
insulating properties, although not so
good as arc shields.
Under various trade
names it is coming
into use for suitable
panels as a substitute for slate.
Wire Coverings.
Conductors for
use in hot situations can be insulated with asbestos
paper or tape. It
has even been
found possible to
insulate wires on
the s.c.c. and d.c.c.
principle. Another

WOODS.
The electrical value of wood depends
almost entirely on its condition as regards
sap and moisture—that is, the degree of
its seasoning. Well-dried and wellseasoned wood has satisfactory electric
strength and its hard, fibrous character
gives it valuable mechanical advantages.
It requires considerable care, however,
to effect a proper seasoning of wood :
it is necessary to dry the timber slowly
in a kiln for several years, a costly process.

" Soft " and " Hard " Woods.
The trade recognises " soft " and
" hard " woods. The former are not used
in electrical work, but several of the hard
woods are employed. Among these are
ash, box, ebony,
hickory, hornbeam,
lignum vitae, maple,
oak and teak.
All woods are
hygroscopic to
varying degrees.
Hence for use under
conditions in which
the wood is liable
to electrical stress,
impregnation of
some sort is essenFig. 3.—ASBESTOS ELECTRICAL PAPER TAPE.
tial. Plain varnish(Turners Asbestos Cement, Ltd.)
ing after drying is
This tape is largely used for insulating magnet
suitable for small
wires of tramway motors, railway motors, mill
switch mountings
motors and welding transformers, or where excessive temperatures may be necessary.
for low voltages,
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Fig. 4.—EBONY " SINDANYO " SWITCHBOARD FOR THE B.B.C. LONDON REGIONAL STATION AT
BROOKMAN'S PARK. (English Electric Co., Ltd.)
"Sindanyo " is made from an asbestos base and has special electrical properties—being capable
of withstanding high temperatures, also rapidly changing temperatures, and will not readily
carbonise under an electric arc. It is non-hygroscopic and possesses a high dielectric strength.

but for higher voltages vacuum impregnation is advisable. Even so, the depth
of penetration is but small. Treatments
include boiling in paraffin wax or linseed
oil, or impregnation with oil, varnish or
synthetic resin.
The uses of impregnated hard woods
include high-voltage switch rods, packing
blocks, etc.
Bakelised Wood.
The use of bakelite has spread even
to the impregnation of wood. The

valuable hardening (polymerisation) of
this synthetic resin with heat treatment
enables comparatively soft woods to be
used as a foundation, as they allow of a
far better penetration. Sheet material
is built up in plywood fashion with a
number of thin laminae, each well bakelised, the whole stack being subjected
to heat and pressure to produce a solid,
homogeneous board with excellent electrical and mechanical strength, impervious
to water. Hard wood pieces so impregnated have been used for the pins of
pin-type insulators.
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WALL AND FLOOR FIXINGS FOR
ELECTRICAL APPARATUS
ILLUSTRATING PRACTICAL METHODS OF FIXING
SWITCHGEAR, CONDUIT AND OTHER ELECTRICAL
APPARATUS TO WALLS AND FLOORS
HEN a new
building
is being
wooden
erected
plugs are sometimes built into
the walls ready for
the electrical fixings. The labour
of inserting wood
plugs when such
provision has not
already been made
during erection can
be obviated to a
large extent by the
use of Rawlplugs.

W

For Heavy Fixings.
The first series
of pictures show
the process of fixing
an ironclad switch
to a brick wall,
using large size
Rawlplugs. Notice
that 1-inch coach
screws are used
with a No. 28
Rawlplug for heavy
jobs.
Lighter Work.
Ordinary wood
screws with smaller
Rawlplugs can be
used for lighter fittings such as the
protected wall lamp
shown in Fig. 6,
and the conduit fixing saddles shown
in Figs. 7 and io.

Fig. I.—FIXING

HEAVY SWITCHGEAR TO BRICK WALL. THE FIRST
OPERATION.

This shows how the hole should he drilled. After each blow with the
hammer the tool should be given a slight turn to prevent wedging.
0

Fig.

2.—FIXING HEAVY SWITCHGEAR TO BRICK WALLS. THE
SECOND OPERATION.

Inserting the Rawlplug in the hole. This is pushed in so that
it is flush with the wall.

Fig. 3.—FIXING

HEAVY SWITCHGEAR TO BRICK WALLS. THE
FINAL OPERATION.

Screwing in the i-in. coach screw waich holds the switchgear
in position.
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Fig. 4.-A MECHANICAL HAMMER BEING
USED TO DRILL A HOLE IN A BRICK WALL.

Fig. 5.-PLUGS

INSERTED INTO A WALL READY
FOR FIXING THE PROTECTED WALL LAMP
SHOWN IN FIG. 6.

. Fig. 6.-SCREWING A PROTECTED WALL LAMP TO A WALL.
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Fig. 7.—How TO FIX CONDUIT OR TUBING TO A WALL. FIRST OPERATION.
Showing the points where holes for the conduit fixing saddles are to be drilled being marked with
a pencil on the wall.

Fig. 8.—How TO ,FIX CONDUIT OR TUBING TO A WALL. SECOND OPERATION.
This shows the holes being made with the'special tool.
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Fig. 9.—HOW TO FIX CONDUIT OR TUBING TO A WALL. THIRD OPERATION.
Inserting the Rawplugs in the holes. No. 8 by I inch Rawlplugs are quite large enough for a
job of this kind.

Fig. lo.—How TO FIX CONDUIT OR TUBING TO A WALL. FINAL OPERATION.
Screwing the fixing saddles in position.

1198 WALL AND FLOOR FIXINGS FOR ELECTRICAL APPARATUS

Fig. IL—HOW TO FIX HEAVY MACHINERY TO A CONCRETE FLOOR (r).
This shows the first operation, which consists of drilling a hole in the concrete, in which to insert
the Rawlplug bolt anchor.

Fig. I2.—How TO FIX HEAVY MACHINERY TO A CONCRETE FLOOR (2).
This shows the second operation, the bolt being placed in the hole with the steel washer and Rawlplug
bolt anchor in position.
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Fig. 13.—HOW TO FIX HEAVY MACHINERY TO A CONCRETE FLOOR (3).
The caulking tool is placed over the bolt and the caulking then carried out with a heavy hammer.

Fig. I4.—THE BOLT ANCHOR BEFORE AND AFTER CAULKING.
Notice how the upper lead portion of the bolt anchor forces the chilled iron sections outwards so that
they engage firmly with the concrete.
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Fig. i5.—THE

FINAL OPERATION IN FIXING HEAVY MACHINERY TO A CONCRETE FLOOR.

Showing the nut being screwed down on the anchored bolt.

A Useful Time Saver.
Where a large number of Rawlplugs have
to be used much time can be saved by
using the mechanical hammer illustrated
in Fig. 4. The hammer is held as shown
and the turning of the handle delivers
hammer blows on the head of the drill
and also .rotates the drill carrier through
20° between the blows. The wing nut
which can be seen at the lower end of
the front casing enables the force of the
blows to be varied according to the size
of the drill and the material which is being
drilled.
AN INGENIOUS FOUNDATION BOLT.
When heavy machinery has to be fixed
on a concrete floor which has not been
previously prepared, the Rawlplug bolt
anchor can be used to give a satisfactory
job with a minimum of inconvenience.
This anchor is fitted on to an ordinary bolt

and inserted in the manner illustrated
in Figs. II to 14. The bolt holes are
first marked out on the concrete, which is
then drilled as shown in Fig. u. A
steel washer and Rawlplug bolt anchor is
then placed on the bolt, which is then
lowered into the hole as shown in Fig. 12.
Caulking.
The caulking tool, which is in the form
of a steel tube, is now placed over the bolt
and the caulking carried out with a heavy
hammer. Fig. i3 shows the caulking tool
being placed in position and Fig. 14 shows
the bolt anchor before and after caulking.
Notice how the upper lead portion of the
anchor forces the chilled iron sections
outwards so that they engage firmly
with the concrete, making a sound fixing.
The top of the holes can then be filled
in with concrete if desired, although this is
not necessary.
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TESTING SMALL D. C. AND A. C. MOTORS
By A. T. DOVER, M.I.E.E.

A

Fig. I.—INSTRUMENTS FOR MEASURING MOTOR SPEEDS.
A, revolution counter ; B, stopwatch (the large hand makes one revolution in io seconds) ; C,
tachometer with change-speed gear box giving three ranges ; D, synchronised revolution counter and
stopwatch ; E, tachometer with two ranges.
Note that all the spindles have conical rubber tips for engaging with the shaft centre. These tips
should always be used with the above instruments as only light pressure of the tip in the shaft centre
is then necessary.

Tests Required to Determine Performance
of Motor.
HE performance of a motor—i.e.,
the relationship between the output, speed, input, efficiency—may
be determined either directly, by loading
the motor with a brake and measuring
the torque, speed and input ; or indirectly,
by determining the losses by means of
no-load tests and calculating the output
corresponding to a given input. The
direct, or brake, method should always
be employed whenever possible, as the
accuracy obtainable with the indirect
method is not always of a high order
owing to the actual losses on load being
different from the calculated losses.

T

Apparatus and Equipment Required for
Brake Test.
In addition to a suitable source of
supply and suitable electrical measuring

instruments, a brake and testing stand
is required, together with means for
measuring the torque and speed.
Types of Testing Brakes.
The function of a testing brake is to
apply a retarding torque (which can be
measured accurately) to the armature
shaft of the motor. This torque may be
obtained by either mechanical or hydraulic
friction or by electrical methods, viz., by
rotating in a magnetic field a system of
conductors forming closed electric circuits.
Mechanical friction brakes are usually
employed with small motors because they
are easily and cheaply applied, and do not
require external sources of energy, such as
water (for the hydraulic brake) or electricity (for the electric brake).
Mechanical Friction Brakes.
With these brakes the retarding torque
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is produced by the friction of a cord, rope,
band or brake blocks on the periphery of a
pulley or drum fitted to the armature
shaft. The frictional force is measured
by spring balances or weights and the
torque is calculated from the product of
the frictional force and the radius of its
application.

excessive pressure between the brake band
and the pulley will be necessary, which
will cause overheating of the brake drum
and band. On the other hand, if a large
diameter brake drum is used with a small
fractional-h.p. motor, the frictional force
necessary to load the motor will be so
small that difficulties will be encountered
in its measurement.
Practical Details.
A brake drum 2 in. in diameter
gives good results with small
fractional-h.p. motors : a 31-in.
drum is suitable for 2-h.p. motors
and a 6- or 7-in. drum is suitable
for i-h.p. motors. For 2-3-h.p.
motors, running at speeds between
1,200 and 1,50o r.p.m., the brake
drum should be about 8-9 inches
in diameter. For 5-h.p. motors
a Io-12-in. water-cooled drum is
necessary.
The smaller drums should have
shallow flanges to prevent the
cord, rope or band sliding axially
off the drum. The larger watercooled drums are not flanged, as
the brake blocks for these drums
are fitted with check plates to
limit the axial movement of the
blocks on the drum.

Fig. 2.—DETERMINING THE SPEED OF A FAN MOTOR BY
MEANS OF A COUNTER DIAL AND STOPWATCH.

The counter dial is the type used on house service
meters and is driven by a light spring connected to the
armature shaft.

For fractional-h.p. motors a cord or
small rope will give sufficient friction, but
for larger motors a band or brake blocks
must be used. A water-cooled pulley or
brake drum is necessary for motors above
3 h.p, if tests are required over a range of
loads.
The Brake Drum.
The diameter of the pulley or brake
drum is important. If it is too small,

Brake Cord and Rope, Practical
Details.
For small fractional-h.p. motors
diam(h-h.p.) a cord about
eter wrapped once round the 2-in.
brake drum is very satisfactory ;
and for a f-h.p. or 1-h.p. motor
a Ys-in. diameter rope wrapped
once round a 3-in. or 3k-in. brake
drum is very satisfactory.

Brake Bands, Practical Details.

For larger outputs a band extending
over half the circumference of the brake
drum gives satisfactory results. A piece
of 2-in. by i-in. canvas belting is suitable
for motors of 1-2 h.p., and a piece of
canvas belting on a 9-hi.
3-in. by
drum is suitable for a 3 h.p. motor. In
place of the canvas belting, a band of
Ferodo or other specially prepared friction
brake material may be used, but in this
case the thickness of the band should not

TESTING SMALL D.C. AND A.C. MOTORS

1203

exceed 6
1 in. and
the diameter of the
brake drum should
not be less than 8
inches, as these
materials are not so
flexible as the
canvas belting.
A Durable Brake
Band.
Excellent results
have been obtained
over extended tests
on 1-2-h.p. motors
using a Ferodo band
2 inches wide and
13.6 in. thick on a
9-in, dry brake
drum. This Ferodo
band was found to
be much more
durable than similar
bands of canvas
belting owing to its
ability to withstand
heat, whereas with
brake bands of
canvas belting the
heat produced by
the friction of the
band on the brake
drum chars the
fibres, and the surface of the band
soon becomes glazed
and brittle.
An ideal brake
band for 1-3-h.p.
motors would consist of a canvas band
2-3 in. wide and
about A in. thick Fig. 3.—ROPE BRAKE AND TESTING STAND FOR TESTING FRACTIONAL
H.P. MOTORS.
with a Ferodo lining
The rope (about inch in diameter) is wrapped once round the grooved
(next to the brake pulley, one end being attached to the spring balance and the other end to
drum) about /16 -in. the scale pan. The motor on test is a i-h.p. single-phase motor„ and the
measuring instruments include a voltmeter (left), an ammeter and a wattthick.
meter. The speed is measured by a tachometer.

An Important Point.
An important point when using canvas
and Ferodo brake bands is that the surface
of the brake drum must be dry and free
from grease and oil.
Brake Blocks, Practical Details.
Wooden brake blocks are used, on the

brake drum for motors of 5 h.p. and
above.
For a 5-h.p. motor and a 12-in.
brake drum, about eight blocks each about
3 inches square and about to i in. thick
are satisfactory. The surfaces of the
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blocks are shaped to fit the drum, and
each surface has two shallow diagonal
grooves for holding grease. The blocks
may be fitted to a band of thin sheet steel

frictional force between the brake band
and the brake drum depends upon the
pressure between the band and the drum.
In brakes where the band covers only
one half of the circumference of the drum the
pressure is varied by
applying a tension to the
tight side of the band.
When the band is applied
to the underside of the
brake drum the required
tension is obtained by
means of a handwheel
and screw, as shown in
Fig. 4. But when the
band is applied to the
upper portion of a bracket
drum, the tension is
varied by changing the
weight attached to the
tight side of the band.
With brakes in which
a cord or rope is wrapped
once round the brake
drum, the frictional force
is varied by altering [the
weight or force applied
to the tight side of the
rope, as explained in the
following section.

How the Speed is
Measured.

Fig. 4.—BAND BRAKE AND TESTING STAND FOR SMALL MOTOR.
The ends of the brake band are attached to spring balances which
measure the tensions in the tight and slack sides.
The motor on test is a 2-h.p. three-phase induction motor, and
the measuring instruments include a voltmeter, an ammeter and a
double (polyphase) wattmeter.

to encircle the brake drum, and the ends
of this band may be fitted with lugs, with
a bolt and nut for adjusting the tightness
of the blocks on the drum.

How the Torque is Varied and Adjusted.
With all mechanical friction brakes the

The speed of rotation of
the armature in revolutions per minute must be
measured accurately, as
any error in the measurement of the speed affects
directly the calculated
output, since the latter
is proportional to the
product of speed and
torque.
Various speed-measuring
instruments are shown in
Fig. i.

Revolution Counter.
On the left in Fig. i is a Starrett
revolution counter. The rubber-tipped
spindle (which is lightly pressed into the
shaft centre of the motor) is worm geared
to the central bevelled disc, which makes
one revolution for each ioo revo-
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lutions of the spindle. The portion
of the frame surrounding the disc is
divided into ioo parts and an index mark
on the disc enables the number of revolutions to be read. The revolution counter
must be used in conjunction with a stop
watch, and the best procedure is to time
a given number of revolutions. To reduce
the magnitude of any errors, the period of
the timing should not be less than a minute.
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wear of the internal parts is liable to cause
errors in the indications.
Two forms of tachometer are shown in
Fig. i. The one in the centre of the
illustration has a change-speed gearbox
giving three speed ranges ; the one on the
extreme right has two spindles giving two
speed ranges.

Synchronised Revolution Counter and
Stop Watch.
This instrument is shown in Fig.
Stop Watch.
The stop watch shown adjacent to the between the two tachometers. The leftrevolution counter in Fig. z is a special hand dial is a stop watch, and the righttype developed by Venner Time Switches hand dial is a revolution counter, with
for testing purposes. The large hand extra dials for recording hundreds and
makes one complete revolution in Io thousands of revolutions of the central
seconds, and as the dial is divided into driving spindle. This spindle is normally
zoo divisions, very accurate timing is disconnected (by means of a spring and
clutch) from the worm of the revolution
possible.
Such methods of speed measurement, counter, but when it is pressed into the
however, are useless when the speed is shaft centre the worm is engaged and at
fluctuating, and in these cases a tachometer the same instant the stop watch is started.
The withdrawal of the spindle from the
or speed indicator must be used.
shaft centre causes the simultaneous
stopping of the watch and revolution
Tachometers.
These instruments have a flyball counter. Thus very accurate readings of
mechanism geared to the driving spindle speed are possible, even over brief intervals
(which is inserted in the shaft centre of of time, such as 10-15 seconds, as the
the motor), the movement of the balls human factor (which is associated with the
causing the pointer to move over the dial use of a separate re volution counter and
and give the speed directly. Such instru- stop watch) is eliminated. Such an
ments must be calibrated by reference to a instrument is very useful for general
standard instrument, and the calibration testing and for checking the calibrations
should be checked from time to time, as of tachometers.
TABLE I.—LOG OF TEST READINGS ON A BRAKE TEST OF A 21-H.P. D.C. SHUNT-WOUND MOTOR WITH
THE TESTING BRAKE ILLUSTRATED IN FIG 4.

Brake Tensions.

,,0
0 00

. 1-11. HH HH H
0 l0,00001s)W-P. tn LA

Volts.

Line Amperes.

3.5
5
8.5
11.5
13.5
15.5
17.5

Speed by
Tachometer
(r.p.m.).

1,18o
1,16o
1,140
1,130
1,128

20

1,120

1 , '18
1,110
I, I00
1,095

27

Slack side (T2)
(lb.).

0
4e
13
18
221

0
11
41
5i
61
71
8/
8/
91
I0
101
Doi

1,200
1,200

22.5
24
29

Tight side (T1)
(lb.).

,

251

284
321

361
39
41 1

44

Note.—The method of correcting the readings to correspond to a constant supply voltage will be dealt with in an article on
" Calculations relating to D C. and A.C. motors."
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TABLE IL-LOG OF ACTUAL READINGS ON BRAKE TEST OF 200-VOLT UNIVERSAL SERIES-WOUND
MOTOR FROM VACUUM CLEANER. A.C. TEST AT 200 VOLTS, 50 CYCLES.
Speed.

Brake.

Volts.

200
200
200
200
200
200
200
200
200
200
200
200
200
200

Weight
applied
to brake
cord
,(lb.)

Tension in
slack
side of
brake cord
(lb.).

Revolutions
by
counter.

Time
bystop
watch
(sec.).

1.75
1.65
1.55
1.45
1.35
1.25
1.15
I.05
0.95
0.85
0.75
0.65
0.55
0.45

0

1,533
1,568
1,620
1,812
1,864
1,932
2,150
2,375
2,230
2,468
2,980
2,930
4,720
3,120

19.4
19
18.7
19.6
19.8
19.2
19.4
20.6
18.5
19
21.5
19.5
29.8
19.2

0
0
0
0
0
0
0
0
0
0
0
0
0

Precautions Necessary When Measuring
Speeds of Very Small Motors.
In measuring speeds with any of the instruments shown in Fig. i the rubber-tipped
driving spindle must be pressed into the
shaft centre to obtain sufficient grip
between the former and latter to prevent
slipping. Thus an end thrust is applied
to the motor armature.
With a sleeve-bearing machine of very
small output the additional friction caused

Calculated
revolutions
per
minute.
4,750
4,950
5,200
5,550
5,66o
6,050
6,65o
6,900
7,240
7,780
8,300
9,000
9,440
10,050

Watts.

237
230
22 4
218
212.5
205
200
194
188
18o
173.5
165
155
146

Amperes.

1.33
1.28
1.24
1.2
1.17
1.13
1.09
1.03
0.99
0 .94
0.9
0.85
o.81
0 .75

by this end thrust, together with the
power required to drive the revolution
counter or tachometer, may add an
appreciable load to that already applied
by the brake. Thus both the speed and
the input corresponding to a given brake
load will be in error. Tests have shown,
however, that with the careful use of a
tachometer and a light pressure, a close
approximation to the actual speed may be
obtained

OF ACTUAL READINGS ON BRAKE TEST OF 200-VOLT UNIVERSAL SERIES-WOUND
MOTOR FROM VACUUM CLEANER. D.C. TEST at 200 VOLTS.

TABLE

Speed.

Brake.
Volts.

Weight
I applied to
1 brake cord
(lb.).
1
I
.")

u-)

,`,>

nnnnnnnnn u").n

H 0 0,00 t N V

00000 00000000

00000 00000000

NCINC,IN CI CI NNN CINCI

Tension in
slack side of
brake cord
(lb.).

Revolutions
by
counter.

Time by
stop watch
(sec.).

Calculated
revolutions
per minute.

Amperes.

o
o
o
o
0

1,88o
1,990
2,060
2,085
2,210

19.1
19.4
19.6
19.4
19.1

1.12
1.09
I .o6
1.03

0

2,320

19.6

o
o
o
0
o
o
o

2,355

19.6
19.9
19.7
19.7
19.7
19.1
19.5
30

5,900
6,15o
6,310
6,45o
6,92o
7,100
7,200
7,920
8,120
8,550
9,000
9,740

0

2,625
2, 666
2,840
2,955
3,100
3,25o
5,322

1.0
0.96

0.92
o.88
0.85
o.8
0.77
0.73

10,000

0.69

10,644

o.65
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Special Methods of Measuring Speed.
Other methods of measuring the speed
in such cases are :—(I) by means of a
high grade dial counter (such as are fitted
to house service electric , supply meters)
and a stop watch ; (z) an optical method,
e.g., by means of a stroboscopic disc and a
vibrating viewing slit
having a known and
constant period of vibration.
Fig. 2 shows the application of the first method
to a desk fan motor. The
spindle of the " tenths "
dial is coupled to the
armature shaft by a light
spring which does not
apply any end thrust.
The optical (stroboscopic) method is the only
method of measuring
speed without applying
a load to the motor, but
it requires a skilled observer and its application is
more suited to the
laboratory and experimental test room rather
than the workshop.
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weights to give the required pressure
between rope and drum. The end of the
rope to which the scale pan is attached
must be the tight side, and the direction
of rotation for the arrangement shown in
Fig. 3 must, therefore, be clockwise when

Example of Rope Brake
for Fractional-H.P.
Motors.
Fig. 3 illustrates a
simple brake and testing
stand which has given
very satisfactory service
in the testing of fractionalh.p. motors. The testing
frame is built up of flat
bars and angle iron, and
5.—WATER-COOLED BRAKE WITH WOODEN BRAKE BLOCKS.
a block of wood is secured Fig.
The blocks are fitted to a sheet steel band and the pressure is
to the base of the frame adjusted by the screw bolt. The frictional drag on the brake blocks
to act as a base plate is measured by the spring balance.
Water is poured into the brake drum at the front as required.
for the motor, which is
fixed to the block by
screws or bolts.
viewed from the brake end, i.e., the
The rope (about A in. diameter) is friction between the brake drum and the
wrapped once round the brake drum ; rope tends to lift the scale pan.
the upper end is attached to the spring
The force balancing the retarding force
balance suspended from the top cross-bar due to friction is equal to the difference
of the frame and the lower end is attached between the tensions in the tight and
to a scale pan in which are placed various slack sides of the rope. The tension in the
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tight side is equal to the weight in the
scale pan ; that in the slack side is equal
to the reading on the spring balance.
Typical test readings are given in
Tables II and III.
Example of Band Brake for Small Motor.
Fig. 4 illustrates a simple arrangement
of a band brake for a small motor. The

fitted to a band of sheet steel. The ends
of this band are fitted with lugs, and also
a bolt and nut for adjusting the pressure
between the blocks and the drum. The
balancing force is measured by a spring
balance which is attached to a rope passing
round the band and terminating at a hook
on one of the lugs. The direction of
rotation for the arrangement shown in Fig. 5

Fig. 6.—AN ALL-ELECTRIC TESTING BRAKE.
This type of brake has many advantages over mechanical friction brakes. It consists of two copper
discs which rotate in the magnetic field of a multipolar electromagnet. The torque is adjusted by
varying the excitation (as shown) and is measured by means of a weight and graduated yard-arm.
brake drum is 7 in. in diameter and the
band is a piece of canvas belting 2 in. wide
and
in. thick. Small iron plates are
riveted to the ends of the band for the
purpose of connecting the band to the
spring balances which measure the tensions
on the tight and slack sides. The spring
balance connected to the tight side must
be suspended by a screw bolt in order
that the pressure between the band and
the brake drum may be adjusted.
A typical set of readings is given in
Table I.

must be clockwise when facing the brake.
The brake drum has a solid back web
and a deep front internal flange, so as to
provide a receptacle for water.
When running a test, cold water is
poured into the drum from time to time.
For a prolonged test on a 5 h.p. or
larger motor, the brake drum requires a
continuous supply of cold water, and
means for extracting the hot water. The
latter is effected by a scoop, which should
be placed approximately opposite to the
cold water inlet pipe.

Example of Water-Cooled Brake.
Fig. 5 illustrates a water-cooled brake
drum with wooden brake blocks which are

Example of Electric Brake for Small
Motor.
Fig. 6 illustrates an electric brake

TESTING SMALL D.C. AND A.C. MOTORS
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coupled to a ri h.p. motor. The brake usually measured by two wattmeters or
consists of two copper discs (fixed to the the equivalent double or polyphase wattshaft of the motor) which rotate between meter, which is actually two wattmeter
the poles of an 8-pole electro-magnet elements with a common moving system,
mounted on ball bearings fitted to the as shown in Fig. 7. The two wattmeters
shaft. The frame carrying the electro- and the double wattmeter are connected
magnets is fitted with a graduated yard- as shown in Fig. 8.
arm carrying a sliding weight by means of
which the torque is measured.
Examples of Test Readings.
Tables II and III give the actual test
When the discs rotate in the magnetic
field of the electro-magnets, currents are readings obtained on a vacuum cleaner
induced in the discs, and the magnetic motor, tested with D.C. and A.C., using
field due to these currents reacts
upon the electro-magnets tending
to pull them round in the same
direction as the discs. This
c--ndency is counteracted by the
slidi ig weight, and when this is
adjusted so that the yard-arm
is horizontal, the product of the
weight and its distance from the
shaft centre is equal to the torque
at the armature shaft. The torque
is adjusted by altering the excitation of the electro-magnets.
An advantage of this type of
brake is that the retarding torque
can be easily adjusted and
accurately measured.
Another important advantage is
that for a given excitation the
torque remains constant. This
constancy of torque is a great
contrast to most forms of mechanical friction brakes in which
changes in the co-efficient of
Fig. 7.—INTERIOR VIEW OF A WESTON DOUBLE OR POLYfriction are continually occurring
PHASE WATTMETER.
during a test, and produce
Showing the two wattmeter elements mounted on a
corresponding changes in the
common spindle. Interference between the elements is
torque. Thus readings obtained
prevented by a magnetic shield.
with the electric brake are much
more consistent and free from errors the testing stand shown in Fig. 3. In this
than those obtained with mechanical case a thin cord 21,,- in. diameter produced
friction brakes.
sufficient friction on a brake drum 2 in. in
diameter. The speeds were measured by
Electrical Measurements and Instruments.
the synchronised speed counter and stop
For tests on D.C. motors only two watch shown at D, Fig. r, great care being
instruments—an ammeter and a volt- taken to exert the minimum pressure at
meter—are necessary, but for tests on the shaft centre so as to avoid additional
A.C. motors at least three instruments are loading of the motor.
necessary, viz., an ammeter, a voltmeter
and a wattmeter, as the power cannot How the Test Readings are Worked Out.
be obtained from the product of ammeter
In all cases of brake tests using
and voltmeter readings.
mechanical friction brakes, where sources
On three-phase tests the power is of error are liable to occur in readings of
A
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the frictional force
Figs. 9 and io, and
1
and the speed, the
selected points on
test readings should
the curves are taken
always be plotted on
for the calculations
squared paper. The
of output, input and
points so plotted 3
power factor.
should join up to a
smooth curve. If the
How the Output is
points are irregular
Calculated.
the best average
To calculate the
curve through the
output we require to
2
points should be
know the speed and
Fig. 8.—How Two WATTMETERS OR A DOUBLE
drawn and values WATTMETER
ARE CONNECTED TO MEASURE THE torque. The speed
should be taken from
corresponding to a
POWER IN A THREE-PHASE CIRCUIT.
this curve for the
given resultant
calculations of the
tension in the brake
performance.
cord is obtained frcm Figs. 9, 10 (or
The test readings for the A.C. test are Tables II, III), and the torque is
plotted in Fig. 9, and those for the D.C. calculated by multiplying the tension by
test are plotted in Fig. io. The horizontal its effective radius. This radius is equal
scale in each figure represents the resultant to z (diameter of brake drum + diameter
tension on the brake cord, which, in the of brake cord). These measurements
present case, is equal to the weight applied are made by calipers, as shown in
to the tight side of the cord, the tension in Fig. II.
the slack side being zero. The vertical
In the present case the diameter of the
scales are chosen to represent speed, brake drum is 2.1 in., and that of the
current and power. As is usually the case brake cord is o-052 in. Hence the effective
with such tests on small high-speed radius = 2 (2.1 + 0.052) = 1.076 M.
series-wound motors, the test points are The torque in inch-pounds is therefore
irregular. The best average curves are obtained by multiplying the resultant
drawn through the points, as shown in tension (in lbs.) by 1.076.
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/
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Fig. 9.—PLOT OF ACTUAL READINGS OBTAINED
ON TEST OF A FRACTIONAL H.P. SERIES-WOUND
UNIVERSAL MOTOR. TEST WITH A.C.

0
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12
76
Resultant Tension _lb.
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Fig. I0.—PLOT OF ACTUAL READINGS OBTAINED
ON TEST OF A FRACTIONAL H.P. SERIES-WOUND
UNIVERSAL MOTOR. TEST WITH D.C.
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The brake horse power output is
calculated from the formula :

the speed is due to a larger voltage
drop when running with A.C. due to
6.28 x torque (in.-lb.) x speed (r.p.m.) the inductances of the field and armah.p. —
ture windings, since with A.c. circuits
12 X 33,000
the voltage drop must be calculated
1.585 X torque (in.-lb.) x speed (r.p.m.)
(resistance)1
by using the impedance
I00, 000
(reactance) 2] of the circuit instead of
The output in watts is obtained by the resistance.
The difference in the efficiency is due
multiplying the h.p. by 746. This quantity
is required for determining the efficiency. principally to the larger losses with
How the Efficiency
and Power Factor
are Calculated.
The efficiency is
calculated by
dividing the watts
output by the
watts input, the
latter quantity
being obtained
from the appropriate curve in Fig.
9, or from Table II.
The power factor
is equal to (watts
input / voltamperes in put ).
Thus the selected
values of current
are multiplied by
the volts and
divided into the
watts input.
Comparison of
Results of D.C.
and A.C. Tests.
The final results
of both D.C. and
A.C. tests on the
above motor are
shown in Tables
IV and V and in
Fig. 12. It will be
observed that
when the motor is
running on D.C.
both the speed and
efficiency are
higher for the same
torque than when
the motor is running on A.C.
The difference in

Fig.

II .—MEASURING THE DIAMETERS OF BRAKE DRUM AND BRAKE DRUM
PLUS ROPE FOR THE BRAKE ILLUSTRATED IN FIG. 3.
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alternating current. For example, iron
losses occur in the field frame with A.C.
excitation but not with D.C. excitation,
and with A.C. excitation both the iron
and copper losses in the armature are
higher than those with D.C. excitation.

coil must be connected between the line
in which the current coil is connected and
the neutral point of the system or, alternatively, an artificial neutral point, as
shown in Fig. 13. This artificial neutral
point may be formed by connecting the
pressure coil and two non-inductive
Performance Tests on Three-phase Motors. resistances—each equal in value to the
The procedure and mechanical observa- resistance of the pressure coil—to form
tions are similar to those above. The a star-connected system, and connecting
electrical observations, and the calculation this system to the supply, taking care
that the free end of
12000
•
the pressure coil is
ccnnected to one of
\
•
the
terminals of the
•
current coil. In this
10 000 10
case, if the wattmeter
Power. AaCcor
\ svpc,
is calibrated as a singlephase instrument the
peed
total power in the
8000
016
three-phase system is
c%
•t. equal to three times
3
L
• the reading on the
I
fa:
-43 6000 % 60
--- •0•12 a> watt-meter.
When two wattA Ficiency
t• meters are used (see
.%)
Fig. 8) the total power
V) 4000 kzCI-40
.
NB to is equal to the algebraic
AC
• sum of the wattmeter
• readings. Thus it is
ii
CO very important to
i
2000 v 20
0 04
know which terminals
of the instruments
must be connected
tz
together for a positive
0
0.4
08
12
1.6
2-0
reading. Usually, these
To rq e —inch-pounds.
terminals are marked
. The necessity
I2.—FINAL RESULTS OF TESTS ON FRACTIONAL H.P. SERIESWOUND UNIVERSAL MOTOR.
for this care in ccnnectThe full curves show the results when the motor was tested with ing up the instruments
A.C., and the dotted curves show the results with D.C.
is because one instrument may read
of the power factor, are different. For positively (forwards) or negatively (backexample, if the line currents are unbalanced wards) according to whether the power
three ammeter readings would . be factor is above or below 0.5.
necessary. Usually, however, the windings
of three-phase motors are sufficiently
balanced so that only one ammeter need How the Power Factor is Calculated for
Three-phase Tests.
be used for a test. The power input, as
The power factor of a balanced threehas already been explained, is best determined by two wattmeters or a double phase system is calculated from the
wattmeter ; but with balanced loads a formula :—
single wattmeter may be used if the
Power factor =—
pressure coil is supplied with the star
Total power as measured by wattmeters
voltage of the system, i.e., the pressure
1.73 ;, line volts X line amperes

i.
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TABLE IV.-TABULATED RESULTS OF BRAKE TEST OF 200-VOLT UNIVERSAL SERIES-WOUND MOTOR
FROM VACUUM CLEANER. A.C. TEST AT 200 VOLTS, 50 CYCLES.
Brake.

Output.

Result- Torque
Speed
ant
(inch(r.p.m.).
pull
pounds).
(lb.).
1.8
1.6
1.4
1.2
I.0
o.8
0.6
0.4

1.937
1.72
1.506
1.29
1.076
o.86
0.646
0.43

4,620
5,150
5,700
6,320
7,050
8,000
9,150
10,300

Horse
power.
I 0.1422
0.141
0.1365
0.1296
0.1206
0.1094
0.094
0.074

Input.

Watts.

Watts.

Amps.

Volts x
amps.

Efficiency
(per
cent.).

106
105
101.7
96.7
90
81.6
7o
52.4

239
227.5
216
204
191
176
,6o
543

1.343
1.265
1.185
1.105
1.02
0.925
0.825
0 .73

z68.6
253
237
221
204
155
165
i46

44.4
46.1
47
47.2
47.1
46.4
43.8
37.6

DETERMINATION OF APPROXIMATE
PERFORMANCE OF D.C. MOTORS BY
INDIRECT TESTS.
What Tests are Necessary.
When it is impossible to carry out a
brake test, an approximation to the performance of the motor on load may be
obtained by determining the iron, friction
and windage losses, and the resistances of
the armature and field windings.
The iron, friction and windage losses are
determined by running the motor light at
normal excitation and normal full-load
speed.
How the Tests are Carried Out.
With a shunt motor the machine is run
at normal voltage with a rheostat and an
ammeter connected in the armature
circuit, and a voltmeter across the brushes.
The rheostat in the armature circuit is for

Power
factor
(per
cent.).
89
90
91.1
92.3
93.7
95.2
97
98

the purpose of adjusting the speed to the
required value. When this speed is
obtained the current input to the armature
and the voltage at the brushes are observed.
The product of these readings less a
correction (which is usually negligible) for
the I2R loss in the armature due to the
no-load current-is equal to the iron,
friction and windage losses.
The shunt field loss is obtained by
measuring the field current at normal
voltage, and multiplying this current by
the (normal) voltage.
The armature resistance is measured
with the armature stationary by passing
about full-load current through the
armature and observing the armature
current and the voltage at the brushes.
How the Performance is Calculated.
The output corresponding to a given
input is calculated by substracting the

TABLE V.-TABULATED RESULTS OF BRAKE TEST OF 200-VOLT UNIVERSAL SERIES-WOUND MOTOR
FROM VACUUM CLEANER. D.C. TEST AT 200 VOLTS.
Brake.
Resultant
pull
(lb.).

Torque
(inchpounds).

1.8

1-937
1.72
1.506
1.29
1.076
0.86
0.646
0 .43

1.4
1.2
I.0
0.8
0.6
0.4

Input.

Output.
Speed
r.p.m.

5,800
6,250
6,720
7,250
7,900
3,300
9,800
11,000

Horse
power.

0.178
0.171
0.162
0 .148
0.135
0.13
0.101
0.075

Watts.

Amperes.

133
127.5
120.5
110.4

1.135
1.077
1.015
0.945
0.87
0.79
0.71
0.63

89.7
75
56

Watts
(= amps.
X zoo).
227
215-4

203
189
174
158
142
126

Efficiency
(per
cent.).

58.6
59.1
59.3
58.6
57.1
56.8
52.8
44.5
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z
V)
3

ArtiFicial
Neutral Point-

Fig. 13.—How A SINGLE-PHASE WATTMETER IS
CONNECTED TO MEASURE THE POWER IN A
THREE-PHASE CIRCUIT.
An artificial neutral point must be made by
means of resistances R, each equal in value to
the resistance of the pressure coil of the wattmeter.

losses from the input. The losses are :-(I) iron, friction and windage ; (2) excitation (shunt field loss) ; (3) armature PR.
Items (I) and (2) are determined from the
no-load test, as explained in the preceding
section. The armature I2R loss is calculated from the given input current and
the measured armature resistance.

Example of Test Readings and Calculation
of Performance.
The above method will be applied to the
calculation of the output and efficiency of
a 5-h.p., iio-volt, shunt-wound motor

The nameplate rating is :-5 h.p., II() volts
1,500 r.p.m., 42.5 amps.
The readings obtained on the light
running test were :—
. r.p.m. 1,500
Speed
••
Armature volts ..
95
Armature amperes
2.5
ilo
Field volts
.. 1.62
Field amperes
..
The total resistance of the armature
brushes and commutating-pole winding is
0.28 ohm, and that of the shunt field
winding is 44 ohms.
Hence the input to the armature
= 95 x 2.5 = 237 watts, which may be
considered as the friction and windage
loss.
Therefore the losses corresponding to
the full load input of 42.5 (line) amperes at
iio volts are :—
..
Friction and windage
237 watts.
178
Excitation (= IIo x 1.62)
„
Armature circuit [= (42.5 —
. .
468
1.62) 2 x 0.28] ..
Tot al
783
••
Hence the output corresponding to the
rated full-load input is :42.5 x 110-783 = 3,897 watts, or
3,897/746 = 5.22 h.p.
Efficiency = 1897
0.833•
4,680
The photographs illustrating this article
were taken in the Electrical Engineering
laboratories of the Battersea Polytechnic,
London.

QUESTIONS AND ANSWERS
What is the function of a testing brake ?
To apply a retarding torque to the
armature shaft of the motor.

How is this torque obtained ?
By either mechanical or hydraulic
friction or by electrical methods, viz., by
rotating in a magnetic field a system of
conductors forming closed electric circuits.

What instruments would you use to
measure the speed of rotation of the
armature
r. A revolution counter and a stopwatch when the speed is steady.

2. A tachometer or speed indicator
when the speed is fluctuating.
3. Dial counter and stop-watch.
4. Stroboscopic disc, which is observed
through a special viewing slit which opens
and closes in rapid succession at a known
speed.

What precautions would you take when
measuring the speed of a small motor
on test ?
The revolution counter or tachometer
should be applied to the end of the shaft
with light pressure only, otherwise additional friction is set up due to end thrust.
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DYNAMOS, STARTERS AND CUT-OUTS
FOR MOTOR-CAR ELECTRICAL EQUIPMENT
By E. HILL
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I.—COMPONENTS OF DYNAMOTOR SUITABLE FOR FRONT OF ENGINE DRIVE.

DYNAMOS.
HE electrical generator or dynamo,
the purpose of which is to provide
the current necessary to keep the
battery in a charged condition, is a unit
which requires careful consideration from
the car engineer.
The size and weight depend largely on
the output necessary, but also depend on
the voltage of the system and the speed
at which the generator is driven, which
latter factor depends on the method of
drive employed. The output should be
such as to cover all the demands for
lighting and ignition and at the same time
ensure a small charge to the battery
during the periods when the vehicle is

T

FLANGED
END FRAME

travelling at the speeds which are normal
to the type of vehicle.
Calculating Generator Output.
Supposing the car to be one of the
pleasure models, with a speed range up to
5o m.p.h., and that the lighting and ignition
load is made up as follows : 2 head lamps
36 watts each, 2 side lamps 6 watts
each, tail lamp 6 watts, 2 dash lights
6 watts each, coil ignition 24 watts, i.e.,
a total load of 126 watts, then the generator
should be capable of supplying 126 watts,
plus 3o watts charge allowance = i56
watts. This output should be available
for car speeds between 25 and 35 m.p.h.
On a Iz-volt system the current at full
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output would then be 13 amperes, roi
amperes being consumed by the lights and
ignition, and 21 amperes being available
for keeping the battery charge up. The
intermittent watts required for horn,
screen wiper, starting motor, and direction
indicators will, under such conditions, be
provided by the battery without risk
of running it down, unless of course,
exceptional demands are made on the
starter owing to low temperatures or
faults in the ignition or carburation
system.

High and Low Speed Engines.
For high speed engines therefore it is
good practice to gear the dynamo to run
at engine speed and for slow speed engines
to gear up the drive so that the dynamo
runs at one and a half or even twice
engine speed.
The three-quarter engine speed drive in
which the generator is coupled in tandem
with a magneto has the disadvantages of
additional weight and size of the generator,
and that the car will be out of commission
should there be any breakdown of the
generator. The latter disadvantage also
Driving the Generator.
applies to coil ignition systems where the
Any addition to the normal load, such distributor is driven from or by the
as spot lights, calls for additional output dynamo.
Choice of Drive.
-4 in.
kinri-nScrewed
.
The dynamo
in. dia.,
in.
threads
sin, 16
speed
will have
per inch,
Ili ini I R.H., British
some bearing on the
i-coT
a, in. rad.
in. rad
Standard
choice of the drive
Fine Thread
to be applied and
Hlinr I I
the method of
11 1— I I
mounting. For enFIC
gine speed machines
oIN
I 111151:7
a drive from the
'901
crankshaft
either
N
No.36
Drill.
i
by direct coupling
Lin. 101065 India.). I
or belt drive can be
'—."-:
No.6
used. For other
Woodruff
11
Key.
gC,1 CVq
ratios, belt, chain
it
Drilled
i3 i
a in. rad.
or gear drives can
n
n.die
''
't--(
O
t° tr)
o
be utilised as best
This dimension refers to contour
adapted to the layof flange, and does not necessarily
out of the engine.
coincide •with the eccentricity of
armature shaft.
Standardised diFig. 2.—FRONT AND SIDE VIEW OF STANDARD I.A.E. FLANGE AND SHAFT mensions of flange
END FOR ECCENTRIC TYPE MACHINES.
mountings are published by the
from the dynamo, unless the risk is run of S.M.M. & T., and these particulars also give
discharging the battery. Having decided dimensions of the shaft ends.
on the necessary output and the voltage
of the system, the manner of driving the Drive from the Crankshaft.
Where generators are mounted in line
generator should be carefully studied.
It should be borne in mind that a high with the crankshaft, it is advisable to
speed dynamo can be made smaller and interpose some form of anti-shock coupling
lighter than a low speed machine of the betweed the engine and the dynamo, and
same output. Should the engine, how- at the front end an extension is necessary
ever, be of the high speed type, it will for a dog clutch or pin drive for the starting
obviously be inadvisable to gear up the handle. The method of supporting the
the dynamo drive to an extent that will starting handle should be carefully designed
give maximum armature speeds of more so as to avoid putting any undue strain on
the bearings of the generator. Other
than 5,000 r.p.m.

111
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points regarding this
Screwed in. die..
This dimension refers to contour
method of driving the of
16 threads per inch,
flange,and does not necessarily
R.H.,
British Standard
dynamo which should be coincide with the eccentricity of
Fine Thread.
considered are, that ade- armature shaft.
quate shielding should be
14:
provided to protect the
2'4
0
dynamo from damage
by water, and means
in.
m
adapted for examining,
rad.
adjusting or dismantling
00
the machine without un1 va
due difficulty. It is of
No. 36 Drill. h161
course necessary that the
(0.1065 in. die).
a in.
rad.
rad.
machine should be
aligned correctly in reNo. 6 Woodruff
Drdled
Key.
1 in.
lation to the crankshaft
in. dia.
rad.
to avoid noise and
lin rad.
bearing damage. When
AND
SIDE
VIEW OF STANDARD I.A.E. FLANGE AND
a tandem drive is of most Fig. 3.—FRONT
SHAFT END FOR ECCENTRIC AND CONCENTRIC MACHINES.
suitable application, the
question of alignment is
also of great importance, and the position and with belt and chain drives, that some
of the generator in relation to any other form of adjustment for tightening the belt
units on the drive should be such that the or chain be provided.
generator can be withdrawn for repair Methods of Regulation.
Having decided the size and location of
purposes without interfering with the
the generator, there are several methods
running of the car in case of emergency.
of regulation, one of which may have
Belt Drive.
advantages for the particular equipment
A flexible endless belt drive is one of under consideration. Broadly speaking
the easiest and most suitable that can be these may be divided into two categories.
employed, either for the generator alone, (1) Constant current dynamos, in which
or coupled with the fan drive. Speed the regulation controls the current in
ratios are more easily arranged by this relation to the speed of the generator.
method ; the drive is more flexible and (2) Constant voltage dynamos, in which
not liable to the sudden shocks which the regulation controls the voltage indeoccur on gear drives, and provided the pendently of the load and speed. A shunt
belt is kept reasonably tight and free from wound generator is usually employed with
either system of regulation and the control
grease, little trouble is to be anticipated.
With all types of drive it is essential that may be integral with the machine or a
the mounting of the dynamo shall be rigid, separate unit.
M.P.H.

.2o
DYNAMO
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Fig. 4.—TYPICAL OUTPUT CURVE OF DYNAMO
WITH THIRD BRUSH REGULATION.
Showing the speed range ON er which the
output exceeds a given lamp load.

The Third Brush Method.
There are various forms of regulating
constant current type machines, the best
known of which is the third brush method,
having two main brushes and a third
control or demagnetising brush which is
connected to one end of the shunt field
winding, the other end being connected to
one of the main brushes. With this
method, the dynamo is a variable speed
self - regulating machine, which generates at approximately constant current
over a wide range of speed. At low
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Fig. 5.—CONNECTIONS OF DYNAMO WITH THIRD
BRUSH CONTROL.

field windings therefore are excited by a
lower voltage than in the first instance,
resulting in the main magnetic field
becoming weakened. The distortion takes
place gradually with increasing speed and
load, so that the output of the dynamo is
maintained practically constant over a
considerable speed range. This method of
control has been very widely adopted for
cars, motor-cycles, and also for train
lighting purposes. One of its chief advantages is the ease of adjusting the
output, which can be done by moving the
position of the control brush in relation to
the main brushes. Adjusting the brush
position in the direction of rotation will
increase the output, whilst movement in
the opposite direction will reduce it.

speeds a small current only, flows through
the armature winding, and the magnetic
field produced by the field coils is distributed
evenly from one pole to the other; the
voltage generated is approximately the
same in each armature coil and the voltage
across the field will be almost as great as
across the two main brushes. The machine
therefore will build up rapidly and produces a rapidly rising output after the
dynamo has attained a sufficient voltage
to cause the automatic switch to operate
FUSE
and couple the machine to the battery.
HALF FUL.L.
As the charging current increases with the
OUTPUT
increase of speed, the cross magnetic field
5w/7-CH
I
produced in the armature distorts the
main magnetic field, so that instead of the
RES/STANCE
magnetism being evenly distributed under
6.—CONNECTIONS
OF CONSTANT CURRENT
the pole pieces it is more dense at the pole Fig.
WITH ALTERNATIVE OUTPUT PROtips. The armature coils then generate GENERATOR
VIDED BY RESISTANCE AND SWITCH.
unequal voltages at the different positions
Note disposition of field fuse so as to have fuse
under the pole pieces, the voltage at the in circuit on full or half output.
main brushes, however, remaining approximately constant, as the machine is now Control with Two Main Brushes and Two
connected in parallel with the battery.
Control Brushes.
Another form of control in which two
Magnetic Distortion.
main brushes and two control brushes are
Owing to the magnetic distortion, the embodied has similar characteristics. The
field system in this instance is split up,
half being connected across one main
brush and one control brush, and the
other half being connected across the
other pair of brushes.

Fig. 7.—CONNECTIONS OF THIRD BRUSH DYNAMO
WITH THERMOSTAT ARRANGED SO AS TO BRE AK
THE FIELD CIRCUIT ON OVERLOAD.

Third Control Method of Regulation.
Another method employing a third
brush and giving similar results has a
control brush connected to one of the
main brushes, the shunt field being connected across the two main brushes.
Regulation in this instance is by means of
armature reaction due to speed, coupled
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with field distortion. At slow speeds the
two main brushes are at higher potential
difference than the control brush and the
output is lifnited by the short circuit
causing a portion of the armature current
to return direct to the control brush. As
speed increases with the distortion of the
field flux, the voltage of the control brush
rises, thus causing more armature current
to return direct to the main brush.
Further increase in speed will result in
reversal of the current at the control
brush and cause a reduction in the external
circuit current, thus tending to keep the
output more or less constant.

the battery
has been removed from
the vehicle, as
when the field
circuit is
broken there
is no danger
of the machine
generating
sufficient
voltage to
damage t h e
windings.
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Fig. 8.—CONNECTIONS OF
TWO-POLE DYNAMO WITH
Two CONTROL BRUSHES.

Short Circuiting the Resistance.
In another method the resistance is
short circuited by an electro-magnetic
device, which operates automatically at a
set voltage or when the
lamps are switched on.
On some machines the
method of increasing the
output when all the lamps
are on is employed, this
being accomplished by
having an auxiliary set
of field coils connected
HEAD-LAMP
in series with the head
SW/TCH
lamp circuit. The field
is thus strengthened when
Fig. 9.—THIRD BRUSH DYNAMO WITH AUXILIARY OUTPUT ADJUSTthe head lamps are
MENT BY MEANS OF HEAD LAMP SWITCH.
switched on and the additional output obtained.
control method of regulation, one of these
being the addition of a resistance to the Where the Fuse Should be Inserted.
It is usual to include a fuse in the field
field circuit, which resistance can be short
circuited by the charge and lighting circuit of car generators, and care is
switches. When the lamps are in use it required to ensure that the fuse is operative
is usual to arrange the
RE.S; STANCE
switching so that this reCur- OUT
sistance is short circuited
and the full output of the
1=11
machine is available. At
mu
BATTERY —
other times, full output can
be available when the
battery requires charging,
and half output when the
battery only requires a
lower rate of charge. Some
switching arrangements permit of the field circuit being
broken so that no output
is available. This switch Fig. I0.—CONNECTIONS OF CONSTANT VOLTAGE GENERATOR WITH
is useful on occasions when
VOLTAGE REGULATOR.

Output Adjustment.
Various methods of output adjustment
have been superimposed on the third
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BATTERY 0/ECWARGED- LAMPS 01)
BATTERY il/SCIIAITGEO _ LAMAS OFF
11,47-may CHARGED_ hANAS ON

is more or less discharged, the machine
will give its highest output, and as the
charge of the battery becomes completed
the output will be gradually diminished,
thus providing ideal charging for a healthy
battery.

1

BATTERY

avagGEo _LAdY/RS G.A.;,-

11200 2000 3000 4000 .5000
R.P. M

Fig. I I .—TYPICAL OUTPUT CURVES OF A CONSTANT VOLTAGE GENERATOR.

whether the field resistance is included
in the circuit or is short circuited, otherwise there is some danger of burning out
the field windings should the machine
be run on open circuit

Regulation by an Electro-magnetic Trembler Coil.
On some constant voltage machines the
regulation is effected by an electro-magnetic
trembler coil connected across the terminals of the generator. The field circuit
is opened and closed intermittently by
the trembler action at a set voltage
and the voltage of the machine prevented
from rising above a predetermined maximum.
The constant potential type of generator
is largely employed on commercial road
vehicles, such as 'buses, and is particularly
applicable for use with the nickel-ironalkaline battery.

Regulation of Constant Voltage Machines.
Constant voltage machines are usually
plain shunt-wound machines, but the
regulation is also applicable to thirdbrush machines. The apparatus may Constant Current or Constant Voltage
be included in the generator design or
Type.
may be incorporated in a switchbox. The
For
a given output there is little differdevice is an electro-magnetic one, similar
ence
in
the weight and size of machines
in construction to the automatic switch
of the constant current type as against
employed for the dynamo cut-outs.
The shunt winding across the main those of the constant voltage type. In
terminals of the dynamo energises the regard to first cost, the addition of the
magnetic circuit and operates a spring regulator makes the expense of the
control contact arm attached to an arma- constant voltage type rather greater.
ture. This contact arm short circuits An argument usually raised against the
the resistance at low dynamo speeds and C.V. system is that it is unsuitable for
allows the machine to make full output. restoring sulphated batteries. This is
When the speed and voltage of the almost equally applicable to the C.C.
generator increases, the short circuit is system as installed on motor vehicles,
removed and resistance included in the as in either case complete restoration
shunt field circuit, thus reducing the
output.
Effect of Farther Increases in Voltage.
Further increase in voltage causes the
regulator armature contacts to short
circuit the dynamo field winding. As the
output will now be reduced to zero, a
reduction in voltage will occur and the
reverse processes take place, all( ing the
voltage of the machine to build up again.
These various operations take place very
quickly and no noticeable flickering should
occur on the voltmeter. This system has
the advantage that with a battery which

laare4-roR

Flg. I2.—GENERATOR CONNECTIONS SHOWING
THIRD BRUSH CONTROL, ARRANGED FOR CONSTANT
VOLTAGE REGULATION BY MEANS OF A VIBRATOR
AND RESISTANCE.
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is improbable unless the battery is removed
for special treatment.

with high melting point grease periodically.

The Car Lay-out.
Having determined the output, size,
speed, method of drive, mounting, and
regulation of the machine, the car lay-out
can be completed as far as this item is
concerned. Some provision for a bench
test of the machines as received from the
manufacturer will be useful for an occasional check against the rated characteristics, and for determining the source of
trouble on defective machines.

Terminal Connections.
The terminals are usually numbered or
lettered for purposes of connection, and
whenever it is necessary to remove the
cable leads some form of identification
should be employed to ensure that when
reconnected the proper connections are
made.
Direction of Rotation.
The direction of rotation of machines
of this type is set for one particular
direction and is not usually adaptable for
altering from one direction of rotation to
another. On low voltage machines it is

Use a Maintenance Chart.
Maintenance charts should be employed
so that the parts requiring regular attention are duly
attended to. In
ordinary circumstances, these
parts are almost
wholly confined
to the brush
gear, commu"41r
Yr
tator and bear..-,1,„111!ik.1,:,1411111111 1 1 1 1 1 1 1 1 1 4111!@u111 1 1 1 IV 1
ings. It is essenU
tial that the
t
I 101111MIN 111
11111111111
,
brushes should be
% quite free in the
r
holders and that
the brush spring
2.1.Pir••••
shall maintain
a correct pressure
of the brushes
against the com- Fig. 13.-SECTIONAL ARRANGEMENT OF DYNAMO FITTED WITH THRUST
BEARING FOR VERTICAL DRIVE. FLANGE MOUNTING.
mutator. T h e
commutator
should have a clean and polished surface essential that all connections shall be
clean and tight, and failure to effect this
and be concentric with the bearings.
condition will result in open circuit, loss
Undercut the Mica Segments.
of output and possible damage to the
On these low-voltage machines it has machine or other parts of the equi._)ment.
been found advantageous slightly to
PRACTICAL NOTES ON DYNAMO
undercut the mica segments between each
TESTING AND REPAIR.
commutator bar, and a slight projection
These are given in pictorial form in Figs.
of the mica above the surface of the copper
is sufficient to prevent the machine 14 to 33. Reaciers who are called upon
exciting.
to test or repair dynamos are advised to
study these photographs very carefully
Care of Ball Bearings.
as they show in detail the actual methods
Ball bearings are usually employed, employed and will be found of great
and, unless these are assembled in a faulty assistance to anyone doing the jobs themmanner, should give no trouble if packed selves.

A,
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Fig. 14.—DISMANTLING A CAR

DYNAMO.
Lift brush springs by means of a
bent wire and remove the brushes.

Fig. I5.—DISMANTLING A CAR DYNAMO.
Next remove the ball race cover and then insert a soft
iron punch and tap gently on the end of the armature
spindle.

Fig. 6.—D1SMAN TLING
A
CAR DYNAMO.
The armature
and end plate
can now be withdrawn from the
casing as shown
in the picture
herewith.

Fig. 17.—DISMANTLING A CAR DYNAMO.
The next operation is to remove the driving pinion or coupling from the end of the armature shaft.
For this purpose a draw dog is used as above.
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Fig.
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18.—DISMANTLING A CAR
DYNAMO.
To remove the end plate from the
armature spindles requires considerable force. The best method
is illustrated in the accompanying
photograph, which shows a screw
press being used for the purpose.
Special care should be taken not to
damage the end of the shaft. It
will be noticed that in the press
shown herewith a hole is provided in
the bench to accommodate the
armature spindle. Methods of testing the armature are illustrated in
Figs. 21 and 22.

Fig. 19.—DISMANTLING A MOTOR CAR
DYNAMO.
After the armature has been removed the commutator shield and
brush gear should
be separated from
the field magnet
housing as shown.
The field connections must be detached from the
brush gear.
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Fig.

20.—TESTING A MOTOR CAR
DYNAMO.

This picture illustrates the
method of testing the field
windings for continuity. Notice
that the prods are applied to
the two ends of the windings.

Fig

2I.—TESTING A CAR
DYNAMO.

This picture shows the
method of testing the field
winding for an earth. Notice
that one prod is applied to
one end of the winding and
the other to the yoke.

Fig.

22.—TESTING A CAR DYNAMO.

The armature is here being tested for an earth. One point is applied to each commutator segment
in turn and the other to the armature core.
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Fig. 23.—TESTING
A CAR DYNAMO.
This shows the
method of using
a two-point prod
for measuring the
voltage drop in
each coil of the
winding.

Fig.

24.—WHAT THE DROP
TEST WILL SHOW.
The test illustrated in Fig. 23
will enable you quickly to discover any fault in the armature
winding such as that shown in
the picture where it will be
seen that one of the connections
to the commutator is broken.

Fig. 25. — UNDERCUTTING MICA
BETWEEN COMMUTATOR SEGMENTS.
A piece of hacksaw blade suitably
mounted can be
used for this purpose.
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Fig. 26.—REWINDING A CAR DYNAMO AIIMATORE.

Stripping off the old winding.

Fig.

27.—REWINDING A CAR DYNAMO ARMATURE.

Removing the old insulation from the slots.

Fig. 28.—REWINDING A CAR DYNAMO ARMATURE.
Relining the slots with strips of leatheroid. Notice that the ends of the shaft and armature core
are also protected by insulation cut to shape.
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Figs. 29 and 30.—REWINDING A CAR
DYNAMO ARMATURE.
After rewinding the ends of the coils
are fitted into the prepared slots on
each armature segment as shown
above. They are held lightly in
position by a narrow binding and the
loose ends cut to length. The soldering
operation is then a simple matter.

Fig. 3I.—REWINDING A CAR DYNAMO ARMATURE.
The end connections are now securely bound in position with twine or in some cases by special
banding wire.
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Fig. 32.—TESTING BEFORE ASSEMBLY.
After rewinding the drop test should he applied before the machine is reassembled.

Fig. 33.—How CAR DYNAMOS ARE TESTED.
This picture illustrates
a special ,,testing stand
used by the Euston Lighting and Ignition Company
for testing car dynamos.
The machine under test is
driven through a flexible
coupling and observations
are taken with respect to
(a) the speed at which
the dynamo cuts in ; (b)
the peak speed ; (c) the
maximum output ; (d) the
general running performance.
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What Happens When there is a Drop in
Voltage.
When, owing to drop in voltage, there
is a reverse current through the series
coil, that is, in the direction from the
battery to the dynamo, the magnetic
attraction is neutralised and the pull of
the spring causes the contacts to open.
Adjustment of the spring tension will
alter the voltage at which the cut-out
operates, and it is a general practice of
the manufacturers to enclose and seal up
the instrument to prevent misadjustment.

Flg. 34.—CUT-OUT SINGLE-CORE TYPE.

CUT-OUTS OR AUTOMATIC SWITCHES.
The purpose of a cut-out or automatic
switch is to connect the dynamo to the battery when the dynamo is driven at such a
speed as to enable it to generate a voltage
slightly in excess of the battery voltage,
and to disconnect the two when the speed
of the dynamo falls to a level at which its
voltage is less than that of the battery and
a small current is discharged frcm the
battery through the cut-out series coil.
On a 12-volt system the cut-out will be
set to cut in at a voltage of I3 or 14 volts
and to cut out on a discharge of to I
ampere.
How the Switch is Constructed.
In practically all instances the device is
an electro-magnetic one having a series
and a shunt winding, the shunt coil being
connected across the positive and
negative terminals of the dynamo
and the series coil being in the circuit between the dynamo and the
battery. This circuit is interrupted
or made by a contact on a moving
armature. Current through
the shunt coil causes a magnetic action on the springcontrolled armature and when
this is sufficiently strong to
overcome the pull of the
spring the contacts are joined
and the circuit completed.

35.—CUT-OUT CONNECTIONS, TWO-CORE
TYPE.

Single Bobbin Cut-out.
One type of cut-out, as generally employed for small cars and motor-cycles,
has a single bobbin on which both coils
Szopizs FIELD
I

FIELD Swirc

Cur-Our:
SHUNT
FIELD
N.a
/1
111
11
STARTER SWITCH

BATTERY -

Flg. 36.—CONNECTIONS OF DYNAMOTOR.

1230

DYNAMOS, STARTERS AND CUT-OUTS

are wound. The
soft iron core is
fixed and excites
a pivoted armature carrying one
of the contacts.
The contacts are
usually of silver,
this metal being
very satisfactory
on account of its
high conductivity.
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Shunt and Series
Coil Bobbins.
Fig. 37.—SECTIONAL ARRANGEMENT OF STARTER MOTOR WHERE THE GEAR
Another type
PINION MOVES INWARDS TO ENGAGE WITH THE FLYWHEEL RIM.
of instrument has
both a shunt and
a series coil bobbin. The core of may be mounted on the scuttle. These
the shunt coil is fixed and at either instruments are frequently incorporated
end is a fixed magnet cheek. The core in a junction box, this also serving to
of the series coil has a radial movement concentrate the connection points of the
through a small arc, and the magnet wiring. Little maintenance is necessary,
cheeks in this instance carry the contact apart from keeping the terminals clean
brushes. Main and auxiliary contacts are and tight and seeing that the brush
fitted, the main being made up of laminated surfaces are smooth and clean.
copper strips, and the auxiliary of carbon.
ELECTRIC STARTING MOTORS.
The carbon brushes are adjusted to make
Electric starting motors are fitted as
contact slightly in advance of the copper
ones so as to take any spark which may standard equipment on practically all
occur on making or breaking. The moving pleasure cars and on large numbers of
and
passenger-carrying
contact arm is spring-controlled and can commercial
vehicles.
be adjusted as previously described.
They range in size from 31 inches diaMounting a Cut-out.
meter to 64 inches diameter and are
Cut-outs may be mounted directly upon applied on 6, 12 and 24-volt circuits. The
the dynamos, this having the advantage starting torque—stalled—varies from
of reduced wiring, or, as is more usual, 5 lb. ft. to 75 lb. ft., and there are few
vehicles on the road whose engines are
not capable of being started by one or
11111
11111111111111111111111111
..11
other of the starter models available.
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3S.—CHARACTERISTIC CURVES OF TYPICAL
STARTING MOTOR.

Points the Designer Should Consider.
In applying a starter drive to an engine
lay-out the designer should consider the
form of drive, accessibility of the brush
gear and driving gear, and the method of
mounting. It is, of course, necessary to
determine the size of starter necessary to
start the engine under all normal conditions.
Testing the Engine.
The engine should be run on a bench
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the starter. With
a straight crank
shaft drive as employed with some
zfs
dynamotors, the
„
torque developed
„„,,„„q„„„„„„i„,„,„„
by the starter must
be that required to
turn the crankshaft
plus a safety
margin, Sufficient
margin will ordinarily be allowed
if the torque figure
required to turn the
crankshaft, at o° C.,
with the clutch engaged is taken. On
the example stated,
45
lb. ft. will be
Fig. 39.—TYPICAL COMPONENTS OF FLANGE-MOUNTED STARTER MOTOR.
about
the figure reReading from left to right, top, end frame, cover band and magnet
quired from the
frame ; bottom, armature, flange spigot, gear pinion and spring.
dynamotor. The
test until all the moving parts are working dynamotors employing gear or chain
freely. The oil supply should be that drives it is possible to gear up
suited to winter conditions. A record of from the engine to an extent limited by the
the speed at which the engine will fire maximum engine speed. For instance,
should be to ken and the ignition and with a 2/I drive the dynamotor armature
carburation systems set so that this will revolve at twice the engine speed and
speed will be reasonably low. When the the latter should not exceed 3,000 r.p.m,
The starter torque required in these
engine has ccoled down a torque test should
be taken of the effort in lb. ft. required to circumstances would be 45/2 = 222 lb. ft.,
turn the crank shaft at various tempera- and the starter could therefore be smaller
tures, starting at o° C. These tests should and lighter than for the straight through
give readings with the clutch engaged drive machine. For plain starters a
and also disengaged. Having discovered geared drive is almost universally emthat a torque of, say, 4o lb. ft. will turn ployed. A gear ring is shrunk or cut
the crank shaft with the engine tempera- direct on the flywheel and meshes with a
ture at o° C., and clutch disengaged, the pinion on the starter shaft which can be
gear ratio between the engine and starter moved in or out of engagement by autowill determine the power required from matic or mechanical means. A 14-inch
flywheel would carry a gear
ring having, say, 120 teeth
at 8 d.p. The pinions range
usually from 10 to 13 teeth,
depending on the size of the
starter
shaft. One hundred
,Ivu\x‘imiliii Ialga
and twenty teeth on the
flywheel and 12 on the
±
111111111111 pinion
Mi
would therefore give
a gear ration of ro/I and
NW
Clearance between pitch
the 45 lb. ft. required byeircies.0-015 in. to 0.025 in. j
the engine would be applied
by a starter having a torque
40.—OUTSIDE VIEW OF TYPICAL STARTER MOTOR.
of 45/10 = 4.5 lb. ft.

ismosalso
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What the Starter Must Do.
In addition to turning the engine the
starter must have sufficient power to
revolve the crankshaft at such speed as
will enable the engine to fire. This can be
determined on the test bench by a dynamometer test. Say that the engine fires
regularly at 8o r.p.m. under cold conditions and to run it at that speed without
ignition requires Z h.p., then the starter
motor must develop i h.p. at 800 r.p.m.
to turn the engine successfully. The
battery voltage having been decided on,
the size of the starter can then be fixed
from the specifications furnished by the
manufacturer and the further problem of
mounting proceeded with.

direction. The shock of engagement is
taken up by a torsion or compression
spring. Should the teeth meet end to
end the sleeve is free to move back slightly,
allowing the gear to move sufficiently to
enter into mesh.
Clearance.
It is usual to allow 4 inch clearance
between the pitch lines of the two gears
when fixing the starter position, and
sufficient clearance must also be allowed
between the flywheel surface and any
part of the spring drive projecting beyond
the pinion teeth. A stub form of tooth is
usually employed of 8/ro pitch and has a
2o° pressure angle, that is to say that the

Fixing the Motor.
MAX RAD
It is necessary that the fixing
Mwr ao %Is
of the motor be rigid, that the
gear centres be maintained and
that the motor spindle shall be
aligned parallel with the crankshaft.
Attachment to the crankcase or
flywheel casing by means of a
flanged spigoted mounting or by a
tunnel mounting round the yoke
or end frame of the starter is
more likely to keep the above
conditions than a strap fixing,
although if the latter has its cradle
as part of the engine casing and Fig. 4.I.-VIEWS SHOWING THE BACKING OFF OF GEAR
the starter is dowelled it will TEETH FOR STARTING MOTORS WITH AUTOMATIC GEAR
DRIVES.
probably be satisfactory.
Meshing the Gears.
Various methods are employed for tooth thickness and pitch diameter corresmeshing the gears on starter gear drives. ponds to the standard 8 diametral pitch
The most common form employs a gear gear but that the tooth depth above and
pinion mounted on a screwed sleeve, the below the pitch line corresponds to the
sleeve being a sliding fit on an extension standard ro diametral pitch gear.
of the armature shaft of the motor. When
the starter is energised, the pinion auto- Using Steel Gear Rings.
Steel gear rings are frequently employed,
matically moves along the screwed sleeve
into engagement with the flywheel gear and these are shrunk on to a shoulder on
ring and when the gears are meshed the the flywheel and dowelled. The diameter
starter turns the engine. As soon as the of the ring should project sufficiently far
engine fires and runs under its own power over the diameter of the flywheel to
the starter pinion is flung out of engage- provide the clearance necessary for the
ment owing to the peripheral speed of the spring drive. In the shrinking process a
flywheel gear being greater than that of heat not exceeding 400° F. should be used
the pinion, the latter thus being forced and air cooling, in order to retain the
back along the screwed sleeve in a reverse necessary hardness of the gear teeth.
.fr/4
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C

41 in.-

Maximum length of
Starting Motor
Housing.

-- 2i
E .

gb.
1i,17.-

E.?.

.., n. min. for
Starting Motor
with Yoke
3.i in. dia.

Clearance between pitch
circles, 0.015 in. to 0.025 in.

Li- 2
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noisy engagement,
and foot-operated
gears are employed
to minimise this.
In this method a
sliding pinion on
the starter shaft is
moved into engagement by a foot pedal
against the pressure
of a spring, the
latter serving to
push the gear out
of mesh when the
pedal is released.

AP's'I
Min.

The Starter Switch.
starter
The
switch for foot
operated starters
is so arranged that
the starter circuit is not completed until the
gears are meshed. In a further type of
gear engagement the armature is displaced

Fig. 42.—DIMENSIONS OF STARTING MOTOR WITH FLANGE I\ 10 U NT ING
I.A.E. STANDARD.
It will be seen that in this motor the gear pinion moves outwards
to engage with the flywheel rim.

Adjustments Necessary with Steel Gears.
With steel gears it is necessary to back
off or chamfer the tooth of a flywheel
gear on the non-pressure side and at the
face where the pinion meshes. This
backing off should be at 450 and be taken
to within TIT; inch of the other side of the
tooth. More satisfactory results are obtained by cutting the gears after the
gear ring is shrunk in position, and when
finished the tooth should have a scleroscopic hardness of between 5o and 6o.
Foot-operated Gears.
Inboard gears are arranged so that the
pinion moves inward towards the starter
when meshing, and outboard gears move
into engagement away from the starter.
An objection to this form of drive is the

STARTER SPY/TCH

Fig. 43.—CONNECTIONS FOR PLAIN SERIES
STARTING MOTOR.

Fig. 44.—CONNECTIONS OF FOUR-BRUSH STARTING
MOTOR WITH FIELDS IN HALF PARALLEL. SOLENOID
SWITCH CONTROL.

endwise by spring pressure when
not in action. An auxiliary field
winding is energised by an initial
movement of the starter switch
and pulls the armature against
the pressure of the spring so that a
pinion fixed to the shaft meshes
with the flywheel gear. The
starter circuit in this case
is not made until the gears are
meshed.
How Starting Motors are Wound.
Starting motors are series wound
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machines in which the field winding is connected in series with the armature winding.
In some machines the field circuit is
connected in half parallel, thus reducing
the resistance of the circuit. Brush gear,
terminals and switch contacts must be of
greater carrying capacity than for car
dynamos owing to the high currents
employed. Small increases in the resistance of the starter circuit caused by loose
or dirty terminals, badly bedded brushes
or dirty commutator will considerably
reduce the power developed by the starter.
Tests and Maintenance.
The same provisions for bench tests
and maintenance should be made as
mentioned for generators, but undercutting
of the commutator
micas is not generally
necessary. Automatic
gears require attention
and should be kept
clean and free from
grease. Torsion springs
are liable to damage
if the engine is
operated with the
ignition advanced or
by operating the
starter gear when the
engine is running

How to Conserve Current.
Starting motors, unless carefully used,
are a big drain on the capacity of the
battery, and to obtain good service from
these units it is essential that current
should be conserved. This is especially
necessary on cold mornings when first
starting the engine. In addition to flooding the carburetter and retarding the
ignition, the engine should be turned over
by hand to break the oil seal. Tests
have shown that an engine can be turned
over about 3o per cent. faster after the
oil seal is broken, under cold conditions,
than before, and this may make all the
difference in the demands on the battery
when starting up. Another means of

Own
Maid

Fig. 45.—COMPONENTS OF HEAVY DUTY TYPE STARTER SWITCH.
Types of Switches for
Reading from left to right the components are, terminals, body,
Starting Purposes. compression
spring, contact cup, cover, face plate, and switch knob.
Switches employed
for starting purposes
are of the momentary contact type, having obtaining greater speed at starting is to
heavy contacts kept apart by spring pres- disengage the clutch, as the drag of the
sure. Switches operated by solenoids can gear box is thus taken off the engine. In
be obtained, these switches being energised large 'bus garages special engine starters
through a small push switch which may are sometimes used for starting up engines
be located on the dashboard. The sole- in the mornings. These starters are
noid switch itself may be mounted on or independent units fitted with small petrol
near the starter and effectively reduce engines and provided with means of
the voltage drop through the cables by coupling on to the starting handle of the
minimising or dispensing with these.
engine to be fired. After the engine has
Little maintenance is required for these warmed up, the electric starter will restart
items beyond care in keeping the terminals the engine without undue effort and the
clean and tight.
energy of the battery be conserved.
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INSTALLING WIRELESS SETS
SOME PRACTICAL HINTS FOR DEALERS
By

JAMES H. BOOT

Fig. I.-USING A CALIBRATION CHART TO IDENTIFY DIFFERENT STATIONS.
Instructions for making a calibration chart for any set that is installed is given in the article.
NE of the first problems that the
wireless dealer has to tackle is
that of advising a customer as to
the type of set most likely to suit his
requirements. There are many excellent
sets on the market all capable of giving a
relatively similar performance, and the
main considerations the dealer should bear
in mind are the price the customer intends
to pay and the purpose for which the set
is to be used.

0

What to Ask a Customer.
The dealer should ask his customer the
following questions :-

1.—Is the set required for the reception
of local stations or for distance work as
well ? Reference to the table on page 1238
will help determine the type of set to
advise for different purposes.
2.—Is the set to work from batteries,
or from the mains ? If the customer's
house is connected to the electric supply
impress on him the advantages of an allmains set, pointing out that the cost of
operating is almost negligible, and the
greater initial outlay is soon saved by not
having to buy batteries, etc. If the
customer already has batteries which he
does not wish to scrap, he may consider
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55 turns
on
1Vormer
28 OW.S.
wound
close

Fig. 2.—TESTING THE EFFICIENCY OF AN AERIAL
WITH A " 1VIICROID GALVANOMETER (r).

This instrument, which gives a deflection of
one scale division per one-millionth of an ampere,
makes it possible to measure the very minute
currents which are obtained in wireless aerial
when different stations are being received. When
connected as above to an efficient aerial the deflection on the galvanometer, when the local
station was tuned in, was 24 divisions. Once
a standard reading has been obtained with a good
aerial it can be used to compare the efficiency
of any aerial that is installed. (See page 1239.)

using an eliminator, if this is suggested.
3. If an all-mains set is to be bought,
are the mains A.C. or D.C. ? In this the
dealer will, of course, probably know the
nature of the supply in the locality, but
if the set is to be installed some distance
away the supply may be different.
4.—Is the set to work from an outdoor
or indoor aerial ? If an indoor aerial is
intended a set employing at least one
S.G. stage should be advised if any distance is to be covered.
5.—Is the set to be self-contained or
work with a separate loudspeaker ? This,
of course, will depend on the customer's
personal opinion, but it may be mentioned
that an all-in set looks neater and does
away with unsightly wires.
6.—Is the set to be used in a small
or large room ? If in a small room, then
it would be useless to advise a too powerful
set, as distortion sometimes results when
the output has to be considerably reduced.

Local Conditions.
It is not easy to discuss the capabilities
of a wireless receiving set in terms of
distance from a particular broadcasting
station. Not only do the powers of broadcasting stations vary considerably, but
they also employ varying degrees of modulation with a consequent variation in
range for a given power. Nature also
plays a part in the reception, for a set used
in one locality with perfectly satisfactoryresults may not be nearly so efficient in
another district, although the distance from
the transmitting station may be the same.
Service Areas for Different Types of Sets.
The approximate service areas for
different types of sets are shown in the
following table and this will serve as a
guide to the dealer when suggesting a
type of set most likely to suit a required
purpose. The standard of reception required has been taken as being that of
comfortable loudspeaker strength, without
the necessity of " pushing " reaction.
The aerial and earth system is presumed
to be up to the average and the district
free from abnormal screening in the form
cf mountains, etc.

55 turns
on
280.14!S
wound
close

3.—TESTING THE EFFICIENCY OF AN AERIAL
WITH A " i\IICROID GALVANOMETER (2).
The addition of a .000i mfd. condenser as
shown above gives greater selectivity than the
circuit shown in Fig. 2. When tuned to London
Regional the deflection on the galvanometer
was 15 divisions. London National gave
5.5 divisions. A greater deflection is obtained
if the phones are omitted.
Fig.
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MEASURING THE CURRENT IN AN AERIAL.

Fig. 3B.-TUNING IN THE LOCAL STATION TO OBTAIN THE LOUDEST SIGNAL.
The microid galvanometer made by Messrs. Griffin & Tatlock is shown on the left.

GALVANOMETER R.E.40/N6
FOR Lonioom NAT. --- 38 D/V/.510AA .

AER/AL

EARTH

Fig. 3C.-MEASURING THE CURRENT IN THE AERIAL WHEN THE SET HAS BEEN TUNED IN TO THE LOCAL
STATION.

The phones have been disconnected so as to obtain the maximum deflection.
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z.
everything external to the receiver, such as
the aerial and earth wires,
mains lead, wall sockets, etc.
2.—Try substituting different
valves of the same type as advised
by the makers. Turn loudspeaker
adjustment knob (if there is one)
to ascertain if the loudspeaker
is working properly, or connect
up a loudspeaker that is known
to
be in good condition.
Fig. 4.—THE INVERTED L AERIAL.
3.—If a mains set with gramoThis is generally the most efficient type and should be
phone pick-up sockets, test to
erected wherever possible. Note that the lead-in should
begin at least TO feet from the side of the house.
see if the detector and output
valves are working by inserting
MAXIMUM SERVICE AREAS FOR a pick-up and playing a record.
4. Examine all soldered joints for loose
DIFFERENT TYPES OF SETS.
or bad connections.
TYPE OF SET
Distance from
5.—Examine any fuses incorporated in
Transmitting
the set to see that they are not damaged.
Number of
Combination or
Station.
Valves.
Circuit.
If none of these tests reveals the fault
L F. or Det.
5 miles
then the set should either be returned to
io miles
Det. L.F.
the makers, or if facilities are available
Det 2 L.F. Portables having
5o miles
3
S G. Det L.F.
test each component as described in a
S G. Det L.F. or S.G. Det.
Icio miles
3
Pentode Most portables.
later article. See also the article on
S.G. Det. 2 L.F. All port200 miles
4
" Fault Tracing" on page 455.
ables. Most superhets.
Over 200 miles

4 or 5

2

S G. Det. L F. Superhets
if including S.G. before ist
Det.

It must be borne in mind that this table
gives only average performances and it is
no unusual thing for a two-valve set in one
district to give as good a performance as a
four-valve in another. It is impossible
to lay down any hard and fast rules and
the dealer must be guided largely by the
conditions that exist in his own district.
Testing the Set Before Delivery.
In all probability a demonstration will have to be staged
in the dealer's shop, and even
if this is not so, the set should
be tested before it leaves the
shop to see that it is in working
order and that no valves have
been damaged in transit.
Batteries should be tested with
a voltmeter to see that they
are fully charged.
If reception is poor, or no
signals are obtained, the following tests should be made :—

How to Cure Distortion.
When distortion is experienced with a
battery set a simple test with a milliammeter will often enable the fault to be
traced. Insert a milliammeter in series
with each H.T. positive lead in
turn. If the needle kicks forward
there is too much grid bias, and it should
be reduced. If the needle kicks backwards
then there is too little grid bias, and it

Fig. 5.—THE TWIN AERIAL.
This is suitable for installing in a garden that is only
about 3o feet long.
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should be increased. Always switch the
set off before altering grid bias plugs.
Should the set work satisfactorily in
th? shop and then fail to work when connected up in the customer's house, look
for faults in the aerial-earth system, or in
the mains connections if an all-mains set
is being installed.
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shown in Fig. 3 increases the selectivity,
but, of course, cuts down the signal
strength.
The following table shows actual deflections obtained when using a " Microid " galvanometer in the London
area. The same crystal setting was used
for all readings :

Testing the Efficiency of an Aerial.
Circuit a, in Fig. 2
Circuit as in Fig. 3
When a wireless receiver is tuned in to
London
I ondon
London
London
a station, very minute currents are
Regional
National
Regional
National
generated in the aerial circuit. By using a With phones
special type of galvanometer, known as
in circuit
24
15
55
the " Microid " galvanometer, it is possible With phones
omitted .
15
5'
to measure these currents when the instru33°
ment is connected up with a suitable
rectifier. The use of this instrument will enable the dealer who
About 20feet
likes to do a bit of experimental
work to find out a great deal
of useful information regarding
the efficiency of any aerial he
installs.
The " Microid " galvanometer
used for this purpose is a movingcoil instrument, the coil being
suspended in the air gap of a
very powerful permanent magnet.
It gives a deflection of one scale
division per one-millionth of an
Ftg. 6.—THE " SAUSAGE " AERIAL.
Suitable for very short gardens or for erecting between
ampere, and its price is by no
means prohibitive. Another two chimneys.
type, even more sensitive, gives
a deflection of one scale division per one Kit Required.
We will now deal with the actual installaten-millionth of an ampere.
tion of a set. The following kit should
How to Use the " Microid " Galvanometer. be carried :—
Pliers (grip and cutting).
An ordinary crystal detector is used as
Screwdrivers (large and small).
the rectifier and the instrument is conHammer.
nected with a sim2le tuning circuit, as
File and rough glass paper.
shown in Figs. 2 and 3. To use the
Brace and bit.
instrument, first tune in with the headDrill.
phones until the local station is heard at
Gimlet.
its loudest, using, of course, an aerial
Auger.
that is known to give efficient results.
Voltmeter and milliammeter.
Now disconnect the phones and insert
In addition, take plenty of nails and
the galvanometer in their place. A
reading will be obtained on the galvano- screws of various sizes, plenty of insulated
meter which can be used as a basis for staples, insulating tape and porcelain
comparing the efficiency of any other aerial. insulators, while if a mains set or eliminator
By taking the phones out of circuit, the is being installed, take along a number of
deflection is increased, although a reading adaptors. A soldering outfit may be
can still be obtained if they are left in. found useful and readers are specially
The addition of the .000i condenser referred to the portable soldering apparatus
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short indoor aerials are less efficient
owing to screening effects by any metallic
substances in the building, such as
electric mains, gas or water pipes. A good
outdoor aerial will naturally brir g in
more distant stations.

•••••••••

Outdoor and Indoor Aerials Compared.
A good outdoor aerial will be found to
give roughly 5o per cent. better results
than a good indoor aerial, while an aerial
erected in a loft might be expected to be
3o per cent. more efficient than one round
the picture rail. Therefore, if only a
moderately powerful set is being installed
it is essential to use the best possible
aerial system.
If, however, an indoor aerial can be
erected much higher than the outdoor
one, better results might be obtained byusing the indoor one.
.......

Wire to Use.
The best wire to use is about
6o ft. of 7/22 stranded copper

•

MN kr!, MISS
—r

,111F.111ic ,III

Metal
Stays
Fig. 7.—THE BASKET
AERIAL.
This is a suitable
type for erecting in
congested areas. It has
the advantage of being
neat and takes up
very little room.

described on page 199
Also, take a spare set of
valves of the type required for the set that
is being installed.

Screw
here
0,

Fig. 8.—LEAD-IN FOR A
BASKET AERIAL.
The dotted line shows
the incorrect method, the
fault being that the lead-in
rubs against the gutter
and is too close to the
walls of the house.

THE AERIAL SYSTEM.
Why an Outdoor Aerial
Should be Used if
Possible.
A good outdoor aerial should always be
erected whenever possible. As a rule

Screw
here

Screws into
side OP wall

Fig. 9.—HOW TO FIN A BASKET
AERIAL TO THE SIDE OF A HOUSE.
This method can/be employed
when access cannot be obtained to the
roof or chimney.
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wire, but make sure that it is copper or a
copper alloy. Enamelled wire will be found
to last longer and is equally efficient.
Main Points to Remember with Outdoor
Aerials.
It does not matter how good the aerial
is, if it is screened in any way by trees,
building-:, telegraph wires, etc., or the earth
system is poor, its efficiency will be impaired.
Keep the wire sufficiently taut to prevent
undue vibration or swinging, allowing, of
course, for the sway of the mast.
When trouble is experienced with a
swaying mast, it is a good plan to pass
the rope through a pulley at the mast end
instead of fixing it direct to the mast. A
weight is then suspended to the rope,
sufficiently heavy to keep the aerial taut.
This will, of course, allow the mast to
sway with the wind without placing any
strain on the aerial wire.
The direction of the aerial is immaterial,
but if possible, keep it as near to right
angles with any other aerials or wires in
the neighbourhood. Make sure that connections to insulators are firm.
The height of an aerial is also important,
an additional 20 or 3o ft. in height often
resulting in a somewhat similar percentage
of efficiency. About 3o or 4o ft. high is a
good average for an outdoor aerial.

Open
Window

Thria/
.Ae

II

Window
Frame
To Set
FOR STRIP LEAD-IN.
This should be used when the customer does not
want any holes made in the window frame or
wall.
Fig. 11.—ARRANGEMENT

Nuts for
fixing,- tubell'
firmly tc
wall
a

To
Aerial

. &Ili-Ia
r.

To Set

,Section o
/ all or
Window
ram

-410,--.Brass
Rod
Porcelain or
Ebonite Tube

/p///

.10.—How A LEAD-IN TUBE SHOULD BE
FIXED.
When no means are pro\ id_ed for fixing the
lead-in tube to the wall or window frame, the
tube should be put in at an angle with the
lowest end coming outside the house. This will
prevent rain from leaking into the house.
rig.

Wooden or Metal Poles.
Wooden poles are cheaper, a 3o-ft. pole
costing about los. While they have the
advantage that they can be obtained from
any local wood yard at a moment's notice,
the disadvantage is that they require
a concrete foundation if they are to be
erected securely (see page 195).
Metal masts are slightly more expensive,
a 3o-ft. mast costing about £i, but its
advantages are well worth the additional
expense. The main point that will appeal
to most people is that it acts as a lightning
conductor, besides being stronger. Metal
masts usually consist of separate lengths
of tube which are screwed together to
make the required height. No prepared
foundation is necessary, the masts being
supplied with a metal base plate, and guys
are used to hold it steady. Full instructions for erecting are supplied by the firms
that supply the masts and it is only
necessary to carry out their instructions.
Care should be taken to see that the
insulators at the mast end are in perfect
order, otherwise there will be a direct
leakage to earth.
TYPES OF OUTDOOR AERIALS.
Inverted L.
The type of aerial to erect depends
mainly on the space available. The best
for all practical purposes is the inverted L
(see Fig. 4) consisting of about 6o ft. of
wire stretched in a straight line down the
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To Aerial Terminal garden. Where
such an aerial
on Set

How to Erect a Basket Aerial.
The best place to erect a basket aerial
can be chosen is by the side of a chimney stack. Use
it should be two supports of galvanised iron shaped as
erected as de- in Fig. 7, with a loop just large enough
scribed in the to allow the pole to drop through. Drill
article on p. 195. three holes for screws in the positions
indicated and fasten the supports to the
Twin Aerial.
chimney stack (see page 197), one about
Aerial If an aerial has 2 ft. below the other. The pole should now
to be erected in be inserted through the loops and held in
a garden only place by a screw or bolt through the centre
3o ft. long, the hole. Fig. 8 shows the complete job.
best type is a
Where access cannot be obtained to the
twin aerial (see roof, an alternative method is to fix to
Fig. 5). This the side of the house as shown in Fig. 9.
consists of two Fix the aerial so that it is as far from the
lengths of wire side of the house as possible, well above the
To Earth and
each
about 3o ft. level of the roof if it can be managed.
Earth Terminal
long, spaced
on Set
at least 3 or 4 ft.
TYPES OF LEAD-IN FOR OUTDOOR
Fig. 12. — CONNECTIONS apart with a
AERIALS.
FOR
AERIAL - EARTH wooden spreader.
SWITCH.
Connecting Lead-in to the Aerial.
The
two
wires
are
The switch should be of
The lead-in wire, which should be o
the single-pole, double- joined at one end
throw type so that the and connected to
good quality rubber-covered wire, should
aerial can be connected the lead-in.
be soldered to the aerial wire, or else
either to the set or direct
joined with a
to earth. It is fixed
Erecting a Twin
metal sleeve
outside the house.
Aerial.
joint,
care
The method of
being taken
erecting a twin aerial is the same as
to see that a
thoroughly
that for an inverted L.
good joint is
made. Keep
Sausage Aerial.
the
lead - in
This type of aerial is suitable for erecting
as far away
in a garden that is less than 3o ft. in length,
from the side
or it can be strung between two chimney
of the house
stacks on the roof. It consists of four
as possible.
lengths of wire each about 15 or zo ft.
Fig. 4 shows
in length spaced apart on a hoop as shown
the
correct
in Fig. 6. A sausage aerial can be bought
method.
all ready for erecting.
The lead-in
should come
Basket Aerial.
down from the
aerial at least
This type of aerial is suitable for conro ft. away
gested areas in the centre of a town where
from the side
no facilities exist for any of the previous
of the house.
outdoor types. It consists of a length
The lead-in
of wire zigzagged as shown in Fig. 7.
Fig. 13.—A PHILIPS AERIAL should always
It takes up practically no room and is
DISCHARGER.
be taken from
neat in appearance, Its efficiency would
1, glass case ; 2, porcelain
probably be better than that of a good
cover ; 3, adjustable spark the lowest end
gap ; 4, rare gas cartridge.
of the aerial.
indoor aerial.

INSTALLING WIRELESS SETS IN HOUSES

Long leads inside the house to the set
should be avoided as much as possible.
If the lead-in wire is soldered on to the
aerial, care must be taken to see that no
strain is placed on the joint. This can
be prevented by tying a piece of string
h inches below the joint on the lead-in
wire and attaching this to the aerial
itself. The string will thus take the weight
of the lead-in wire and will prevent any
strain on the soldered joint.
Lead-in for Basket Type Aerials.
With the basket-type aerials or other
aerials erected on the roof, the lead-in
should be kept well away from the side of
the house by means of a light strut as
shown in Fig. 8. Never let the lead-in
wire rub against the gutter as shown by
the dotted line.
Bringing Lead-in into the House.
The most commonly employed method
is to drill a hole in the nearest window
frame and bring the lead-in through this,
preferably using a lead-in tube. If this
is done, the hole should be drilled on a level
with the picture rail inside the room.
Lead-in Through the Wall.
Another method is to bring the lead-in
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Fig. i4.—How. THE PHILIPS AERIAL DISCHARGER SHOULD BE FIXED OUTSIDE THE
HOUSE.

through the wall at the nearest point to
where the set is to stand in the room. This
achieves the double purpose of keeping
the lead-in as short as possible and being
neat. The hole can be made by using a
" jumper " as described on page 197.
Strip Lead-in.
Should the customer object to any of
the methods described, suggest using a
strip lead-in. This consists of a flat
strip of metal enclosed between two strips
of insulating materials such as fibre cr
rubber, and provided with a terminal
at each end to which the wires are connected. This should be fixed across the
window frame as shown in Fig.

Fi g. I 5.—AD JUSTING THE SPARK GAP OF .4.1N
AERIAL DISCHARGER.
The teeth are pushed together until the
intervening space equals the thickness of a
postcard.

Lead-in Tubes.
As already mentioned a lead-in tube
should be used to bring the lead-in into
the house, especially when it is brought
through the wall. It is important, however, that the tube should be properly
fitted or else it is liable to crack. A lead-in
tube consists of a porcelain or ebonite
tube with a brass rod running through
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leading to earth is also connected to the
bottcm terminal.
Hole
drilled
here

Loft

Side
of
House-'Lead-in
IFig. 16.—LEAD-IN FOR AN AERIAL
ERECTED IN A LOFT (I).
The lead-in wire is brought out under the
eaves at a point as far from the side of the house
as possible.

the middle. The tube should protrude
about a 4 in. on either side of the wall to
allow it to be screwed firmly in place
(see Fig. 1o).
If a porcelain tube is being used care
must be taken when tapping it into the
hole, otherwise it may crack.
If the lead-in tube has no external
screws for fixing it to the wall, see that
the tube is inserted at an angle, with the
downward end outside the house. This
will prevent any rain from beating in, as
might happen if the tube were level or
pointed upwards.
AERIAL-EARTH SWITCH.
When installing an outdoor aerial, it
is advisable to fit an aerial-earth switch
as well. Although any danger of fire or
shock from lightning is practically negligible, many people do not feel happy
unless some means is provided for connecting the aerial direct to earth when the
set is not being used. This is best done
by means of a single pole double-throw
switch which is connected as shown in
Fig. 12. It will be seen that the aerial wire
is connected to the centre screw while the
aerial lead-in to the set, and the earth wire
to the set, are connected to the top and
bottom terminals respectively. The wire

Fixing the Switch in Position.
The aerial-earth switch should be fixed
to the window frame outside the house
and in such a position that it can easily
be reached from inside the room. The
best type of switch is cne mounted on
porcelain and is simply fixed in position
with screws.
AERIAL DISCHARGERS.
An aerial discharger serves much the
same purpose as an aerial-earth switch
except that it works automatically. A
suitable type is the Philips aerial discharger, which consists of a rare gas
cartridge fitted with a spark gap and
enclosed in a glass cylinder (see Fig. 13).
It should be fixed outside the house
(see Fig. 14) by means of a metal stay.
The aerial lead-in is brought to the upper
terminal and the earth wire to the bottcm
terminal. These terminals are of the
split-pin type so that there is no need
to break the continuity of the wires. Care
must be taken to see that no strain is
placed on the aerial discharger.

Loft

Side
of
House-

Insulator
Meta/
Stay
Lead-in

Fig. r7.—LEAD-IN FOR AN AERIAL
ERECTED IN A LOFT (21.
When the hole drilled in the eaves
brings the lead-in wire out close to the
side of the house, a metal stay should
be used to keep it as far away as
possible.
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Adjusting the Spark Gap.
The spark gap should be regulated by
placing an ordinary postcard between
its teeth (see Fig. 15). The teeth are
then pushed together over the cartridge
until the intervening space equals the
thickness of the postcard.
TYPES OF INDOOR AERIALS.
Indoor aerials consist of three main
types. (I) Aerial in the loft ; (2) Aerial
round the picture rail ; (3) Frame aerial.
As a general rule an indoor aerial should
only be installed when an outdoor one is
impracticable, or the customer has some
special reason for desiring it indoors,
or the set is being installed in a locality
where every possible means of obtaining
selectivity must be used.
Aerials in the Loft.
Insulated wire should be used when
erecting an aerial in the loft, unless the
loft is a particularly big one and will

permit 3o or 4o ft. of wire to be suspended
from one corner to another by means of
porcelain insulators. If insulated wire is
used it can be zigzagged across the loft
and secured to the rafters by means of
insulated staples. The zigzags should run
the length of the loft and not the width.
It is better to use only, say, 6o ft. of wire
well spaced out, than too ft. if using the
longer wire means that there is only about
a foot between each run of wire.
A better method than using insulated
staples is to run the wire through insulators
so that it is kept about a foot away from
the rafters.
Another method is to run the wire
all round the loft so that it forms a square
or oblong and fasten it at convenient points
with staples or insulators. As far as the
actual signal strength is concerned, very
little difference should be noticeable whichever of these methods is employed.
Lead-in for a Loft Aerial.
Where the set is to be placed in a downstairs room the best method of fixing the

frame
Aerial

About .0005 me
•A
Set

• .E
•

Fig. 18.—THE SIMPLEST METHOD OF USING A
FRAME AERIAL WITH A SET NOT SPECIALLY
DESIGNED TO OPERATE FROM ONE.
When connected in this manner the frame
will have very little directional property.

Fig. I9.—ANOTHER METHOD OF USING A FRAME
AERIAL.
When connected in this manner best use of the
frame aerial's directional properties is obtained.
The frame may need to be tuned by a .0005
mfd. variable condenser to obtain the best
results.
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lead-in is to bring it out under the eaves
of the roof. Find out in what room the
set is to stand and bring the lead-in out
at a point where it will fall in a direct line
with the window of the room. Having
found that point drill a hole with an auger
at the farthest point that can be reached
(see Fig. 16), so that the wire will hang
down as far from the side of the house
as possible. If the farthest point that
can be reached brings the wire out close
to the wall use a stay as shown in Fig. 17.
Lead-in Through the Ceiling.
Where the set is to be installed in an

Leadlined May
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the light conduit drops down into the room.
Fix the lead-in to the picture rail with
insulated staples so that the wire is not
likely to crack the plaster where the hole
has been drilled.
Where the set is int,talled in a dGwnstairs
room it may be found possible to drill
a hole in the ceiling of the landing and
bring the lead-in down by the side of the
banisters, but this depends on the construction of the house, and the method to
choose should be that which keeps the
lead-in shcrtest.
Aerial Round the Picture Rail.
When an aerial is installed
behind the picture rail use
insulated wire. About 15 ft.
will often be found satisfactory, or a length of one
of the proprietary types of
indoor aerial wire may be
used. The wire is secured
with
insulated staples.
Wooden (Enthusiasts
like to
Case experiment may
with the
micro id g alvanc mete r to
find the best pcsition and
length.)

lllll 11111111111111111111111111111,

What to Do if there is no
Picture Rail.
If there is no picture rail
Fig. 20.—A CONVENIENT METHOD FOR INSTALLING AN ACLU➢IULATOR.
in the rocm, the aerial can
This method prevents any danger of acid spilling and damaging be run along the skirting
carpets or linoleum.
board, or on the floor.
upstairs room or in a flat, the best method Frame Aerial.
may be to bring the lead-in direct through
Unless a set is specially designed to
the ceiling.
work from a frame aerial (i.e., portatles or
The first thing to do is to settle the superhets), too efficient results cannct be
position of the set in the room (see later). expected by using one. The main
The position will almost certainly be near advantage of a frame aerial is that it
a wall. Now drill a hole in the ceiling just enables the greatest selectivity to be
above the set of sufficient size to allow the obtained as the frame can be pointed in
lead-in wire to be pushed through. A the direction of the station it is desired
study of the run of conduits and pipes to receive, so that greatest strength is
should first be made to make certain that obtained frcm that station and signals
there is no danger of drilling through an frcm unwanted stations are cut down to a
obstruction. A good method of finding minimum. The chief point to consider
out where the hole will come is to measure when installing a frame aerial is to see
from the light pendant in the room to that plenty of rocm is available for the
the wall nearest where the hole is to be aerial to be turned round to its full extent,
drilled and then to measure the same and that it is in such a position that access
distance in the loft from the point where can easily be obtained to it.

Porcelain Feet
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Method of Connecting a Frame Aerial.
Fig. 18 shows the simplest method of
connecting a frame aerial to a set not
especially designed to work from one.
This method can be tried first to see if
satisfactory results are obtained. If
greater selectivity is desired try connecting
it up in the manner shown in Fig. 19,
which is probably the most efficient
method. One end of the frame is connected to the aerial terminal of the set
and the other end of frame to the earth
terminal of the set. A variable condenser
of approximately .0005 is connected across
the aerial and earth terminals to tune the
frame. Reception may be improved by
connecting an earth to the earth terminal
of the set, although satisfactory results
may be obtained with no earth connection.
See which method gives best results.
About 6o ft. of 24-gauge wire will be
needed on the frame to receive the mediumwave stations, and 18o ft. for the long
waves. Most commercially made frame
aerials are wound for both wavelengths,
a switch being provided to change from
one to the other.
Using the Mains as an Aerial.
Where objection is made to an outdoor
aerial, and none
of the indoor
aerials described
els
196
240 :0
gives satisfactory
V. e z. V. op
results, use may
......z
,....,,,s be
made of the
electric supply
mains as an
210 e
253 0 0
V. 00D V e i
aerial. This can
(i)
be done by connecting the aerial
(200
terminal on the
5 e
set to one side
V '202)
of a .0001 fixed
condenser
of
reliable make.
Fig. 22. — ANOTHER
METHOD OF ALTERING A The other side
MAINS TRANSFORMER TO
of the condenser
WORK FROM THE DESIRED
is connected to
VOLTAGE.
the side of the
This is the method used
in Philips receivers. The
mains which is
two metal connecting bars
not earthed.
are connected up in which- When an allever combination corresmains set is being
ponds to the voltage of the
mains supply.
installed this is

4

4'
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0
200 220 240 250
Volts Volts Volts Volts

50/100

Cy cles

Fig. 2I.—TYPICAL ARRANGEMENT FOR ADAPTING
A MAINS SE r TO WORK FROM THE DESIRED
VOLTAGE.
A panel similar to that shown above will be
found at the back of the set. The wander plug
is inserted in whichever hole corresponds to the
N oltage of the mains supply.

quite easily effected by connecting the wire
from the condenser to the primary, or
input side, of the mains transformer, care
being taken to see that the set is not connected to the mains while this is being
done. If the set does not work satisfactorily when connected up in this
manner, try reversing the plug to the
mains.
Some commercial all-mains sets have
a metal braiding inserted inside the mains
lead, which acts as an aerial.
It is not usually practical to use a mains
aerial with a battery set as this means
bringing a live wire to the set.
THE EARTH SYSTEM.
A metal pipe about 2 ft. long, driven
well into the ground about a yard from
the side of the house, will provide a good
earth. The earth wire should be firmly
soldered or screwed on, and can be taken
into the house in the same manner as the
aerial lead-in. Keep the wire as short as
possible. About 12 feet is the maximum
length if losses are to be avoided. An
alternative method is to bury a biscuit
tin, an old galvanised pail, or a tin plate
several feet deep in the ground and
connect the earth wire to this. If a tin
or pail is used, about a dozen holes should
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neither connected to the aerial or earth),
so that the wire running from the switch
to the set is acting as a very short aerial.
P/u,g- supplied An alternative to this is to use the outSupply
Adaptor
door aerial and connect a small fixed conwifh Set
Socket
denser between aerial and earth for local
Fig. :23.—HONV TO CONNECT UP AN ALI -MAINS
reception.
SET SUPPLIED WITH A BAYONET TYPE PLUG TO A
SUPPLY SOCKE r.

be punched in the sides, and the tin then
filled with coke. The ground above should
be watered from time to time unless already
very damp. The coke retains the moisture, thus increasing the efficiency of the
earth.
When a soldered joint is made to an
object which is buried in the ground, the
chemicals in the earth may eventuallycause the joint to corrode, with the result
that it may rot off. This can be prevented
by covering the whole of the joint with
pitch, which can be obtained from an
old H.T. battery.
Earths in Flats.
In flats and other places where access
outside cannot easily be obtained neither
of the above methods can be used. A wire
connected to the main water pipe will
always be satisfactory. Run the wire
along the skirting board or on the floor to
the nearest pipe and solder or fix with a
metal clip, first scraping the pipe clean
with a file or rough glass paper. Gas pipes
should not be used as an earth.
Counterpoise Earth.
Where neither of these methods can
be used, try using a counterpoise earth.
This consists of a copper gauze mat or a
length of wire which is simply placed
under the linoleum or carpet near the set
and connected to the earth terminal.
Remember when fixing either earth wire
or aerial lead-in to use plenty of insulated
staples so that no loose wires are left
about over which people might trip.
CONNECTING UP THE SET.
When a powerful set has been installed
it may be found that the input from an
outdoor aerial is far too large for the
set when operating on the local station.
If this is so, try disconnecting the aerialearth switch (i.e., so that the blade is

Using a Condenser to Increase Selectivity.
The selectivity of a set will be improved
by inserting a .000r condenser between the
lead-in and the aerial terminal, but it will
also cause a decrease in the strength of
the signal.
Position of the Set.
The set should be placed in some position
where no great difficulty will be experienced in connecting it to the aerial and
earth wires, while if a mains set is being
installed consideration must be given to
making contact with the most convenient
source of supply (see later). Usually in
the corner of a room fairly near a window
will be found a good position. Points
to bear in mind are to see that the set is
not placed in a position where the sun's
rays are direct on to it or where it might

Light
Supply
Socket for
Wireless
Plug-

Adaptor

Socket for
Light
Fig. 24 —ADAPTOR FOR USING A
SUPPLY POINT FOR THE LIGHT AND
WIRELESS AT THE SAME TIME.
If there is only one source of light
supply in the room the adaptor should
be of the type that will enable the light
to be turned off when using the set in
daytime.
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suffer damage if a window were accidentally left open. Neither should it be placed
near a heat radiator or a hot-water pipe.
The set should not be placed in a dark
corner where difficulty is likely to be
experienced in reading the tuning dials,
unless they are of the illuminated type.
Position of the Loud-speaker.
The best position for the loud-speaker is
so that it comes nearly level with the
head, that is, about 51 ft. from the ground.
This is an important point if the reproduction is to sound crisp and natural.
A corner position is generally suitable
because the reflection from the adjacent
walls will help to throw the sound into
the room. The loud-speaker should be as
near the set as possible so as to avoid more
wires than absolutely necessaryThe back of the loud-speaker cabinet,
if of the cone or moving-coil type, should
nDt be placed against the wall or any
solid object. There must be an air
space behind the back of the speaker if
good reproduction is to be obtained. Some
loud-speakers, i.e., the plaque type, are
made so that they can be hung on the
wall from the picture rail.
Don't stand the loud-speaker on top
of the set or on top of a piano. In the first
case the valves may become microphonic,
while if stood on a piano the strings may
vibrate in sympathy.
When a set has the loud-speaker incorporated in the cabinet it will be found that
the set is definitely built to withstand
any such vibration.
Sometimes on a certain note rattle may
be caused by a vibrating object such as a
vase or ash-tray in the room. Moving
the object to another position will often
effect a cure.
Generally speaking, the best position
for the loud-speaker can only be found by
actual experiment in the room in which
it is to be used.
INSTALLING BATTERY-OPERATED
SETS.
The main consideration when installing
a set which is to operate from an accumulator and H.T. battery is the position of
the batteries. The most suitable arrangement is to stand them on a shelf underneath
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the set, or else on the ground, keeping
the leads as short as possible. In the
latter case, stand them on a china or
porcelain dish so that no harm will result
should the acid be spilt. A good method
of installing a L.T. battery is that shown
in Fig. 20. Red and black flex should be
used for connecting accumulators to the

Fig. 25.—ANOTHER METHOD OF CONNECTING AN
ALL-MAINS SET TO THE NEAREST SUPPLY SOURCE.
A suitable length of white flex is connected to
the terminals of the ceiling rose as shown. If
there is a picture rail in the room the flex should
be fastened firmly to this with insulated staples.

set and the leads should be provided with
proper lead-covered tags, one red and one
black.
For high-tension supplies there are
three main alternatives, dry batteries,
accumulator (wet) batteries and the electric
mains. (See Eliminators.) If dry batteries are used they should be of sufficiently
large capacity, and they will need to be renewed every few months, while if accumulator batteries are used, these can be
recharged when they are run down.
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For sets using up to 7 milliamps. a
standard H.T. battery can be used. If
the consumption of the set exceeds this
figure a super or large capacity type of
battery should be used. The life of a
battery will be considerably enhanced by
the use of correct grid bias.
Value of High-Tension Voltage for Different Types of Valves.
Instruction sheets are always supplied
with valves showing the values of high-

A.C.

D.C.

ampere hours. If smaller batteries than
these are used, the discharge period will
be so short that the battery will have
to be almost continually recharged. It is
a good plan to recommend that two lowtension batteries should be supplied so
that one can be used while the other is
being charged.
Grid Bias Batteries.
For a set using an average amount of
H.T. current, a grid bias battery of 9 volts
will probably be found ample, but some
of the large output valves require more
grid bias. It is essential to follow the
instructions given by the valve makers.
Connecting Up a Battery Set.
When connecting up a battery set for
the first time, the low tension battery
should be connected first. Make sure
that this part of the circuit is in order
by seeing that the valve filaments light
up when the set is switched on. If dull
emitters, test across filament sockets of
valve-holders with a voltmeter. See that
all the plugs of the H.T. battery fit firmly
into their sockets.

To Fuses
To Fuses
Fig. 2b.—METHOD OF PREVENTING THE " CLICKING " OF SWITCHES WHERE A SET IS INSTALLED
IN A BIG BUILDING OR A BLOCK OF FLATS.

tension voltage required. For a detector
about 6o-zoo volts at least are necessary,
while a high-frequency valve, between 10°120 volts. For low-frequency valves the
highest possible value of high-tension
voltage should be used in order that the
undistorted volume obtainable from the
set may be at a maximum. On the
output stage at least 120 volts should
be used.
Low-Tension Batteries.
The low-tension battery will be 2, 4,
or 6 volts, according to the valves used.
Care should be taken to see that the
accumulator is adequate for its purpose.
A two-valve set should have a battery of
not less than 20 ampere hours actual capacity, and a four-valve set, one of at least 40

INSTALLING ALL-MAINS SETS.
The first thing to do when installing
an all-mains set is to make sure that the
set is connected up to work from the voltage of the supply available. All-mains
sets are generally supplied to work from
a certain range of voltages, say, from
200-250 volts 50-100 cycles A.C., and it is
quite easy to adapt the mains transformer
to work from the required voltage. Somewhere at the back of the set will be found
a panel similar to those shown in Figs.
21 and 22. In the first case, it is only
necessary to insert the plug in the socket
corresponding to the required voltage,
but in the second instance the method is
somewhat different. Metal connectors are
provided which have to be fixed across
terminals in a certain manner to obtain
different voltages and a chart showing
the correct connections will be supplied
by the makers. The method of altering
the voltage of D.C. sets is similar.
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Connecting the Set to
2 mid.
the Nearest Supply To Plate
Point.
The dealer must be
New
prepared to plug in Loudspeaker
Loudspeaker
either to an ordinary Terminals
Terminals
20-Henry
lamp holder or to a on Set
Output Choke
power socket. If the
mains leads to the
radio set are fitted
To h',T
with a lamp holder
Negative
on Set
plug, and a power
socket is to be used,
2 mfd.
it will be necessary to Fig. 27.—ARRANGEMENT FOR ISOLATING H.T. FROM LOUD-SPEAKER.
employ an adaptor
The condenser shown by dotted lines is essential for D.C. mains
which will plug into unit-3
a power socket and
also receive the lamp holder plug from the is to connect the lead from the wireless
set. Fig. 23 shows the sort of plug to use. set direct to the ceiling rose, run it along
the ceiling (using white flex) and then down
the wall. Take off the plug from the end
Connecting to an Existing Light Socket.
of the lead, leaving the two ends bare.
It may be found that the only means Now unscrew the ceiling rose, insert the
of obtaining current is from a light socket two ends through the hole in the porcelain
that is already being used. If this is cover, and connect them to the two
so, use a two-way adaptor which has at terminals.
Screw on the cover again.
one end a plug which fits into an ordinary
Fig. 25 shows how the wire should be
lighting socket and at the other end two connected close to the ceiling. Rawlplugs
sockets, one which takes the electric lamp should be used to make a firm fixing in the
normally used and the other which takes plaster.
the plug on the radio set (see Fig. 24).
Such an adaptor will often be necessary
because there are still many rooms which Using the Set in Daytime.
When either of the two above methods
are wired with one single lighting point
are employed it will be necessary for
only.
the lamp itself to be controlled by an
adaptor
incorporating a special switch,
Fixing to the Ceiling Rose.
so that it can be turned out when
Another method of installing the set the set is being used in the daytime.
in a room with only one lighting point If the light can be easily reached by a
person of normal height, the socket for
the lamp should be of a type fitted with a
Output Transformer
switch. If the light is out of reach, a
(which may be tapped
special switch worked by a hanging chain
should be used.
If any difficulty is experienced in making
) New
a connection to the supply, you should
Loudspeaker
Loudadvise your customer to have a permanent
Terminals
speaker
point put in for this purpose.
on Set
Terminals
I
Fix Leads Firmly.
Any leads taken from a supply point
along a wall should be fixed firmly in
Fig. 28.—ARRANGEMENT FOR ISOLATING LOUD- position with insulated staples. Do not,
SPEAKER BY MEANS OF AN OUTPUT TRANSFORMER.
whatever you do, run the wire over the top
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INSTALLING A MAINS UNIT.
Before a supply unit can be installed
the nature of the supply should first be
ascertained. We will deal first with
mains units for A.C. supply.
i Wire-wound
Resistance.
F-1111 Earth
2 mPal

To Plate and
Valve Coup/labs"
Fig. 29.—ESSENTIAL DETAILS FOR DECOUPLING H.T. CIRCUITS OF THE VAI VES.
The value of the resistance varies
according to the current taken by the
valve. The average is about 20,000 ohms.

Choice of Unit.
It is necessary to have full particulars
of the wireless set to be used with the
eliminator. The total anode consumption
of the set must be known and can be found
out either by referring to the makers'
instructions or by connecting a milliammeter in the negative high-tensicn
lead.
Care must be taken to see that the
valves are not over-run, as a mains unit
supply varies in voltage according to the
current taken from it. If the unit is
stated to give 15o volts at 25 milliamperes it will probably give 175 volts
if the consumption is reduced to 15
milliamperes. Also, if the load is in
excess of its rating the maximum
voltage will be less. For an average threevalve set a unit giving 120 volts at 20
milliamperes will be the most useful.

of a door or in any place where it is likelyto be chafed. If you have to pass through
a door, a hole should be drilled in the wall
above the frame of the door.
Supply Unit for H.T. Only.
How to Prevent " Clicking " from Switches.
The most widely used A.C. mains supplyWith mains-operated sets, loud clicks unit is the cne which is used solely for
may be heard in the Icud-speaker whenever high tension. The connection from the
lights are switched on, and if the set
is being installed in a big house, or in a
Earth Terminal Aerial
block of flats, this may be a serious source
on Set
of annoyance. This can generally be
cured by connecting air-cored chokes
between the meter and the fuses, as
shown in Fig. 26. For A.C. mains the
chokes Li and L2 should be made by 2/7.7 pat.
winding 5o turns of insulated copper Condenser
.005 mfd.
wire round a cylindrical former of 4 to 6-in. 500 volt
(approx.,
in diameter. The engineer of the elec- working'
Mica
tricity supply undertaking should be
asked to specify a gauge of wire which,
when wound as above, will carry the
current.
(B)
(A)
For D.C. mains, the chokes are ccr_0
structed in a similar manner. The conAerial Terminal
denser should have a capacity of .25 mfd.
on Set
Earth
and must have a working voltage greater
than that of the mains. The additional Fig. 30.—PRECAUTIONS FOR ISOLATING RECEIVER
MAINS WHEN NEGATIVE MAIN IS
fuses shown are to guard against a break- FROM D.C.BELOW
EARTH POTENTIAL.
down in the condenser. The condenser
The extra condenser in (A) is for additional
need not be used on A.C. mains.
smoothing if hum is experienced.
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supply can be made by the most suitable
method already described for all-mains
sets. If fuses are not incorporated in
the unit, a fuse should be connected in
series with each of the power supply leads.
These fuses should blow at not more
than i ampere and lead or tin wire of
36 S.W.G. will he found satisfactory.
This will prevent any damage to the wiring
system of the house in the event of the
primary of the transformer being shorted.
When using a supply unit, the L.T.
accumulator should be stood on a piece
of glass, ebonite, or even a plate or saucer,
as most accumulators are not designed to
withstand high voltages. The leads to
the accumulator and also the terminals
should be
HT+
arranged so
that accident al contact
with them is
impossible.
The supply
2 or4
2mfd
unit should
1.—(:)
Il'be placed as
near to the
Loudspeaker
set as possible
to avoid long
Fig. 32.—CONNECTIONS FOR H.T. leads.
CHOKE CAPACITY OUTPUT
If the eliminFILTER.
ator is placed
in a cabinet
care should be taken to see that there
is ample means for ventilation.

H

Isolating the Loud-speaker.
With the larger types of mains supply
units, it is strongly recommended that the
loud-speaker should be isolated by means
of a choke and a condenser or an output
transformer as shown in Figs. 27 and 28.
This is necessary because a child coming
into contact with the loud-speaker terminals might easily experience a serious
shock. Also, the H.T. current might
eventually damage the loud-speaker windings and so impair the reproduction. Isolating the loud-speaker in this manner will
also assist in minimising back-coupling and
motor-boating.
Switching On and Off.
When working a set with a mains supply
unit, the valve filaments should be switched

Hi. +

(

Mu/ti-ratio
Output
Transformer

'

Loudspeaker
connected
here

Fig. 31. — CONNECTIONS
FOR TRANSFORMER OUTPUT FILTER.
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on before connecting up the
H.T. The procedure should
be reversed
when switching off the set,
i.e., turn the
filaments off
after the H.T.
supply
has
been disconnected.

Troubles that
May Arise
When a Mains Supply Unit is Put into
Operation.
If hum is excessive when the mains
unit is switched on it may be caused by
interaction between the set and the unit.
The position of the unit should be altered
to see if this effects a whole or partial
cure. Try, also, reversing the plug.
The metal casing of the eliminator should
also be earthed and a terminal is usually
provided for this purpose. A bad earth
connection will also cause hum and a little
attention in this direction will often
effect a cure.
L.F. oscillation or motor-boating may
also be noticeable and may be caused by
running more than one H.T. lead from a
common high tension tapping on the
eliminator, or by using a potential divider
feed in the wrong place. With some of
of the older sets it may be found that
they are not fully decoupled and if
instability results decoupling as shown in
Fig. 29 may effect a cure. With H.F.
stages see that the screening is efficient.
Distortion.
Distortion may be caused in a set
previously fed by dry batteries and replaced
_{:tm000lbob615ba
.
2
or
4
D.C.
mfd. I 11741.To Set

mf
22 d

Fig. 33.—HOW TO CURE HUM ON D.C. MAINS.
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receiver is at this voltage
in all its parts. To prevent serious shocks the
set should not be left
Loudspeaker
open when the set is
Terminals on
" alive." The earth
Set
terminal of the set must
be isolated frcm earth
by connecting a 2 mfd.
condenser of the high
working voltage type in
the manner shown in
Fig. 3o. The aerial
F g 35.—TYPICAL CIRCUIT ARRANGEMENT FOR WIRING A HOUSE
SO THAT THE LOUD-SPEAKER CAN BE USED IN ANY ROOM.
terminal should be connected in a similar way
by a mains supply unit. The probable but with a mica condenser of approximately
reason for this is that the eliminator will .005 mfd. This is to prevent the aerial from
give a voltage far in excess of the dry being alive and the mains being short
battery.. The grid bias should be increased circuited if the aerial is earthed as is
commonly done when the set is not
accordingly.
being used. This precaution is onlyOther Types of A.C. Mains Supply Units. necessary when the negative main is
Other types of supply units widely below earth potential.
used are (I) a combined high and low
tension supply ; (2) combined high tensic n Hum in D.C. Mains.
and provision for trickle charging ; (3)
Some D.C. mains may be so bad that
a combination unit comprising high hum is heard. This can usually be cured
tension, low tension and grid bias.
by increasing the capacity of the conWith (I) and (3) no other precautions densers across the mains. In extreme cases
are necessary than those previously men- of hum, insert two 2 mfd. condensers
tioned. But with (2), where there is pro- in series across the mains and centrevision for trickle charging the L.T. accumu- tapping them to earth as shown in Fig. 33.
lator, more care should be taken. The accumulator must be placed on a suitable form
LOUD-SPEAKER EXTENSIONS.
of insulation, and may be connected to a
Where a set is installed with the lcudtrickle charger through a switch so wired speaker separate your custcmer may want
that when the filaments are turned off, to be able to use it in other rooms than
the charger begins to pass current through that in which the set is located, and you
the battery. Usually a receiver cannot be may be able to sell him one or two addioperated satisfactorily while the accumu- tional instruments for permanent use in
lator feeding the filaments is in circuit other rooms.
with the trickle-charger.
With types (1), (2) and (3) more care Filter Output Circuits.
Before loud-speakers may be used at
should be taken in regard to the suitability
of the supply unit for the set it is to feed. greater distances than 3 or 4 ft. frcm the
set, suitable precautions must be taken.
D.C. Mains Supply Units.
All sets connected to loud-speaker extenMost D.C. supply units provide only sions should be provided with suitable
high-tension current. The same pre- filter or transfcrmer cutput circuits. Most
cautions must be taken as with A.C. units, modern receivers, especially those operated
especially in regard to the isolation of the from the mains, already include a suitable
output arrangement, but if the set is
L.T. accumulator and the loud-speaker.
D.C. mains are sometimes arranged of the older type, no such fitment is likely
so that the negative main is 200/25o volts to be included.
When the loud-speaker is connected
below earth. In such cases the wireless
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directly in the anode circuit of the power
valve and an extension is taken from the
set into another room, high note loss and
instability would probably be the result.
Instability would be caused by the long
path between the high tension supply
and the anode of the power valve and loss
of high notes would partly be due to the
by-passing effect of the capacity formed
by the two leads and earth. The use of a
suitable output circuit will divert the
direct current of the anode supply of the
power valve from the loud-speaker wiring,
and only the induced current will be
carried along the extension wire. Either
a transformer or choke capacity filter
output may be fitted as shown in Figs. 31
and 32. In the choke filter arrangement
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skirting board, or the floor, and held in
position with insulated staples. The loudspeaker leads are connected to the two
terminals on the " jack " plug so that
the instrument can be plugged in wherever
required. The " jack " sockets can be
obtained mounted in a box ready for
screwing direct to the skirting board or
fixing to the wall.
As there is no direct current flowing
through the circuit, the positive and
negative terminals of the loudspeaker
can be disregarded. As many loudspeakers as the set will operate can be used
at the same time.

Remote Control.
The great disadvantage of the method
just described is
Plug
the inconvenience
L.T Accumulator
Loudof having to get up
speaker
and go to another
Loudspeaker
rocm to switch the
Terminals
set off when the
on Set
ROOM programme is
ROOM
2
ended. It is pos1
sible, however, to
employ a system of
remote control as
shown in Fig. 36,
To L.T. Terminals
so that when the
on Set
Fig. 36.-REMOTE CONTROL CIRCUIT FOR SWITCHING OFF SET FROM LOUD- loud-speaker is
SPEAKER PLUG.
disconnected the
set is autcmaticthe choke should have a value not less ally turned off. In a battery-operated set,
than 20 hys. at the anode current passed switching is usually a matter of disconnectby the power valve. The condenser can be ing one of the low-tension leads by means
either 2 or 4 mfd. with an adequate work- of a simple panel make and break device.
ing voltage to guard against breakdown. A relay will do this as it is quite impractiIf the transformer method is preferred, cable to extend the low-tension leads
the multi-ratio type should be chosen all over the house. Suitable relays can
so that correct matching may be carried easily be obtained. Four-strand wire
out by an aural test, the different ratios should be used for connecting to the set.
being tried in turn until the best quality (See page 98 for particulars of the design
and construction of suitable relays).
reproduction is obtained.
Remote control switching is rather
A Simple Extension System.
different with an all-mains receiver and
The simplest method of wiring a house the relay must be actuated with a dry
so that the loud-speaker can be used in any cell.
room is that shown in Fig. 35, "jacks "
FINAL OPERATIONS.
being used. Bell wire, or preferably,
When
a dealer has installed a set he
the twin flex used for electric-light wiring
can be used and the wire carried from one should make sure that his customer
room to another along the picture rail, understands how to tune it properly.
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Many people fail to obtain the best
results with their sets because they just
move the tuning dials about without
attempting to follow any definite plan.
The enterprising dealer who wants to
obtain a reputation for doing his job
properly should advise his customer to
make a calibration chart. A calibration
chart enables anyone to find in a minute
the correct position on the tuning dial
for any station that is within the range of
the set. It will also enable any station
that is heard, to be quickly identified.
How to Make a Calibration Chart.
A sheet of graph paper ruled off in
tenths, a pencil and a ruler, and a copy
of World Radio are the only materials
required.
Prepare the graph paper by drawing
two lines from near the left-hand corner,
one horizontal and one perpendicular,
as shown in Fig. 34. The horizontal line
represents wavelengths in metres from 200
to 550, and the perpendicular line corresponds to the dial of the set, from o-roo
or o-18o according to the type of dial.
The chart is now worked out as follows :
(r) Tune in to a local station which can
be easily identified. Your first station
might be London National, which might
come in at, say, 31 degrees on the dial.
(2) Make a mark at the 31 division on the
perpendicular line.
(3) Now refer to World Radio, from
which you will find that the wavelength of
London National is 261 metres.
(4) Make a mark at the 261 division
on the horizontal line.
(5) Now draw a line across the paper
from the 31 mark, and up the paper from
the 261 mark and at the point where these
two lines meet make a dot. This is clearly
indicated by the dotted lines shown in
Fig. 34. If graph paper is used there is
no need actually to draw the horizontal

and vertical lines. They can be traced
along with the finger.
You will now have obtained the first
dot for your chart. You now tune in to
three or four other stations which you can
easily identify, and, proceeding as above,
obtain further dots on the chart. Suitable
stations for these first dots are those indicated by the remaining dotted lines shown in
Fig. 34.
The next thing is to draw a line joining
up the four dots and if you have followed
out the instructions correctly this should
be either practically a straight line or else
a curve, according to the condensers used
in the set.
How to Use the Chart.
Let us assume that you have heard a
station with your dial reading at 122,
and which you wish to identify. Place a
ruler across the paper along the 122
division on the perpendicular line and
make a mark at the point where it crosses
the line you have previously obtained.
Draw a line from this mark straight down
to the horizontal line. This will give you
the approximate wavelength of the station
you are receiving, and it can then easily
be identified by referring to the list of
stations in World Radio.
When it is desired to hear a station
whose wavelength you already know, the
procedure described above is reversed
and the approximate dial reading for that
station is obtained. Provided the set is
powerful enough, it is only necessary to
adjust the dial to that reading to hear the
station.
When Two Tuning Dials are Used.
If the set employs two tuning dials,
the chart is worked out according to the
readings obtained on the aerial tuning dial
when the set is tuned in to its loudest.
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MAINTENANCE OF AN ELECTRICALLY
EQUIPPED RAILWAY STATION
By H. W.

T

JOHNSON

HE introduction of electric lighting
Goods yards and platforms are well lit,
and power into railway working has giving the maximum of safety and
been attended with remarkable efficiency in loading and unloading goods
success and efficiency.
from wagons. Electrically driven capElectrically operated points and signals stans deal with the movement of wagons
have minimised the possibility of accidents about the yards quickly and efficiently.
to the travelling
public, and have
accelerated the
passage of trains
into large railway
stations and
through intricate
junctions en
route.
Passenger stations are well
and efficiently
illuminated, and
destination and
indicator boards
on platforms are
clearly lighted.
Luggage is expeditiously
moved with
electrically
driven trucks
and lifts.
Fig. I.—POINT MACHINE DRIVEN BY AN ELECTRIC MOTOR.
Station refreshment
The outer sets of contacts on the machine are connected in the motor
circuit, and their respective positions determine the direction of rotation
rooms, restaurof the motor, causing the point blade to move from the " normal " to the
ants and kiosks
" reverse " position, or vice versa. The inner set of contacts are connected
are pleasantly lit
in the detector circuit. The position of these contacts is determined by the
with decorative
position of the point blade. A polarised relay fixed in the signal cabin is
energised by the detector circuit.
fittings and the
general atmosphere of waiting rooms is considerably The Equipment of Goods Depots.
improved with electric lighting and heating.
Within recent years railway companies
Electrically driven travelling gantry and have spent large sums of money in modernjib cranes have contributed to the rapid ising goods depots, and installing in
handling of materials at goods stations. them up-to-date electrical appliances.
Goods warehouses and sheds are equipped
The G.W. Railway Company's goods
with electrically operated hoists and depots at Paddington, Bristol, South
cranes.
Lambeth, Cardiff, and other large centres,

PLATFORMS

SUBwAy

INWARDS GOODS SHED

esingfitte

amfill•WPI.7411
RTACE
OFFICES

OFFICES

MACHINE HOUSE
FOR WEIGHBRIDGE

UP MAIN

FROM FISHGUARD

Fig. 2.—THE LAYOUT OF THE GOODS DEPOT OF THE GREAT WESTERN RAILWAY COMPANY AT CARDIFF
This

IS a good example of an efficiently electrically equipped and operated depot.

ANELECTRICALLY EQUIPPED RAILWAY STATION

PLATFORM 3

AN ELECTRICALLY EQUIPPED RAILWAY STATION

are notable examples of electrically
equipped and operated depots.
A goods depot consists of the goods
station and platforms, the goods yard with
railway and road communication, storage
sheds and warehouses, garage and stable
accommodation, and the offices and stores.

The Goods Station and Platforms.
A number of mobile cranes will be
installed ; these will be able to operate in
any part of the station.
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These will be operated and driven electrically.
Electric lifts operated with push buttons
will be installed on the platforms, to
communicate with basement warehouses.
Overhead travelling cranes will be installed;
these will span the whole of the platforms
and will be able to deal with heavy goods
and machinery.
The various operations of lowering,
slewing, cross traversing, and longitudinal
travelling can be effected as desired; each

Fig. 3.—THE GEARING OF A POINT MACHINE.
The point operating locking bars which move the point blades are geared up to the motor, through
a rack and a train of wheels. A clutch is fitted on the last wheel. The clutch disengages the train
of wheels from the rack movement when the points are fouled with dirt or grit. The motor is thus
protected from damage.

Each crane will be fitted with a petrol
electric generating set, consisting of a
petrol engine direct coupled to a D.C.
dynamo. The dynamo will generate the
necessary current for the crane motors,
of which there will be four—one for hoisting,
one for derricking, and two for travelling.
The motors will be operated from the cabin
with suitable controllers.
An important feature will be the lifting
bridges which span over the tracks and
give communication between platforms.

operation is performed by a separate
motor.
In order to obviate any risk due to
the crane driver's momentary forgetfulness, the hoisting motor is fitted with
gear which cuts off the current to the motor
when the lifting hook reaches a. certain
height. A similar precaution is taken
on the cross traversing motor, which
is stopped when the crane approaches
either end of the cross girders. A solenoid
brake will be fitted to the hoisting motor
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and will come into operation when the
current to this motor fails.

The Goods Yard.
Electrically driven capstans will be used
for moving wagons.about the yard. These
may be controlled with pedals or levers
which close the starting switches to the
driving motors, and in some cases connect
the driving gears to the capstan head.
Overload release trips fitted to the switchgear will cut off the current to the motors
when overloaded. The motors may be
D.C. or 3-phase A.C., depending upon the
nature of the supply.

will be operated with push-button control.

The Offices.
These will be fitted with suitable electrically operated lifts, and the machines
used for adding and abstracting will be
driven by electric motors. Electric heating will be installed, and a complete
system of intercommunication telephones
to the various parts of the depot will be in
operation.

The Lighting Equipment.
Generally, high C.P. gas-filled lamps
placed in suitable fittings will be used

Fig. 4.—THE POINT MACHINE AND DETECTOR MECHANISM.
The detector contacts are removed. A separate detector is fitted in the 4-ft. way.
Travelling gantry cranes will be installed for dealing with the unloading
of trucks in sidings, and mobile petrol
electric trucks will operate about the yard.
The gantry crane may be capable of
lifting loads up to 4o tons or even more.
The supply to the crane motors will be
given through a system of live rails, or a
trolley system may be used.

The Warehouses and Sheds.
Electrically driven jib cranes will be
used to transfer goods from the wagons
or waiting drays on adjacent roadways.
Electric lifts and hoists will serve the
various floors of the warehouse and they

for lighting the sheds, warehouses, the
goods station and yards.
Interior lighting will be effected with
open-type fittings having dispersive reflectors, in order to give a good uniform
illumination. Current to the lighting
fittings will be given through a system of
overhead V.I.R. cables, bound to porcelain
bobbin insulators. The insulators are
fixed to suitable brackets, fitted to the
constructional steel work of the roofs of
the goods stations and sheds, the cleat
type insulators being used to hold the
cables on wall and ceiling runs.
Watertight lantern fittings will be used
to illuminate goods yards and sidings.
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These will be
supported from
the arms of lamp
posts, and from
wall brackets fixed
to the outer walls
of the goods
station and warehouses.
Current to
these fittings will
be given through
a system of cabtyre cables suspended from span
wires, the span
wires being
strained from one
post to the next.
The offices will
Fig. 5.—THE CABLE DUCTS.
be lit with semiThe cables of track circuits, detector circuits and point machine circuits
indirect lighting
are run from the signal boxes through fibre ducts under the 4-ft. ways, and
in wooden troughing along the track, to their respective points.
fittings suspended
by chains from
the ceilings, and local lighting will Passenger Station Equipment.
be obtained with desk fittings. The wiring
An important innovation is the use of
for the office lighting will be run in steel electrically driven and operated luggage
conduit.
trolleys on platforms.
Flame-proof fittings will be used to
They are equipped with a battery of
illuminate garages and stables. Cab-tyre Edison type heavy discharge accumuwiring is advisable in the stables owing lators which supply current to a seriesto the prevalence of alkaline fumes.
wound D.C. motor of 2 h.p. The motor is
geared to the wheels of the trolley. The
motor is operated with a controller fixed
on the front of the trolley. Electric lifts
serve to communicate the platforms to
the subways and overhead luggage runways. These will be operated with pushbutton control.
At the Victoria Station, Manchester, of
the L.M.S. Railway Company, an electrically driven luggage carrier is used
to distribute luggage and parcels to the
various platforms. The carrier runs on a
system of rails suspended from the roof_
The current to the motor is supplied through
a pair of bare wires, which are fixed directly
underneath the rails, but insulated from
them. Two current collectors make a
Fig. 6.—LEVER CONTROL OF A CAPSTAN MOTOR- wheel contact on the bare wires, and feed
STARTING SWITCH AND CAPSTAN HEAD CLUTCH.
the current to the motor. The motor is
The lever in the backward position releases
operated by an attendant who sits in
the capstan head by throwing out the clutch,
a leather cradle suspended from the carrier.
and in the other direction puts in the clutch and
Station platforms and booking halls
operates the starting switch.
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Fig. 7.—THE OPERATING LEVERS OF THE POWER INTERLOCKING FRAME IN THE SIGNAL CABIN.
The signalman observes the state of the illuminated traffic diagram, and operates his signal levers
accordingly. The states of the signal aspects are indicated on the signal lamps fitted in the name
plates over the levers.

are lighted with high C.P. gas-filled lighting and refreshment rooms fittings to harmonise
units fitted with dispersive type reflectors. with the interior decorations are installed.
The fittings are supported by chains and
stranded steel cables from the roof of the Electrically Operated Points and Signals.
station. Non-corrosive cab-tyre cables
A system of electrically controlled and
bound to bobbinoperated points
type cleats, and
and signals was
run along the
installed by the
steel work of the
Westinghouse
Si nal
roof, supply
and Saxby Signal
ca tar
current to the
Company at the
Lamp
fittings, also to
Victoria and
Tapping
the platform
Exchange stanumber fittings
tions, ManTo Slinal
110 Volt
which are fixed
chester,- for the
Resistance
A.C. Supply
at the platform Transformer
L.M.S. Railway
barriers.
Company. This
Fig. 8.—TESTING THE PRESSURE DROP ACROSS A
Special floodsystem is deSIGNAL INDICATION RESISTANCE.
lighting units are
scribed with the
A voltmeter with a range of 20 volts is connected
used to illumin- across the connections of the signal indicator lamp permission of the
ate destination at the resistance. The reading should be from 12 railway company
to 14 volts. If the reading is low, and the signal
and arrival indi- transformer
and facilities
circuit is correct, alter the position of the
cator boards. In tapping to give an increased pressure drop until the have been kindly
given for obtainthe restaurants correct value is obtained.
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ing photographs and information
by the Signal and Telegraph
Engineer and his staff.

Route Indicators.
These are of the optical type.
Each number or letter required
is projected on to a glass screen,
and the indication is given by
an illuminated image on a glass
screen. The indicators are
fitted with one transformer and
one lamp unit for each route
required. The lamps, used to
indicate the route letters are
12 volts 48 watts, and the
primary current to the trans'formers is at ilo volts A.C.

The Signals.
The main line signals are of
-three types, namely, four, three,
and two aspect. The aspect
lenses are illuminated with
double - filament lamps taking
12 watts per filament at 6 volts.
Each aspect is fitted with a
transformer, which transforms
the current supplied to the
primary winding at II° volts A.C.
In addition to main line signals,
two and three aspect signals are
in use at sidings, and for
shunting operations.
Fig. 9.—THE INTERIOR OF THE POWER INTERLOCKING
The range of the signals under
FRAME.
average conditions of sunlight is
All the parts are easy of access, and adjustments can
from 2,50o to 5,000 ft. There quickly be made.
are some 200 Of these signals in
use.
The aspects of main line signals are :— transformers. The drop in voltage is
Red. Danger. Stop.
utilised to illuminate a lamp in the signal
One yellow. Caution. Be prepared to indicators, which are fitted in the namefind next sigplates over the levers. If one of the filanal at danger.
Four aspect
Two yellows. Warning. Be prepared to
ments of the signal aspect lamps fails,
find next sigthe pressure drop across the resistance
nal at caution.
Green. All right. Proceed.
is reduced, resulting in a big reduction
Three aspect : Red. One yellow. Two yellows.
of light in the indication lamp. When
Two aspect
Red. One yellow.
both filaments fail, the pressure drop
Indication of Signal Aspects in Signal across the resistance is so small that
the indication lamp is extinguished. The
Boxes.
The indication is carried out by means danger aspect of each signal is indicated
of the voltage drop across a small resist- by a small red indication lamp, whilst the
ance, the latter being in series with the two yellows and the green are common
primary winding of the signal aspect to the number of signals controlled.
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Illuminated Diagrams.
Illuminated diagrams of the area under
control are fixed in important signal boxes.
These diagrams are of the strip-light type,
and are illuminated with 3-watt 12/14volt lamps. Also shown on the diagram
are " Train ready to start " and " Vehicle

r
'4

indication, the closing of a switch on the
platform lights another lamp on the diagram. This is necessary; owing to the
sanding of the rails, or inefficiently bonded
vehicles, the track relay may not have been
shunted, thus giving a track-clear indication on the diagram.
Power Interlocking Frames.
These are fixed
in the signal
cabins and
operated by the
signal levers.
The frames are
fitted in a teak
case, having
panels which
may easily be
removed for inspection of the
mechanism and
'11.1.181
making any
necessary adjustments.

Point
The
Machines.
Each machine
comprises a D.C.
ito-volt motor
taking 3.5 amperes against a
load of 200 lbs.,
clutch, gear
train, and a cam
arrangement to
give a fixed
stroke to the
point - operating
locking bars, all of
which are housed
Fig. I0.—THE CIRCUIT FUSES, SIGNAL INDICATOR RESISTANCES AND
TRACK RELAYS.
in an iron case.
These are situated in the signal box. All circuits are fused up, and are
The clutch
arranged to be easily inspected. The signal indication resistances are
prevents the
fixed above the fuses, and the tappings may be adjusted when required.
of
possibility
The track circuit relays are fixed on racks. The relays are inside dustproof
damage to the
glass cases.
motor in the
on line " indications. For the former, event of an obstruction getting into
the closing of a switch on the station plat- the points. Each point blade is
form lights a lamp in the diagram, indi- electrically detected. The detector
cating to the signalman that a train is circuits are designed for use with
ready to start from that particular plat- an A.C. polarised indication relay. The
form. Regarding the " Vehicle on line " system provides for the energisation of the
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relay in one direction when the points are
normal, and in the opposite direction
when the points are in the reverse position.
During mid-stroke the connecting wires
to the relay are short-circuited.
There are 128 point machines in operation.
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Each rectifier is provided with necessary
switchgear and ammeter.
Block Control
Block working is used throughout the
area covered by the colour-light signals.

at
Track Circuits.
aft
The track circuits
are of the A.C.
condenser-fed type,
the condensers
through which the
current is supplied
to the circuits
411111.0.111,
I,
400 th
varying in capacity
' INCOMING FEE `)F1'
from io to 4o microN' a
farads.
_
The pressure of
the current at the
feed end of the
circuit is approxi0 L.= .E:
0'1
mately 1.5 volts.
The track relays
are of the doubleelement vane type.
These relays can
be zoo per cent.
over-energised continuously without
damaging the
contact springs.
The relays are
housed, with a few
exceptions, in the
signal boxes. The
track circuit trans0 L-,
formers have five
secondary windings, each secondary
winding feeding a
Fig. II.—THE RECTIFIER SWITCHBOARD.
track circuit. All
The rectifiers which supply current to the D.C. point machine motors
track transformers are fixed in the signal box. They are controlled with switches, and the
and condensers are load is indicated on the ammeters. Two A.C. feeders from the automatic
housed in the signal substation feed the switchboard.
boxes.
Macanite
The block instruments are of special
wiring is used for the track circuits.
design and indications are given by coloured
lights, red indicating " Train on line," green
Rectifiers.
" Line clear," no lights indicating " Line
Westinghouse metal rectifiers are used blocked." The circuits are so arranged that
for converting the A.C. current to D.C. before "Line clear" can be given for a second
for the operation of the point machines. train, the commutator on the power inter1
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cannot be energised. This relay,
once energised,
cuts out the
blo c k control,
thus allowing the
block to be
turned from the
" Line clear " to
" Train on line"
position, without
putting the
signal to danger.
Should the signalman omit to
put the block instrument to the
" Train on line"
position, this is
done automatically when the
vehicle arrives on
the track circuit
in advance of
signal.
When a train
enters upon the
track circuit in
advance of the
last stop signal
in the rear, the
stick relay controlling this
signal is de-energised, and before
the H.R. relay
controlling the
signal can again
be energised,
Fig. 12.—THE AUTOMATIC SUBSTATION SWITCHBOARD.
"Line clear"
The switchboard is supplied with A.C. from the Salford Corporation
signal must again
Electricity Department mains and D.C. from the Manchester Corporation
be given on the
Electricity Department mains. The normal supply is from Salford. In
block instrucase of failure the load is automatically thrown on to the Manchester
ment, thereby
supply, which is D.C. As a supply of A.C. is required for all circuits except
the point mains, a three-phase motor alternator starts up under the influence
compelling the
of the solenoid control when the change over takes effect.
signalman to
obtain "Line
locking frame must be turned to the "Train clear " for each train entering the section.
on line " position. The last stop signals
for boxes in the rear are controlled by Power Supply.
Two 3-phase 4-wire supplies are obthe block instruments.
Should the signalman pull the signal tained from two separate substations of
lever before the " Line clear " has been the Salford Corporation and fed into the
given, the H.R. relay controlling the signal railway automatic substation at a pressure
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of 400 volts. A third supply at
400 volts D.C. is brought from
the Manchester Corporation
mains to this substation.
The switching gear is so
arranged that in case of failure
of No. I supply from Salford
Corporation, the bus bars feeding
the signalling system are automatically switched on to No. 2
supply. Should there be an entire
failure of the Salford Corporation
supply, a 25 K.V.A. 3-phase
motor alternator is automatically
switched on to the Manchester
Corporation mains, which start
the D.C. motor, and the signalling
supply is obtained from the alternator. A time lag relay delays
the change over from the Salford
Corporation mains to those of
the Manchester Corporation for a
period of i5 seconds. This is to
make allowances for momentary
failures of the Salford Corporation
supply.
The load of the 3-phase
system is arranged to keep an
approximate balance of load on
all phases. A tapping is also
taken from this supply to the
Fig. 13.—THE RELAY IN THE AUTOMATIC SUBSTATION.
bank of metal rectifiers which
This relay delays the change over from Salford to the
converts the A.C. current supplied
Manchester supply for 15 seconds.
to them to 120 volts D.C., which
It operates on the auto-change-over switches. The delay
action may be adjusted within limits.
is required to operate the pointmachine motors. The rectifiers
are arranged in such a manner that if any cf working will be in use, approximating
particular set of the bank becomes faulty, 8 hours per shift. It is particularly
this set will be cut out and leave the important that there should always be
remainder at _work.
some of the staff on duty to attend to
failures and breakdowns.
NOTES ON MAINTENANCE.
The staff who attend to the maintenance The Lighting Equipment.
of the equipment and wiring will consist
Runs of wiring fixed to the constructional
of two sections. One section, which is steelwork of roofs in passenger and goods
under the control of the Chief Electrical stations will be exposed to engine smoke
Engineer and his executive, will be respon- and steam. They should be frequently
sible for the maintenance of electrical examined for corrosion and deterioration
appliances and wiring in goods depots of the insulating covering. Cleat-fixing
and passenger stations. The other section
screws and bolts should be kept free from
dealing with the maintenance of the signal- rust ; a little oil or vaseline smeared en
ling and point-operating equipment and them will prevent rusting. Span wire,
wiring will be controlled by the Signal and cable suspensions, chain and steel cable
Telegraph Engineer. The shift system supports of lighting fittings should be
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regularly inspected and renewed when they
are defective.
The lampholders and the connections
to them in open-type fittings will require
frequent inspection for corrosion and bad
contacts. The reflectors and lamps should
be kept quite clean. The dirt on them
may be removed with a weak solution

The switches should be regularly inspected, their quick make and break action
should be in good order, and the switch
blades be clean and make good contact.
Clean the surface of the panels and the
porcelain fuse bridges regularly, and note
that the joint between the case of the
distributing board and the hinged door
is watertight. The earth wires to ironcased distributing boards, iron-cased
switches, metal-cased lighting fittings, and
conduit runs, must all be in good condition.

Platform Trucks.

Fig. i4.—A PLATFORM ROUTE INDICATOR AND
CALLING-ON SIGNAL.
The route is indicated on a ground glass screen.
The circuit feeds a transformer which lights a
12-volt lamp. This lamp illuminates the route
letter T, and an image of this letter is projected
on a ground glass screen with a convex lens. The
calling-on signal is given by projecting the light
from 12-volt lamps through coloured convex
lenses. The lamps are fed from the secondary
windings of transformers. Cowls are fitted over
the lenses and ground glass screen to prevent
blinding with direct sunlight.

of nitric acid and water, I part acid to zoo
parts of water. Clean the Edison-screw
sleeves and centre contact studs of high
C.P. gas-filled lamps with fine glass paper.
Examine the fuses in distributing boards
and renew any which are defective, adjust
the fuse contacts and tighten up any loose
connections.

The accumulators should be regularly
inspected and charged. On no account
should they be allowed to become overdischarged. All terminal connections
should be covered with vaseline. The
vent plugs should make an alkalineproof joint.
Remove all dirt and acid from the outside
surfaces of the accumulator containers.
The electrolyte, caustic potash solution,
should be renewed about once a year.
Examine the brush gear and commutator
of the motors, renew brushes when necessary and clean all dirt from the brush gear
and commutator, tighten up any loose
connections at the terminal box of the
motor. Examine the gearing and note
that there is a good supply of lubrication.
Inspect the controller contact fingers,
renew any which are defective, and adjust
those which are making bad contact with
the drum.

Lifts and Hoists.
These must have a careful inspection
at frequent intervals and the various
safety devices examined.
Examine the condition of the steel
suspension cables and their attachment
to the car and the counterweight.
The car and landing-gate switches
should be in good working order and the
locking mechanism must prevent the
gates being opened unless the car is at
the correct level.
The over-travel and over-speed limit
switches must operate when the car
reaches the limit of its travel, or exceeds
the safe speed.
Examine the condition of the pushbutton controls and the relays. The
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contactor starting switches for the motor
should be working smoothly, clean any
burnt contacts with fine glass paper,
and lubricate the armature spindles with
a little clock oil.
The solenoid brake should act promptly
when the current to the motor is switched
off.
Inspect the winding motor regularly
and clean the brush gear and commutator.
There should be a good supply of lubricating oil in the motor bearings. The
gearing should be working smoothly and
be efficiently lubricated.
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tion. Test the brakes for efficient operation.

Overhead Travelling Cranes.
The insulation of the live rails or conductors which supply the current to the
motors must be regularly inspected ; examine the bonds for making good connection
between rail joints. The fibre insulating
bushes and plates must be in good condition and kept dry. Where a system of
overhead bare conductors is employed,
the strain insulators and their attachments
to the live wires must be frequently
examined. The trollies, or current collecMobile Petrol Electric Cranes.
tors, should make good contact with the
The engine should run smoothly and wires.
the lubricating system be in
-Treadle
good condition. Examine the
sparking plugs frequently, the
valve spindles should work freely,
inspect the valve facings and
seatings, and grind in any which
show signs of "pitting." Inspect
the condition of the carburettor,
0
and see that the " float " is
working. The petrol pipe conController
nections should be in good
condition, there should be no
leakage of petrol at any of the
cocks. Keep the magneto per- Fig. 15.—TREADLE CONTROL OF A CAPSTAN MOTOR
fectly clean, examine the state of
CONTROLLER.
the distributor and brushes. The
The movement of the treacle is retarded with the dash
H.T. cables to the plug terminals pot, which prevents undue haste in starting up the motor.
should be free from oil and grease.
Examine the condition of the brush gear
The collector gear in the crane cabins
and commutators of the dynamo and the for distributing the current to the motors •
motors. Inspect the condition of the should be regularly inspected. The
armature and field magnet windings brushes should make good contact with the
frequently. Tighten any loose connec- collector rings. The rings and their
tions in the terminal boxes of the machines. insulating mountings should be kept free
The bearing bushes should be tested from oil and dirt.
for wear, and the bolts which secure the
Examine the mechanism which prevents
machines to the frame of the crane should overwinding of the crane hook and overbe tight ; all nuts on these bolts should travelling, and test them for good working
be locked.
order. The solenoid brake on the hoisting
Clean any burnt contact fingers on the motor should act promptly when the
controllers, and adjust them for making current to the motor is switched off.
good contact. Inspect the condition of Clean all brush gear and commutators
the resistance units ; keep them free from of the motors regularly, and keep the
dirt and oil. Examine the operation of cables free from oil and dirt.
the control levers, clutches, and gearing.
Inspect the condition of the controllers,
The winding cable and its attachment and renew any contact fingers which are
to the crane hook should be in good condi- defective. The lubrication of the motor
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the ventilation and cleanliness of the
capstan pits. There is here often a great
deal of condensation and collection of
moisture which will quickly cause breakdowns of the motor armature and magnet
windings if it is allowed to remain.
Inspect frequently the condition of the
motor brush gear, commutator and windings.
An insulation resistance test of the
motor and control switchgear should be
made at frequent intervals. If a low
test is obtained the motor should be dried
out. An electric heater fixed near the
motor will assist the process of drying.
The action of the starting treadle or
lever should be in good condition; inspect
the dashpot which controls the free movement. The contactor switchgear should
be kept clean, and all contacts in good
order. Inspect the lubrication of the
motor bearings and the gearing to the
capstan head.

Fig. 16.—THE INTERIOR OF A SIGNAL.
Each of the signal aspects is illuminated
with a 6-volt, 24-watt double filament lamp.
The light is projected through 8-inch
diameter lenses. Each signal is fitted with
a pin hole and cross wire for sighting purposes.
The lamps are fed from the secondary
windings of transformers, which are fed with
o volts A.C.

bearings and all gearing should be regularly attended to.
Capstans.
Particular attention must be given to

The Signalling and Point Equipment Point
Machines.
Inspect the condition of the motor
brush gear and commutator ; the contact
fingers of the motor and the detector
circuits must be clean and make good
contact. Adjust any which are making
bad contact, and clean up the contact
surfaces with fine glass paper.
Remove any traces of grease or dirt.
Examine the condition of the gearing
and note that the lubrication is efficient.
Tighten any loose cable connections at
the terminal box of the machine.
The runs of wiring from the signal box
to the machine should be frequently
inspected, and the cable ducts kept clean
and dry.
Signal Aspects and Route Indicators.
The lenses should be cleaned with a soft
dry cloth. Examine the condition of the
lamps and renew any which show signs
of blackening or have defective filaments.
The cable connections to the lamps and
transformers should be in good order.
Inspect the transformers. The joint
between the hinged door and the case of
the signal or route indicator should be
watertight.
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The Track Circuits.
These should be inspected frequently.
The cable connections to the metals must
be tight. Any signs of corrosion at the
connections must be removed so that a
clean contact is obtained. The bonding
of the metals must be in good condition.
A pressure drop test with a millivoltmeter
for efficient bonding should be taken at
regular intervals, or when a bad bond
is suspected. The track relay cannot
function if bondings are defective.
The Track and Point Circuit Feeds and
Fuses.
Examine all connections from the bus
bars and tighten any which are loose.
The fuses should make good contact in
their respective fuse contact holders.
Adjust any contacts which do not grip the
fuse holders tightly.
The dust should be removed from the
fuse board with a vacuum cleaner having
an insulated nozzle.
The Signal Indicator Resistances.

Fig. 17.—THE INTERIOR OF A 13-WAY ROUTE

and
test the pressure drop across any which
appear defective, or which fail to cause
the indication lamps to light up. The
tapping may require adjustment to obtain
the correct pressure drop required to
light up the indication lamps.

INDICATOR.
Each route letter or number is illuminated with
a lamp fed from a transformer. The lamps are
12 volts, 48 watts. The interior is easy of inspection. A watertight joint is made with the case
and the back.

Inspect the connections regularly,

H

Accumulator

Variable
Resistance

Fig. I8.—TESTING A BONDING CONNECTION.
When a high bonding resistance is suspected,
make a pressure drop test across the bond.
Send a suitable current through the bond and
measure the pressure drop with a millivoltmeter.
If the resistance is too high, indicated with a
high reading on the voltmeter, remove bonding
connection and clean all connecting surfaces and
replace with good bonding wire.

All traces of dust should be removed
with the vacuum cleaner.
The Automatic Substation.
Inspect regularly all switchgear, test
the tripping gear of switchgear not in
commission, clean switch contacts, and
lubricate all trip lever spindles.
Examine the condition of the automatic
solenoid motor starter and test the action
of the solenoid plunger.
Clean the switch panels with a soft,
dry cloth. Inspect all cable connections
at the back of the switchboard, and remove
all dust.
Inspect the working of the change-over
time lag relay.
All complaints of any failures to any
part of the equipment should be immediately attended to and made good at
the earliest moment.

1275

MICA
AND ITS APPLICATIONS IN ELECTRICAL ENGINEERING
By M. G. SAY, Ph.D., M.Sc.

Fig. I.—RAW MICA AT MINES IN INDIA. (Micanite and Insulators Co., Ltd.)
Mica occurs in the form of so-called " rock." Its formation is such that it can be readily split into
sheets of thickness down to less than f mil.

NE of the most valuable mineral
insulating materials in present
use is mica. Its use for windows
and lamp covers has been known for a
considerable time and it was already
available when its great advantages for
electrical insulation were discovered.
Mica is a peculiar substance composed
of a chemical combination of silicon,
aluminium and potash. It contains also
small quantities of metallic ores, which
may give it a distinct coloration, such
as grey, green, ruby and brown.

O

Where Mica Comes From.
Most of the world's supply is mined
in India, where it occurs in the form of
so-called " rock." Its formation is such
that it can be readily split into sheets of
thickness down to less than I mil. It is
impossible, however, to get large sheets
of this thickness, as mica is very brittle.
Large sheets, being difficult to mine,

bear a high price, and are not used unless
the particular application so demands.
Much attention has, therefore, been given
in recent years to the electrical use of
mica " splittings," which are comparatively cheap. Splittings may be stuck
together with shellac varnish, or backed
with paper or cloth. Alternatively, splittings may be powdered and used as a
filler for synthetic-resin mouldings. Mica
sheets without backing or adhesives are
known ,as " virgin mica," and are used
for small commutator sectors, condensers,
sparking plugs and insulating washers.
These uses, however, are not extensive,
and by far the greater proportion of
mica is used in its manufactured forms.
Properties of Mica.
The qualities of mica are very valuable
to the electrical engineer. The fact that
it can be readily split into thin sheets
enables any required thickness to be
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obtained. It has a high dielectric strength
and ohmic resistance, withstands high
temperatures without change, and will
support large compressive (squeezing)
loads. These two latter properties are
the results of its natural formation at
high temperature and pressure in the
earth's crust. Mica is slightly flexible,
but cannot—in its virgin form—be bent ;
for this it has to be used in a manufactured
form.
Why Mica is so Useful.
Those called upoti to repair an electric
kettle or flat-iron will be familiar with

The mica serves to insulate the heater
element from surrounding metal, and at
the same time conducts the generated heat
to the surface at which it is required. The
three characteristics of insulating quality,
resistance to high temperatures, and great
compressive strength are thus fully utilised.
An inspection of the kettle or flat-iron
will usually reveal a further use for mica:
The socket pins may be bushed with
mica—again on account of the mechanical
and thermal qualities.
Mica for Motor Insulation.
Small D.C. motors sometimes have

---.
•
Fig. 2.-A TYPICAL WORKSHOP FOR THE PREPARATION AND MACHINING OF MICA. (Micanite and
Insulators Co., Ltd.)
This shows the mica being cut into sheets, the edges being retained for use as "splittings."

the properties and appearance of virgin
mica. It may be said that this peculiar
mineral has rendered possible the cheap
manufacture of domestic electrical goods
involving the production and use of heat.
Virgin mica and micanite (see later) of
suitable shape are used to carry the thin
high-resistance metal strip winding of the
heater, which is pressed into intimate
contact with the metal surface to be
heated (e.g., the false bottom of a kettle).

commutator 'sectors insulated with mica
sheet, where the commutator does not
exceed about 4 inches in length. The
advantage here is that adequate insulation
between the sectors can be readily
obtained with very thin sheets of mica,
thus saving space ; also, the mica is
strong enough to withstand the compression. Being sometimes harder than
copper, however, the mica may wear
less rapidly as the commutator revolves
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under the brushes. Since " high micas," splittings are shaken down in a " snowor projecting mica sheets between the storm " inside- a tower on to a tray at
copper sectors, are a cause of sparking, the bottom. When a sufficiently thick
it is common practice to " undercut " the layer has been deposited, the tray is
micas periodically to A-inch deep. This sprayed with shellac, and a further layer
may be done by hand on a small motor of splitting deposited. The final process
by means of a hack-saw blade, but better is a hot pressing between steam-heated
work is obtained on large machines by a plates.
special device resembling a machineMoulding micanite is similar, but conshop mill.
tains a greater proportion of shellac,
An important use for virgin mica is making it possible to bend and shape
in the manufacture of condensers for the sheet when hot. Flexible micanite
scientific instruments and for automobile can be bent when cold ; for this purpose
ignition devices. Sheets are split to thick- a non-drying oil is incorporated with
ness, micrometer
gauged, stamped
to shape and
assembled.
Mica is not a
material easily
worked outside a
specialised manufactory.
Micanite—A
Cheaper Form
of Mica.
Micanite is a
very common
form of mica
product,
used
where large
sheets are desired, and where
virgin mica
would be prohibitive for reasons
of cost. It is
made up of mica
3.—BLOCK MICA AND MICA SPLITTINGS (PAN PACKED) AS RECEIVED
and
splittings
FROM THE MINES. (Micanite and Insulators Co., Ltd.)
some adhesive.
It takes many forms such as sheets, boards, the shellac. The material is largely
tubes and moulded parts, and may have used in the insulation of large higha variety of qualities such as hard, flexible, voltage machines.
moulding and heat-resisting, in accordance Micafolium—Its Form and Uses.
with the character of the constituents.
This material finds particular application to wrapping the conductors of highHow Hard Micanite is Made.
Hard micanite is used in place of virgin voltage electrical machines. It consists
mica for large commutators. It is roughly speaking of micanite backed with
generally composed of the smallest grade paper, i.e., mica splittings stuck with
of splittings with shellac as an adhesive. shellac on to the surface of a suitable
Since shellac is an organic gum which paper. Since paper is a poor insulator
deteriorates with heat, micanite cannot compared with mica, as great a proportion
be used at such high temperatures as of mica as possible is used. In a coil
virgin mica. To make the material, wrapping, however, it is scarcely possible
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the dolly in
the common
domestic tumbler
switch.
Mycalex is a
compound of
finely ground
mica bonded
with glass. It is
a comparatively
recent product
and is in an
active state of
development. A
valuable use is
for radiofrequency insulators, since it
maintains its
insulating
Fig. 4.—ANOTHER VIEW OF THE PREPARATION AND MACHINING OF MICA.
(Micanite and Insulators Go., Ltd.)
properties at
Showing the operators punching mica segments, washers, etc., from sheet mica. these very high
frequencies.
Mica tape, composed of splittings varto attain more than one-quarter mica,
nished on to silk or cotton tape, is used
the rest being paper and adhesive.
for the bent portions of high-voltage
machine conductors where the micaHow Micafolium is Applied.
folium wrap is not applicable.
Micafolium is always applied by means
of a hot ironing process which is easily
performed on straight conductors, bars,
etc. The micafolium is first wrapped on Loosely- wrapped
hot ; the bar is then taken to a wrapping rn/caro/ium
machine, where long heated irons rotate
in the direction of winding round the bar,
dragging. the wrapping tight and causing
it to adhere into a compact, uniform
" cell " with a smooth surface. The
process is a particularly important one
and yields excellent results for highvoltage machines. All the air is ironed
out and the corners are particularly
compact. Thus dangers of air ionisation
(which may occur more particularly at
sharp points and corners) are
obviated.

„\A

Other Uses of Manufactured Mica.
Metal bars carrying contacts from which
they must be insulated are commonly
required in small and large switchgear.
Micanite or micafolium wrap give good
service in these conditions. A similar
use is the insulation of the contacts from

"irons"
Fig. 5.—HOW MicApoLium IS APPLIED.
Showing the hot ironing process.
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ILLUMINATION OF SCHOOL
BUILDINGS
By E. H. FREEMAN, M.I.E.E.

Fig. I.—SMALL LECTURE ROOM LIT BY SIDE REFLECTORS.
These are arranged so that artificial light is obtained from the same direction for all pupils as
the daylight.

S

CHOOLS, like every other class of
building, have their own special
problems for the illuminating
engineer but most of these problems are
easily solved on the general principles that
have been dealt with in earlier articles.
These must be applied, as usual, with due
attention to the special conditions that
must arise from the use of each kind of
room.
A committee was appointed about two
years ago by the Illuminating Engineering
Society to consider the special problems
connected with school lighting, their
recommendations being embodied in a

report published in the Illuminating
Engineer in July, 1931, and reference is
made below to various questions raised in
this report.
CLASS ROOMS.
The most important room in the school
for the illuminating engineer is the class
room—not as regards its character as a
room in any particular school, but because
there are so many more class rooms than
there are other rooms and because the
greater part of the school work is carried
out in these rooms.
Adequate lighting is essential and a
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standard of eight candle feet should be
provided. The report mentioned above
gives five foot candles as a minimum but
a higher standard than this is certainly
desirable. Class rooms are now more or
less standardized and Fig. 2 shows a
typical room with desk accommodation
for 25 pupils, the desks being arranged
with the daylight coming from the left of
the pupils and with the master's table
facing the pupils, with the blackboard
behind him.
General Lighting.
The form of lighting that is more or less
standardized for such a room consists of
four pendants located as shown in Fig. 2.

h

ft., or 396 sq. ft., and for eight candle
feet the nett lumens required will be
about 3,20o.
Such rooms as these will certainly be
finished with white ceilings and white or
very light coloured walls above a darker
dado, so that the conditions are favourable
in every respect. The fittings used can be
of a type giving a high efficiency, each
with a single lamp, and an overall efficiency for the entire lighting scheme of
6o per cent, should certainly be obtained.
The gross lumens will thus be about
5 500 lumens and four lamps of 150 watts
each will give satisfactory results, each
having an output of 1,875 lumens.
It is probable that roo-watt lamps would
be considered sufficient in most school
class rooms as it is not necessary to light
the entire floor area. The working area
is actually about rd. ft. by 18 ft., excluding
the side gangways, and if this is adopted
for calculation purposes, as might quite
reasonably be done, roo-watt lamps will
provide the illumination desired over the
working area.
22

Fittings to be Used.
The shades or fittings must be selected
to avoid any possibility of glare and the
MiNIMEMNIMMINIMMEMIM(SMON old open type opal shade must on
.20 no account be used. The lamps project
0
Scale
below such shades and pupils looking
,e Feet
at the blackboard or at charts or
Fig. 2.—LIGHTING FOR SCHOOL CLASS
diagrams hung above it will find the lamps
Room.
This shows a suitable arrangement when no very prominent and glaring.
special light Is provided for the master's table.

With the usual proportions of the modern
class room this scheme will give very good
general lighting. The usual height of such
a room is about ro ft. 6 in., corresponding
to a working height of 7 feet and involving
a spacing distance of about ro to 12 feet—
these all being in accordance with the
principles laid down earlier for either
enclosed unit pendants or dispersive
reflectors. The actual spacing in the
room shown is II feet in one direction
and 9 feet in the other.
Nett Lumens Required.
The total area of the room is 18 ft. by

Enclosed Units.
Enclosed units such as those in the
laboratory in Fig. 6 are the best, but if
costs must be kept down a dispersive glass
reflector completely screening the lamp,
such as those in Fig. 5, is desirable. Metal
reflectors of this shape are sometimes used,
but these leave the ceiling in complete
shadow and Froduce an effect of gloom
that is undesirable in a school.
Master's Table.
An additional light is desirable for the
master's table and usually a single
pendant as shown in Fig. 3 will meet all
requirements. In a class room where
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charts or diagrams are regularly exhibited
above the blackboard, this may be an
obstruction between the pupils and the
charts and in such cases a plug and table
lam? may be found preferable.
If this extra lighting is provided, the
four general lights can be moved farther
back, thus tending to bring the lights
more behind the pupils, which is all to the
good. See Fig. 3.
Blackboard Lighting.
In some cases special lighting is required
for the blackboard and the Illumination
Society Committee referred to above
recommends that the blackboard' lighting
measured on the vertical plane for a
vertical blackboard should be 6o per cent.
in excess of the standard lighting of the
room.
Special blackboard lighting is always
desirable for large lecture rooms in which
pupils or students may be much farther
from the blackboard than in the smaller
class rooms.
In class rooms it is often desirable to
use a special angle reflector that will light
both the master's table and the blackboard and vet screen the lamps so that
there is no direct glare in the pupils' eyes.
In larger lecture rooms a special fitting is
usually required and in exceptional cases
this may even be attached to a movable
blackboard or frame to carry charts so
that this is well lit in any position.
Special Forms of Lighting.
The four centre pendants shown in the
above schemes, though giving good general
lighting, yet have the disadvantage that
the light comes mainly from the left for
some pupils, from directly overhead for
others and even from the right in some
seats. This is undesirable and a system
of lighting with side reflectors was devised
some years ago by Mr. W. A. Forsyth,
F.R.I.B.A.. which overcomes this difficulty.
With this system the reflectors are arranged
so that the artificial light comes from the
same direction as the daylight. The
illustrations—Figs. i and 4—show two
rooms lit in this way. That in Fig. I is of
a small lecture theatre and has the desks
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arranged on a " stepped " floor and the
general lighting is obtained from a single
row of reflectors fixed above the windows.
Separate fittings are provided over the
lecture table to ensure ample lighting for
lecture demonstrations.
Fig. 4 shows a class room, the width of
which at right-angles to the windows
was in excess of standard and this made it
advisable to provide two rows of reflectors,
one above the windows and the other fixed
to a beam about one-third across the
room. No separate blackboard lighting
was found to be necessary but a plug was
actually provided above the blackboard
as a precaution in case it was required.
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Fig. 3.—LIGHTING FOR SCHOOL CLASS Room.
Suitable arrangement of lighting units with
extra light over master's table. Note that
fittings are all moved farther towards the back
of the room.

The type of reflector to be used needs
considerable care in selection, as it is
desirable to use a type that, whilst having
a high efficiency, yet will diffuse the light
well and have a minimum of glare, though
the last condition is not of great importance
as the fittings are fixed well out of the
direct line of vision.
LECTURE ROOMS.
Lecture rooms can usually be treated
as large class rooms, the illumination
required being about the same. They may
vary widely in size, but each can be
designed on the same principles.
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The problem becomes complicated if,
as is usual with the larger theatres, the
seats are arranged on a slope, as this
involves great risk of the lighting units
being directly on the eye line between the
students at the back of the theatre and the
blackboard or chart screens.
The Illuminating Engineering Society
made a special recommendation on this
point which reads as follows :—
" No source of light should be situated
below a line drawn from a point on the
back wall 3 ft. 6 in. above the floor to a
point 4 ft. above the upper edge of the
blackboard surface, unless it is completely
screened from the eyes of pupils by an
opaque screen. In the case of a room
having a sloping or stepped floor, rising
away from the blackboard, the 3 ft. 6 in.
is to be measured from the elevated floor
surface at the end of the room remote
from the blackboard."
This problem is still more troublesome
if a lantern is provided, in which case the
lantern screen may reach up to the ceiling
of the theatre. In such cases the fittings
must be kept hard up to the ceilings and
the opaque shields round each fitting to
screen the light from the students' eyes,
as suggested in the report quoted above,
will certainly be necessary.
The need for cleaning such fittings and
fixing new lamps must be kept in mind,
and, if necessary, lowering gear provided
for those at the front of the theatre, as
it will be difficult to fix trestles or steps
on the stepped floors to obtain access to
the fittings.
Plugs on the Table.
Provision must be made in these larger
lecture rooms for one or two plugs on the
lecturer's table, particularly if a lantern
is to be used, in which case the lecturer
must have a screened lamp to enable him
to read his notes or manuscripts when the
theatre is in dark ness whilst the lantern
is used.
LABORATORIES.
The ordinary school laboratory requires
rather better lighting than the class
rooms. The Illuminating Engineering

Society recommend a minimum of 8 ft.
candles for such rooms (workshops, art
schools and so forth), but 10 ft. candles
would be desirable for the best results.
It is usually sufficient to provide only
general lighting and this can be arranged
in accordance with standard principles
and with fittings similar to those suggested
for the class rooms.
Local plugs may be required on benches,
but these are needed rather for experimental work than for actual illumination.
Local Lighting.
In more advanced or research laboratories local lighting will be required and the
general lighting can be reduced to about
6 or 8 candle feet. These local lights will
be arranged round the laboratory benches
and the number must depend on the
structural arrangements of the benches.
Work will usually be carried on directly
in front of the windows and this being so,
a pendant in front of each window will,
in most cases, meet all requirements.
Deciding the Type of Fitting to Use.
Some authorities prefer brackets to
pendants and others fixed pendants rather
than the rise and fall type—or fixed
brackets instead of adjustable kinds. Such
matters must depend very largely on the
personal preferences of the master or
professor in charge and do not reallyaffect the lighting scheme, which can
easily be arranged to suit. The authority
concerned should always be consulted in
good time as to his views on such matters,
as otherwise much dissatisfaction—often
unjustified may result.
If there is a master's table—not always
provided in a laboratory—a special light
should be provided for this and also special
lighting for the blackboard if one is used.
Figs. 5 and 6 show two typical laboratories, in both of which good general
lighting is provided. In Fig. 5 the lights
are provided with open type reflectors of
a type that completely covers the actual
bulbs. The fittings are suspended both
from the beams and between the beams,
the spacing being arranged to suit the
architectural features of the room. Local
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lighting for the fume cupboards on the left of the
illustration is provided by
brackets with metal reflectors and other local
lights are provided for
the side benches.
The laboratory in Fig.
6 is lit by enclosed type
lighting units spaced between the beams and
additional local pendants
are provided over the
bench on the window side
of the room. Plugs for
experimental work may
be seen on the ends of
the central benches and
on the bench by the
windows.
Fume Cupboards.
Special lighting for the
fume cupboards is not
always necessary in the
ordinary school laboratory
but it is certainly desirable for more advanced
work where the processes
going on in the fume cupboards may need careful
attention. Such lights Fig. 4.--CLASS ROOM LIT BY SIDE REFLECTORS WITH EXTRA
Row ON BEAM ACROSS THE ROOM.
should never be placed
The extra lights are required owing to the room being very wide.
inside the fume cupboard
as the fumes will rapidly
destroy the metalwork of the fittings and balances a local light is really necessary
lamps. Pendants or brackets outside to for each balance, but the result can be
light through the glass roof or front of the more conveniently obtained by straining
cupboard must be fitted with care so a steel wire about 8 or 9 feet from the
that the moving fronts of the cupboards ground and arranging two or three
do not foul the fittings. Brackets for pendants with slack flexible cord so that
lighting the fume cupboards are shown the pendants can slide to and fro along
in Fig. 5.
the wire. One fitting will then serve for
two or three balances, and the fitting can
be moved slightly to bring the lamp to the
Balance Rooms.
In these rooms also different lighting is best position for using the balance.
required according to the class of work The fittings should be arranged with
being done. In junior laboratories special the lamps slightly in front of the
lighting is probably not necessary if balances.
The lamps must not be too close to the
adequate general lighting is provided.
For more advanced work the balances will balances as the heat from a lamp close to
probably be located in a special balance a delicate balance might be sufficient to
room, a number being fixed side by side spoil its accuracy. The arrangement
on a specially rigid table. For such suggested is illustrated in Fig. 7.
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Fig. 5.—SCHOOL LABORATORY WITH OPEN TYPE REFLECTORS.
Note the extra lighting brackets over fume cupboards on the left.

ART CLASS ROOMS.
Rooms devoted to art classes need
special attention. They are usually
arranged with north daylight, and it is
generally desirable that the electric lighting
should be designed to correspond with
this, but unless heavy expense is incurred
in providing lighting effects of the same
character as daylight this may be difficult.
The results can be obtained by flood
lighting from behind a skylight, but the
cost is high and such schemes can rarely
be adopted in ordinary school installations.
If less ambitious designs must be
adopted, two points must receive special
attention :—
(1) The fittings must be arranged to avoid
all risk of glare for the students when
looking at the model.
(2) Cross shadows on the model must be
entirely eliminated.
The first result can be achieved by
having the lighting fittings fixed very high
and out of the eye line, or by having them
well screened.

The second requirement involves the
use of a special fitting to light the model
and this should be designed preferably
with adjustments so that the fitting can
be raised or lowered and tilted in various
directions.
Fig. 8 shows a special design for an
art room fitting, which proved very
effective. The lamps for lighting the
students' work were placed round a large
oak frame which reflected the light down
on the work below and also screened the
lamps from students on the other side
of the room and from the model, thus
avoiding cross shadows. The model was
separately lit by a central adjustable
fitting.
If the room is to be used for colour
work, daylight lamps may be desirable,
but this again involves heavy cost if
satisfactory results are to be obtained.
The ordinary blue glass lamp is sufficiently
accurate for rough colour washes, but is
not accurate enough for more delicate
work.
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Fig. 6.—SCHOOL LABORATORY WITH ENCLOSED UNIT FITTINGS.
There are also local lamps over side benches.

LIGHTING FOR THE OTHER PARTS
OF A SCHOOL.
Libraries.
The ordinary school library does not
as a rule call for any special lighting. It
may only be used as an occasional workroom or for reference purposes, and in such
cases good general lighting up to 6 or
8 candle feet will provide all that is
necessary.
If it is used for more regular study,
local desk lamps will be desirable in
addition. Tables for work of this kind
will usually be placed by the windows
and plugs for desk lamps also by the
windows will be in suitable positions.
Dining Halls.
Dining halls used for meals and nothing
else are rather the exception than the rule,
and usually such rooms are used for
preparation work or recreation as well as
for meals.
If used for meals only, general lighting
up to 3 or 4 candle feet will be sufficient.
If used for preparation work, this
standard must be doubled, as 6 to 8 candle

•

feet will not be too much for boys working
for two or three hours on end.
It is sometimes necessary to add special
lighting either for a master's table or for
a serving table and each such room must
be considered specially as regards any
requirements of this character.
Manual Training Rooms.
These rooms must be treated as workshops and in most cases the lighting will
be best obtained from local fittings. The
general arrangement of the benches and
work tables must be studied and in any
case good general lighting be provided of
not less than 5 foot candles, this being
increased if local lighting is not added.
Engineering Shops.
For engineering shops, local adjustable
brackets on the benches and at the more
important tools should be provided in
addition to general lighting equal to
6 or 8 foot candles. Great accuracy in
setting out is necessary and this cannot be
obtained unless the lighting is very good.
Such work only needs to be done at various
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specials position on the benches, and a
local light at each such position is more
satisfactory than a largely increased
general lighting scheme.
Carpenters' Shops.
For carpenters' shops, general lighting
of 8 to io candle feet will be suitable.
The setting out is not usually so accurate
and it is also frequently necessary to have
central benches with boys or students
working on both sides. With such a
lay-out of benches, local lighting is not
likely to be satisfactory as shadows would
be unavoidable.
Domestic Class Rooms.
General lighting up to 8 to io candle
feet will be best for these. It will certainly
be best for cookery class rooms, for
laundries and general domestic science
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7.—ARRANGEMENT OF LIGHTING BALANCES.
The lamps are suspended from a strained wire
fixed above the balances on which the fittings
can slide along so that the light can be moN ed
to the desired position over any balance.
Fig

rooms. For sewing rooms local lighting
may be necessary but unless the work
done is very fine, general lighting should
be satisfactory for these also, particularly
if the standard of illumination is raised to
12 candle feet or more.
Boys' Studies.
The lighting of boys' studies in public
school boarding houses must depend on
the school. In some cases, studies are
provided for each boy, or at any rate for
the senior boys, and for these one 6o-watt
lamp per study will be ample. In other
schools the studies are larger and may be
used by two, three or even up to six boys,

and one or two fittings with 6o-watt lamps
can be provided according to the size of
the room. The whole area must be well
lit in studies occupied by several boys as
they may all be working in all parts of the
room.
Dormitories.
The habits of the school must again be
considered in arranging the dormitory
lighting. In most schools reading in bed
is either discouraged or prohibited, and
then comparatively little lighting is wanted.
If reading is allowed this must be taken
into account in scheming the lighting
installation and higher illumination
provided.
As a general rule, three or four lamps
of 6o watts will be sufficient for lighting the
normal school dormitory with accommodation for ten or twelve boys.
School Chapels.
These do not require treatment different
from that already described for churches
and the same principle of lighting can be
used. In a typical school chapel two
rows of five-light pendants might be
provided in the nave and a row of threelight pendants in each aisle.
School Halls.
In the larger schools the Great Hall is
only used for general functions such as
lectures, concerts, speech days and so on,
and for such purposes high illumination
is not required. If the scheme is designed
for 5 candle feet it should be ample hut
allowance must be made for the use of
special fittings to suit the character of the
building and wiring arranged accordingly.
Rather better lighting may be required
over the platform, though this is often
adjusted by using slightly larger lamps.
Provision must often be made for stage
lighting but not on an elaborate scale.
Plugs for footlights with three colours,
and for top battens also with three colours,
and one or two extra plugs for special
requirements will usually be ample. If
the school does regularly give theatrical
performances, extra plugs for spotlights
should also be added and it may also be
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necessary to provide plugs for orchestra
lighting.
If the school hall is used for other
purposes—and such buildings are sometimes available for other than school
purposes—this must be taken into account
in designing the installation, and it may
be necessary to increase the illumination
up to 8 or 10 candle feet. This will
certainly be necessary if the hall is used
for examinations.

Corridors and Staircases.
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points. Fittings must also be arranged so
that there is no direct glare in the eyes of the
boys going up and down—and particularly
down—stairs. Each flight of stairs should
be lit, if possible, both from above and
from below.

Changing Rooms, Locker.Rooms, etc.
These do not require any special design
apart from arranging the lamps to give
fairly good lighting where it is most
required. The lamps should, for example,
be placed between rows of lockers or
coat-racks or over benches in changing
rooms, but the details must be decided to
suit the planning of each such room.

Normal lighting only is required for the
corridors and pendants spaced about
3o to 4o ft. apart will be sufficient. An
exception must
be made if school
notices, etc. are
placed in the
corridors and if
this is done the
lighting must be
arranged so that
there is ample
light at any such
wall areas.
Staircase lighting requires
rather more care
and should be
designed for not
less than 3 foot
candles, whilst
the fittings must
be arranged so
that the treads of
the steps are
well illuminated.
Fig. 8.—ART ROOM LIGHTING FIXTURE.
The illumination
The lamps are placed round a special angle frame which allows the light
test should be
to fall on the pupils below whilst screening it from those across the room.
made at these
The model in the centre is lit from a separate central adjustable fitting.

QUESTIONS AND ANSWERS
What is the minimum number of foot
candles required for lighting a class
room ?

must be kept down a dispersive glass
reflector completely screening the lamp
may be used.

Five foot candles is the minimum, but a
standard of eight candle feet should be
provided.

What special precautions must be taken
when lighting an art class room ?

What type of shades or fittings would you
advise for a class room ?
Enclosed units are the best, but if costs

(r) The fittings must be arranged to
avoid all risk of glare for the students
when looking at the model ;
(2) Cross shadows on the model must
be entirely eliminated.
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FLOOD-LIGHTING
AND HOW TO OBTAIN THE BEST RESULTS WITH IT
By A. H. BRACKENSEY

Fig. I.—A TYPICAL EXAMPLE OF SUCCESSFUL FLOOD-LIGHTING. (Brown Bayleys).
Showing the use of stainless steel for reflectors for flood-lighting the Horse Guards' Parade.

LOOD-LIGHTING, which is an expression which has come into being
within the last few years, is an art
which has but recently reached anything
like efficiency. Flood-lighting means that
light is projected upon an object from a
hidden source, so that there must be
some sort of screen between the light
and the observer, otherwise the effectiveness of the throw of the light would be
very materially decreased by virtue of
the light itself being seen. All forms
of light have some focal point of intensity.
Even the humble candle has its comparatively bright spot, although the
diffusion from the light is spread over
many times the area of the flame itself.

F

THE PROJECTOR TYPE OF FLOODLIGHTING.
The most popular form of flood-lighting
at present is that which concerns the
illumination of buildings, monuments,
etc., and for this purpose we have to

consider two types of flood-lights. The
first, which is the most popular, consists
of a circular form of lamp containing
a 500-watt or a I,000-watt focus filament
gas-filled lamp. These lamps are specially
made for projector flood-lighting and
have their filaments in a very small
area for focussing purposes. The interior
of the lamp is fitted with a highly polished
parabolic reflector, the latest form being
chromium plated. This plating is the
most modern form known and has the
property of being practically stainless,
and retains its reflecting properties for
a long time against weather conditions.
Obtaining the Correct Focus.
The lamp is fitted with a giant screwlamp holder which is adjustable, to allow
the correct focus to be given. The best
type of lamp has a heat resisting front
glass, as otherwise there would be a danger
of the glass cracking should rain impinge
on the hot surface. This type of lamp

FLOOD-LIGHTING
is used where a long throw is desired.
A lamp such as this will give a throw
of 1,000 feet and can be adjusted to
produce a comparatively narrow beam, so
that all the light is focussed in a comparatively small space at the end of its
throw.
How " Big Ben " was Illuminated.
This is the type of lamp which was used
recently for illuminating the " Big Ben "
tower in London. To illuminate one
side of the tower, 36 such lamps were
arranged in four ranks of nine. The first
four were focussed to illuminate the lower
quarter of the tower ; the next four, higher
up, and the last four were focussed to illuminate " Big Ben " and the top portion.
The lighting was very effective, and it will
be seen that true flood-lighting requires
a comparatively large number of lamps.
A further instance—Buckingham Palace—
was flood-lit by similar projectors, 18o of
which were required to carry out the
scheme. It may be here noted that shortly
before the installation was carried out,
Buckingham Palace had been thoroughly
cleaned, and presented its original light
stone colour. Had this not been the
case, double the number of lamps would
not have given the same effect.
Buildings Must be Clean to Obtain Good
Results.
To obtain the maximum results the
building should be clean, or a light colour.
The more dingy the building the greater
difficulty will be experienced in floodlighting it. It would not be possible
to flood-light a dark slate roof, for instance.
You cannot reflect back light -from a
black object. Some time ago the writer
was given permission by the authorities
to experiment in flood-lighting Nelson's
Column in Trafalgar Square. Owing to
the monument being so dark, however,
it was found impossible to carry it out
satisfactorily. Even a red brick building
is in no way ideal for flooding. It must
always be borne in mind that the efficiency
of flood-lighting is largely dependent upon
the reflection from the object which is
being illuminated.
When to Use the Projector Type.
The projector type of flood-lamp is
usually used as follows :—
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(r) Where the most convenient position
for the flood-light is, say 5o or 6o feet
away from the object to be flood-lit ;
(2) Where a small object such as a
statue or ornamentation at the top
of a building has to be lit from a
distance.
(3) Where practically no projection at
all can be obtained, so that the light
has to be turned up vertically to
illuminate the face or columns of a
building. This last application is
one which is very popular for lighting
buildings in main roads. Owing to
the restricted projection of lamps,
etc., by the local authorities, the
projector form of flood-light is the
only efficient and practical means.
Flood-lighting for Long Distances.
It will be seen that with the beam of
light available from this projector it is
possible to light up for a long distance \
a vertical section of wall, probably terminating in the illumination of the under side
of the coping on the upper part of the
building. An excellent illustration of
this method of flood-lighting can be seen
on the building of Messrs. Selfridge in
London, where the flood-lights do not
project over the building line.
THE REFLECTOR TYPE OF FLOODLIGHTING.
There are many cases where buildings
such as factories, exhibition pavilions,
cinemas, etc., have a certain amount
of ground surrounding them and are not
more than perhaps 25 to 3o feet in height.
The projector type of flood-light would
be unsuitable for these as here the beam
of light is not wanted but a really true
flood of light. This necessitates a second
type of lamp altogether. This is constructed in a variety of ways and is
usually a cheaper type of article. It can
consist of a box-like container which may
be lined with silver-fluted mirror. The
front of this box is fitted with a heatresisting glass, the interior having a 500watt or 1,000-watt gas-filled lamp which,
in this case, need not be of a focus variety
—the ordinary variety are cheaper. The
lamp is usually provided with feet so
that it stands on either the ground or a
0
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slab of stone or other convenient footing.
Another type, which is of a somewhat
similar shape and is in fact favoured by
the writer, is made of a stouter metal
and is fired with porcelain vitreous
enamel, black outside and white inside.
Little advantage is gained with the fluted
mirror, which may tend to become discoloured in time owing to the action
of the heat and the weather, whereas
the porcelain enamel withstands all
climatic conditions for very long periods.
How the Reflectors are Placed.
Reflectors of this type are usually placed
on the ground some 3o feet away from
the object which is being illuminated,
and lamps can be spaced some 25 feet
apart and will be found to give an excellent
degree of illumination.
When the Reflector-Type is Unsuitable.
It should be borne in mind that if the
building is 40 or 5o ft. high, this type of
reflector will not do the work efficiently;
the lower part of the building will be well
lit, and the light will trail off as it goes to
the top—an undesirable condition of affairs.
If the building is high, a good combination would be for the projector lamps to
illuminate the top portion and the floodlights to illuminate the bottom portion.
By this means, even distribution will be
attained.
Flood-lights of Various Colours.
In many cases, pleasing effects can
be obtained by using flood-lights of
various colours. To obtain this is quite
a simple matter as it merely means that a
separate complete set of lamps has to be
provided for each colour. Do not attempt
to colour varnish the front glass as the
heat of the lamp will either discolour
or burn this away. Screens of real
coloured glass could be obtained and placed
in front of the clear glass and this will
be found perfectly satisfactory. The best
method of changing colour is by means
of a diffusing effect—one colour to dim
out while the second colour becomes
bright. This can be obtained by a motoroperated rotary switch arm in connection
with resistance coils. As the arm rotates

so the resistance increases in one set of
lamps and decreases in the lamps of the
second colour.
HOW .10' oBTAIN THE BEST RESULTS.
(I) Do not attempt to use projector
lamps for close range lighting. These
should be used where your throw is over
5o feet, except where vertical lighting is
required.
(2) You will not get good results with
too few reflectors use sufficient.
(3) Do not expect to get first-class
results by attempting to flood-light a
dingy building. It will be cheaper to
persuade the owner to have it cleaned
if flood-lighting is in contemplation.
(4) See that your flood-lights of both
types are weather-proof, otherwise the
reflecting properties may soon diminish.
Good flood-lights are cheapest in the long
run.
(5) See that your projector lamps have
proper focussing arrangements. Without
these you will not get adequate range of
adjustments.
(6) For flood-lighting, supply companies
usually give a cheap rate of current.
Enquiries should be made from the local
supply.
(7) If the installation is temporary,
ordinary cable can be used without further
protection. If permanent, use steelscrewed conduit—preferably galvanised—
for outside use.
(8) It is cheaper to run heavy mains
to a distribution box adjacent to the
lamps than to run circuits back into the
building.
(9) It is not desirable to run more
than 2,000 watts per circuit.
(10) If you are using 50o-watt lamps,
do not forget that your wiring can be
reduced as you extend from lamp to
lamp, the mains feeding the last lamp
taking the lowest current.
(II) For a permanent installation do
not expect more than boo or boo hours
lighting from your lamps. It is cheaper
to buy a new lamp than to continue
using one, the lighting efficiency of which
has diminished with age.
(12) Use i,000-watt lamps, where possible. It is better to be on the right side
than to have a disappointing result.
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STARTERS AND CONTROL GEAR
FOR A.C. INDUSTRIAL MOTORS
By A. T. DOVER, M.I.E.E.
How Fractional H.P. and Small Motors
are Started.
LL types of three-phase and singlephase fractional h.p. motors are
started by switching the stator
windings directly on to the supply mains.
Typical connection diagrams are shown in
Figs. IA, IB, 2, 3. Small squirrel-cage and
repulsion motors may also be started in this
manner, provided that the starting is
effected quickly and that the starting
currents are within the limits allowed
by the supply authority. These limits
vary considerably in different cases.
Thus on some lighting and power networks direct switching is restricted to
motors not exceeding 3 h.p., but with
industrial works receiving a bulk supply,

A

Fig. IA.—CONNECTIONS
FOR DIRECT SWITCHING
OF THREE-PHASE MOTOR.
STAR-CONNECTED STATOR
WINDING.
Note.—Small motors
frequently have a sixterminal stator winding
in order that star or
delta connections may be
made at the terminal
board to suit the supply
voltage.

direct switching of motors up to about
20 h.p. is usually permissible. Again,
in large power stations and private
supplies (e.g., collieries), motors up to
about zoo h.p. may be started directlywhen the starting conditions are suitable.
Starting Current and Starting Torque of
Three-phase Motors with Direct Starting.
Although direct switching of three-.
phase squirrel-cage motors is usually
desiAble whenever possible in order to
save the cost of special starting apparatus
(which may be as costly as the motor),
this procedure involves large initial currents, and in consequence the starting
must be effected quickly if these currents

Fig. IB.—CONNECTIONS
FOR DIRECT SWITCHING
OF THREE-PHASE MOTOR.
DELTA-CONNECTED STATOR WINDING.
The simple starting
arrangements shown in
Figs. IA, IB and 2 should
be used only with fractional h p. motors. The
starting switches for
larger motors should
have protective devices.

Fig. 2. — CONNECTIONS
FOR DIRECT SWITCHING
OF THREE-PHASE REVERSIBLE MOTOR.
The main switch is of
the three-pole doublethrow type. The fixed
contacts of two poles are
cross connected, as shown
by dotted lines, and those
of the other pole are
looped across as shown by
full lines.
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are not to cause
damage. Quick
starting involves
rapid acceleration,
which requires
a large torque
from the motor.
Starting current
and starting
torque must;therefore, be given careful consideration
when direct
switching is to be
Both of
used.
these quantities,
expressed in terms
of full-load current
and torque, de..pend upon the
design of the
rir
motor, size of
11 1-1-1 1 I I pELt ,frame, number of
etc • Aver3.—CONNECTIONS OF poles,
STAR-DELTA STARTER. age values for
SIMPLE DRUM TYPE.
standard 5o-cycle
Note. — The diagrams motors are given
Figs. IA to 4 and Fig. 8
refer to Crompton-Parkin- in Table I on
page 1294.
son starters and motors.
Thus with a 4pole motor, the
initial current will be between 6.5 and 7'5
times the full-load current and the initial
torque will be about 2.5 times the full-load
torque. This initial torque is sufficient to
give rapid acceleration in all the usual applications of squirrel-cage motors ; it being
understood that these motors would not
be used for starting loads possessing considerable flywheel effect. On the other
hand, a 6-pole or an 8-pole motor will
require lighter starting duty in order to
obtain rapid acceleration.
How Larger Three-phase Squirrel-cage
Motors are Started.
When it is not permissible to start a
three-phase squirrel-cage motor by direct
switching, the motor must be started at
reduced voltage. The reduction of voltage
may be obtained in a number of ways,
such as by regrouping the stator windings
(e.g., by star and delta connections, or by
series and parallel connections), by an

auto-transformer, or by a rheostat in
series with the stator windings. Seriesparallel connections, however, are not
used with three-phase motors on account
of the large number of terminals and conAccordingly, such
nections involved.
(stator) starters are called star-delta,
auto-transformer, rheostatic. Typical connection diagrams are shown in Figs. 4
and 5.
Starting Current and Starting Torque of
Three-phase Motors with Star-Delta
Starting.
The star-delta starter is simply a changeover switch—preferably with protective
devices for giving two systems of connection for the stator windings of a threephase motor, viz., the star connection
for starting and the delta connection for
running. Obviously, six terminals are
necessary on the motor, as no internal
interconnection of the phases of the stator
windings is permissible.
When the windings are star connected
the voltage per phase is o.577 (=--I/ -,/3)
STATOR WINDING

TERMINALS

SUPPLY

SUPPLY
PARALLEL
SERIES

Fig. 4.—CONNECTIONS OF SER ES-PARALLEL
STARTER (SIMPLE DRUM TYPE) FOR TWO-PHASE
MOTOR.
Series-parallel starters are not used with threephase motors on account of the large number of
connections involved. Moreover the star-delta
method (Fig. 3) is simpler and gives a better
starting perfoi mance.
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of the line voltage,
rLOW-VOLTAGE
and, therefore, the
RELEASE COIL
star-delta method
OVERLOAD
of starting is equi
RELAYS
MOTOR TERMINAL BOARD
valent to supplying
LI
each phase of the LINE
TERMINAL L2
motor at starting BOARD
L3
with only 57.7 per
BACK CONTACTS
RUNNING
cent. of the normal
line voltage. Thus
MOVABLE CONTACTS
OFF
the starting current
in each phase of the
FRONT CONTACTS
STARTING
stator winding is
MOTOR
only 57.7 per cent.
TAPS
of that correspond- AUTO -TRANS FO Rt4k
ing to direct switching with normal Fig. CONNECTIONS OF AUTO-TRANSFORMER STARTER. (B. T.-H. Co.)
5.
(delta) connections.
The auto-transformer is of the three-phase type, and the changeBut with direct over switch is of the lever type.
switching the line
current would be
•,/ 3 (= 1.73) times the current in each phase ponding quantities for star -delt a
of the winding. Thus the change of con- starting. For example, referring to
nections from delta (normal) to star Table I, the 72 h.p., 4-pole motor,
(starting) not only reduces the voltage frame size E, which, with direc
applied to each phase of the stator winding switching, has a starting current of 7.5
in the ratio of I : o.577, but also reduces times full-load current and a starting torque
the line current in the ratio of i : (o-577/ ,/ 3) of 2.5 times full-load torque, would, with
star-delta starting, have a starting current
or I : 0.333, i.e., I : 3.
As the torque of a squirrel-cage motor is of s X 7.5 = 2 '45 times full-load current
approximately proportional to the square and a starting torque of s X 2.5 = o'833
of the stator voltage per phase, the start- times full-load torque.
ing torque with the star connected winding Auto-transformer Starting of Three-phase
will be one-third [= (1/ ,/ 3) 2] of that
Squirrel-cage Motors.
obtained by direct switching with the
The auto-transformer starter consists
normal delta connected winding.
of a change-over switch and an autoThus with star- transformer, by means of which the motor,
delta starting at starting, is supplied at reduced voltage.
V,
I both the starting Usually three tappings—giving voltages
current and the of 5o, 6o and 75 per cent. of the normal
starting torque are line voltage—are provided in order that
only one-third of the voltage applied to the motor at startNl turns-----4
those correspond- ing may be selected to suit the starting
ing to direct conditions. This, then, is the advantage
switching the of the auto-transformer starter compared
same motor on to with the star-delta starter (in which the
- N 2 turns - the supply.
starting voltage is a fixed percentage).
Hence, know2 ing the starting Why an Auto-transformer is Used.
An auto-transformer (i.e., a transcurrent and
V2
starting torque former in which a portion of the turns are
for direct switch- common to both primary and secondary
-- Load
ing,
we can easily circuits) is used in preference to an
Fig. 6.-CIRCUITS OF ORDINARY TRANSFORMER. obtain the corres- ordinary transformer (which has separate
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voltage, the output of an auto-transformer
to supply a given load will be one-half of
that of the corresponding ordinary transformer, because one-half of the load voltamperes will be obtained directly from the
supply system. Hence in this case the
auto-transformer will be considerably
cheaper than the ordinary transformer.
Starting Current and Starting Torque of
Three-phase Motors with Auto-transformer.
From the principle of the transformer
we know that the ratio of the secondary
and primary currents is approximately
Fig. 7.-CIRCUITS OF AUTO-TRANSFORMER.
Showing that a portion of the load current is
proportional to the ratio of the primary
obtained directly from the supply.
and secondary voltages. Thus, if the
secondary voltage is one-half of the
primary and secondary windings) because primary voltage, the primary current will
with the low ratios of transformation be approximately one-half of the secondary
required, the former is very much cheaper current. Hence, if a motor is started on
than the latter, due to the power output of the 5o per cent. tapping of the autoits secondary winding being only a portion transformer the motor current at starting
of the power supplied to the motor. The will be one-half of that corresponding to
comparison between the two forms of direct starting. But the line current will
transformer is shown in the diagrams of be approximately one-half the motor
Figs. 6 and 7. Thus, with an ordinary current, or one quarter of the current
transformer the whole of the volt-amperes corresponding to direct starting. As the
required by the load must be supplied by- starting torque is approximately proporthe secondary winding, whereas with an tional to the square of the voltage applied
auto-transformer a portion, V 2[, of the to the motor, the starting torque obtained
load volt-amperes is obtained directly when a motor is started on the 5o per cent.
from the supply system, and in conse- tapping of the auto-transformer will be
quence the secondary winding has only to approximately one-quarter of that obsupply the difference, viz., V, (I,- Ii) tained with direct starting.
volt-amperes. For example, if the secondSimilarly, if the 75 per cent. tapping is
ary voltage is one-half of the supply used, the motor current is three-quarters

4 poles.

Rated h.p.
Frame size
Starting current*
Starting torque ..

••
..

5'25
1.5

2
C
5'5
1.7

..
Rated h.p.
Frame size
..
Starting current*
Starting torquet ..

..
..
••
..

3
E
5'3
1.6

5
G
5'5
1.6

1 8 poles.

Rated h.p.
Frame size
Starting current*
Starting torquef ..

6 poles.

TABLE I.-AVERAGE VALUES OF STARTING CURRENT AND STARTING TORQUE FOR THREE-PHASE
MOTORS WITH DIRECT SWITCHING STARTING.

..
..

* Times full-load current.

6
2

2
B
6.5
2.25

3
C
6.5
2'5

5
D
6.5
2.5

7i
E
7-5
2.5

io
F
7.3
2.3

15
H
7.8
2.3

20
J
7
2.3

25
J
7
2.3

3
D
5'5
1.7

5
E
2.2

71-F
G
6'5
1.8

io
H
7.2
1.8

15
J
6.5
1.9

20
K
8.8
1.7

25
L
9
P7

7i
H

I°
J
6.5
1.8

15
K
7.5
IA.

20
L
8
1.4

6

1.6

6

f Times full-load torque.
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of that corresponding to direct
starting, and the line current is
three-quarters of the motor
current, or / X 4 =
of that
corresponding to direct starting.
The starting torque is approxi0 mately (1) 2 =11 of that obtained
6
with direct starting.
Hence with auto-transformer
starting the LINE current and the
motor torque are each equal to
the square of the transformer
tapping (expressed as a fraction)
times the current and torque
corresponding to direct starting. Fig. 8.—CONNECTIONS OF ROTOR STARTER FOR THREEFor example, referring to
PHASE MOTOR.
Table I, the 71 h.p. 4-pole
motor, frame size E, which, with
direct starting, has a starting current rent ; torque = (1 0) X 2.5 = 0.9 times
of 7.5 times full-load current and a starting full-load torque.
75 per cent. tapping—line current
torque of 2.5 times full-load torque, would,
with auto-transformer starting, give the = 2 X 7.5 = 4-5 times full-load current;
following line currents and starting torques torque = (/)2 X 2.5 = 1-4 times full-load
on the various tappings of the auto- torque.
transformer :5o per cent. tapping—line current Rheostatic Starting of Three-phase
Squirrel-cage Motors.
= (1)2 X 7.5 = 1.875 times full-load curThis method—in which the reduced
rent ; torque = (1) 2 X 2.5 = o.625 times
voltage applied to the motor is obtained
full-load torque.
6o per cent. tapping—line current by means of resistances connected in
= (i'0)2 X 7.5 = 2.7 times full-load cur- series with the stator windings—is occasionally used with small motors. Although
10
the starting performance does not comA
pare favourably with the star-delta and
auto-transformer methods, the starting
operation can be made more uniform, and
the current peaks which occur with the
other methods during the change-over are
avoided.
ROTOR WINDING

STATOR WINGING

SLIP
R NOR

MOTOR
TERMINALS

STARTING RESISTANCE
POO

8

SWITCH

1C0

200

300

Per cent. of Full - load Torque
Fig. 9. —SHOWING HOW THE STARTING AND
RUNNING TORQUES OF A THREE-PHASE MOTOR
DEPEND UPON THE EXTERNAL RESISTANCE IN
THE ROTOR CIRCUIT.
Curve A, external resistance zero (i.e., slip
rings short circuited) ; B, external resistance
twice resistance of rotor winding ; C, external
resistance five times rotor resistance ; D, external resistance io times rotor resistance.

Starting Current and Starting Torque of
Three-phase Motors with Rheostatic
(Stator) Starting.
With a rheostat connected in series
with the stator windings the starting
current is reduced in the same ratio as
the voltage at the motor terminals.
Thus, with half normal voltage at the
motor terminals the starting current is
one-half of that corresponding to direct
starting. But, as the starting torque is
proportional to the square of the voltage
at the motor terminals, the starting torque
at half normal voltage is one-quarter of
that obtained with normal voltage. For
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TABLE II.—TYPES AND APPLICATIONS OF STARTERS FOR THREE-PH ASE MOTORS.

Max.
h.p. for
which
starter is
suitable.

Type.

Rotor Starters for Slip-ring Motors.

Stator Starters for Squirrel-cage Motors.

Direct
..
..
(Hand-operated
and contactor)

Star delta (handoperated)
Do. do.
..
(small contactor)
Do. do.
..
(large contactor)

Up to 3 or
5 h.p. or
larger, according to
Supply Co.'s
regulations

Max.
duration
of starting
period
(seconds).

—

15o

30

zoo

15 ±f , h.p.

10

i,000

Do.

15

Rheostatic (stator)
(hand-operated
or contactors)

15

3o

4

Faceplate
..
(oil immersed)

Soo

Drum controller
with stator and
rotor contacts
Do. with rotor
contacts only

loo

..

—

1

1

Reversing and non-reversing motors driving loads
which can be started
quickly (i.e., loads with
1
small flywheel effect).

Light load starting.
Machine tools, centrifugal pumps, etc.

5o times
starting
period
Do.

Light and moderate load
starting.

14 times
starting
period

Small hoists and service
(dinner) lifts with light
duty starting and for
which slow starting is
necessary.

(5 +11 x h.p.)
I hour
up to 5o h.p.I (
2
\
(after
3o (above 5o t normally)
h.p. and un4 emergenc
quick
der zoo h.p.)
/
\
4
starts)
6o (above
\emergency
zoo h.p.)
I
( According t o starting con ditions

Heavy machine tools, centrifugal pumps, air compressors, etc.

Non-re A, ersing infrequent
starting.
Ordinary starting duty.
All classes of slip-ring
motors and compensatedinduction motors.
Reversing and frequent
heaN y duty.
Cranes, haulages, steel mills.

1,000

Control pillar ..
(self-contained)

340

(5 +>4 11.1).)

4

Contactor

..

500

15

40

Do.

..

..

Suitable for

loo
—

Do.
do.
(contactor)

_

—

7i

Auto-transformer
(hand-operated)

Minimum
interval
between
successive
starts at
full-load
torque.

Max.
number
of starts
per hour at
full-load
torque.

Above Soo

Liquid ..
750
..
(common elec- (1,500 amp.
trode tank. Narotor)
tural cooling)
Liquid ..
..
z,000
(Separate electrode tanks. Natural cooling)
Liquid ..
.. Above 2,000
(Separate electrode tanks.
Forced cooling)

14 times
starting
period

14 times
starting
period
According to starting cond itions

According to starting co nditions

Non-reversing, infrequent
starting. All types of slipring motors and compensated induction motors.
Reversing and non-reversing with frequent starting
and heavy duty.
Cranes, pumps, steel mills,
etc.

Infrequent starting against
light or heavy loads
where uniform torque
and absence of shocks are
essential.
Heavy duty and frequent
starting. Large winders
and haulages.
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example, referring to Table I, the 71 h.p.
4-pole motor frame size E, which, with
direct starting, has a starting current of
7.5 times full-load current and a starting
torque of 2.5 times full-load torque, would,
with rheostatic starting and half normal
voltage at the motor terminals, have a
starting current of (1 x 7.5) = 3.75 times
full-load current and a starting torque of
only (1)2 x 2.5 = o•625 times full-load
torque. Thus, the starting performance,
i.e., the ratio of torque to current, is very
poor compared with that when star-delta
and auto-transformer methods are used.

How Three-phase Slip-ring Motors are
Started.
Three-phase slip-ring motors are started
with resistances connected in the rotor
circuits, the full supply voltage being
switched on to the stator windings. A
typical connection diagram is shown in
Fig. 8. The rotor resistances are cut out
gradually in much the same manner as
the starting resistances of a D.C. motor.
Either metallic or liquid rheostats may be
used according to circumstances and
starting conditions. Liquid rheostats can
be used in the present case because
electrolytic effects are practically nonexistent with alternating currents. Moreover, the liquid resistance is non-inductive, which is an advantage (see p. 82o).
Further details of liquid rheostats are
given later.

Al A2

B

Fig. 1I.—CONNECTIONS OF ELLISON DIRECT
STARTER.

Fig. I0.—DIRECT STARTER WITH TIME-LAG
SOLENOID RELEASES. (George Ellison.)
Al, A2, A3, over-current releases ;
B, under-voltage release ; C, tripping press
button ; D, operating handle.

Starting Current and Starting Torque of
Three-phase Motors with Rotor Resistance Starter.
The starting conditions—in so far as
starting current and torque are concerned—
with a rotor starter are quite different from
those with a stator starter, as in the former
case full voltage is applied to the motor.
Therefore the starting torque is dependent
upon both the rotor current and the ratio
(reactance/resistance) of the rotor circuits
as a whole. The relationship between these
quantities is best shown graphically, and
Fig. 9 is representative of a typical motor.
The maximum starting torque is obtained when the resistance of the rotor
circuits as a whole is equal to the starting
reactance of these circuits. Under these
conditions the starting torque may be
from 2.3 to 3.2 times (or more, in special
cases) the full-load torque (according to
the design of the motor), and the corresponding starting (line) current will be
about 2.7 to 3.8 times the full-load current.
If the resistance of the rotor circuit is
increased, both the starting torque and the
starting current decrease, and, with a
suitable value of resistance, full-load
starting torque may be obtained with a
line current only slightly in excess of fullload current. On the other hand, if the
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resistance of the rotor circuit is reduced
below the value corresponding to maximum
starting torque, the starting (line) current
is increased and the torque is reduced.
Therefore, the resistances for a rotor
starter should always be arranged so that
with maximum resistance the stator
current is below the value corresponding
to maximum torque.
How Three-phase Variable-speed Commutator (Brush Shifting) Motors are
Started.
These motors may, in certain cases, be
started by direct switching, as when the
brushes are in the position corresponding

field winding on the rotor is usually shortcircuited. When the motor has run up to
speed the short circuit across the field
winding is removed and D.C. excitation is
applied which causes the rotor to lock into
synchronism.
Small synchronous motors without D.C.
excitation are started in the same manner
as a squirrel-cage motor of corresponding
size, e.g., by direct switching, by stardelta connections, or by using an autotransformer. The method to be used
depends upon the starting torque required.
Synchronous-induction motors are started
in the same manner as ordinary slip-ring
motors, i.e., by means of a rotor rheostat.

Fig. I2.—INTERNAL VIEWS OF ELLISON DIRECT STARTER.
Left:—View from underside (oil tank removed) showing the switch contacts E, G, and the operating
links F.

Right :—View

from above (cover removed) showing the plungers of the solenoid releases and the

tripping bar, H.

to the lowest speed, the starting current
is of the order of i times full-load current
and the corresponding torque is nearly
twice full-load torque. Hence, except in
cases where specially slow starting is
required, no special starting gear is
necessary. For slow starting resistance
is connected in the secondary windings as
shown in Fig. 22, p. 829.
How Three-phase Synchronous and Synchronous-induction Motors are Started.
Synchronous motors having a squirrelcage winding in the pole faces are started
by supplying the stator at reduced voltage
by means of an auto-transformer. The

But usually a change-over switch is necessary to disconnect the starter and connect
the D.C. exciter to the slip-rings when the
machine has run up to speed.
STARTERS FOR THREE-PHASE
MOTORS.
Classification.
Starters for A.C. motors are classified
according to : (1) The method of starting ;
(2) the method of operation ; (3) the type
of rheostat (e.g., metallic or liquid).
Thus, for squirrel-cage motors we have
the following types : Direct starters, hand
or power (contactor) operated ; stardelta starters, hand or power (contactor)
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operated ; auto-transformer starters, hand
or power (contactor) operated ; rheostatic (stator) starters, hand-operated,
metallic rheostats.
For slip-ring motors the types of rotor
starters are as follows : Hand-operated
face plate, metallic rheostats; handoperated drum controller, metallic rheostats ; contactor, metallic rheostats ; handoperated liquid rheostat ; power-operated
liquid rheostat (automatic).
Applications.
The applications of the above starters
are summarised in Table II, and further
details are given in the following pages
under the appropriate section headings.
TYPES OF DIRECT STARTERS.
For the direct switching of squirrel-cage
motors a special switch or starter with
automatic releases should be used rather
than an ordinary triple-pole switch, as
with the former the motor is fully protected.
The simplest direct starter with automatic features has a drum-type threeposition switch with an electro-magnetic
catch, which forms a no-voltage release.
Ordinary fuses are provided for overcurrent protection, and they are cut out of
circuit when starting.

Fig. 13.—TIME-LAG PISTON AND DASHPOT. (George Ellison.)
A, plunger ; B, stop ; C, adjustment
for current setting ; D, time-lag dashpot ; E, piston ; F, G, valve ; H, locking
screw for time-lag adjustment.
voltage and over-current releases of the
solenoid type, and Fig. ii shows the
internal connections. The switch contacts
are of the controller finger type, the moving contacts E being operated through
linkwork F. These contacts are retained in
the closed position by a catch, which is

Direct Starter and Circuit Breaker with
Solenoid Releases and Time Lags.
Figs. io, 12 illustrate a hand-operated
starter and circuit breaker with under-

TABLE III.—DATA OF ORDINARY DASHFOT-TYPE TIME-LAG DEVICE. (Fig. 13.)
Per cent. of over-current on setting of plunger ..
Time delay (seconds) with piston setting No. 8 and
light engine oil, 6o° F. (Grade D.T.E., Vacuum
Oil Co.)
..
Do.
do. and switch oil (as used in oil
switches), 6o° F. ..
Do.
do. and heavy engine oil, 6o° F. ..
Do.
do. and extra heavy engine oil, 60°F.

I()

25

50

75

36

18'5

9.0

5.5

18
120
330

9'2
61

4'5
3o
83

2.7
18
51

170

mo

2.0
13.2
37

150

200

3.0

2.5

1-5
I0
28

I.2
8'3
23

Time ratios, relative to No. 8 setting, for other settings Nos. r--II of piston in dashpot.
Setting No.

..

I

Time ratio

.. 0'085

2

3

4

5

6

7

8

g

io

II

0.2

0.27

0'34

0.55

0.63

0'84

PO

1.14

I'37

I'5

1300

STARTERS AND CONTROL GEAR FOR A.C. INDUSTRIAL MOTORS

tripped either manually,
by pressing the button C
on the cover, or electrically,
by the plungers of the overcurrent and under-voltage
solenoids. The plungers
of the over-current
solenoids are fitted with
time-lag pistons and oil
dashpots to give a time
lag or delay to the action
of these releases during
starting and on the occurrence of overloads.

sistance to the flow of
oil through the clearance
space, the time-lag is diminished by increasing the
clearance (i.e., by lowering
the cylinder relatively to
the piston) and increased
by decreasing the clearance.
Typical time-lag curves
have already been given
in the article on Distribution Switchgear, p. 862, and
Table III gives additional
data appropriate to the
time-lag device illustrated
in Fig. 13.
The body of the piston
is fitted with a valve, which
is normally closed, and
remains closed when an
upward pull is applied to
the plunger, but opens
when the plunger is reFig. I 4.—TIME-L AG PISTON AND
leased, and so allows the
DASHPOT. (George Ellison).
A, calibration tube, enclosing plunger and piston to return
plunger ; B, stop ; C, adjustment to their normal positions
for current setting ; D, time-lag with the minimum delay.

Principle and Details of
the Time-lag Device.
The principle of the
dashpot type of time-lag
depends upon the resistance offered by a small
orifice to the flow of a viscous liquid, such as thick oil
or glycerine. This principle
is applied to overcurrent
solenoid-type releases by
fitting to the plunger an
dashpot ; E, piston; F, G, valve
extension which carries a and spring ; H, locking screw for
piston normally immersed time-lag adjustment.
Double-valve Time
in a cylinder or dashDevice.
pot containing a small quantity of k The above type of time-lag device,
thick oil. The piston has a small clearance although used extensively on ordinary
in the cylinder, and both piston and cylin- circuit breakers, is unsuitable for the direct
der bore are slightly tapered in order that starter type of circuit breaker, as if it is
the cleatance may be adjusted by raising adjusted to give sufficient time-lag for the
or lowering the cylinder relative to the heavy starting currents, the time-lag with
piston. Fig. 13 shows the general arrange- ordinary overloads will be excessive, and,
ment. Hence as the time required to raise therefore, the protective qualities of the
the piston when a given upward pull is device will be affected. This disadvantage
applied to the plunger depends upon the re- has been overcome by fitting the piston
TABLE IV.—DATA OF DASHPOT TIME-LAG DEVICE WITH DOUBLE-VALVE PISTON. (Fig. 14.)
Per cent. of over-current on setting o;
..
plunger

25 50 I00 125 150 200 300 400 500 600 1,000

Time delay (seconds) with piston
setting No. 6 and medium engine
oil (" BB " grade) at 72° F.
..

20 ro 7 33 33

22 13 8 7 5 3'5

Time ratios, relative to No. 6 setting, for other settings Nos. 1-8 of piston in dashpot.
Setting No.
Time ratio

I
O. I

2
0.21

3
0-3

4
0'4

5
0.66

6

7
I'

8
2'
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with a double valve, as shown
in the sectioned view of Fig. 14.
The inner portion of the piston
is in the form of a truncated
cone and is attached to the plunger
extension rod. The outer portion
of the piston normally rests upon
a spring, which maintains a slight
clearance between the inner and
outer portions. This clearance
is additional to that between the
piston.and dashpot.
If a light upward pull, insufficient to close the spring, is
applied, both clearance spaces
(inner and outer) are effective and
the time delay is relatively short.
But if a heavy pull, due to the
starting current of a motor, is
applied, the inner clearance space
closes and the time delay is increased. Thus, although the
delay with normal overloads is
the same as that obtained with
the ordinary time-lag (Fig. 13),
Fig. I5.—INTERNAL VIEW OF ELECTROMAGNETIC DIRECT
STARTER AND CIRCUIT BREAKER. (B.T.-H. Co.)
an increased delay is obtained
This view shows the push buttons (left), the " on "at starting, and the motor is able " off
" indicator (right), the heaters for the thermal relay,
to start and accelerate to full speed and the tripping bar. An external view is shown in Fig. 19.
without tripping the circuit
breaker. With
short circuit
conditions,
however,
practically instantaneous
tripping is obtained.
MOTOR
Typical
Fig. I6.—CONNECTIONS time lag
OF B.T.-H. ELECTROMAGcharacteristics
NETIC STARTER AND CIRfor the
CUIT BREAKER.
double - valve
A, main contacts ; B,
heating elements of therpiston illusmal relays ; C, electrotrated in Fig.
magnetic releases ; D, coil
14 are given in
of operating magnet ; E,
Table IV.
" on " push button ; F,
" off " push button ; G,
contacts of " off " switch.

Applications.

The starter
and circuit-breaker illustrated in
Fig. 10 is capable of carrying i5
amperes continuously, and accordingly
it should be used with motors having fullload currents not greater than o.8 of this
value, i.e., 12 amperes, in order that over-

Fig. 17.—ANOTHER INTERNAL VIEW OF
ELECTROMAGNETIC DIRECT STARTER AND CIRCUIT BREAKER. (B.T.-H. Co.)
This view shows the main contacts, the
operating magnet, the main terminals, the
tripping bar and the contacts of the push buttons.
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E

Fig. 18.—THE THERMAL RELAY AND ITS COMPONENT PARTS. (B. T.-H. Co.)
On the left (A) is shown the relay completely assembled, and on the right are shown the parts,
viz., the heating element (B), the steatite tube (E), the bi-metallic spiral (D), and the anchoring
pin (C). This form of the thermal relay is used for the larger current ratings (2o-3o amps.). For the
smaller current ratings separate bi-metallic strips directly heated are used as shown in Fig. 19.

heating may not occur when the mQtor is
carrying 25 per cent. overload. Suitably
wound coils for the over-current releases
are available for lower currents.
Direct Starter and Circuit-breaker with
Thermal Relays.
Figs. 15, 17 illustrate a novel type
of electro-magnetic direct starter with
push-button control (direct or remote)
and thermal relays for over-current protection. The switch contacts are oil
immersed and are operated by a singlephase electro-magnet. Fig. 16 shows the
scheme of connections. Thin lines repre-_
sent the control circuits, and thick lines
represent the main circuits.
The switch is closed by momentarily
pressing the " on " push-button E, Fig. i6,
which operation connects a portion of the
operating coil of the electro-magnet across
two of the supply mains. Just before the
main contacts close, an auxiliary switch
connects the whole of the winding of the
operating coil to the supply independently of the " on " push-button.
The object of using only a portion of the

coil for closing the switch is to obtain
sufficient pull to give a rapid closing action.
When once the switch has closed a much
smaller pull is sufficient to retain it in the
closed position, and therefore the current
in the operating coil is reduced by cutting
in more turns of the winding.
The switch is opened by interrupting
the circuit of the operating coil. This
operation may be effected either manually,
by pressing the " off " push-button F,
Fig. 16, or automatically, by the action of
the over-current releases. The switch also
opens automatically in the event of a
failure of the supply or of an abnormally
low voltage. In these cases the operating
electro-magnet acts as an under-voltage
release.
The Thermal Over-current Relay.
Over-current protection and delayed
action of the over-current releases is
obtained by thermal relays. These relays
can be seen in Fig. 15 between the pushbuttons and the " on "-" off " indicator,
and details are shown in Fig. i8. The
essential parts are (I) three heating elements (B, Fig. 18), one in each supply line,

TABLE V. TIME LAG CHARACTERISTIC OF THERMAL RELAY.
Per cent. of normal full-load current ..
Time to trip (seconds) ..

125

infinite

150
500

200
2 40

300
125

(Fig. 18).

400
8o

500

55

goo
30
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(2) a bi-metallic
spiral, which
when sufficiently
heated untwists
and operates a
tripping bar
which opens the
contacts of the
"off " pushbutton switch,
G, Fig. 16. The
tripping bar can
be seen in Fig. 15 ;
it is located between the heaters
and the main
terminals.
The heating
elements are
wound on the
exterior of a
steatite tube.
The bimetallic
spiral is made Fig. 19.—GROUP OF B.T.-H. ELECTROMAGNETIC STARTERS AND CIRCUIT
from a strip of
BREAKERS.
bimetal (w hi ch
This view shows the bus-bars, bus-bar chambers and isolating plugs.
consists of two The covers have been removed from the two end circuit breakers, ana a
dissimilar metals, phantom cover is shown over the bus-bar chamber of the middle circuit
having widely breaker.
different coefficients of expansion, welded together), the The bimetallic spiral is therefore heated by
material having the higher expansion being the joint effects of the main currents ; the
on the outside, so that the spiral untwists heat received by the spiral during a given
under the action of heat. This spiral occupies time being proportional to the square of
the interior of the steatite tube ; one end is the current. As the rate at which the spiral
anchored to the tube, and the other end untwists is proportional to the heat
is fitted with a lever which engages with received, the time required to trip the
the tripping bar previously referred to. contacts of the " off " push-button switch
is inversely proporLINE
tional to the square
of the currents in the
heater elements.
How the Time-lag is
ON
MASTER
Obtained.
OFF
The time-lag is obPUSHBUTTON
tained by the indirect method of
heating the bimetallic
spiral, the latter
TO MOTOR No3
TO MOTOR Not
TO MOTOR No I
being separated from
the heaters by the
Fig. 20.—CONNECTIONS OF A GROUP OF B.T.-H. ELECTROMAGNETIC steatite tube and the
STARTERS AND CIRCUIT BREAKERS WITH MASTER " OFF' PUSH BUTTON.
Note.—The dotted lines indicate internal connections which must be air space between the
spiral and the inside
removed when installing the breakers.
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of the tube. Thus heat produced by the
currents in the heaters is not received
immediately by the spiral, and in consequence a time delay occurs between the
application of an over-current to the
heaters and the tripping of the switch.
Typical characteristics are given in
Table V.
These characteristics are similar to the
heating characteristics of continuously
loaded motors and therefore this thermal

rents in excess of io times the rated
current of the starter. An electro-magnet
is connected in series with each heater, as
shown at C in the connection diagram of
Fig. i6, and the common armature forms
the tripping bar already referred to.

Applications.

The electro-magnetic starter illustrated
in Figs. 15, 16 is capable of handling
momentary starting currents of zoo amperes, and heater
elements are
available for
carrying continuously currents up to 30
amperes. The
full-load current
of the motor
should correspond to o.8 of
the rated current
of the heater
elements, in
order that these
elements shall
not become overheated when the
motor is operating at 25 per
cent. overload,
which all motors
built to British
Standard specifications are capable of withstanding for
Fig. 2 I .—CONTROLLER-TYPE DIRECT STARTER FOR FOUR-SPEED MOTOR. periods of from
(B. T.- H. Co.)
15 minutes to
Close-up view showing starters mounted on frames of 2-h.p. four-speed
two hours, acmotors of multiple-spindle drilling machine illustrated in Fig. 15, page 825.
cording to size.
When a numrelay gives ideal protection against over- ber of small motors grouped tcgether
currents.
are to be controlled, the starters
may be grouped together as illustrated in
Thermal Relays Require Protection Against Fig. 19. In this case the starters are interExcessive Currents.
connected by bus-barS, and isolating
Thermal relays are liable to be damaged contact plugs are fitted to enable any
by short-circuit currents owing to the time starter to be isolated from the bus-bars.
interval required for the heat produced Fig. zo shows a diagram of the connections
by currents in the heater to reach the bi- in which a master " off " push-button is inmetallic spiral. In the above starter an cluded for simultaneously opening the whole
electro-magnetic release is fitted which group of starters from a remote point, while
gives instantaneous tripping for all cur- each starter can be controlled individually_
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Contactor Type Direct Starter.
In cases where remote control
is necessary and the electromagnetic starter described above
is unsuitable, a triple-pole contactor is used. Overzcurrent protection is obtained either by
thermal relays or by solenoid relays fitted with time-lag dashpots.

itts

._
Aar..

t.' L...
Drum Controller-type Direct
Si to 1.4 4,1
Starters.
The above types of direct
starters are only suitable for
single-speed motors, i.e., motors
Fig. 22.—DRUM-TYPE STAR-DELTA STARTER.
in which only one number of poles
(Metropolitan-Vickers.)
is obtained from the stator windThis starter has an under-voltage release C, and ining. For multi-speed or change- stantaneous-type over-current releases D.
able-pole motors having squirrelcage rotors, a drum controller
is required to make the necessary machine illustrated in Fig. 15, p. 825.
combinations of the stator winding to The other motors are fitted with similar
obtain the various numbers of poles. Such controllers, the operating hand wheels of
controllers may have two, three or four which are mounted at the base of the
" run " positions (according to the number controllers so as to be within easy reach of
of speeds) with intermediate " off " posi- the operator.
tions.
Such controllers are not provided with
A typical controller, with four " run " automatic features, and, therefore, a
positions, is illustrated in Fig. 21. This circuit breaker with automatic releases
controller is mounted on the frame of a must be connected between the supply
2-h.p. four-speed motor driving one of the and the controller. The small electrospindles of the multiple-spindle drilling magnetic starter and circuit breaker
illustrated in Figs. 15, 19 is eminently
suitable for this purpose. These circuitSupply
breakers may be mounted either on the
r——
frames of the motors or grouped together
as shown in Fig. 19. In the latter case
D
remote control from the drilling machine
is possible by " on "-" off " push-buttons
mounted on the controllers.
Start

O'P

Run

II

Motor

Fig. 23.—CONNECTIONS OF THE DRUM-TYPE
STAR-DELTA STARTER ILLUSTRATED IN FIG. 22.
(Metropolitan -Vickers.)

TYPES OF STAR-DELTA STARTERS.
Hand-operated Starters.
These starters in the smaller sizes are
usually of the air-break drum type, i.e.,
connections from the supply and motor
are made to fingers (A, Fig. 22), which
are interconnected by segments fitted to a
drum (B, Fig. 22) so as to give the required
star and delta combinations. In the
larger sizes- oil-immersed switches are
used, the drum type being used in intermediate sizes and the cam-operated contactor type in the largest sizes.
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Air-break Drum-type Starter.
A typical modern star-delta starter is
shown in Fig. 22. The drum B has a
spring return to the " off " position, and
is retained in the " run " position by an
electro-magnetic catch, the operating coil
C, of which is shunt excited and forms an
under-voltage release. The catch may
also be tripped automatically by the
action of any of the over-current solenoid
releases, D, the plungers of which, when
lifted, engage the tripping bar, E.
This bar is connected with the catch and
STARTING SWITCH WITH
AUTOMATIC PROTECTIVE. RELEASE.

STARTING
HANDLE

FOOT-OPERATED
STOP-SWITCH

quickly to the " run " position where it is
retained by the catch previously referred
to.
To stop the motor the catch is tripped
by turning a knob mounted in the cover.
This knob is attached to a lever F, Fig. 22,
inside the cover, which engages the tripping bar E. Stopping from remote
positions is effected by a push-button
switch connected in series with the undervoltage release coil. In both cases the
handle returns to the " off " position
under the action of a spring.
A mechanical
sequence device
is fitted to ensure
operacorrect
tion, and the
operating mechanism is so designed that the
over-current releases are inoperative during
the starting
period in order
to prevent tripAT VIEW OF LATHE
ping of the
BY DEAN, SMITH E. GRACE 114,
starter by the
starting current.

Applications.
The air-break
starter illusFig. 24.—STAR-DELTA STARTER BUILT INTO LATHE BED.
trated in Fig. 22
The starter is of the Ellison type with under-voltage and time-lag overis suitable for
current releases. It is fitted to a frame, with wheels, which is normally bolted
flush with the lathe bed.
currents up to 4o
The foot-operated push switch is connected in series with the underamperes (convoltage release coil. (George Ellison.)
tinuous service)
and for a starting
normally (i.e., when the drum is in the duty involving io starts per hour.
running position and the under-voltage The larger oil-immersed starters are
release is excited) occupies a position suitable for currents up to 125
lower than that shown in the illustration. amperes.
The internal and external connections,
Fig. 24 shows how a star-delta starter is
and the development of the contact drum, built into the frame of a large lathe. In
are shown in Fig. 23.
this case the motor is also built into the
lathe. The starter is mounted on wheels
How the Starter Operates.
so as to be easily withdrawn for inspection
To start the motor the operating handle and the cables between the starter, supply
must first be placed in the " start " and motor are enclosed in metallic flexible
position and held in this position until the tubing. Over-current and under-voltage
motor has run up to about half or higher relays of the solenoid type are fitted to the
speed, when the handle must be moved starter, and a foot-operated push-button

STARTERS AND CONTROL GEAR FOR A.C. INDUSTRIAL MOTORS 1307

Fig. 25.—CONTACTOR-TYPE STAR-DELTA STARTER FOR SMALL MOTORS. (B. T.- H. Co.)
This illustration also shows clearly the construction of an A.C. electromagnet. Similar (smaller)
magnets are also used for the under-voltage releases of face-plate starters (see Fig. 44).

Supply
switch is connected
in series with the
under-voltage trip.
Contactor Star-delta
Starter for Small
Motors.
Fig. 25 illustrates
a recent type of contactor starter developed specially for
small motors (up to
7 h.p. at 40o volts).
It is built up of two
"units" which,
singly, may be used
as direct starters
(non-reversing).
Owing to the small
size, and with the
object of reducing
the cost of the starter,
a type of construction is employed

which is radically
different from that
of
larger contactor
Main Switch gFuses'
starters.
Thus, the
I
L6__
tar"Con tactor
contacts are of the
button type and consist of convex silver
buttons welded to a
hinged pressed steel
f .+= im-_-1=1
frame which is linked
l
to the plunger of the
operating el e ctr omagnet. Silver is used
instead of copper
because the arcing
with silver contacts
Bo
is much less than
that with copper
contacts, and thereStart
fore no magnetic
Push Buttons
blow-outs or arc
chutes are necessary
Fig. 26.—CONNECTIONS OF THE CONTACTOR-TYPE in this case. The
STARTER ILLUSTRATED IN FIG. 25. (B. T.-H. Co). main contacts are

i-- -LA
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shrouded with porcelain to prevent
the possibility of short circuits.
The base is of a moulded insulating
material and the operating electro-magnet
and linkwork are of much lighter and
simpler design than that ordinarily used
for contactors.

Under-voltage and Over-current Protection.

Under-voltage protection is obtained by
a relay Z, Fig. 26, the operating coil of
which, together with a series resistance, is
connected across the supply so long as the
auxiliary switch on the relay is closed.
This auxiliary switch also controls the
How the Starter Operates.
operating coil of the " delta " contactor X.
The starter illustrated in Fig. 25 iS Hence, if the supply fails, or the voltage
becomes abnormally low,
controlled by pushthe auxiliary switch of
buttons, and the conthe relay and contactor
nections are shown in
X open. The motor canFig. 26. The " start"
button has a double set
not restart, however,
until the " start " button
of contacts. When this
button is pressed the
is pressed, as when the
auxiliary switch of the
operating coil, Y, of the
relay is open the relay
left-hand contactor is
energised, and the closing
can be energised only
through the auxiliary
of this contactor comcontacts of the " star "
pletes the " star " concontactor Y.
nection of the stator
Over-current protecwindings. An interlock
tive devices are not in(viz., the contacts to the
corporated in the starter,
left of the porcelain
and, therefore, overshroud) also completes
an auxiliary circuit
current protection must
be obtained either by
through the coil of an
under-voltage relay, Z,
fuses or by a circuit
which when energised
breaker with over-current
trips.
closes an auxiliary switch
connected in the circuit
Applications.
of the operating coil, X,
The starter is suitable
of the right-hand contactor. a This contactor, Fig. 27. — AUTO - TRANSFORMER for motors having fullhowever, cannot close STARTER WITH DRUM-TYPE AIR- load currents equal to
(Metropolitanor below i6 amperes and
until the " start " push- BREAK SWITCH.
Vickers.)
momentary starting curbutton is released, as the
This starter has an undernormally closed contacts voltage release, C, and time-limit rents not exceeding 8o
of this button are also •in type over-current releases, D. amperes.
the circuit of the operat- The general arrangement of the
TYPES OF AUTOswitch and automatic
ing coil. When the change-over
releases is similar to that of the
TRANSFORMER
"start" button is released, star-delta starter in Fig. 22.
STARTERS.
the " star " contactor,
Hand-operated
Starters.
Y, is opened and the
" delta" contactor, X, is closed.
The change-over switch in smaller sizes
Thus, the procedure in starting is : of these starters is usually of the air-break
(r) Press the " start " button and hold it drum type and is similar to, bUt not
depressed for about three seconds or until identical with, that of a corresponding
the motor has accelerated sufficiently star-delta starter. In these sizes the auto(i.e., the speed has reached about half nor- transformer is air-cooled and is fitted into
mal speed) ; (2) release the " start " button. the same frame or case as the switchgear.
To stop the motor, press the " stop "
The larger sizes have an oil-immersed
button.
change-over switch, the drum type being
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Supply

Star
OFF

LI L2 L.3

3

Run

Fig. 28.—CONNECTIONS OF AUTO-TRANSFORMER
STARTER ILLUSTRATED IN FIG. 27. (MetropolitanVickers.)
Transformer tap No. I giN es 5o per cent. of
line \ oltage , No. z gives 6o per cent ; and No. 3
gives 75 per cent. By changing over the connections to each auto-transformer 40 per cent. of
line oltage may he obtained from tap No. 2,
and 25 per cent from tap No. 3.

AutoTransformer

Fig. 29.—MAIN CIRCUIT CONNECTIONS OF CONTACTOR-TYPE AUTO-TRANSFORMER STARTER FOR
LARGE MOTORS. (B.T.- H. Co.)

trated in Fig. 27, and the internal and external connections are shown in Fig. 28.
The drum-type switch is arranged on a similar principle to that of the star-delta starter
illustrated in Fig. 22, but the number and
used for the intermediate sizes and the arrangement of the fingers and segments are
cam-operated contactor type being used different in the two cases.
for the largest sizes. In some of the interThe auto-transformer G consists of
mediate sizes of these starters the auto- two single-phase shell-type transformers
transformer is air-cooled and is mounted with the windings V-connected to the
in the same frame as the switchgear, but three-phase supply system.
Two Van alternative
connected transStart
practice is to use
formers are used
SC P —0— Push Battons
an oil-immersed
in these starters
auto - transformer
in preference to
Starting Contactors three star - concontained in a
separate case. For
nected transthe largest sizes,
formers or a threethe auto-trans.4g612 phase transformer
former and switchon account of
gear are mounted Q
simpler
connecCy
in separate cases. z
tions,
D tappings andfewer
j
fewer
A
M
•
Air-break DrumAuxiliary Contactor contacts for the
type Autodrum-type switch.
Transfo rmer
K
3 Three tappings are
Starter.
brought out from
A typical
each winding so
Maui
Contalet-or
modern starter for Fig. 30.—CONTROL-CIRCUIT CONNEC rioNs OF CON- that the voltage
small motors (up TACTOR-TYPE AUTO-TRANSFORMER STARTER FOR LARGE applied to the
to 25 h.p.) is illusMOTORS. (B. T .- H. Co.)
motor at starting

r
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Fig. 31.—FACE-PLATE TYPE ROTOR STARTER.
(Metropolitan-Vickers.)
A, pin engaging fork on operating lever (not
shown) ; B, roller engaging catch C of under-voltage
release D ; G, terminals of under-voltage release
coil (F) ; H, terminals of starter.

prevents the handle being left in
the " start " position. Moreover, the
over-current releases are inoperative
in the " start" position of the switch.
Applications.
The starter illustrated in Fig. 27
is suitable for currents up to 4o
amperes (continuous service), and
for a maximum service of 10 starts
per hour provided that the intervals
between the successive starts are not
less than 5o times the starting period.
If two starts at maximum rating
are made in quick succession an interval of roo times the starting
period must elapse before another
start can be made. For example, if
the starting period is 21 seconds,
only 3 starts per hour are possible,
but if it is 7 seconds To starts per
hour are possible.
The starting period in seconds should
not exceed (15 + 4 x rated h.p. of
starter), and the tappings used should
be such that this starting period is not

may be 25, 4o, 5o, 6o, or 75 per
cent. of the line voltage (see note in
connection with Fig. 28).
The over-current and under-voltage
releases are identical with those of the
star-delta starter illustrated in Fig. 22,
with the exception that the plungers of the
over-current solenoids are fitted with nonadjustable time-lag dashpots.
How the Starter Operates.
To start the motor the operating handle
must first be placed in the " start " position and held in this position until the
motor has run up to about half or higher
speed, when the handle must be moved
quickly to the " run " position where it is
retained by a catch mechanically connected to the under-voltage release.
To stop the motor the catch is tripped
by turning a knob mounted on the cover.
The switch then returns directly to the
" off " position under the action of a
Fig. 32.—SHOWING HOW THE VOLTAGE, CURRENT
spring.
AND POWER VARY FROM INSTANT TO INSTANT IN
A mechanical sequence device ensures A
NON-INDUCTIVE CIRCUIT (UPPER DIAGRAM),
correct operation and a quick change over AND AN INDUCTIVE CIRCUIT OF o.8 POWER
from " start " to " run," and a spring
FACTOR (I.OWER DIAGRAM).
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exceeded. For example, with a
25-h.p. motor, the maximum
starting period is (15 + x 25)
24 seconds. If, then, on a trial
with the 5o per cent. tappings
the starting period is greater than
21 seconds, the 6o per cent. or, if
necessary, the 75 per cent.
tappings must be used for permanent service. On the other
hand, if the trial starting period
is, say, 10 seconds, the lower (4o
per cent.) tappings could be used.
Contactor-type Auto-Transformer
Starters.
A contactor-type starter must
be used when automatic operation
or remote control is desired. The
switchgear in this case consists of
a triple-pole contactor and either
a 4-pole contactor or two doublepole contactors, together with a
relay and its associated auxiliary
switches.
Fig. 29 shows the main
connections when a triple-pole
contactor and two double-pole
Fig. 33. = INTERIOR VIEW OF
( George
ELLISON ROTOR STARTER.
Ellison.)
This view shows the face-plate and
resistances removed from the oil tank.
The terminals of the starter are at F.

Fig.

34.—EXTERIOR

VIEW OF ELLISON
IMMERSED ROTOR STARTER.

OIL-

The face-plate switch is operated by a worm and
worm wheel.

contactors are used. The auto-transformer is of the three-phase type, and
three tappings are provided to give
voltages, for the motor, of 45, 65
or 8o per cent. of the line voltage.
Fig. 3o shows the control connections for push-button control. In
this case a special time-delay relay is
used to give a definite time interval
between the closing of the " start "
contactors (Nos. z and 2) and the
" run " contactor (No. 3). The relay
is of the plunger type with a timelag oil dashpot operative only in
the downward direction. Thus, the
plunger lifts immediately the operating coil is energised, but does not
drop until a definite time interval
has elapsed after the operatingcoil circuit is opened.
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Fig. 35.—AN INDUSTRIAL INSTALLATION OF A
PIPE-VENTILATED ENGLISH-ELECTRIC THREEPHASE SLIP-RING MOTOR AND ELLISON CONTROL
GEAR.
The rotor starter is similar to Fig. 34, and
is mechanically interlocked with the circuit
breaker. (George Ellison.)

How the Starter Operates.
The main-circuit operations at starting
are as follows : To start, contactors Nos.
and 3, Fig. 29, are closed simultaneously,
which operations connect the auto-transformer to the supply, and the motor to the
auto-transformer.
After a short time

interval—which is determined by the
setting of the timing relay—these contactors open and the main contactor No. 3
immediately closes.
The control-circuit operations are as
follow : The pressing of the " start " pushbutton completes the operating-coil circuit
of the time-delay change-over relay (which
controls the time interval between the
closing of contactors Nos. I, 2 and contactor
No. 3). This relay, A, closes its auxiliary
switch, B, which completes the operatingcoil circuits of contactors Nos. i and 2.
An auxiliary switch, C, on contactor No.
closes simultaneously with the main
contacts and completes the operating-coil
circuit of a small auxiliary or pilot
contactor D. This contactor operates a
number of control switches (some of which
close when the contactor closes, and others
open) which effect certain changes in the
control-circuit connections. Thus the
operating coil of the timing relay is opened
at E ; the circuit of the pilot contactor
coil, D, is made independent of both the
" start " button and the auxiliary switch,
C, on contactor No. 1, this operation being
effected by closing auxiliary switch F and
opening G. Switch F also prepares the
operating-coil circuit of the main contactor No. 3 for closing when contactors
Nos. T and 2 open, this circuit containing
auxiliary switches H, K, on these contactors. Therefore, when the contacts, B,
of the timing relay, A, open after a
predetermined time interval, the operatingcoil circuit of contactors Nos. z and 3 is
opened, and that of contactor No. 3 closes
immediately these contactors open.
To stop the motor the " stop " pushbutton is pressed, which operation opens
the operating-coil circuit of the pilot
contactor. This contactor cannot reclose
until the " start " button is again pressed.

Applications.
Contactor-type starters are suitable
with appropriate contactors and autotransformer for any size of motor and for
any starting conditions ; but usually the
number of starts per hour are limited to
15, and the starting period in seconds
should not exceed (i5 ± x rated h.p.
of starter). The time interval between
successive starts should not be less than
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3o times the
starting period.
TYPES OF
ROTOR STARTERS FOR
THREE-PHASE
MOTORS.
Faceplate - type
Starters.
These starters
consist of three
sets of star-connected starting
resistances — one
for each of the
rotor phases—
and a faceplatetype switch for
cutting out the
sec
resistance
tions equally

Fig. 36.—THE CONTROL GEAR FOR A LARGE SLIP-RING INDUCTION MOTOR.
The rotor starter is of similar type to that illustrated in Fig. 33 and is
mechanically interlocked with the circuit breaker. The terminal boxes
for the supply, stator and rotor cables are clearly shown. (George Ellison.)

from each phase so as to
maintain balanced phases
on all steps. The starter
switch is of the threearmed type, having three
contact arms radiating
from a central hub at
120 degrees to one
another.
Some of the smaller
sizes of three-phase slipring motors have twophase rotor windings instead of three-phase
windings. For these cases
the rotor starter requires
only two sets of starting
resistances and a doublearm faceplate-type
switch.
Air and Oil-cooled
Starters.
The starting switch and
resistances may be either
air-cooled in the same
manner as those of D.C.
starters, or the whole
starter may be oilimmersed. The latter is
Fig. 37.—SELF-CONTAINED STARTER AND CONTROL PILLAR. ( B. T.-H. Co.) the common practice for
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current
density
than those of the
air-cooled starter
for the same duty ;
the wear on the
switch contacts is
minimised and
these contacts are
maintained in a
clean condition by
a washing action
which occurs each
time the starter is
used.
Why Oil-Immersed
Starters can
be Used with
A.C. Motors
and not with
D.C. Motors.
Oil immersion
can be used with
A.C. switchgear
because the rate
at which energy
is supplied to
maintain an arc
formed at the
switch contacts
when a circuit is
broken pulsates
between zero and
a maximum value.
This is shown
graphically in Fig.
32, in which the
sine curves V and
I show one cycle
of the voltage and
current in the
circuit (i.e., these
curves show how
the voltage and
Fig. 38.—CONTACTOR PANEL FOR SMALL THREE-PHASE SLIP-RING MOTOR.
current c h an g e
(G.E. C.)
The top contactor controls the stator circuits, and the two lower
during each wtocontactors control the rotor circuits.
second, which is
the time of one
industrial works, as oil cooling cycle for a 5o-cycle system).
possesses a number of advantages
The rate at which energy is supplied to
over air cooling for this type of the circuit—i.e., the power—is, at any
starter. Thus the thermal capacity of the instant, equal to the product of the values
oil-cooled starter is much higher than that of voltage and current at that instant.
of the air-cooled starter, and, therefore, Thus at the instant 1, shown in Fig. 32,
the resistances can be worked at a higher the voltage is v and the current is i. There-
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fore, the power is v x i, and is represented
by the ordinate p on the power curve P.
Because of the alternating voltage and
current the power varies periodically, and,
in general, is zero four times for each cycle
of voltage or current, as obviously when
either v or i is zero, p must be zero.
Hence if the switch is oil immersed, any
arc at the contacts will go out when p
approaches zero, and if the contacts are
cooled and conducting vapours removed
during the brief interval of time when p is
passing through zero,the arc cannot re-form.
On the other hand, with an oil-immersed switch on a D.C. circuit the power
at the arc is maintained; which causes the
oil to become carbonised and to form conducting vapours which facilitate the maintenance of the arc. Thus oil-immersed
switchgear is not practicable for D.C.
circuits.
Examples of Rotor Starters for Threephase Motors.
Figs. 31, 33, 34 show typical
Backward

I

Off

5

Lrrat
Switch

Fig. 39.—THERMAL RELAY. (B. T.- H. Co.)
Forword
4
B 7 q,

L,rmt
5rfltcn

Broke U Moonec

Fig.

4.0.—CONNECTIONS OF REVERSING DRUM CONTROLLER FOR
THREE-PHASE CRANE MOTOR. (B. T.- H. Co.)
The " limit switches " open the stator circuits in the event of
over-travel. The segments X, Y, together with the appropriate
fingers, control the stator circuits and the direction of motion.

examples of oil-immersed
face-plate rotor starters.
The face-plate shown in
Fig. 31 is fixed at the
upper part of a welded steel
case (which contains the
oil). The switch is operated
by a forked lever (which is
connected by a short spindle
to the operating handle) engaging the pin A, and is
biassed to the " off " position
—shown in Fig. 32—by a
spiral spring in the hub.
The switch is retained in
the " running" position by
a roller B engaging the
latch, C, of the undervoltage release, D. This
release is an A.C. electromagnet with a laminated
core and armature, the latter
being hinged at E. The
operating coil, F, is excited from the supply.
The starter illustrated in
Figs. 33, 34 has the face-
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running position by a detent D
engaging the latch E. This latch
is usually interlocked mechanically
with the circuit-breaker controlling the stator circuits. The
starter switch may be released by
pressing the knob on the top of the
starter, which operation disengages
the detent D from the latch E.

Fig. 41 --ARRANGEMENT OF LIQUID STARTER FOR LIGHT
DUTY.
(lletropolita 71-1- I deers.)

plate located at the bottom of the oil tank,
which is cylindrical, as shown in Fig. 34.
The moving contacts, C, consist of
copper rollers, which are supported
from an angle ring, B, as
shown clearly in Fig. 33. This ring is
connected to, but insulated from, a threearmed spider, A, which is pinned to the
operating spindle. The top end of this
spindle is fitted with a worm wheel which
engages with a worm and operating handle
as shown in Fig. 34. The pitches of the
threads and teeth in the worm and worm
wheel, however, are not the same, but
are `o chosen that a quick motion is
obtained when the contact rollers move
over the gaps between the contact segments on the face-plate. The rotation of
the worm wheel in the clockwise direction
(which moves the switch towards the
" running " position) applies a tension to
the spring, F, which returns the switch
to the " off " position if the operating
handle is released, as the frame, B, carrying the operating handle, spindle and worm
is not rigidly fixed, but is hinged to the
cover. The switch is retained in the

Interlocking and Protective
Features of Face-plate Rotor
Starters for Three-phase
Motors.
With the face-plate starters
illustrated in Figs 31, 34, which
control only the rotor circuits,
precautions must be taken to
prevent the stator switch being
closed unless the rotor starter is
in the " start " or " all resistance
in " position.
Moreover, the opening of the
main switch or the failure of the
supply should both cause the
automatic return of the starter
switch to the " start " position.

42.—ARRANGEMENT OF LIQUID STARTER FOR
HEAVY DUTY.
(Met; °poll t all- Vickers.)
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With the starter illustrated in Fig. 31
the first-mentioned feature is obtained by
interlocking contacts on the starter
which are closed in the " start " position,
and are connected in series with a shuntexcited electromagnet on the stator switch
or circuit breaker. The arrangement is
such that the circuit breaker
cannot close unless this magnet
is excited, i.e., the starter must
be in the " start " position.
An auxiliary switch is necessary
on the circuit breaker to shortcircuit the interlocking contacts on the starter when the
circuit breaker closes.
The
automatic return of the starter
to the " start " position is
effected by an under-voltage
release as explained above.
With the starter illustrated
in Fig. 34, mechanical interlocking is employed between
the stator circuit breaker and
the rotor starter.

control the stator circuits, and the overcurrent releases are fitted with timelag dashpots of the type shown in Fig. 13.
Also in each case the circuit breaker is
mechanically interlocked with the rotor
starter. The interlocking rod may be
observed in each illustration.

Applications.
Faceplate starters of the
types illustrated in Figs. 31, 33
and 34 are available for motors
up to 500 h.p. They are intended for infrequent starting ;
the normal service rating
allowing two starts per hour
against full-load torque and
the starting period in seconds
being (5
xh.p. rating) of
starter for motors up to 5o
h.p. The starting period is
3o seconds for motors 50-200
h.p., and i minute for motors
above 200 h.p.
In emergencies, four successive starts from the cold
without cooling periods may
Fig. 43.—VIEW OF LARGE LIQUID STARTER FOR HEAVY DUTY.
be made, but in such cases at
Showing the electrodes, compartments, cooling-water tubes,
least an hour must elapse before
operating gear, etc. (Metropolitan-Vickers.)
another start is made, in order
that the oil may become
thoroughly cooled. Figs. 35 and 36 show Drum-type Rotor Starters.
industrial applications of the oil-immersed
An alternative to the combination of a
type of starter illustrated in Figs. 33 and faceplate starter and separate circuit
34. In each case an oil-break circuit breaker is a self-contained control pillar,
breaker, with solenoid-type over-current having a drum-type rotor starter and an
and under-voltage releases, is used to interlocked triple-pole contactor for the
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reversing motor. The
contact drum controls
both rotor and stator
circuits.
For large motors a
separate contactor-type
reversing switch is
necessary.
Contactor-type Rot or
Starters.
These starters are used
for heavy starting duty,
for frequent starting and
reversing, and for either
automatic or remote control, or both. The rotor
circuit resistances are cut
out symmetrically from
each phase by either
double-pole or triple-pole
contactors, and the
closing of these contactors
is governed by currentlimit or notching relays,
the operating coils of
Fig. 44.—FACE-PLATE TYPE STARTER FOR SINGLE-PHASE SQUIRRELwhich are connected in
CAGE INDUCTION MOTOR. (B.T.- H. Co.)
This switch is adapted from a rotor-starting switch for a
the stator circuit. By
three-phase motor. The connections are shown in Fig. 45.
arranging that each rotorcircuit contactor closes
stator circuits. Such a pillar is illustrated at a predetermined current input to the
in Fig. 37, and the arrangement possesses motor, uniform acceleration may be oba number of advantages over the use of tained with a minimum number of sections
separate pieces of apparatus.
in the starting rheostats, provided that
For reversing service (e.g., cranes, hoists these sections are correctly designed.
and haulages), and also for all cases of
When only two or three sections of
frequent starting, drum-type controllers resistance are necessary the relays are
may be used. These controllers are similar incorporated into the contactors, as shown
to those for D.C. circuits, except that no in Fig. 38. In this starter the top conmagnetic blow-out is provided and that tactor controls the stator circuits. (Obthe arrangement of the contact drum is serve that this contactor has lighter main
different. Moreover, for heavy service, contacts than the other contactors, and
an oil-immersed controller may be used.
that magnetic blow-outs are provided.)
An important feature in all drum con- The relay adjacent to this top contactor
trollers for three-phase rotors is that the controls the middle contactor, which cuts
resistances are cut out successively from out the first section of rotor resistance.
the rotor circuits instead of simultaneously, The relay adjacent to the middle contactor
as with faceplate starters. Thus on some controls the bottom contactor, which
steps the rotor circuits are unbalanced. cuts out the second section of rotor resistThis arrangement is adopted in order to ance.
reduce the size and cost of the controller,
With starters for larger motors in which
and in practice the unbalancing does not several rotor-circuit contactors may be
affect the operaticn of the motor.
necessary, these contactors are all conFig. 40 shows the connections and trolled by two relays which operate
development of a typical controller for a alternately, suitable auxiliary switches
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being provided on the contactors to give
the correct sequence of operations.
Protective Devices.
Under-voltage protection is an inherent
feature of contactor equipments on account
of the shunt excitation of the operating
coils from the supply system.
Over-current protection is obtained byeither two or three over-current relays,
according to whether or not the neutral
point of the supply system is earthed.
On all systems with earthed neutral point,
three relays are essential to obtain complete protection. The relays may be of
the solenoid type with time-lag dashpots,
but recently a thermal type of relay has
lo..en developed, the characteristics of
which give better protection to the motor
than electro-magnetic relays.
Thermal Over-current Relay.
This relay is shown in Fig. 39. It
consists of a heater A, which carries either
the full motor current or a proportional
current. This heater is located underneath a bi-metal strip B, the free (outer)
end of which on becoming heated moves
upwards and trips the latch C. This
operation opens the contacts E F, which
are connected in the operating-coil circuit
of the stator contactor. The relay is not
self resetting, which must be effected by
hand (usually by a bar engaging with the
lower end of D). Three relays are, of
course, necessary for a three-phase motor.
These thermal relays give the ideal
inverse time-current protective characteristic against normal or small sustained
over-currents on all phases of the motor.
They can be set to give protection against
prolonged over-currents just above the
normal current of the motor, and vet allow
the motor to carry overloads of 50 per cent.
for brief periods, provided that such overloads are followed by periods of light load.
TYPES OF LIQUID STARTERS FOR
THREE-PHASE MOTORS.
Their Advantages over Metallic Rheostats.
Under favourable conditions of installation these starters are ideal as rotor starters
for three-phase motors. They are noninductive and the starting resistance may
be reduced continuously. Thus perfectly

uniform torque may be obtained throughout the starting period, and heavy loads,
such as cement mills, compressors, etc.,
may be started slowly and without shocks.
Applications.
Liquid starters are best suited for
medium and large-size motors which require
to be started infrequently, as the cost of the
starter is then lower than that of the
corresponding starter with metallic resistances.
With forced cooling they are suitable
for starting and controlling the largest
motors (such as pit winders and the motors
of large flywheel motor-generator sets
for reversing rolling mills), and in these
cases a large amount of power can be dissipated. The industrial types of liquid
starters are not suitable for cranes, owing
to the liability of the liquid being spilt.
The Electrolyte.
The resistance solution or electrolyte
is a solution of washing soda (carbonate of
soda). In general, the strength of the
solution should be about one part of
washing soda to twenty carts of water
(by weight). The strength, however, must
be adjusted to suit the starting conditions.
For example, for motors starting heavyloads with full-load torque, two parts
of soda to twenty parts of water may be
necessary. Under working conditions the
water evaporates slowly, and fresh water
must, therefore, be added periodically
to maintain the original level and strength.
Liquid Starter for Small and Medium-size
Motors.
The smaller sizes of liquid starters
consist of an iron tank, containing the
requisite amount of electrolyte, and three
moving electrodes or dippers, which are
connected to the slip rings of the motor.
The dippers are quadrant-shaped and are
attached to, but insulated from, a cross
frame, which can be raised or lowered
slowly by screw gear so as to immerse
more or less of the dippers and thus control the resistance between the terminals
of the starter. When the dippers are
fully immersed they are short circuited
by special contact fingers in order to
avoid current passing continuously through

132o STARTERS AND CONTROL GEAR FOR A C INDUSTRIAL MOTORS

the electrolyte which would cause unnecessary losses and evaporation of the
electrolyte.
These features are shown in the diagram
of Fig. 41, which is a cross-sectirn of a
typical starter. The dippers C are shown
in the full-on position, and the shortcircuiting contacts are shown at J. The
cross frame D, from which the dippers are
supported by the insulators E, is fixed to a
shaft F, which is carried in hearings fitted
into the ends of the tank A. One end cf
the shaft is extended and is fitted with a
crank to which the screw-operating gear
is attached. The fixed dippers, K, attached
to the terminals H of the starter are for
the purpose of preventing the opening of
the rotor circuits when the movable dippers
are raised above the level of the liquid.
Liquid Starters for Large Motors (Natural
Circulation).
Large liquid starters for infrequent
use differ considerably from the smaller
starters considered above. Due to the
large amount of energy which has to be
dissipated in the electrolyte during starting, special arrangements have to be provided for circulating the electrolyte to
prevent overheating during the starting
period. In these starters the neutral
point of the rotor circuit is not formed by
the tank, as in the smaller starters, but
by the moving electrodes or dippers A,
Fig. 42. These are suspended by copper
rods fixed to a common crossbar which has
a vertical motion. The three fixed electrodes, B, are each located in separate
rectangular tubes D, of insulating material,
each electrode being supported on a block
of insulating material C, as shown in
Fig. 42. Both sets of electrodes are of the
multiple plate type, and in the full-on
position the plates of the moving electrodes
mesh closely with those of the fixed electrodes in order to give a minimum resistance
of electrolyte in this position. The residual
resistance is cut out in two or three steps
by auxiliary contacts, E, which close in
succession when the moving electrodes
reach their lowest position. This step-bystep reduction of the residual resistance
of the electrolyte is effected by metallic
resistances connected between the auxiliary
contacts.

F,4 45.—CONNECTIONS OF STARTLR (FIG 44)
FOR SINGLE-PHASE SQUIRREL-C AGF INDU( TION
MOTOR. (B.T.-H. Co )

The three insulated tubes which contain
the electrodes are fixed in a large tank
which contains a large amount of electrolyte. In service, the electrolyte circulates
in the directions of the arrows in Fig. 42.
Thus the heated liquid in the tubes rises
to the top of the tank and its place is
taken by cool liquid which enters the tubes
through the bottom insulators and fixed
electrodes.
Large Liquid Starters for Frequent Use.
These starters are used for controlling
large reversing motors driving winders
and haulages in coal mines. They are
also used for starting and regulating the
speed of flywheel motor-generator sets
(induction motor, heavy flywheel and D.C.
generators) for supplying power to D.C.
reversing rolling motors. All these services
involve practically continuous duty, and,
therefore, special cooling of the electrolyte
is necessary. A typical cooling arrangement is shown in Fig. 43.
The general arrangement of the electrodes and insulated tubes is similar to
that of the large starters with natural
circulation, but in the present case the
upper portion of the tank contains a large
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number of thin tubes through the interior
of which cold water is circulated. Thus
the heated electrolyte discharging over
the tops of the resistance tubes is effectively
cooled by the water tubes before being
used again in the resistance tubes. Approximately 3.3 gallons of cooling water are
required for each h.p. dissipated per hour.
The largest size of liquid starter which
is designed for large A.G. winders, and is
capable of dissipating goo h.p. continuously—has a separate external cooler and
forced circulation of the electrolyte by
a centrifugal pump.
Protective Devices for Liquid Starters.
Liquid starters cannot be arranged with
automatic protective features, and, therefore, the over-current and under-voltage
releases must be fitted to the stator
circuit breaker. It is most desirable,
however, that the liquid starter should be
fitted with an auxiliary interlocking switch
in conjunction with the under-voltage release on the stator switch, which will ensure
that the stator switch cannot be closed
unless the starter is in the " start "
position.
STARTERS FOR SINGLE-PHASE
MOTORS.
How Single-phase Repulsion-type Motors
are Started.
Repulsion motors, repulsion-start induction motors and repulsion-induction
motors in fractional-h.p. and small sizes
(2 to 3 h.p.) are started by direct switching
on to the supply. Larger motors are
started by inserting resistance in the
stator circuits.
How Single-phase Induction Motors are
Started.
Split-phase squirrel-cage motors (i.e.,
motors having a " main " winding and a
high-resistance " starting " winding, displaced 90 electrical degrees from the main
winding) in fractional-h.p. sizes are started
by direct switching on to the supply.
No changeover or special switch is necessary, as a centrifugally operated switch is
built into the motor for the purpose of
automatically cutting the starting winding
out of circuit when the speed reaches the
normal value.

Larger split-phase squirrel-cage motors,
up to 7,1- h.p. (which are also wound with
a high-resistance starting winding), require
a starting rheostat to limit the starting
current and a cut-out switch for the
starting winding. At starting, the rheostat
is connected in series with the supply to the
main winding, and the starting winding is
connected directly to the supply. The
rheostat is cut out in steps and finally the
starting winding is disconnected from the
supply.
Split-phase slip-ring motors usually
require an external phase-splitter with
change over switch for the stator, together
with a starting rheostat for the rotor ; the
latter being of similar type to the rotor
starter for a three-phase motor.
The phase-splitter consists of a fixed
resistance, a fixed reactance and a changeover switch. In the " start " position of
this switch the supply is connected to both
main and starting windings, but the fixed
resistance is connected in series with the
starting winding, and the reactance is
connected in series with the main winding.
In the " run " position the main winding
is connected directly to the supply and
the starting winding is cut out.
At starting, the full starting resistance
is connected in the rotor circuit, and the
change-over switch is placed in the
" start " position. The starting resistance
is then cut out in steps in the same
manner as when starting a three-phase
motor, and finally, when all this resistance
is cut out, the change-over switch is thrown
to the " run " position.
Rheostatic Starter for Split-phase Squirrel-cage Motor.
Fig. 44 illustrates a starter for a splitphase squirrel-cage motor of 5-7 h.p.
In these motors the starting winding is
designed with a sufficiently high resistance
and reactance that an external phasesplitter is not required. The starter, therefore, consists of a suitable faceplate-type
switch and a graded rheostat which at
starting is connected in series with the
main winding The switch is fitted with
auxiliary carbon roller contacts at points
where circuits are broken, so that any
arcing may occur at these contacts
instead of at the main contacts. An under-
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voltage release and a return spring (to
return the starting switch to the " off "
position) are fitted.
The connections are shown in Fig. 45.
The contact buttons are arranged in three
groups A, B, C, as in a rotor starter for a
three-phase motor. (In fact, the faceplate
of a three-phase rotor starter is adapted
to meet the present requirements.) The
starting resistance, R, is connected to the
buttons of group A. The whole of the
buttons in group B are connected together,
and a number of buttons in group C are
similarly connected.
How the Starter Operates.
When the three-armed switch D is
operated the starting winding of the motor
is connected directly to the supply, the
whole of the resistance R is connected in

series with the main winding, and this
circuit is also connected to the supply.
The resistance R is cut out in steps, and
just before the last section is cut out the
starting winding is disconnected from the
supply by the switch leaving the contact C.
Applications.
Rheostatic starters of the type illustrated in Fig. 44 are intended for infrequent
light-duty starting. The starting period,
in seconds, should not exceed 5 seconds
plus half a second per h.p. of starter
rating. A maximum of four starts per
hour may be made, and at least fourteen
times the starting period should be
allowed between successive starts so as
to allow the rheostats to cool thoroughly.

QUESTIONS AND ANSWERS
What is an auto-transformer ?
A transformer in which a portion of
the turns are common to both primary
and secondary circuits.
Why is an auto-transformer used for
starting three-phase squirrel-cage
motors ?
Because with the low ratios of transformation required, it is very much cheaper
than an ordinary transformer, due to the
power output of its secondary winding
being only a portion of the power supplied
to the motor.
What is rheostatic starting ?
The method in which the reduced voltage applied to the motor is obtained bymeans of resistances connected in series
with the stator windings. This method
is occasionally used with small motors.
How are three-phase slip-ring motors
started ?
By means of resistances connected in the
rotor circuits, the full supply voltage
being switched on to the stator windings.

Either metallic or liquid rheostats may
be used according to circumstances and
starting conditions.
What method would you use for starting a
synchronous motor having a squirrelcage winding in the pole faces ?
By supplying the stator at reduced
voltage by means of an auto-transformer.
The field winding on the rotor is usually
short-circuited. When the motor has run
up to speed the short circuit across the
field winding is removed and D.C. excitation is applied which causes the rotor to
lock into synchronism.
Describe a thermal over-current relay as
applied to a three-phase motor circuit ?
The essential parts are (1) three heating
elements, one in each supply line ; (2)
a bi-metallic spiral, which when sufficientlyheated untwists and operates a tripping
bar which opens the contacts of the " off "
push-button switch. The necessary time
lag is obtained by adjusting the air space
between the heating element and the
bi-metallic spiral.
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L.F. AND H.F. RADIO TRANSFORMERS
By A. E.

W ATKINS

LOW FREQUENCY TRANSFORMERS

Fig. I.—CONSTRUCTIONAL DETAILS OF THE VARLEY NICORE TRANSFORMER.
On the left are the screening plates, while on the right can be seen the bobbin construction and the
core which is subdivided by the packing pieces. The curve of the transformer is shown in Fig. 2.

P

RACTICALLY every modern radio
receiver uses a low frequency transformer. If not correctly designed,
this component will make or mar the
results almost more than any other.
The position it usually occupies in a
receiver is a vital one, for it forms the
link between each valve following the
detector, and upon the low frequency
transformer depends the correct functioning of the valves. Particular attention
should therefore be paid to the selection
of the low frequency transformer.
The electrical and magnetic properties
of a low frequency transformer are far
more complicated than those particular to
any other part of the receiver, and its
operation is exceedingly complex.

What a Low Frequency Transformer has
to do.
In the position which the transformer

usually occupies in the receiver it has to
take the low frequency impulses frcm one
valve and pass them on to the next for
further amplification. That sounds rather
simple, but it is not, for it endeavours to
get that energy passed over without any
loss or any distortion. The early design
of low frequency transformers was an
elementary affair. It consisted of a simple
core of iron with two windings, the primary
and secondary, and little attention was
paid to the correct proportions of these
three components, but now particular care
has been taken in the selection of the
material for the core, and also the size in
proportion to the windings.
There are two materials generally used
for the production of the core—silicon iron
and nickel iron. Silicon iron is used on
the larger of transformers, and the nickel
iron is used in the case of small transformers which are usually parallel fed, that is
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The Magnetic Core.

to say, the high tension direct current to
the anode of the valve does not directly
pass through the windings.

The same applies to the magnetic core.
The greater the permeability, the more
easily are the lines of force carried through
it. In the early days, transformers had
cores made of ordinary soft iron. It was
found later that an alloy of silicon iron
had 'a still higher permeability, and now
only the very cheapest of transformers
still contain soft iron. It must be remembered that the greater the permeability
of the core on which the transformer is
built, the greater will be the inductance

The Core.
The core of a low frequency transformer
does not consist of a simple rod of metal,
either solid or divided. It has a definite
form of design and generally assumes the
shape of a rectangle with a bar across the
centre, the bobbin holding the winding
being placed upon this central bar. The
purpose of making the core this shape is
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Fig. 2.—CURVE OF THE VARLEY NICORE TRANSFORMER.
to confine a line of force to a definite
magnetic surface and air gaps are reduced
to a minimum so as to obtain a high
efficiency of the core as a whole. Therefore we find these stampings or laminations
arranged so that the stampings are
insulated from one another and clamped
,together tightly to prevent any air gaps.

The Importance of Permeability.
Permeability is to the lines of force
more or less what conductance is to an
electrical current. Conductance is the
direct opposite to resistance. The higher
the resistance of a wire, the less its conductance, or the more easily it conducts
the electricity.

of the primary for a given number of
turns, and the less the number of turns,
the greater the advantage, for it means
that there will be less self-capacity and
the resistance of the primary will be lower :
therefore a greater voltage will be supplied
to the anode of the valve.
Nickel iron alloy has a very much
higher permeability than silicon iron, and
nickel iron is used on the very small
transformers which have trade names
given to their cores, such as " Nicore."
Advantages and Disadvantages of Small
Transformers.
The advantage of these small transformers is that the inductance of the
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primary is high with small bulk of winding.
This reduces self-capacity and eddy losses,
and gives a better performance.
There are, however, certain snags with
these transformers. The cores are very
small and, therefore, the windings are
also small and usually of fine wire and
cannot carry very heavy current. Also,
if a transformer of this description is
called upon to carry heavy current, the
saturation of the core will tend to spoil
the result.
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Choosing a Transformer.
When selecting a transformer it is
essential that one should consider the
anode current which will be passing
through the primary. That is why it is
B.an advantage, when high anode current is
3.—THE STANDARD CONNECTIONS FOR AN
required on the preceding valve, for it to L.F. TRANSFORMER WITH THE HIGH TENSION
be fed by a resistance and coupled to the
PASSING THROUGH THE PRIMARY.
transformer by a condenser. The primary
is then not called upon to carry the direct flow through the secondary without loss,
current which would be the principal but ioo per cent. efficiency cannot be
cause of saturation.
obtained, and in the present transformers
There is one other important point in there will be a loss of the lines of force, or
connection with transformer design. This " leakage lines," which do not link the
concerns the losses due to leakage or primary and secondary together. • The
inductance. The job of the core is to smaller this leakage the greater the
concentrate the magnetic field set up efficiency of the transformer, and this is
round the primary winding and make it where a carefully designed core, with
little air gap, carefully assembled, counts.
The Primary and Secondary.
These are usually wound at various
ratios, such as 2-3, 1-3, 1-5 and 1-7. For
all-round general results a 1-3 is most
suitable, although where two stages of
low frequency transformer coupling are
used, it is also advantageous to use two
different ratios, the higher ratios being
used in the second position. The reason
for this is that the lower the ratio, the
bigger the primary impedance, as the
difference of ratio is obtained by sacrificing
the turns of the primary. That is to say,
if there are i,000 turns on the primary
and 7,000 turns on the secondary for 7-I,
on the 3-I there will be, approximately,
2,700 turns on the primary.
Fig. 4.—RESISTANCE FEED METHOD OF CON-

NECTING UP AN L.F. T RANSFORMER.
This is the best method to use for small transformers of the Nicore type. No direct current
passes the primary.

Impedance.
As the valves are of higher impedance
at the earlier stages it is important that
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stage following
the detector, it is
advisable to have
a small condenser
between the
primary winding.
Another advantage of having
a transformer
with low selfcapacity, such as
the Ferranti, is
that the value of
the condenser
across
the
primary can be
altered to obtain
the
exact degree
Fig. 5.—CONSTRUCTIONAL DETAILS OF FERRANTI TRANSFORMER.
On the left can be seen the centre tap for push-pull. The construction of of capacity that
is necessary, and
the formers can be seen on the right, also the subdivided windings.
so balance the
low frequency
the transformer impedance should also circuit without any loss of the higher
be higher, an average rule being for the frequency.
transformer primary impedance to be
twice that of the valve impedance, and Design of Ferranti Transformers.
often a lower ratio transformer will give
On examining Fig. 5, showing the
betteu results than one of a greater ratio, component parts of the Ferranti transdue simply to the fact that the impedance
former, it will be seen that great care
of the primary is more suitable to the
has been expended on the design and the
valve.
construction. This particularly applies
The design of the primary and secondary
winding is most important, as the selfH.T+
capacity between these windings has a
great effect upon the higher frequencies.
Should there be a high capacity between
the windings, the transformer will act
similarly to a condenser and by-pass the
low frequency impulses directly away
without affecting the secondary.
How a Low Capacity Winding is Obtained.
The method of achieving a low capacity
winding is carried out in various manners.
The most commonly used method is to
subdivide the bobbin, winding the primary
on one bobbin and the secondary on two
others, and spacing them apart with a
small air gap. The " Ferranti " method,
in which the windings are carried out on
skeleton formers, and the winding subdivided on each former, is a still better
design and results in a very low selfcapacity winding, and is why, in the first

6.5Fig. 6.—CONNECTIONS FOR RESISTANCE COUPLED
AUTO TRANSFORMER.

The resistance of R1 should be approximately
twice the impedance of the valve.
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Fig. 7. — COMPARATIVE CURVES OF A FERRANTI A.F.5 TRANSFORMER, AND A
BADLY DESIGNED TRANSFORMER.
The lower curve is that of a badly designed transformer.

to the design of the formers for carrying
the windings. Again, the design of the
core is such as to obtain as little magnetic
leakage as possible. The whole design of
this transformer has been so carefully
proportioned that it gives practically a
straight line from the lowest frequency,
without any resonant peaks, and it is in
this connection that the difference in
performance with a good quality transformer scores over that with a cheap
make.
What the Makers'
Curve Shows.
If the curve of
a cheap transformer were
taken it would
probably show
very little low
frequency amplification with a
high peak round
about the middle
register rapidly
falling, whereas
the curve of a

low frequency transformer should be as
that shown on the graph. Therefore,
when deciding on the purchase of a transformer, see the makers' amplification
curve. If they do not publish one, do not
buy the transformer because, unless they
show this curve, it follows that they have
little idea of the performance of the transformer in question. It is essential to know
these facts, and also the impedance of the
primary, so as to know whether the transformer and valves are suitably matched.
HT+

Output

Fig. 8.—CONNECTIONS FOR PUSH-PULL TRANSFORMER.
The resistances 122 are decoupling resistances of 50,000 ohms.
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Types of Low Frequency Transformers.
Low frequency transformers can be
divided into the following classes :
Transformers for single intervalve
coupling, such as one primary and secondary.
Transformers which have divided primaries and divided secondaries, that is, the
transformer preceding the output valve,
has the secondary tapped in the centre,
and the output transformer has the
primary centre tapped or two windings for
push-pull amplification.
In some circuits, two output transformers are used, but this is not necessary
unless a heavy anode current is used.
Another type is the output transformer
and output choke. Output transformers
usually have their secondaries and primaries with various tappings so that they
may be used to suit the valves and the
loud-speaker.
Connecting up Transformers.
The circuits for connecting transformers
are shown in Figs. 4 & 6, which will show the
various alternative methods of connecting
transformers other than the usual practice
of passing the direct current directly
through the primary as in Fig. 3.
IMPORTANT POINTS IN L.F. TRANSFORMER DESIGN.
An example of good transformer design,
showing the attention which has been paid
to the particular points, is the Ferranti

transformer, which has a core of large
cross-section in the AF5 transformer it
is 1.07 sq. in. The stamping has no
appreciable air gap and the number of
primary turns of wire is large in the
AF3 and the AF5, 7,60o turns. Points to
watch for are :—
Self-induction.
(1) That the inductance of the primary
winding should he as great as possible.
Magnetic Leakage.
(2) That the magnetic leakage of the
transformer should be as small as possible.
The magnetic field created by the primary
is not completely passed on to the secondary ; this is magnetic leakage.
In the AF3, AF5 and AF7 transformers
this is attained by interleaving the
secondary between two half-primary windings. This is quite important if the high
notes are to be reproduced properly.
Self-capacity.
(3) That windings unfortunately possess
another property besides " self-induction,"
that is " self-capacity " due to the close
proximity of turns with voltage differences
acting as condenser plates. To reduce
this self-capacity and yet retain the large
ratio of 3,*„ fine enamel wire of .002 in.
diameter is used for the secondary winding
and the bobbins are of skeleton form, in
order to get as much air space as possible.
The windings are also subdivided. Fig. 5
shows the bobbins.

HIGH FREQUENCY TRANSFORMERS
High frequency resonance radio transformers are used to couple the valve
preceding the detector valve, so as to
pass the energy from the H.F. valve on
to the next and so amplify the high
frequency currents that they are powerful
enough to give a good swing to the
grid of the detector valve. As it is
well known, a detector, to function at its
best, must have a certain grid swing.
The H.F. transformer differs considerably from the L.F. transformer.
In the first place there is no iron core,
for this would be useless in an H.F. trans-

former. Secondly, one of the circuits is
usually tuned by means of a variable
condenser, for resonance between the
primary and secondary is only obtained
when the circuit is correctly in tune, and
at that point the greatest transfer of
energy will be obtained. It does not
matter whether there are one or two
windings in a transformer, exactly the
same thing will occur.
Why One Circuit Only is Tuned.
It is unnecessary to tune both for the
act of tuning one will also tune the other,
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Fig. 9.—A MODERN GANGED H.F. TRANSFORMER.
Showing the screens mounted with earthing strip as it is essential that the screens are efficiently
earthed.
and as the primary is usually partly
aperiodic, the maximum resonance will
be obtained only when the secondary is
tuned. Therefore, any slight advantage
which may be obtained by tuning both
windings is negatived by the extra
complications and difficulties of balancing
and ganging tuning condensers together.

the other. In the transfer of energy from
one circuit to the other the leakage flux
goes to waste. It is the mutual flux only
which determines. the energy transferred,
and it is necessary to have this as great as
possible.

Mutual Inductance.

There is a limit to the amount of mutual
flux, this being determined by the other
The two windings are placed apart at constants of the circuit, the size of the
such a distance as will give maximum coil and other matters. If the mutual
coupling effects, so that there is as little inductance is too great, the circuit will
leakage of the flux as possible. In some tune to the same wavelength frequency at
transformers they are deliberately placed two different settings of the condenser.
apart to loosen the coupling and, there- It is necessary to keep the mutual inductfore, give a high peak resonance, but if ance so low that for all practical purposes
windings are placed too far apart, reson- these two settings of the condenser come
ance may not be obtained throughout the together. This phenomenon is well known
and is known as
whole wave band.
H.T.-IThe reason for this
" double lump reis that the act
sonance."
The first position
of tuning one winding would have very
for the primary and
little effect upon the
secondary is obother, therefore, it is
tained by adjusting
readily understood
the distances till the
that the secondary
desired results are
circuit has an effect
obtained, for to deupon the primary,
termine these differand vice versa,
ences on paper
which is clear from
would involve
the fact that there
taking into conis energy transferred
sideration a great
Fig. I0.—CIRCUIT FOR H.F. UNTUNED
from one circuit to
many things and
TRANSFORMER.

Position of the Windings.
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would then not work out satisfactorily.
It is better to determine these differences
by actual experiment.
The Single Winding.
We now come to the single winding :
that is to say, one common coil is used
to take the place of primary and secondary.
This is actually an auto-transformer and
the ratio of the winding may be
or,
by taking a tapping at any of the intermediate turns, the ratio can be varied.
This type of H.F. transformer is commonly called " tuned anode " or " tuned

on a single coil too low down, sharpness of
tuning will be obtained, but at the sacrifice
of cutting the side bands, resulting in poor
quality.
Causes of H.F. Transformer Losses.
Losses in an H.F. transformer are due to
badly designed coils, poor insulating
material and self-capacity. Poor design,
where the useful energy is not transferred
and may result from using the wrong
gauges of wire ; poor insulation, absorption
or damping due to poor design of screen,
unsuitable material for winding the inductances upon and
losses due to the
condensers used
to tune one of
the circuits.

How Damping is
Introduced.
Under present
day conditions,
however, a certain amount of
damping is deliberately introduced. This is
to obtain stability, for, if the
ideal of efficiency
of coupling was
obtained, the receiver would be
Fig. I I .—THREE MODERN H.F. TRANSFORMERS.
uncontroll a b 1 e ,
Left, a two-circuit winding ; centre, an aperiodic untuned transformer as
due to its burstused in portable receivers ; right, a single winding tuned anode or tuned grid
ing into oscillatransformer.
tion.
Under present
grid," but of course this actually serves practice it is accepted that it is
exactly the same purpose as that of trans- better to design the coil with a
ferring the energy from one valve to the small diameter and use wire of a fairly
other and passing it on without loss or fine gauge usually round about No. 3o
distortion.
or 32, and in some cases No. 36 and
38, the finer gauges being particularly
Distortion Troubles.
applied to the higher wavelengths. A
Distortion troubles do not occur quite satisfactory diameter for the inductance
so badly in an H.F. transformer as in the is approximately i4 in. or even i in.
L.F. transformer, for unless the curve is
made too sharp, so as to cut off the side Use Silk Covered Wire.
bands, little trouble is experienced, but
There is, however, no question at all
if the coupling between the primary and that silk covered wire is the best for the
secondary is made too small or the tapping insulation of the wire itself and paxolin
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is one of the best materials for winding
the inductance upon successfully.
Types of H.F. Transformers.
We will now consider the various types
of transformers and describe the various
circuits of which each type is most suitable.
I. The untuned primary and secondary.
2. Untuned primary and tuned
secondary.
3. Tuned primary and secondary.
4. Tuned single winding.
5. Tuned single winding with autocoupling.
1. The Untuned Primary and Secondary.
The untuned primary and secondary is

H.T +

Fig

13 -CIRCUIT FOR TUNED ANODE H F.
COUPLING.

Flg. 12 -CIRCUIT FOR TUNED SECONDARY
H F. COUPLING.

receivers and is particularly suitable
for receivers which are designed to work
over a narrow wave band, such as between
200 and 600 metres, as the primary can be
so proportioned as to give a fair degree of
selectivity with a reasonable degree of
efficiency. The usual ratio of the windings
is 3-I. That is, the primary has the lower
number of turns and the secondary
usually three times that of the primary.
The primary to the secondary are coupled
as closely as possible to obtain the greatest
transfer of energy.
In both these types of transformers it
will be seen that the anode current passes
through the primary to the anode of the
valve. One end of the secondary is
connected to the grid and the other to
the filament. The variable tuning con-

usually used in sets of the portable type
in which high stage gain is sacrificed to
simplify construction, bulk and tuning.
The windings of these transformers are
aperiodic : that is to say, the primary will
transfer its energy to the secondary at
any frequency. The disadvantage of this
type of transformer is that it is not of
very high efficiency and it has a very flat
tuning curve. Therefore, it does not assist
in obtaining selectivity and is practically
useless on any receiver using an outside
aerial or where a high overall efficiency
and degree of selectivity are required.
2. Untuned Primary and Tuned Secondary.
Untuned primary and tuned secondary
is universally used in most of the American

FT. 14 -CIRCUIT FOR CHOKE CAPACITY
TUNED GRID H F. COUPLING.
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denser is connected across the secondary
in the case of the tuned secondary winding.
3. Tuned Primary and Secondary.
Tuned primary and secondary is usually
employed as the intermediate frequency
coupling transformer in superheterodynes.
In this type of transformer, the primary
and secondary are usually of equal ratio,
and both are adjusted by a small capacity
across the primary and secondary, so
that they are each tuned to a definite
wavelength. The wavelength to which
they are designed to be tuned varies
slightly, but usually it is round about
II° kilocycles, but some designers even
work to 4o kilocycles.
The distance between the primary and
secondary is adjusted to obtain the highest
degree of coupling, consistent with good
r

Fig. I 5.—H F TRANSFORMER SHOWING
PRIMARY AND SECONDARY WINDINGS
TUNED BY A FIXED CONDENSER, AS USED
FOR SUPERHETERODYNE RECEIVER.

quality and adjusted to such a position
as to obtain a sharp resonant peak, for
it is particularly desired in this type of
transformer that it should only pass the
correct wavelength for which it is designed.
4. Tuned Single Winding.
Tuned single winding is what is commonly called the " tuned anode " or
" tuned grid " and consists of only a
single inductance tuned by a condenser.
The value of this inductance is determined
by the waveband which it is to cover. In
the case of a coil to cover zoo to 600 metres
a suitable size would be as follows :
Diameter of former, i in., wound with
90 turns of No. 32 double silk covered

copper wire ; long wave coil, 190 turns
of No. 36 double silk covered copper wire.
Tuned by a .0005 variable condenser.
The value has been determined to allow
for screening, for an H.F. transformer must
be suitably screened, as otherwise the
energy will be transferred to other parts
of the circuit. For efficient screening the
coil should be totally enclosed in a
screening box, and for a coil the size as
above a suitable diameter would be 2 in.
with an allowance at top and bottom of
at least / in.
5. Tuned Single Winding with Autocoupling.
Tuned single winding with autocoupling is similar to Type 4. The only
difference is that a tapping is taken at a
particular position in the coil. By feeding
the energy to the tap, the ratio between
the primary and secondary can be determined to increase the selectivity, for
although this is only a single coil, it is an
auto-transformer when used in this form,
the coupling taking place between the
lower part of the coil and the upper, but
the whole circuit is tuned right across
from top to bottom of the coil by means
of the variable condenser.
Circuits for H.F. Transformers.
Four different circuits are shown for
connecting this type of intervalve coupling.
Fig. 14 is probably the most commonly
used to-day, and is termed the " tuned
grid," the reason being that the tuning
condensers can be ganged as the moving
plates are at earth potential, and this
greatly simplifies the construction of the
receiver for all the moving plates of the
condenser can be connected together
without any difficulty, whereas, in the case
of the circuit in Fig. 13, both the fixed
and the moving vanes of each condenser
must be insulated from one another.
In the case of circuit Fig. 14, the energy is
fed to the grid coil through a fixed condenser, an H.F. choke being included in the
plate circuit to prevent the high frequency
impulses passing directly to the H.T.
battery and then to earth. This acts as a
stopper and forces the energy through
the fixed condenser, being the easiest
path. The H.F. choke should have a great
number of turns of wire.
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SWITCHES, CABLES AND
CONNECTORS
FOR CAR ELECTRICAL EQUIPMENT
By E. HILL

Fig. I. TYPICAL SWITCHES AND CONTROL GEAR FOR A MOTOR-CAR.
On the left, base of column switch, barrel type. In the centre, base of column switch, disc type.
On the right, head of column control.

T

HE design and construction of
switches for the electrical equipment of motor vehicles of all
descriptions are different in many respects
to the conventional switchgear as used for
house lighting and other stationary electrical plants. For cars and motor cycles,
space, appearance and adaptation for a
variety of purposes have imposed conditions on designers which have resulted
in the production of switches of remarkable
ingenuity and effectiveness.

Use of Stampings and Moulded Insulating
Parts.
By the use of stampings and moulded
insulating parts, switches controlling 3 or 4
circuits such as head lamps, side and tail
lamps, ignition, and generator output have
been evolved and which occupy very
little space. The single hole mounting, as
popularised for radio sets, has been adapted
for switches mounted direct to a facia
plate, and simple screwed bracket mountings are employed when the switch is
fixed in a switchbox or at the bottom of

the steering column. There has recently
been 'a tendency to mount as many of the
electrical controls as convenient on the
steering column so that they can be
operated by a driver without the necessity
of moving the hands from the wheel.
The horn push, head lamp control and
dipping switch, dynamo output control,
direction indicator controls and starter
remote control switch have all been
embodied in one or more devices attached
to the steering column. Ignition switches
and main starter switches are usually
mounted on the dashboard and are often
combined with a lock which makes them
inoperative when the key is removed.

Concealed Lighting.
Concealed lighting is generally employed
for dashboard illumination, lamps being
mounted behind the facia board and controlled by a tumbler or pull-push switch.

Ammeter Connections.
An ammeter, of the moving-iron type,
centre zero, may be mounted on the head
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lamp of a motor cycle or on the switchboard of a car, to indicate the charge to, or
discharge from, the battery. The current
required for ignition, regulation lamps,
and dashboard lights is tapped off on
the dynamo side of the ammeter, whilst
intermittent circuits such as starter,
control, horn, screen wiper, and direction

instrument is connected in the dynamo
circuit and does not indicate the charge to
the battery.

Maintenance of Car Switchgear.
Little maintenance is necessary on car
switchgear. Where the moving contact is
of the moulded disc type with brass
inserts, tracking may
occur after considerable
use and cause partial
shorting betwe en contacts. Scraping and
polishing the surfaces of
the disc will remedy this.
Spring contact fingers
should be made of hard
springy phosphor bronze,
and when found to be
soft, or cracked at a bend,
they should be replaced
without delay, as no
attempt at rectification
is likely to be successful. Sweated connections
should not be made
directly to contact blades,
as the soldering operation
will soften the contacts
and make them ineffective.
Precaution to Take After
Soldering.
After soldering to a
fixed contact the surfaces
should be thoroughly
cleaned, as the flux may
have spread and formed
an insulating film over
the contact. Tension or
compression springs,
either spiral or flat, when
forming part of a switch,
should not carry current,
Fig. 2.—TYPICAL WIRING DIAGRAM FOR MOTOR-CAR ELECTRICAL as this may soften them
EQUIPMENT.
and diminish their springiShowing position of switches and their connections.
ness. Where they are
in the circuit, an alternaindicators are connected directly across tive path should be provided by means of a
the battery and are not indicated on the flexible copper wire or other conductor.
Switch contacts on car circuits are usually
ammeter.
It should be noted that c.p. equipments of like polarity, but when a terminal
on commercial vehicles do not as a rule or contact of opposite polarity is adjacent,
include an ammeter, but when used, this the insulation should be arranged so as
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to prevent accidental bridging
between it and
the switch contacts.
Size and Position
of Switches.
Contact surfaces should be
proportionate to
the current to be
carried and high
conductivity
metals employed; for instance, assuming
Fig. 3 —BACK OF BOARD CONNECTIONS ON SWITCH PANEL.
a current density
of 200 amperes
per sq. in. and a circuit current of ro tion of the barrel for each position, and
amperes the surface of the switch making if no check is felt during movement of
the switch handle, this device requires
contact should be
adjustment.
10
____
sq. in.
200
20
Barrel type switches, similar in concep- Loose Connections.
tion to drum controller switches, require
Loose connections at switch points are
accurate positioning owing to the small a frequent source of trouble, and this can
angular movement between each step. be minimised by occasional inspection and
Contact fingers bent out of position may tightening of screwed terminals.
On motor cycles and cars recent practice
cause open circuit, or make contact out of
step and complete the wrong circuit. A has shown considerable improvement in
spring ball device provides accurate loca- the method of laying out the wiring of the
electrical equipment. This has been
effected by harnessing groups of
Co,,..
cables in a loom of cotton braiding.
0

L44403

BATTERY

X

Cur-Our
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SCREEN W/PER
—/ "--(0 o)

DYNAMO

Fig. 4.—DIAGRAM OF CONNECTIONS SHOWING TAPPINGS
TO LAMPS AND COIL ON DYNAMO SIDE OF AMMETER
AND TAPPINGS TO HORN, ETC., ON BATTERY SIDE OF
AMMETER.

Size of Cable.
Single-pole wiring has been
adopted extensively for cars and
mctor cycles, especially with coil
ignition, but double-pole wiring is
more general for commercial vehicles.
The Standard Specification for
automobile cables, published by the
British Engineering Standards Association, gives particulars of cores and
coverings of cables for various purposes, such as dynamo, battery,
starter and lamp connections, and
these sizes should be adopted for
cable layouts wherever possible.
Lamp cables for instance should
be single or twin 14/.o12 in. (or
equivalent section of finer wires),
insulated with vulcanised india-
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are made to suit
the particular
terminal to which
they are to be
attached. Tags
should be used
wherever p o s sible to prevent
the ends of the
wires from fraylammtniall
ing out and shorting on to other
terminals.
../uNorton,
Earth Return
Box
Systems.
5.—DIAGRAM SHOWING METHOD OF HARNESSING CABLES.
On earth return
rubber of not less than .025 in. thick, systems, every unit of the electrical
lapped with oil and water resisting var- equipment must be effectively grounded.
nished cambric tape with 5o per cent. The flange or other mounting of the
overlap, braided with cotton and protected dynamo and starter should be free
with oil, water and fire resisting compound. from paint or rust, and the two surDynamo and switchboard feed wires should faces in contact quite clean. An
have 35/.o12 in. cores with similar cover- earthing lead will be required from the
ing. It is of course necessary on 'buses battery to the chassis and the same
and other vehicles having a high lamp load precaution regarding contact is necessary
to employ larger cables than those spe- at the chassis terminal end. This terminal
cified for cars, and the ratings and grades should have a large area of contact
of cables employed for house wiring are surface where bolted to the frame and the
usually adopted for this class of vehicle, cable lead must have as large a section as
although it is preferable for the cores to the starter cable. Inter-battery cables
be made up of .012 in. copper strands to must also be of this section when the
obtain the requisite flexibility.
battery is split up into two units, and
How Multi-core Cables are Made Up. it is advisable to use rubber sleeving
Multi-core cables for connection between switchboard,
distribution box and steering
column switches are made up
of rubber covered cores, of
different colourings for easy
identification, all taped together with cambric tape
and then braided to within a !" dia
few inches of the terminals. ce.
Intermediate connections to
points between the switches
and junction box are brought
out through the braiding and
either separately braided or
enclosed in sistoflex. The
ends of the braiding are bound
round with cotton and the
covering is then doped with
BATTERY To SoL.
water, oil and fire resisting
Fig. 6.—BATTERY AND STARTER CABLES.
varnish. The ends of cables
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on all cables attached to or
adjacent to batteries, to protect
the cables from damage by acid
fumes.
How to Fix Starter Cables.
Starter cables should be as
short as possible and the weight
of the cable taken by cleats so
that there is no drag on the
terminals. Cables taken through
holes in the frame, scuttle, or
body, should be protected by
flexible metallic tubing, especially
at sharp bends or between parts
having relative movement.
Rubber bushings should be used
to prevent rattle at the points
where the tubes go through
the frame. Metal ferrules at the ends
of the tubes prevent the edges from
fraying the cable. Cable harness and
cables should be cleated to the frame, the
separate cleats being spaced so as to
avoid relative movement between cables
and frame. Exposed wires leading to
head, side, tail, spot, fog, or other lights,
should be enclosed in flexible metallic
tubing.
Providing one end of this tubing is
fixed to the body of the lamp and the
other end to the chassis and makes good
metallic contact, then single pole wiring to
these points can be used satisfactorily,
the metallic tubing acting as the earth
return wire.

Fig. 8.—A TWO-WAY CONNECTING BLOCK.
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Fig. 7.—A TYPICAL FOUR-WAY FUSE Box.

Braided Cable for Exposed Lamp Connections.
Where braided cable is used for exposed
lamp connections, a 3-point junction box
at either side of the chassis for side and
head lamp cables will make it possible to
employ double pole wiring from the
junction box to each lamp. This not only
gets over the difficulty of obtaining a
satisfactory earth connection from the
wings and lamp brackets to the chassis,
but also enables the lamp wires to be
easily disconnected when the wings have
to be taken off or should there be a break
in the leads. Tail lamp connections can
be easily made adaptable for either English
or Continental conditions by the provision
of a lamp bracket on the near side in
addition to the usual one on the off side.
By using a small junction box at the
rear end of the chassis, altern4tive leads
to either bracket position can be wired up
as required.
Use of Fuses.
Mounting the cut-out directly on the
dynamo will reduce the amount of cabling
required and when a shunt field fuse is
embodied in the cut-out housing a further
reduction can be made. On earth return
systems particularly it is advisable to fuse
any circuit on which it is possible for
extensive damage to occur through a
short. As the whole of the chassis frame
acts as one pole of the system, it is only
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necessary for the insulation of any wire
on the battery side to be pierced and
permit contact between the cable and the
frame, for the battery to be short circuited
and cause extensive damage through
overheating.
The introduction of fuses into these
circuits will, of course, prevent damage,
apart from blowing the fuses, should a
cable become earthed. By using a well
designed distribution and fuse box located

much more accurately calibrated than the
odd pieces of wire which may be used to
substitute plain wire fuses.
The fusing value of fuses used on car
circuits is twice the normal current, that is,
on a 5-ampere circuit the fuse should blow
at io amperes. The fuse marking in this
instance will be io amps., i.e. the fusing
rating. The distribution box terminals are
usually numbered, lettered, or coloured, to
correspond to the various circuits and with
the aid of a wiring diagram no
difficulty should be experienced in making the correct
connections. When any doubt
arises regarding the disposition
of any disconnected lead, the
other end should be traced
through, by means of the
colour, or with the aid of a test
lamp, and the connection made
to the terminal having the
like number, or letter, to the
one at the fixed end.
Points to Remember When
Wiring a Chassis.

When wiring a chassis it is
essential to test each circuit
for earths and continuity, to
have each terminal connection
clean and tight and to avoid
cutting through the cable
insulation with cleats or sharp
bends. At points where adjacent terminal sockets are
liable to be pulled into contact with each other, or with
Fig. 9.-CUT-OUT AND JUNCTION BOARD WITH FUSES.
the frame, it is a good plan
on the scuttle and conveniently placed to provide rubber sleeving over the
relatively to the switchboard, steering cable and socket, as close up to the
column, and dynamo, the length of cables terminal as possible, or to cleat the cables
can be minimised, each circuit can be so as to prevent side movement of the
conveniently traced, and the location of sockets. Although the cables are flexible
faults on the system considerably simpli- they are not elastic, and sufficient slack
must be left at any part of the wiring
fied.
where relative movement may occur
Type of Fuse to Use.
between the points at which the cables are
When spares are readily obtainable, the fixed. This should be particularly noted
cartridge type of fuse is to be preferred as on cars where the wings are attached to
it is more easily detachable and is probably the steering gear and not to the frame.
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REPAIRS TO DOMESTIC ELECTRICAL
APPLIANCES
HAVING MICA WOUND HEATING ELEMENTS
By BLYTH LAWRENCE
plate being distorted. When that is the
case a really satisfactory and reliable
repair job is very difficult to ensure.
Secondly, spare heating elements for
continentally made appliances generally
have to be obtained from abroad. That
means delay and expense, even if the
maker's name and address can be traced,
which is by no means always the case.

ROM the standpoint of repairs
electric kettles and similar apliances may be classified into three
groups : (a) Those that are not worth
repairing, owing to the excessive expense
that would be incurred or to the nature of
the damage ; (b) those that can be
satisfactorily renovated by retail electricians ; and (c) those that can most
economically be returned to the makers
for repair. This grouping is obvious ; the
allotment of a particular kettle or appliance to its proper class according to
the damage done is not always quite so
simple.

F

First Make Sure
the Repair is
Worth While.
In general the
cheap continental
makes of domestic
appliances, such as
are extensively
sold in this country
and brought home
by holiday visitors
to European
countries, are not
worth repairing at
all. There are two
main reasons for
this. First, such
appliances, being
cheap, are usually
light and flimsy.
Consequently
damage due to
their boiling dry—
a common source
of trouble—
generally results in
the bottom or base

Fig.

I.—UNDERSIDE OF

Making a Special Element.
Alternatively, an element has to be made
specially to fit the appliance. Mica sheets
have to be obtained and cut to form. The
size and length of resistance wire or ribbon

AN

ELECTRIC KETTLE WITH BOTTOM COVER REMOVED.

(Sunray Tricity.)
Showing method of loosening nuts holding the element tails in position.
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must be carefully calculated to obtain the
correct wattage at the voltage on which
the appliance is to be used. Then the
wire must be wound on the mica former in
such a way as to secure uniform distribution, and end leads and mica cover
sheets provided.
Making up single elements in this way
is notoriously expensive. It may even be
found that by the time the new element is
made and fitted the aggregate repair cost—
taking into account all legitimate charges
such as materials and labour, overheads,
and a reasonable profit—may equal or
exceed the price paid for the appliance
when new. At best the repair bill is
likely to be out of all proportion to the
value of the appliance. In such circumstances even a good repair job will leave
the owner of the appliance annoyed and
dissatisfied.
The advice—leave the repair of cheap
continental makes of electric appliances
severely alone (and some of the lowerpriced British-made products may be
included)—is supported by general experience. Some customers may be occasioned initial disappointment, but an
estimate, and explanation thereof, will as
a rule readily induce them to see the
matter from the correct angle. In any
case if they still insist on the repairs being
executed no grounds then exist for subsequent complaint on the score of excessive
cost.
Likely Faults to Look For.
Casual examination of an appliance
brought in for repair will generally
determine straight away whether it is
necessary to return it to the makers for
the purpose or not ; i.e., whether it falls
within group (b) or (c) of the classification
set out at the commencement. If anything more extensive than the replacement
of a burnt-out element is required it will
normally be a job for the makers. That
is because more serious damage usually
means that the appliance has been badly
overheated, as the result of some misadventure such as current being left
switched on when it is empty.
Probably the solder holding the clamping
studs in place, and possibly the bottom
plate of the appliance also, has melted and

run out, with the consequence of loose studs
and leaks ; the bottom plate may even
have fallen right out. Furthermore, the
body of the appliance will have become
discoloured by the excessive heat and the
lacquer finish burnt off in places. Damage
of this nature can, of course, be put right
by anyone skilled in the use of a soldering
iron, polishing and lacquering, etc. But
generally the manufacturers, with their
greater facilities and experience, can
handle repair jobs of this magnitude
more effectively, and, what is
just as important, more economically,
even taking into account postage charges
to and from the factory.
See that the Bottom Plate is Flat.
And there is one other point to note.
It is of the utmost importance that the
appliance bottom against which the elements are clamped should be absolutely
flat. Overheating to the extent indicated
above is very likely to produce distortion,
and if this is not removed before a new
element is fitted a speedy burn-out is the
probable result. An incidental advantage
of sending the appliance back to the makers
in such a case is that they will most
probably regard it as more satisfactory,
and cheaper, to fit a new bottom plate,
rather than attempt to straighten out the
damaged one, as would be done if the
repair were handled locally. And that,
as indicated, makes for reliability and
satisfaction to all concerned.
SIMPLE REPAIRS.
Having defined in some detail groups (a)
and (c) of the classification, group (b) is
arrived at by a process of elimination.
It embraces appliances worth repairing but
not sufficiently badly damaged to necessitate them being sent to the manufacturers. Many of the commonest troubles
are associated with split terminal pins.
These may have become pressed together
by careless fixing and removal of the
connector, resulting in loose contact ; the
pins may have been damaged mechanically ; or they may be loose due to the
fixing nuts having slacked back. Then
the principal electrical faults include—the
element wire being broken off close up to
the terminal ; breakdown of the insula-
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tion—broken beads or faulty mica—
resulting in the body of the appliance
becoming " alive " ; and the resistance
wire burnt out. Repairs of any of the
above groups of faults are comparatively
simple and straightforward.
The work involves one or other or both of
two operations. (r) Removal and refixing of
the split pin terminals ; and (z) Removal
and replacement of the heating element.
Both these opera ations need only
care and common
sense. The procedure is described below in
detail, an ordinary type of
electric ket t 1 e
having been
selected for the
purpose of providing a concrete
example. But, as
will be made
plain later, the
instructions
given are in principle applicable
to practically any
class of appliance
having micawound clampedon elements.
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tightly fixed owing to the heat to which
they are exposed in use and if the pliers
slip there is the probability of breaking
the beads insulating the element tails.
Loosening the Nuts.
For loosening nuts x and y a spanner of
the correct size should be used. Another
precaution that it is advisable to take is
to hold nuts a and b with a second spanner

Dismantling the
Appliance.
Fig. i shows
the underside of
Fig. 2.—REPLACING A HEATING ELEMENT IN AN ELECTRIC KETTLE.
(Sunray Tricity.)
an electric kettle,
Showing how a box spanner is used to unscrew the nuts holding clamping
the bottom cover
plate having been plate.
removed. A and
B are the split pin terminals. They are in- before applying pressure to x and y. If
sulated from the side of the kettle by the the second spanner is not used there is a
mica washers shown and clamped in posi-, possibility of the terminal pin screwing
tion by the nuts a and b. The nuts x y con- round in its seating, with resultant damage
nect the element tails (or end connections) to to the mica insulation washers. For the
the terminal pins ; these tails are commonly same reason when it comes to slacking
bead insulated as shown. The first step back nuts a and b, the terminal pin should
in removing a terminal pin is to disconnect be fishily held in a pair of pliers to prevent
the element tails, for which purpose nuts rotation when pressure is applied to the
x and y must be slacked back or removed. spanner.
Do not attempt to do this with a pair of
Again, care must be taken that the
pliers, because the nuts may have become jaws of the pliers do not cut or other-
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wise damage the pins, as that would lead
subsequently to bad contact between the
pins and the connector sockets. To
protect the pins strips of lead, brass or
similar soft metal should be inserted
between the jaws of the pliers and the pin.
Furthermore, if the pins are split they
should not be gripped in such a way that
the two halves are pressed together, but
with the slit at right angles to the jaws of
the pliers.
Don't Damage the Insulation Materials.
The precautions cited above should, of
course, be taken in exactly the same way
when replacing a terminal pin and/or connecting up the element tails. The guiding
principle is—avoid all risk of damaging
the electrical insulation materials. And
an obvious corollary is—do not lose any
of the insulation beads off the element
tails. A useful precaution in this connection is to twist a loop in the end of the
tail as soon as the wire has been disconnected from the terminal pin, no beads can
then drop off and be accidentally lost.
Should, however, any beads be broken or
lost they must be replaced by new ones
before the tails are reconnected up. Do
not on any account neglect that point.
With any section of the connecting tails
bare of insulation there is always a
possibility that the jolts and jars to which
the kettle is subjected in everyday use may
result in accidental contact to the body,
thereby making the kettle " live," or of
" shorts " between the tails, or from the
bare tail to the adjacent terminal pin. If
there is enough slack in the tail it is
permissible to take up the bare length
exposed by one or two broken beads when
making off at the terminal pin. The
guiding principle is that the tail must be
to a degree flexible and must be insulated
by beads throughout its length.
Replacing a Heating Element.
The first step to replacing a damaged
heating element is to disconnect the tails
from the terminal pins as described above.
The nuts holding the clamping plate in
position must then be slacked back. For
this operation the use of pliers should
again be avoided ; the proper tool to use
is a box spanner (see Fig. 2). Do not un-

screw one nut completely, and then the
next, and so on. All nuts should first be
slacked back about a quarter turn, and
they should be dealt with in such order
that opposite points on the clamp plate are
relieved of stress alternately.
This procedure avoids the risk of the
element and its mica insulation being
damaged during removal. That may not
appear to be of much importance if the
element is subsequently to be scrapped,
but sometimes it may be feasible to repair
it ; and the right way is always the best
way of doing any job. Having slacked
back the nuts until the clamping plate
is relieved of all pressure they can be
removed from the studs and the plate
lifted off. If the plate shows any tendency
to stick, lever it up slightly at the four
corners in succession until it is free.
Similarly, if the mica encased element
sticks, prise it off carefully and when
lifting it away see that the mica does not
catch in the threads of the studs and
pieces flake off.
Precautions in Reassembling.
The new element, or the old one
repaired, should be fitted in position with
meticulous care to avoid damaging the
mica insulation. The clamping plate
should then be fitted and one nut (near
the centre) screwed up just sufficiently to
hold it in position. The rest of the nuts
should then be screwed down on to the
clamp plate, but not sufficiently tightly as
to apply pressure. Next, using a box
spanner, tighten up the nuts by one half
or quarter turn at a time, first those in
the centre and then those on the outer
edges in the reverse order to that in
which they were removed. The " feel "
of the spanner will indicate that the
pressure applied to every nut is approximately uniform.
Tightening the Nuts.
By following the procedure indicated
the element will steadily be gripped more
and more tightly between the kettle
bottom and the clamping plate, and under
uniform pressure over the whole area.
That is the factor that is of vital importance to the subsequent life of the element.
If, for instance, the nuts on one side of the
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clamping plate were first tightened up to
their full extent, then those on the opposite
edge and in the centre, the resultant
unequal pressure would " nip " the element
at some points and leave it comparatively
uncompressed at others.
Connecting Up the Element Tails.
Thus, the expansion and contraction
that takes place on alternate heating and
cooling during normal use of the kettle
would produce unequal movements of the
parts of the element tightly and loosely
clamped—a condition which quickly results
in the element burning-out, or rupture of
the insulation media. It is not too much to
say that, apart from the quality of the
materials used, the one factor on which
the long life of mica-wound heating
elements depends is the tightness and
uniformity of the pressure by which they
are clamped in position. The final operation in fitting a new kettle element is, of
course, connecting up the element tails to
the terminal pins—taking similar precautions to those described in respect of
disconnection as discussed earlier on.
A Note on Supply Voltages.
When a new element is to be fitted to a
damaged appliance a point to watch is the
supply voltage—not necessarily what it
is at the moment but what it may be in a
few weeks' or months' time. As is well
known, all over the country to-day supply
voltages are progressively being brought
into line with the standard pressure
authorised by the Electricity Commissioners, viz. 23o volts. In an area where
the present voltage may be 210, 220,
240 or 25o volts but which may be
standardised in the near future, it
is better to fit an element which
will be correct for 23o volts when it
arrives. Of course, this suggestion should
not be carried to an extreme. Running
a 23o-volt element on 25o volts represents
rather a heavy strain, and if continued
too long will lead to the element breaking
down comparatively soon. The overloading might not have any markedly
adverse effect over a period of, say, three
months. But if the advent of standard
pressure (230 volts) is much further ahead
than that then an element appropriate to
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the existing supply pressure should be
fitted. A broader licence in time can be
allowed where the variation from standard
pressure is only, say, io volts, i.e., 220 or
240 volts.
Variations in Design.
It is but natural that the detail construction of individual makes of electric
kettles and similar domestic electric
appliances differs widely. Not all,
even, are equipped with mica wound
clamped-on elements ; heating elements
may be of the immersion, sheathed
wire, or other types, fitted actually
inside the water space. Then, again,
the methods of fitting clamping plates
are diverse ;
porcelain bushes in
place of mica washers may be used for
insulating the terminal pins ; bare strip
or rod connections may be used between
the element and the terminal pins in place
of flexible bead insulated tails ; and so on.
But the foregoing notes have been compiled primarily to bring out the points in
respect of repairs to kettles and similar
appliances that should receive most attention. The detail instructions given may
be applicable in only a proportion of the
appliances that have to be dealt with, but
the guiding principles are the same in
every instance. Follow these and with
common sense there is no reason why a
good repair job should not be effected no
matter in what respect the detail construction and arrangement of the elements may
differ from those discussed.
" Safety " and " Automatic " Kettles.
Nothing so far has been said about
" safety " and " automatic " types of
electric kettles. These are quite common
nowadays and their distinctive feature is
the incorporation of a protective device
which functions automatically to cut off
current if the kettle should accidentally
boil dry, or if it should be plugged on to
the supply current when empty. In
general such devices are a great boon.
But individual makers' designs differ
fundamentally in operating principle,
design and construction. Most require a
rather delicate adjustment. When they
go wrong it is perhaps best that the
manufacturer handles the repair job.
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MOULDED COMPOSITIONS
AS USED IN THE ELECTRICAL INDUSTRY
N outstanding development of the
last decade has been the largescale production of moulded
insulating parts. These have invaded the
fields held previously by other materials.
For example, tumbler-switch bases,
hitherto constructed of porcelain with
brass covers, can now be produced entirely
from bakelite. The application of bakelite
and other moulded compositions is not
restricted to electrical engineering, however : many useful and beautiful articles
for domestic purposes are now produced
by this means.

A

Essential Components.
The essencomtial
ponents of
moulded compositions are
binders,
(I)
(2) fillers,
(3) pigments
and other
colouring matter. The usual
method of
manufacture is
to mix the
three ingredients intimately, mould the
mixture in
suitable
moulds under
pressure and
heat.
apply
The result is
a moulding
capable of
reproducing
quite complicated forms

cheaply and in large quantities.
Common Forms of Binders.
The most commonly used natural
binders are shellac, copal, rubber, oils,
bitumen and cement. The synthetic
resin, bakelite, and to a smaller extent
glyptal, are extensively used, as they
can be controlled to give definite results
and readily produced in a variety of
different qualities. The synthetic resin
binders have a peculiar property : initially
soluble and easily moulded, they are
transformed by
heat to a hard,
durable condition, capable
of taking an
excellent finish.

Fig. 1.—A TYPICAL GROUP OF BAKELITE MOULDINGS
OF ARTICLES USED IN THE ELECTRICAL INDUSTRY.

(Moulded Products Ltd.)

Fillers and
Pigments.
The filler used
for making the
mouldingdough
depends upon
the use for
which the
moulding
is
required. Most
low-voltage
mouldings employ wood flour,
or wood very
finely ground.
The material is
cheap and can
produce a good
smooth finish.
Where greater
mechanical
strength is required, cotton
flock and
chopped rags
can be used :
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these give a tougher moulding. High- other ingredients to soften the " dough "
temperature mouldings use ground and make it conform more closely to the
mica, asbestos or a clay. Asbestos sides of the mould. Litharge and lime are
gives mechanical strength, as its fibrous used to reduce the time of vulcanization.
character tends to knit the moulding Although rubber mouldings do not attain
together. Mica, on the other hand, is a good surface directly, they can be easily
flaky even when finely powdered, and the machined and will take an excellent polish.
resin does not adhere well to the particles, Telephone receiver parts are commonly
unless shellac or glyptal be used.
made from vulcanized rubber mouldings
Colouring pigments or dyes are not
Portland Cement is a cheap and useful
essential electrically, but are put in binder. Mixed with asbestos fibre and
generally for the sake of appearance. moulded into sheets, tubes, etc., it serves
Earths, metallic oxides, etc., are used for as an excellent material for arc and fuse
colouring purposes, just as for oil paints.
shields. In many cases the tube enclosing
the fuse wire in small fuse carriers is a
Types of Moulded Compositions.
cement-asbestos product. Its insulation
Shellac is used as the binder in many value is low, but its resistance to damage
mouldings of best quality. It will repro- by arcing renders it valuable for this
duce complicated shapes very faithfully, purpose and for flash guards. Another
and has great durability. The most use is for lining cast-iron switch cubicles.
Synthetic Resins are more reliable than
commonly known non-electrical shellacbase mouldings are gramophone records, natural products, for their manufacture
the manufacture of which absorbs most and constituents are under complete
of the world supply of shellac. A small control, whereas natural substances have
acquaintance with the physics of sound to be taken as found. Mouldings of
will enable the reader to realise the synthetic resin base are superior to most
wonderful accuracy of the minute irregular- others in strength and especially in finish.
ities on the record which permit the sound They will take complicated shapes and
to be reproduced. If necessary, the same can be produced to resist all the conditions
accuracy and durability can be attained likely to be encountered in electrical uses,
for electrical ends. A moulding composi- with the exception of resistance to arcing.
tion containing pure shellac as a binder is
Resins are usually supplied to the
rather expensive. Where possible, the moulders by the manufacturers as mouldshellac is adulterated with copal or bitumen. ing powders, ready mixed with the filler
A shellac-copal-wood flour and a shellac- and pigment. A common composition is
bitumen-asbestos mixture are common. equal parts of bakelite " A " and wood
Shellac demands a hot moulding process flour.
for the same reason that micanite is
Stainless steel moulds are used. These
moulded hot ; shellac softens with heat. have to be very carefully designed to
This fact prevents shellac being used for avoid sudden changes of section, sharp
corners, holes, etc., avoiding, especially,
heat-resisting mouldings.
Bitumen, with a drying oil and asbestos the use of loose core pieces. With simple
filler, moulded when cold, is commonly moulds the process becomes a quick one.
used for cheap mouldings, such as plugs The moulds are charged with powder
for electric flat-irons. It resists heat and and moulded under pressure at a temperais fairly tough, but does not take a good ture of 175° C. for a few minutes.
finish. It is recognisable by its brownblack colour and slight tendency to fibrous Another Method of Moulding.
Another method is to press the powder
crumbling.
Rubber as a binder has been known for into shape first by a cold pressing process,
nearly a century. The use of sulphur with and then to transfer the block to the hot
a filler for vulcanization can actually be mould for the conversion of the resin to its
used as a moulding and hardening process. final form.
The fillers used with rubber are chiefly
When a synthetic resin is heated, it
zinc oxide and French chalk, with certain melts and liquefies. With rising tempera-
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ture the liquid becomes sticky and
viscous and finally hardens permanently.
It can no longer be melted on account of
chemical change in the material : it will
now withstand high temperatures without
damage. A great deal of ingenious
chemical research has been prosecuted to
obtain various qualities and characteristics,
particularly that of rapid moulding. In
modern processes the time is 45 seconds
upwards to a few minutes.
Mouldings Made From Bakelite.
Mouldings of synthetic resins of the
bakelite class have become so commonplace in all branches of engineering production that a summary of their admirable
properties would not be out of place.
To begin with, they reproduce the
surface of the mould with complete
fidelity. Thus the high polish of the
moulded surface as it comes straight
from the mould is only limited by the
finish of the mould itself. Steel moulds
are capable of taking a mirror-like surface
and the bakelite moulding acquires

the same high finish automatically.
All mouldings from the same mould are
identical in size, finish and quality.
Metal inserts (e.g., small screwed holes
in brass parts) can be moulded in, and the
moulding can be taken from the mould
quite ready for use, except for removal
of the " fin " left at the junction of the
two halves of the mould.
Screw-threads.
Bakelite mouldings can be drilled,
tapped and machined : but these processes
can very often be done in the mould
itself, for bakelite will take excellent
screw-threads.
Mouldings can be manufactured to
withstand large electrical stresses and
high temperatures. For this purpose they
may be stoved after moulding at 13o° C.
for 2 to 4 days.
Finally, bakelite mouldings are light,
strong, non-hygroscopic, unaffected by
immersion in water, uniform and homogeneous, and durable for an indefinitely
long period.

COMPOSITION OF PASTE FOR POSITIVE AND
NEGATIVE PLATES OF A LEAD STORAGE BATTERY
Positive Plates.
The following ingredients are required :
4 parts by weight red lead (Pb 304).
r part by weight litharge (Pb0).
i part by weight sulphuric acid (1.12
specific gravity).
Add the acid gradually to the mixture
of red lead and litharge, stirring well until
a fairly stiff paste has been formed.
Thorough mixing is essential, and care
must ba taken not to make the paste too
thin.
How to Apply.
Place the grid on a flat board and use
a scoop to place the paste in the grid.
A wooden spreader should then be used
to force the paste into the pockets of the
grid. A piece of newspaper is then placed
on top of the plate, and another flat board
on top of that. This enables the plate
to be turned over so that it can be pasted
on the opposite side.
Drying.
Stack the plates carefully in a warm

room to dry. After three or four days
dip the plates in sulphuric acid 1.25 specific
gravity and redry.
Paste for Negative Plates.
Use the following ingredients :5 parts by weight litharge.
r part by weight of I.Io specific
gravity sulphuric acid.
Mix, apply and dry as for positive
plates.
For a high rate discharge cell the paste
for the negative plates can be varied as
below :—
Litharge 99.96 per cent.
Lamp black .03 per cent.
Wood flour .01 per cent.
One-sixth of the total weight of the
above of 1.10 specific gravity sulphuric
acid.
Forming the Plates.
Use acid of 1.12 specific gravity, charge
at the rate of about .02 amp. per square
inch of the plate area, counting both sides
of the plate.
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CARE AND MAINTENANCE OF
ELECTRICAL MACHINES
By ROBERT RAWLINSON

Fig. I.—A MOTOR-DRIVEN CARPENTER'S SHOP.

This is an out-of-date arrangement but is typical of many drives which still exist in small shops.
It shows the conditions which the maintenance engineer must combat. Note particularly the dust.
(Metropolitan-Vickers.)

FTER an electric motor has been
properly installed and set to work
it requires very little attention
to keep it in good working order. Given
periodical cleansing and lubrication, together with an occasional inspection to
ensure that all is correct, a motor of
efficient design will work for many years
without trouble, and the only vital point
regarding the maintenance of electrical
machinery is that every operation and
adjustment should be carried out along

A

approved lines. This is essential, because
of the fine clearances and delicate insulating
material which it is necessary to use in the
manufacture of efficient machines.
Cleanliness is Essential.
Let us consider the steps which should
be taken to maintain the driving motors
of a factory in good working order.
To begin with we may say that cleanliness
is one of the first essentials for trouble-free
service and long life. Insulation failure
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can nearly always be traced to the presence
of moisture, oil, grease, dirt or dust, and
the same injurious matter is also responsible for many mechanical troubles, as in
the case of bearings to which grit has
gained access.
Remove Any Deposit of Dirt or Dust
Immediately.
It follows, then, that any deposit of
dirt or dust should be removed immediately
and that every precaution should be taken
to prevent water dripping on to a protected
type motor from a leaky roof or from the
condensation of steam or atmospheric
moisture on a gla ss or iron roof ; any oil
leakage or grease which exudes from the
bearings should also receive prompt attention.

Fig. 2.—A PORTABLE BLOWER FOR MAINTENANCE
WORK.
This little machine delivers a strong blast of
air for blowing out motors and generators, and
it is rapidly superseding brushes and bellows for
routine maintenance work. When blowing out
a machine with a compressed air hose, special
care should be taken to see that any water
which has condensed in the air piping is blown
away before the blast is directed on to the
motor ; if this is not done the water deposited on
the insulation may be sufficient to cause a
breakdown. (Martindale Electric Co., Ltd.)

Dismantle Periodically for Thorough Clean•
Every machine should be dismantled
from time to time and thoroughly cleansed,
and, although conditions vary, it will pay
to do this every 12 months at least, while
motors working under dusty and dirty
conditions should receive more frequent
attention.
Time Between Dismantlings.
In any case, the time between dismantlings will have to be regulated by
experience of the actual site conditions,
but it may be taken as a fact that the

motor cannot be kept too clean and that
the periodical cleanings cannot be carried
out too often, within reason.
An Example of Periodical Maintenance
Procedure.
The present practice in' this important
matter, as applied to their power-station
motors by most large electricity authorities,
is as follows. Once a week the motors are
freed of all loose dust and dirt, this being
blown out by means of a compressed air
hose, an electrically driven blower, or
a pair of bellows ; care is taken to direct
the air stream so as to blow all dust out
of the motor and not further into it,
and at the same time any oil or grease
leakage is removed.
What the Weekly Procedure Does.
This weekly procedure serves to
keep the machine in a reasonably clean
state so that when the times comes
for the annual dismantling and thorough
cleaning, there is very little loose
dust in the motor, that which remains
being in the ventilating ducts and passages.
Removing Loose Dust by Means of a Pipe
Brush.
This may easily be removed by means
of a pipe brush, together with compressed
air, etc., as before, and all interstices
between the windings may be thoroughly
cleansed at the same time. The annual
cleansing period is also taken advantage of for mechanical and
electrical inspection, adjustment and
repair.
Precaution to Take when Using Compressed Air.
A word of warning regarding the use of
compressed air hoses will be in order at
this stage. When blowing out a machine
with a compressed air hose, special care
should be taken to see that any water which
has condensed in the air piping is blown
away before the blast is directed on to the
motor ; if this is not done the water deposited
on the insulation may be sufficient to cause
a breakdown. The air hose itself should
supply air at not more than about 25 lb.
per sq. in. pressure ; any stronger blast
will tend to blow the dust into, rather
than off, the windings. A hose of about
fin. diameter is usually sufficient and a
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flexible length of about 8 to io ft. attached
to the end of the air piping will allow the
operator to reach every part of the motor
in the case of all except the very largest
machines. When blowing out a motor,
any other machines in the vicinity should
be protected against the flying dust by
means of sheets or other suitable shields.

The Weekly Cleaning of Ventilated Motors.
The weekly blowing out of a ventilated
motor is a perfectly straightforward job ;
it is only necessary to remove one or more
of the covers which are screwed or hinged
to the end brackets of the motor and access
is gained to the end windings and ends of
the core. The air blast should be directed
on these portions and its use should be
continued until no more flying dust is
observed to be issuing from the motor and
until all visible parts appear clean. If
there is any leakage of oil or grease from
the bearings, it should be carefully removed
and if the motor is of the slip ring or D.C.
type the brushgear should be inspected and
cleansed in line with the instructions given
later.
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type of motor there are two ventilating
fans and two flows of cooling air. One
fan drives the external (or local) air through
a series of cooling passages in the stator
core, and this fan is usually situated at the
driving end of the motor and picks up
the air from that end, exhausting at the
far end of the machine. Interlinked with
this flow of cool local air, but entirely
isolated from it, is a circulation of the air
which is enclosed within the motor casing
proper and a fan is fitted on the rotor shaft
which drives this interior air through a
circuit consisting of ducts in the rotor

Cleaning Totally Enclosed Motors.
A totally enclosed type motor need not
be opened up every week for cleaning the
windings since there will be little or no
dust within the motor casing providing the
covers fit reasonably well and the dust is
not abnormally fine. The weekly cleansing should be confined to removing any
deposit of dust or dirt which is adhering
to the outside of the motor, and attention
should be directed, as before, to any
grease or oil which is leaking from the
bearings. The brushgear should receive
weekly cleaning, even when it is totally
enclosed.

Totally Enclosed Fan-cooled Motors.
This type of motor is becoming increasingly popular since it has definite
advantages over the plain T.E.-type—
due to its special form of ventilation—
being smaller, cheaper and lighter ; at
the same time, all windings and vulnerable parts are completely enclosed from
contact with dusty or fume-laden air,
and in this respect it resembles a normal
T.E. machine. In the latest designs of this

Fig. 3.—BLOWING OUT A LARGE MACHINE.
The blower shown in Fig. 2 is here seen at
work cleaning the brushgear and windings of a
large machine. (Martindale Electric Co., Ltd.)

and a series of air passages between the
back of the stator punchings and the outside casing of the machine. By these
means, the heat dissipation of the motor
is increased to a considerable extent and
its output is, in consequence, much greater
than that of a normal totally enclosed
motor of the same dimensions.

Cleaning T.E.F.C. Motors.
It will be clear from the above that
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Fig. 4.—SWEEPING OUT A DUST EXTRACTOR ENDSHIELD.
The majority of the dust which is suspended in the cooling air is trapped in the specially shaped
endshield which is arranged to swing outwards for easy cleaning, as is shown here.
(MetropolitanVickers.)

so far as cleaning is concerned, the T.E.F.C.
motor is intermediate between the ventilated types and the T.E. form, and it
follows that the cleansing procedure should
be adapted accordingly. The outer air
circuit which carries the contaminated
local air should be cleaned out each week
and at the same time the brushgear should
be looked to. The internal parts of the
motor need not receive any greater
attention than a normal T.E. machine ;
that is to say, an annual inspection will be
quite sufficient providing other conditions,
such as fineness of dust, have not a preponderating influence.
Opening up a T.E.F.C. Motor for Cleaning.
In the latest design of T.E.F.C. motor
developed by the Metropolitan-Vickers
Electrical Co., Ltd., special and novel
arrangements are made to assist the maintenance engineer. The end guards are
hinged so that they may be lifted and
brushed out, and in addition to this the

guard at the fan end is so shaped that it
forms an efficient dust extractor which
serves to clean the local air of any suspended matter. The dust which is
separated by this dust extractor action is
deposited in a special groove in the fan
guard, and to remove it, it is only necessary
to sweep the groove with an ordinary hand
brush. This feature serves to keep the
outer air ducts clear of all except the very
finest dust, which is too small to be affected
by the extractor and which passes through
the passages in the stator core where some
of it is deposited. Since only a very small
proportion of the dust passes the extractor
and as only a portion of that which passes
is deposited in the stator ducts, it is unnecessary to clean these more often than
once a month, and easy access is gained to
every stator duct by lifting up the hinged
guards and working from both ends with
an air hose, portable blower or brush. The
method of cleaning these machines is
clearly demonstrated in the photograph.
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Fig. 5.—A REFRIGERATOR DRIVE IN A DAIRY.
When a drive of this type is under review special precautions should be taken against moisture
and the motors should be specified to be specially gum-impregnated. This type of insulation is
applied as standard to the motors shown. (Metropolitan-Vickers.)

The Weekly Superficial Cleaning.
To summarise the foregoing notes, the
following maintenance procedure should
be applied to every ventilated type motor
once a week.
(1) Remove all loose dust and dirt by
means of an air hose, portable blower,
bellows, or brush.
(2) Clean away any oil or grease which
has exuded from the bearings.
(3) Inspect any brushgear, sliprings, or
commutator, remove all dust and clean
the contact surfaces if necessary, as
described later under " Brushgear.'
The above rules are also to be applied
as regards cleaning to the dust extractor
end shields of T.E.F.C. motors and to the
entire outer air circuits of motors without
extractors. All brushgears should receive
weekly attention.
Every Four Weeks.
The above rules should be applied consistently and at regular weekly intervals.

At every fourth inspection, however,
the following points should be attended to
in addition to the routine weekly items
which have already been enumerated.
(4) Measure the insulation resistance by
means of a " Megger " or similar instrument as described on page 717. This should
not be lower than 75 per cent. of the value
given in Table I, page 718.
(5) Measure the radial air gaps by means
of a feeler gauge as described later under
" Check the Air Gap."
(6) Remove all dust from the stator
outer air ducts of T.E.F.C. motors which
are fitted with dust extractors.
THE ANNUAL CLEANINq.
Once every year the motor should be
completely dismantled and every part
should be thoroughly cleaned and inspected. There is nothing difficult or
worthy of note regarding the actual dismantling procedure, except that when the
ball and roller bearings are contained in
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separate cartridges or housings (which is the
latest and best practice), they should not
be opened up or disturbed in any way.
Cartridge type ball and roller bearings
will be fully discussed when we consider
lubrication, but when the bearings are not
so protected it will, of course, be necessary
to separate them from the end brackets
when the motor is dismantled, and they
should then receive annually the attention
which is described to be applied every three
years to cartridge enclosed bearings.
When the internal leads from the motor
windings are removed from the terminals
(if this is necessary) great care should be
taken to mark each lead and its terminal
with a distinctive mark so that when
the motor is reassembled the lead may be
returned to the terminal it originally
occupied, so avoiding troublesome cross
connections.
No Excessive Force Necessary to Dismantle.
All modern motors are made to an
elaborate system of gauges and jigs and
the correct fits are thereby obtained for
all parts. • It should be unnecessary to
employ any large for,:e during the dismantling and subsequent reassembly, and
hammer blows should be dispensed with as
much as possible. When it is necessary
to use a hammer a suitable wood or
soft metal driver must be employed to
deaden the blows, and all driving should
be directed with due regard to the comparative weakness of cast iron under shock
loading and bending.
Clean Every Part Thoroughly.
When the motor is completely dismantled each part should be carefully
cleaned of all dirt, oil or grease.
Petrol may be used to remove hardened
grease and its use on windings is quite
permissible, providing it is quickly and
thinly applied so that it cannot soak in
and damage the insulation.
All air ducts in both stator and rotor
should be carefully cleaned out, and the
exposed portions of windings and slot
openings must receive the same attention.
Radial or interlaminar ducts should have
special cleaning since they are very liable
to choking, and after the cleaning process
has been completed every particle of dirt

should have been removed from each
component of the motor.
Inspect Every Part.
When each part is thoroughly cleansed
a careful inspection should be made to
ensure that there are no signs of excessive
wear or damage ; the bearings, if of the
sleeve type, should be examined for signs
of scoring and all cast parts should be
inspected for cracks or signs of damage.
Ball and roller bearings and brushgear
should be inspected as described later ;
every part should be kept in good order;
if any damage is found steps should be
taken to repair same and to rectify the
fault which causes it.
Re-enamel the Windings.
If it is found that each part appears
undamaged and if the insulation resistance
of the cleaned stator is not less than
given in Table I, page 718, a coating of
good quality insulating varnish or enamel
should be applied to the end windings
and all exposed insulation. This varnish
must be bought specially for the purpose
and should be ordered as " black brushing
air drying insulating varnish," " glossy
insulating air drying enamel," " anti-acid
insulating varnish, air drying," or " antisulphuric enamel." Ordinary varnish or
black enamel is quite unsuitable and will
damage the insulation. When varnish
is required for this purpose it should be
bought from a reputable varnish manufacturer and the orderer should state the
purpose for which the material is required.
It will be found that shiny enamel or
varnish does not allow dust to adhere
and it assists, therefore, in the weekly
blowing out ; for this reason all internal
parts, except the stator bore and outside
surface of the rotor laminations, should
receive a fresh coat of enamel once a year.
When the Insulation is Low.
When the stator and all its connections,
terminal boards, end windings and other
parts have been thoroughly cleansed
the insulation resistance should be not less
than is given in Table I, page 718, and
if it is found that the appropriate minimum
figure is not obtained the stator must be
dried out as is described for complete
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Fig. 6.—A BROKEN MACHINE FRAME.
This part is broken, as may be seen, and it is shown prepared for repairing by welding. (Metropolitan-Vickers.)

Fig. 7.—THE MACHINE FRAME REPAIRED BY ARC WELDING.
The frame shown in Fig. 6 is here seen completely repaired by arc welding. These two illustrations
show the saving which may be effected in maintenance by the salvage of damaged parts by arc welding.
(Metropolitan-Vickers.)
A
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" Megger " reading
is taken. After
drying out as
directed in the
above - mentioned
article, the parts
should be varnished or enamelled before
being put into
service.
When Any 'Part
Shows Damage.
If, upon inspection, any
mechanic al
damage or excessive wear is
noticed, steps
should be taken
immediately
to have the part
repaired or to obtain a new one.
The various types
of mechanical
damage and the
degrees of same
are so diverse that
no ruling can be
given here as to
what is better replaced and what
better repaired,
but it can be said
that many parts
which a few years
ago would have to
be scrapped are
Fig. 8.—MEASURING THE AIR GAP OF AN INDUCTION MOTOR.
now given a new
This operation is an essential part of the maintenance procedure and must
always follow reassembly. The operator is shown using a long feeler gauge which lease of life by
is inserted through the specially provided plugged apertures in the motor end means of welding.
bracket. Two of the gapping plugs are shown removed. (Metropolitan- This process can
Vickers.) Inset, a specially long and narrow type of feeler gauge which is suitable be applied with
for measuring fine air gaps. (Martindale Electric Co., Ltd.)
equal success to
cracked castings
motors on pages 717 and 718. Since it is and to worn shafts and it will pay to
probable that the rotor insulation will be consider its use before deciding to scrap
similarly lowered due to moisture, it is a part.
good practice to dry out both stator and
rotor together and this should be done When the Insulation is Damaged.
It will sometimes be found that the
in every case where the stator resistance
is found to be low ; the insulation being insulation on one or other of the motor
undamaged, dry and clean when the windings has been damaged, and sometimes
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slight damage is done accidentally during
dismantling ; in certain cases also a
terminal base or bar, or some detail of the
brushgear, may have suffered damage
to its insulation. When the part is a
composition moulding, a simple tube
or a strip of insulating material, it is best
to fit an entirely new insulation rather
than attempt a repair, but in those cases
where damage has been done to end winding or coil insulation a quite satisfactory
repair can often be effected by carefully
lifting the damaged wires and applying
fresh insulation. This new insulation
should be of the same material and not
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The Question of Repairs.
It should always be borne in mind
that a machine repaired by the maker is,
to all intents and purposes, equal to a
new motor, and it will certainly pay to
have a complete rewind in preference
to a series of breakdowns and patchings
up with consequent loss of operating time.
Repairers other than the original motor
manufacturer should not, in general,
be relied upon, although there are
a few very excellent and capable
repair firms. In any case, the jobbing
repairer is to be avoided if at all
possible.

When Ordering Replacement Parts.
When it is decided
that a part cannot be
satisfactorily repaired a
new one must be ordered
from the manufacturers
and when doing this,
care should be taken to
quote in full all the particulars given on the
motor name-plate. If
this is done and a clear
description given of the
part which is required,
there will be little
difficulty or delay in the
Fig. 9.—THE PHOSPHOR BRONZE BEARING OF A SMALL MOTOR.
despatch of the replace
This solid bearing bush shows the oil ring groove and lubricating detail, providing, of
passages. When a detail of this type is excessively worn, it must be
course, that the motor is
replaced since it cannot be relined. (Metropolitan-Vickers.)
of a standard type. If
the name-plate details
less than the same number of layers as are not given the manufacturer will nearly
the original damaged insulation ; it should always write asking for them and this may
be carefully applied, due care being mean a delay of at least three days.
directed to keeping each layer (of tape,
for instance) tight, and when the repair Reassembling.
is completed the new insulation must be
After all the parts have been cleaned,
liberally soaked with the insulating varnish and when it is ascertained that they are
previously mentioned and the whole all in good order and repair, reassembly
repaired part dried out until the varnish can proceed. As in the dismantling stage,
is hard. The insulation resistance must excessive force and hammer blows are
then be measured, and if it is up to the to be avoided and a suitable driver should
specified figure the part may go into always be employed when a hammer is
service again. If the insulation is still used ; no difficulty should be experienced
low, an inspection for further damage in the purely mechanical refitting together
should be made, and if necessary the of all the parts and when this has been
machine should be rewound by its accomplished all internal leads and cables
should be replaced on the terminals which
maker.
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they originally occupied. Great care
should be taken regarding this, otherwise
there will be trouble when the restarting
stage is reached.
Test the Insulation Again.
When the motor is reassembled, the
insulation should be tested again and it
should not be less than 75 per cent. of the
Table I values previously mentioned.
This figure will be easily attained providing the foregoing notes have been
followed, and when it has been ascertained
that this is so, we may now check the air
gap.

tion and Erection," page 715, for full
details of the precautions which should be
taken when starting up a motor for the
first time ; these precautions also apply
after the annual maintenance inspection.

How to Check the Air Gap.
This should always be done after reassembly, and, as has previously been
mentioned, it should form part of the
routine monthly maintenance. A special
narrow and long feeler gauge is the best
tool to employ in making this measurement and the plugged apertures which are
provided in the end brackets of most makes
of motor should be used to give the feeler
access to the gap. If it is found that the
length of air gap at one point is less than
three-quarters of that diametrically
opposite, the machine should be inspected
for lack of alignment in the end brackets
or bearing housings. The inequality of the
air gaps may also be due to the bracket
fixing screws being loose, or the bearings
may be worn. Steps must be taken to
correct the discrepancy and eliminate
its cause, and the motor should not be
set to work until the minimum air-gap
length is not less than go per cent. of the
value of the maximum. If this is neglected, rubbing between stator and rotor
may occur and this will cause extensive
damage.

Summary of Annual Maintenance Procedure.
The rules given above for the annual
maintenance inspection may now be
briefly summarised as follows :—
(r) Dismantle without using excessive
force and without hammer blows, if
possible ; do not open up bearing housings.
(2) Clean every part, removing all dust,
oil, grease and dirt ; use blower, compressed air blast or bellows tcgether with
brush to remove all dust from winding
interstices and ventilating ducts. Complete removal of dirt and clearing of
ventilating passages is most essential.
(3) Inspect all parts for damage or wear,
and repair or replace as necessary.
(4) Measure insulation resistance and
stove, if necessary, until correct insulation
is obtained.
(5) Repair insulation if necessary and
thoroughly varnish and dry any repaired
coils.
(6) Re-enamel or revarnish all endwindings and internal parts except stator
bore, and rotor outside iron surface ;
dry thoroughly.
(7) Reassemble without using excessive
force or hammer blows ; ensure that
machine leads are on correct terminals and
that everything is well tightened up.
(8) Retest the insulation.
(g) Check the air gap.
(ro) Check all connections, etc., and
apply the same rules as for the initial
starting. If all is correct put the motor
back to work.

Putting Back to Work.
Having attended to all of the above
points, we may now place the motor back
in work with every confidence that it
will perform satisfactorily. Before starting up, make sure that the drive is running
freely and is in good alignment, that
the connections are correct, and that all
brushes are in contact with and well
bedded on to their commutator or sliprings. The reader is referred to " Installa-

Control Gear.
We have now dealt with most of the
problems which will arise in connection
with the cleansing of the motor and its
routine maintenance, and it only remains
to refer to those details which require
special attention, such as brushgear and
bearings. Before we leave the question
of the routine maintenance, however, it
should be stated that any control gear
should be inspected and maintained at the
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same time as the motor receives attention.
All contacts and connections must be kept
clean and tight and the gear must be kept
free from dust and dirt. Trip gear should
be operated once a week to ensure that it
remains free ; arcing at contacts must be
reduced to the absolute minimum and
the oil in all immersed gear should be
filtered, centrifuged, or entirely replaced
from time to time depending upon the
amount of operation and service which the
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are not so commonly employed nowadays,
and, except for certain drives under peculiar conditions, ball and roller bearings
hold the field so far as industrial motors
and generators are concerned ; we must,
however, consider both types and the
older variety will be dealt with first.
Types of Sleeve Bearing.
Sleeve bearings consist of a bush made
of some type of anti-friction metal which
is accurately fitted to the shaft
and which is lubricated to prevent
over-heating and seizure. In the
smaller types of bearing the
bearing bush is usually made of
brass or phosphor bronze, and
die-cast white metal is sometimes
employed ; these forms are usual
in motors up to about 20 h.p.
output ; above this figure a castiron shell lined with white metal
or babbitt is employed, and when
the shaft diameter is over about
3 to 4 in. the bearings are usually
split across a horizontal diameter
into upper and lower halves.
Whichever construction is adopted
the aim of the maintenance engineer is to keep the bearing well
lubricated and as free from
friction as possible.

Lubrication.
The most usual method of
lubrication for sleeve bearings on
electric motors is by rings running
on the shaft and dipping into a
well of oil ; rotation of the motor
Fig. Io.—A WHITE METAL LINED BEARING.
shaft causes the rings to revolve
This bearing is of the split type lined with babbitt metal
and to pick up a certain quantity
and is suitable for relining. It is intended for a heavy
of
oil and convey same to the
duty mill motor and is split in halves across a horizontal
shaft and bearing bush. The
diameter. The two halves are held together by the
screws underneath the oil guard and an eyebolt is provided
maintenance of this type of bearing
for lifting the armature out of the split frame.
consists in keeping the oil well
(Metropolitan-Vickers.)
replenished with fresh clean
lubricant and ensuring that the
gear is called upon to perform. The rings revolve and convey sufficient oil to
control gear makers should be consulted the bearings. The lubricant used should
for definite details.
be of good quality and most of the large
oil refiners list a grade of " dynamo
BEARINGS AND LUBRICATION.
oil " which will be suitable, although a
There are two types of bearing which we somewhat heavier oil than this grade may
must consider, viz., sleeve bearings and be necessary when the local temperature
the ball and roller type. Sleeve bearings is high.
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This should be
avoided since it
may cause a bad
breakdown.
Clean the Bearings Annually.
At the time of
the annual overhaul the bearing
shells and oil
wells should be
cleaned out,
being swilled
with petrol to remove all old oil,
and fresh oil
should be supplied ; the rings
should be inspected to ensure that
they are running
freely and that
they are picking
up plenty of oil.
The surface of
the shaft and the
bore of the bearing shell should
show no signs of
rubbing or scoring but should
be highly
polished and
smooth.
Another Method
of Lubrication.
Some small
Fig. 11.—FILLING A BEARING OIL WELL.
motors are fitted
Note the drain pipe on the left and the oil gauge on the right of the pedestal
with " oil and
bearing. The oil well should be filled to the level as shown on the gauge or
waste" lubriby the overflow. (Metropolitan-Vickers.)
cated bearings,
and in this case,
Beware of Grit.
as the name implies, oil soaked
It is essential that the bearings and oil textile waste is used to effect the lubricawells be kept clean and free from dirt and tion. Motors having this form of lubrigrit, and special care should be taken that cation will be supplied with the bearing
the oil is quite clean and free from any housings already packed with waste,
suspended matter. The oil wells should be but it is good practice to replace the waste
filled to the correct level as shown by the every three years and for this purpose
oil gauge or overflow ; an excess of lubri- a good quality woollen waste should be used ;
cant will creep along the shaft and may be this should be packed closely round the
thrown on to the windings or brushgear. bearing bush and into the grooves in
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same through which the shaft is visible.
Poor quality wool waste or cotton waste
soon becomes " soggy " and settles down
away from contact with the shaft, giving
rise to lack of lubrication and bearing
trouble. Before packing the housing the
waste should be soaked thoroughly with
oil, and immersion for about 48 hours in
" dynamo oil " will give satisfactory
saturation. The surplus oil should be
allowed to drain from the waste for about
12 hours before the bearing is packed.
Maintenance of Waste and Oil Lubricated
Bearings.
The bearing should be inspected each
month to ensure that the waste is carrying
sufficient oil to give satisfactory lubrication, and if it appears rather dry a small
quantity of oil should be poured on to
same at the points where it makes contact
with the shaft. It is only necessary to add
a little oil—just sufficient to saturate the
waste which is in direct contact with the
shaft—and care should be taken not to
flood the bearing. Every year this type
of bearing should be inspected for scoring

Fig. 13.—A SPLIT BEARING HALF SHELL SET
UP FOR RELINING.
The clamps, angle plate and sheet iron mandrel
are here shown. Clay sealing should be applied
to corners A and the molten babbitt should be
poured between shell and mandrel as indicated.

Fig. iz.—A SOLID BEARING SHELL AND ITS
MANDREL.
The bearing shell should be mounted with,
and clamped to, the mandrel as shown, and
the corner A between the bottom of the shell
and the collar should be sealed with clay to
prevent the escape of the molten babbitt.
The metal should be poured into the space
indicated until it stands above the top of the shell.

or wear, as has been described above for
ring-lubricated bearings.
When the Bearing is Worn.
If it is found, at the annual inspection.
that :—
(A)The bearings and shaft are rough
or scored ;
(B) There appears to be excessive
" play," " lift," or clearance between
the shaft and bush ;
(c) The air gaps cannot be made equal,
although all parts are tight and truly
in place
then the bearings require relining or
replacing. On small sized motors with
phosphor bronze, brass or die cast white
metal bushes the complete bearing should
be replaced and new bushes should be
obtained from the manufacturer for that
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at the place
where the bearing bush fits
should be
measured by
means of a micrometer, the dimension obtained
being passed forward to the
maker of the
replace bearing
bushes so that
details having
the correct dimension for a
good bearing fit
may be supplied.
Large Bearings.
When the
bearing bushes
consist of castiron shells lined
with babbitt, remetalling should
only be attempted when proper
equipment and
an experienced
fitter is available.
When this is not
so the bearing
bushes should be
returned to the
motor maker for
relining, although in certain
cases where return is impossible local repair
firms or general
engineers can be
Fig. 14.—TESTING THE TEMPERATURE OF MOLTEN BABBITT.
relied upon to
The operator is shown gauging the temperature by the wood strip method.
make a good job.
Note the used strip of wood on the right-hand side of the melting pot and the
The firm must,
pyrometer head on the left. (Metropolitan-Vickers.)
however, be
chosen with dispurpose. When the shaft is scored it will crimination. In those cases where it is
be necessary to true it up and to give decided to reline the bearings on site the
it a smooth surface with a high polish ; following notes should be observed.
this may be done in a lathe, due care being
taken to keep the shaft bearing parallel Rebabbitting the Bearings.
The old white metal must first of all be
and free from ridges, and when the trueing
up has been completed the shaft diameter melted out of the bearing shells and the
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tinning of the
insides of the
shells should
then be inspected
to ensure that
it is clean and
adhering properly. While the
shell is still hot
(after the old
babbitt has run
out), the tinning
should be
swabbed with a
rag dipped in flux
and if it is found
that any portions
of the interior
of the shell are
bare where they
should be tinned,
special care must
be taken to complete the coating
of solder (or tin),
since, without
this, the lining
of bearing metal
cannot adher e
and trouble due
to a loose lining
will result.

The Correct Flux
and Tinning
Alloy.
In those cases
where the tinning
has to be attended to a good
quality "TinFig. 15.—POURING A HALF BEARING.
man's Solder " of
The lining of a half bearing is being poured here. Note the clay around the
at least 5o per feeding holes and the specially spouted ladle. The type of mandrel is an
cent. tin content alternative to that shown in Fig. 13 and is suitable for shop producmust be em- tion. (Metropolitan-Vickers.)
ployed, and it will
be found that this alloy will give satisfac- " killed spirits," will be found to give very
tory results providing the shell is kept at a good fluxing. In certain cases, powdered
good soldering temperature and the correct sal-ammoniac will be found advantageous,
flux is used. A suitable flux may be made especially when the bearing shell is oily
by dissolving zinc shavings in hydrochloric and stubborn in tinning. It may be said
acid, or " spirits of salts," until all bub- that the fluxes mentioned will cover
bling ceases. The mixture should then nearly every case although proprietary
be strained to remove all small pieces of fluxes will give equally satisfactory results
zinc and the resulting zinc chloride, or providing they are not greasy.
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Ring the Shell.
After all superfluous tin has been wiped
off the shell faces, leaving a smooth bright
silvery coating, and when the shell is cold,
it should be suspended in the air by means
of a piece of string or wire and when it is
so suspended it should be struck sharply
on the outside with a mallet or hammer to
ascertain if it " rings true." The ring of a
bearing is the only indication of whether
or no the babbitt lining is adhering properly, and unless the bearing rings properly
before it is lined with babbitt it is clear
that it cannot do so afterwards. Providing the shell rings true, we can proceed ;

dim

in diameter per foot of length.
about
A mandrel of this type must be securely
clamped on end to a faceplate, or a large
collar may be placed over the lower end
to form a base for the metal lining. The
mandrel for the half shells of a split
bearing may consist of a cylinder of suitable diameter, split in half along its axis,
the half cylinder being clamped to a plate
which will form shoulders on which the
sides (splitting surfaces) of the bearing
shell may rest. The half cylinder may
be solid but it is more usually made from
sheet iron or boiler plate bent to the correct
shape.
It should be clamped to the inside surface
of a right-angled bracket as shown in the
B.
IIamoritrammant avontrammmo sketch and the base of the bracket will
then serve as a casting surface for the lower
end of the bearing. The dimensions of
mandrels of both types should be about
1
4 in • less in diameter than the shaft for
which the bearing is being relined and the
mandrel must project about 2 in. above the
top of the bearing shell ; suitable clamps
must be provided so that the bearing shell
"
noteimpanzurauur,[, may be rigidly secured and held during
both pouring and cooling.
4311nuraltum
0'
952

Fig. i6.—USING THE HOUSING AS PART OF THE
WITHDRAWAL GEAR.
Note that the bearing nut has been removed.
The bearing will come away easily if nuts B-B
are tightened equally, but it will bind and the
housing may break if the nuts are not tightened
to the same extent.

otherwise an inspection for cracks or flaws
should be made, and if any are found a
new shell should be employed, the faulty
one being scrapped since it is dangerous.
The Mandrel.
Having now obtained a perfectly tinned
and true-ringing shell, which, by the way,
should be quite clean and free from oil,
we must consider the provision of a suitable mandrel, and this may be made of
steel or iron rod or tubing, or sheet iron,
depending upon the dimensions of the
bearing and whether it is a solid bush or of
the split type. For one-piece bearings up to
about 4 in. shaft diameter a mild steel
bar or tube is usually used, turned and
polished on the outside surface and tapered

Preparing to Pour.
Having tinned the shell and ascertained
that same is ringing true, and having made
a suitable mandrel, together with its
clamps and casting faces, we must now
prepare the bearing shell. All oil ring
grooves and oil relief or supply holes
should be plugged with dry, well seasoned,
white wood, and the shell should then be
clamped in place on the mandrel support,
the mandrel having previously been given
a light coating of clay wash or whitening
suspended in water. Care should be taken
that the space between the inside surface
of the shell and the outside of the mandrel
is equal all round and at both ends.
Having ascertained that this is so and that
all the clamps are tight, steps should be
taken to ensure that no white metal can
escape when it is poured into the space
between the shell and the mandrel, and to
this end all joints between the bottom of
the shell and the faceplate or collar, and
up the sides in the case of half shells,
should be sealed with clay or putty ;
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asbestos string is
sometimes used
for this sealing
and it will prove
quite satisfactory
if kept damp and
held securely in
place.

Heat the Shell
ankMandrel.
The shell and
mandrel, assembled as one
unit, may now
be evenly heated
by means of a
blow lamp directed on to the
back of the shell
and inside the
mandrel if this
is tubular. The
heating should be
evenly applied
and carefully
controlled so
that no part
becomes overheated while
another remains
comparatively
cold, and it is
best, if possible,
to use at least
two blow lamps
(and more on
large jobs) and
to so move them
about as to keep
the heating uniform all over the
complete job.
This heating
Fig. 17.—REPLENISHING THE GREASE CHARGE.
should be carried
The
operator
is
here shown replenishing the grease charge, using the special
out while the key with instruction
tag attached. This tag is shown in detail in Fig. 2o.
babbitt metal is (Metropolitan-Vickers.)
melting and it
should be so controlled that when the babbitt is ready to ments is available. If not, the correct
pour, the shell and mandrel are both temperature may be gauged by holding
evenly heated to the correct temperature. a piece of dry cotton cloth in contact with
This is about 130° C. (265° F.) and it the heated bearing shell. When the
should be measured by pyrometer or temperature is correct the cloth will not
thermometer if either of these instru- be singed at all, but any further heating
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of the shell should result in singeing. In
other words, the shell should be just
below the singeing temperature.
The Correct Babbitt to Use.
Only the very best white metal must
be used for lining the bearings of electrical
machinery and for this reason scrap metal
must not be employed. Care should be

tions, due to oxidation, etc., of the more
susceptible elements, and after about
two melts the babbitt requires reconditioning by the addition of some of the material
which has been lost.

Effect of Overheating.
Overheating, as will be appreciated,
results in very rapid loss of nature and in
addition the crystal
structure of the
metal is impaired.
Overheated metal
•
can sometimes be
restored to normal,
but it is unreliable
unless the restoration has been done
by a very experienced melter ;
for this reason it
must be avoided
and returned to the
metal maker for
reconditioning i f
any large quantity
is affected. The
metal maker will
also be able to deal
with over- melted
metal. Scrap babbitt should be
avoided because it
frequently contains
§1impurities such as
filings or borings,
and the only way
to be sure that the
Fig. I 8 .—MOUNTINGS OF BALL BEARINGS.
correct babbitt is
In A we have the older arrangement with the bearing mounted directly being used is to
in the motor bracket, while B shows one form of cartridge housing mounting.
Note that A is shown with a locknut for the bearing, whereas no such purchase it from
detail is incorporated in the cartridge arrangement. The locknut is the original maker
frequently omitted on small motors, but the best practice includes it on of the motor or
machines of any reasonable size.
from a reputable
firm of bearing
taken also to avoid all metal which has metal manufacturers. In the latter
been melted more than once since it was case, it should be stated that the
in ingot form and any babbitt which has metal is required for the bearings of an
been overheated at any time must be electric motor.
rejected as unsuitable. These precautions
are necessary because, although a bearing Melting the White Metal.
alloy will contain the correct proportions
We must now proceed to melt the babof its various constituent metals when it bitt and special care should be taken in
is first bought in ingot form, every melting this operation so as to avoid overheating
up results in an alteration of the propor- or burning. It is best to use a gas or

A.
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electrically heated melting pot, as this
minimises the danger of contamination
of the metal, but it this is not available
the babbitt may be melted in a ladle
over a coke fire, care being taken to avoid
dropping small pieces of coke into the
molten metal. Having obtained a suitable ladle or melting pot, it should be
placed on the fire to become heated. It
should be noted that the pot must be
absolutely clean and free from all dross or
remnants of previous melts. Just sufficient metal (in ingot form) to remetal all
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that this will cause it to melt rapidly,
forming a pool of molten metal in the pot.
As soon as a pool has been formed in this
manner a new ingot should be taken and
laid flat in the already molten metal, and
when this also has been melted, a further
one or two ingots may be introduced, until
the whole amount of the metal is in the
molten state. On no account must the pot
be stacked with ingots standing on end
and then placed on the fire to melt all
at once ; if this is done the metal will be
burnt at the bottom and melting be slow

Fig. 19.—ROTOR OF AN A.C. MOTOR COMPLETE.
This complete squirrel cage rotor shows the undisturbed cartridge housings left in position on the
shaft while the rest of the machine may be dismantled. Note also the fan for the circulation of cooling
air through the motor. (Metropolitan-Vickers.)

the bearings which are being worked on
should now be taken. Too much metal
should be avoided since it will have to
be left over and remelted, with consequent
deterioration as has already been explained.
Melting Procedure.
As soon as the pot becomes hot enough
to melt an ingot of metal when it is
pressed against its inside surface, we may
proceed with the actual melting. The
first step is to take an ingot of the metal
and to rub it against the inside sides and
bottom of the pot, and it will be found

because of the small surface of each ingot
which is exposed to the heat.
The Pouring Temperature.
In order to produce a good bearing,
great care is necessary in order to see that
the metal is at the correct pouring temperature and this should be measured
by pyrometer or thermometer (high temperature type), when either of these
instruments are available. When this is
not the case, the temperature may be
roughly judged as follows. When melting
the metal a number (about a dozen) of
strips of white wood (white pine) should be

1366

CARE AND MAINTENANCE OF ELECTRICAL MACHINES

prepared. These should be made of well
seasoned wood and should be quite dry;
they should be about in. thick by J., in.
to i in. wide, and about 6 in. to I2 in.
longer than the depth of the pot. As
soon as all the metal in the pot is liquid
the temperature should be measured ;
the use of the pyrometer varies with the

perature one of the wooden strips mentioned above should be taken and, the
operator holding one end, it should be
thrust vertically downwards into the pot,
immersing it in the molten babbitt and,
if possible, reaching the bottom of the pot.
The strip of wood should be held in the
metal for about five seconds and it should
then be withdrawn and
INSTRUCTIONS FOR LUBRICATION OF BEARINGS
examined.
With the
Carefully cleana all grit; dirt1 moisturetoprevent entry ofthe slightest trace
majority
of
white
metals
into lubricator. Remove dust cap of lubricator insert attached key and give
which are suitable for
10 complete turns. Replace cap.
Lubricate ONCE each January and .14. Too much gre.ase is harmful
electric motors it will
To recharge lubricator withdraw inner screw cup, fill it with our BELVIC
be found that the correct
grease and rep/ace in position See over
pouring temperature is
At intervals ofthreeyears pasha/Mit etc from el-ter/Or of,bearing housings.
attained when the
remove housing caps, clean out all oh 1 grease with petrolanc/ dry. Press
wooden strip becomes
BELV/C grease into bearings and fill housing caps with new grease
light brown in colour
labyrinth grooves. No dirt or moisture must enter
seven eighths full.
when immersed in the
bearings or caps. See instruction booklet supplied with motor.
molten metal, On no
When dismantling the motor do notremove &wing caps,asthe end brackets
can be withdnawn without disturbing the bearing housing:
account should the strip
See over for sketch of cartridge housing,
be charred extensively,
To remove bearings from shaft, see instruction booklet supplied
since charring indicates
with motor
1overheating, and when
this has taken place the
surface of the molten
metal will be covered
with a bluish film of
oxide or dross. In any
case, great care must be
taken to avoid overheating ; it is advisable
to ask the metal maker
what the pouring temperature for his product
should be, and the same
source can also give
To withdraw bracket, remove
definite advice on the
appearance of the
these bolts only
wooden strip.

Fig. 20.—LUBRICATION INSTRUCTION TAG.
On the front of this tag we have instructions for the operation of
the lubrication system, while the reverse side gives details of the
special lubricator and bearing housing. This tag is attached to
the lubricator operating key. (Metropolitan-Vickers.)

type of instrument ; while the method of
measuring by thermometer needs no description. In cases where the wood strip
Method is to be used, however, the following procedure should be followed.
Gauging the Temperature by a Wooden
Strip.
When it is required to gauge the tern-

Pouring the Bearing.
Having now got the
shell and mandrel close
to the melting pot for
easy pouring and heated
to the correct temperature, and the
metal at the pouring temperature,
we may proceed to pour the lining. A
clean ladle should be taken which will hold
sufficient metal for the complete pour.
If the bearing is of large size two ladles
operated by two pourers should be used
since the flow of metal must not be interrupted or else the bearing will suffer. The
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white metal should now be skimmed so
that it shows a white silvery surface, and
it should be stirred thoroughly, care being
taken to stir well down to the bottom of
the pot. A ladle full of the molten metal
should now be taken, all dross or oxide
being carefully avoided because clean metal
is absolutely essential, and the lining may
be poured, care being taken to maintain
a steady flow of the molten metal and to
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employed to keep the top metal molten
until the bottom has solidified and settling
is complete. When this has happened
the bearing may be left to cool off, and as
soon as it is cold enough to handle the
mandrel should be removed and the lined
bearing should be suspended as before
and " rung." If, upon striking it with a
hammer, it does not ring, the babbitt
lining is not adhering properly, and it must

Fig. 2I.—DRIVING END DETAILS OF A MOTOR.
The various details are as follows : A, lubricator complete with pipe. B, plugged apertures for gap
checking. C, bolts holding bearing housing to motor bracket. D, bolts holding on housing cap. E,
bolts fixing bracket to yoke. To remove the bracket, take away bolts E and C only ; do not disturb
D. (Metropolitan-Vickers.)

avoid lifting the ladle spout more than
f in. above the top of the shell. The
metal should be poured from one point
only and the space between the shell and
mandrel must be filled so that the molten
metal stands above the top of the shell.

be melted out and re-run, otherwise much
trouble will ensue. Providing the lined
shell rings true, it can be machined, the
oil grooves and passages cut and drilled,
the bearing surfaces scraped to a good fit,
and returned to service.

While the Lining is Setting.
If the metal settles down during solidification, more must be added to make up
the deficiency and a blow lamp should be

After Relining the Bearings.
When a motor with relined bearings
is put back to work the bearings must be
carefully watched for the first few hours,
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care being taken that the lubrication
system is functioning correctly and that
the bearings are not overheating. It is
good practice to let a motor run light for a
few hours after the bearings have been
relined, the machine being closely
watched for any signs of trouble.
Points to Watch Regarding Bearings.
A sleeve type bearing is usually safe
if its temperature never exceeds ioo° C.
(212° F.) when the motor is on full load ;
the temperature should also be constant

may overheat due to any one or more of the
following causes :—
(1) Excessive belt tension.
(2) Insufficient lubrication due to—
(A) Low oil level ;
(B) Oil rings sticking ;
(c) Waste dry or out of contact with
shaft (in waste-and-oil lubricated bearings) ;
(D) Poor quality waste—see text.
(3) Lubricant of low grade or wrong
consistency due to—
(A) Wrong grade of oil—consult oil
refiners ;
(B) Wrong type of oil—
consult oil refiners ;
(c) Surrounding temperature
too_high, thus'thinning oil down
—consult refiners for heavier oil.
(4) Bad alignment of bearings
of motor or between motor and
driven machine.
(5) Motor or driven machine
out of level.
(6) Rough or scored bearing
surface due to dirt or grit in oil or
waste, or to careless maintenance.
(7) Bent shaft or distorted
bearing.

When the Bearing Overheats.
An overheating bearing will
almost invariably be detected
when the motor is running at full
speed on full load, and it is
essential to correct the fault imFig. 22.—WASHING AND INSPECTING A BALL BEARING.
mediately ; otherwise, a seizure,
The bearing is shown being washed in petrol, the races
causing grave mechanical damage
being rotated while the washing is proceeding so as to
dislodge any hardened grease or dirt. (Metropolitanor a fire, may result. In these cases
Vickers.)
proceed as follows : Remove all
load and slacken off the belt or
below the above limit and any sudden rise chain (if any); if possible reduce the speed
should be taken as a warning sign. If and pour large quantities of oil directly on
a thermometer is not available a hot to the bearing shell and into any lubricating
bearing can be detected by the smell of passages. On no account must the motor
burning oil and the smoke which issues be allowed to stop revolving until the
from the bearing housing ; the hand is bearing can be touched by hand ; if this
unreliable as a gauge of temperature and a is done, a seizure will ensue, necessitating
bearing which is hot enough to burn the turning or melting a the bearing. As
hand may be quite safe, so it is best to soon as the machine can be stopped,
obtain a thermometer and be sure of the dismantle the bearing and inspect shaft
actual temperature. The main point to and lining for damage. If necessary true
watch is that the lubrication is ample up and polish the shaft and reline the
and the oil of good quality. A bearing bearing. If the babbitt has run out,
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Fzg. 23.—REASSEMBLING A CARTRIDGE MOUNTED BALL BEARING.
The first stage, A, shows the bearing inserted in the housing and locating its outer race against
the housing shoulder. At B the complete unit of housing and bearing is pressed on to the shaft,
locating the inner race on the shaft shoulder. The final stage, C, shows the bearing nut fitted, holding
the inner race in place, and the housing cap in position.

examine the stator and rotor for damage
due to rubbing and repair if necessary.
Always repack a waste and oil-lubricated
bearing when it has been running hot.

the most robust and reliable equipment
manufactured. They will withstand overloads and shocks many times larger than
those which can be imposed on a sleevetype bearing for the same shaft diameter.
The very precision of manufacture which
is the basic source of their superiority

Ball and Roller Bearings.
Ball and roller bearings are amongst
ro
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Fig. 24.—REASSEMBLING A CARTRIDGE MOUNTED ROLLER BEARING.
Stage A shows the outer race only pressed into and located in the housing. At B the outer race
and housing are threaded over the shaft, while the inner race, complete with rollers and cage, is
located against the shaft shoulder. The final stage, C, shows the outer race drawn back over the
rollers, the bearing nut in place and the housing cap fitted.
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renders them somewhat sensitive to abuse,
however, and it follows that the essential
conditions for satisfactory operation of
these bearings are scrupulous cleanliness,
thorough protection and adequate lubrication with the correct quality of lubricant.
The Correct Ball-bearing Grease.
The experience of manufacturers and

clean because grit, which may easily be
introduced via the grease, will quickly
ruin the bearing.
Most oil refiners list a suitable ballbearing grease and some motor manufacturers supply a special grease for use
with their products. Where a special
grease is specified by the motor maker it
should be used.
Storing the Grease.
The grease must be kept clean and for this
reason it should not be removed from
its original container until it is transferred
to the bearing housing ; the lid of the
grease tin should always be kept in place,
being removed only when it is necessary to
withdraw lubricant for use. Even with
these precautions dirt may find its way
into the grease during its transference
from tin to bearing, and to avoid this the
grease must be handled only by means of a
clean spatula, spoon or strip of wood kept
specially for this purpose inside the tin
with the grease. Special care should be
taken that the grease is not applied by
means of the gritty or dirty fingers of a
maintenance fitter. Grease must not be
kept too long in stock since it is apt to
deteriorate, a safe rule is to reject all
grease which has been in the stores more
than three years.

Fig.

25.—TESTING A BRUSH FOR FREEDOM OF
MOVEMENT.

When the brush is lifted as shown, against the
spring pressure, it should slide freely in its holder
and when it is released it should return smartly
to its position on the contact face. This
operation should be carried out on each brush
during the weekly cleansing. (MetropolitanVickers.)

users of ball and roller bearings has
indicated that grease is the cleanest and
most reliable lubricant for use in general
cases. Special applications involving very
high speeds may involve the use of oil,
but all normal industrial electric motors
employ grease lubrication. The grade of
grease used should be free from acids or
alkalies and it should be kept scrupulously

Replenishing the Grease Charge.
There are two processes in the lubrication of ball and roller bearings which need
explaining. First, by " replenishment "
we are to understand adding a small
quantity of grease to that which is already
in the housing ; this is to make up for
leakage, etc., and it is usually introduced by
means of a screw-down lubricator or a
grease gun. The second term is " replacement " and this means that all grease is
completely , removed from housing and
bearing and that new and fresh grease is
used to repack same—this process will be
described later. As regards replenishment, we can say that the average motor
will run at least 2,50o hours—say one
working year—before the grease charge
needs adding to, and that after the first
year replenishment should be carried out
every six months, not oftener.
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Bearing Mounting's.
There are two methods in common use
at present for mounting and enclosing
the ball or roller bearings and as these
affect the maintenance procedure, we must
now consider them. In the older method
the outer race of the bearing is seated in a
machined housing integral with the motor
end bracket, and the ends of this housing
are closed by caps which also serve to
locate the bearing in an endwise direction.
This has obvious disadvantages since when
the motor end bracket is removed, it is
necessary to expose the bearing with the
consequent risk of the entry of grit and
dirt ; the close fit which is essential
between the outer race and housing must
also be disturbed and will become slacker
each time the bearing and bracket are
separated.
The Cartridge Housing.
To overcome these disadvantages a
" cartridge housing " mounting has been
devised in which the bearing proper is
enclosed within a separate housing or
cartridge which is sealed by end caps as in
the previously described arrangement. The
sealed cartridge is, in turn, seated in a
machined housing which is integral with
the motor bracket and the whole is constructed in such a manner that it is unnecessary to open up the bearing housings
when the motor is dismantled. By this
arrangement the bearing is protected at all
times, it being unnecessary to open the
housing unless it is required to inspect the
bearing itself, and we thus prevent dirt
getting in and preserve the correct degree
of fit between bearing race and housing.
Difference in Maintenance for Different
Mountings.
The cartridge-type housing is the very
latest refinement in the application of ball
and roller bearings to electrical machinery
and it is incorporated only in the latest
designs. Since all manufacturers will
undoubtedly take the opportunity of
making their motor bearings cartridge
enclosed when they redesign their standard lines, it follows that the number of
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bearings of this type will steadily increase,
and we therefore propose to deal with
this arrangement only in the following
notes. The only difference in procedure
when the old type of mounting is incorporated is that the instructions given later
for the cleaning, bearing inspection and
grease charge replacement should be
applied annually during the maintenance

Fig. 26.—ADJUSTING THE BRUSH PRESSURE.
From time to time it will be necessary to
adjust the brush pressure, and a lever is usually
provided on each brush holder for this purpose.
The operation is shown being performed on
an A.C. motor ; the levers show up white, being
plated for rust proofing. (Metropolitan-Vickers.)

overhaul and not every three years as for
the cartridge protected detail.
An Example of Lubrication Maintenance.
As an example, we cannot do better
than take the instructions issued by the
Metropolitan-Vickers Electric Co., J Ltd.
This firm have done a large amount of
research work on ball and roller-bearing
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lubrication and they fit a special lubricator
which is so arranged as to prevent the
thoughtless screwing down which often
applies when unprotected screw-down
lubricators are fitted and which results
in overcharging and bearing troubles.
The instructions mentioned are engraved
on an ivorine tag which is attached to
the lubricator operating key. This key
is intended to be kept by the maintenance
engineer who will attend to the lubrication
of the motor, thus taking this important
duty out of the hands of machine operatives and labourers who can do a lot of
harm by unintelligent interest. The
reader is referred to Fig. 20, which shows
the tag, and from which the instructions
may be read. It should be mentioned that
the grease grade mentioned on this tag—
" Belvic "—is the result of the research
referred to previously, and it is recommended for machines by this maker and
for ball and roller bearings in general.

be too strongly impressed upon those
instructed to carry out the operation of
recharging the bearings, and all parts which
have been removed and washed should be
covered with clean material, such as paper, to
prevent foreign matter adhering and subsequently entering the bearing.

How to Tell if the Bearing is Working
Correctly.
Climatic conditions and environment
may affect the lubrication, and it is advisable to ascertain from time to time that
the bearing temperature is neither too
high nor too low. A comfortable warmth
to the hand when placed on the housing
or cap indicates that the bearing is running
under the best conditions. This can be
taken as a rough guide, although somewhat
higher or lower temperatures are, in
themselves, not dangerous ; however,
if the temperature begins to rise, or if the
bearing becomes noisy, an inspection
should be made immediately.

The Correct Quantity of Grease.
It has been found that 85 to go per cent.
of the space available in the housing and
cap should be occupied by grease if the
best results are to be obtained ; since grease
expands when heated and as a certain
amount is thrown off the bearing by
centrifugal action if the housing is
crammed full of grease, churning, overheating and disintegration will occur;
while less than 85 per cent. grease is apt to
lead to starving, cage wear and breakdown.
Care should be taken to see that the
spatula or stick by which the housing is
filled does not introduce any foreign
matter into the grease.

Replacing the Grease Charge.
The complete grease charge should be
renewed every three years. All dirt, etc.,
should be cleaned from the bearing caps,
housings and adjacent parts. The caps
should be separated from the housings,
and the bearings, housings, and caps
should be washed with petrol—removing
all old grease in the process—and
thoroughly dried. The labyrinth grooves
in the cap bore at the driving end should be
scraped out and filled with fresh grease.
The necessity for absolute cleanliness cannot

Removal and Replacement of Bearings.
If the bearing appears worn, or if the
grease has become hard and dirty, the
bearing should be removed from the shaft,
withdrawn from the housing, washed and
inspected for wear. Special precautions
are taken by all motor manufacturers to
ensure a correct fit between the bearings
and their housings and shaft. Bearings
should never be removed if this can be
avoided, and, in any case, they cannot be
removed without damage unless adequate and
suitable withdrawing gear is used.

Examination of the Bearing.
After washing, the parts should be
carefully examined. Providing the grease
charge has been regularly replenished, and
the bearing has not been subjected to any
form of excessive loading, no undue wear
will be observed and the bearing will be in
good condition. In this case, fresh grease
should be pressed well between cage,
races, and balls or rollers. Merely placing
the grease on the end faces of cage and
races is not sufficient. The grease is
required inside the bearing. After packing
the bearing, any superfluous grease should
be wiped off.
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Fig. 27.—BEDDING A.C. MOTOR BRUSHES.
Note that the glasspaper is fitted with the rough side outward and that the hands are held as close
together as possible. This is to avoid cutting away the brush edges and to give good bedding over
the whole brush face. (Metropolitan-Vickers.)

Dismantle the Housing.
To remove a bearing from the shaft,
the cap should first be taken off and the
bearing nut (if any), which is screwed
and locked on the shaft, completely
removed. The withdrawing gear should
then be placed behind the housing, or the
housing itself may be used as part of the
withdrawing gear providing every precaution is taken to prevent undue strain,
since it is usually made of cast iron. If
the housing is used for this purpose the
tapped holes nearest to the bearing must
be employed and a stud should be used
in each hole, care being taken to tighten
the studs equally. The most important
point to observe during this operation is
that the pressure is evenly distributed
all round the bearing ; it must never, in
any circumstances, be exerted more on
one side than the other, otherwise the
bearing and its seatings will be damaged.
Having removed the bearing and its
housing from the shaft, the housing and
bearing may be separated by employing
hook bolts inserted through the bearing
bore ; the above-mentioned precautions
as to equally distributed pressure

should be strictly observed in this
case also.

Inspect the Bearing.
The inspection of the bearing should
now proceed. First, the complete bearing should be washed in petrol and every
trace of grease should be removed. The
races and balls or rollers should then be
closely examined and if the slightest crack
or chipping of their surfaces is found, the
complete bearing should be replaced
immediately.
If it is impossible to
observe any flaw during the visual inspection, the outer race should be revolved
slowly by one hand while the inner race is
held by the other ; any noticeable increase in the force required for rotation,
or any sharp check in the movement
(however slight), indicates either dirt in
between the races and balls or rollers,
or surface defects in same.
If this condition is observed, the bearing
should be rewashed in clean petrol, the
races being revolved by hand while the
bearing is in the petrol bath in an effort
to displace and remove any particle of
grit which may be present. If after drying
the bearing still exhibits defects in its
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running, it should be rejected. Any
roughness of operation indicates the probable presence of worn races or cage, and
the bearing should be inspected for these
defects and immediately rejected if they
are found.
How to Tell if a Bearing is in Good Condition.
If in good condition the bearing will
revolve smoothly and without jerking,
catching, or checking ; it will not show
any cracks or chipping of its surfaces,
and while a certain amount of endplay
will be present, there will be no appreciaable radial clearance. Furthermore, all

new shaft, or new housings. Creeping is
usually started by drive vibration of a
periodic nature (such as a heavy belt
fastener or badly aligned gear) or by the
driven rotating masses being out of balance.
When these sources of disturbance are
removed the creeping generally stops, and if
these measures are taken in time it will
not be necessary to fit oversize bearings.
In investigating a complaint of this nature
it should be remembered that all motors
of reputable make are dynamically
balanced at the works, and should, therefore, not give rise to any unbalanced forces.

Remounting the Bearing in the Housing.
Having decided, from the
inspection, whether the
original or a replace bearing must
be fitted, reassembly of the
various parts may be undertaken.
The first operation is to fit the
bearing in the housing. Ball
bearings require the whole unit,
roller bearings the outer race
only, to be inserted. After
housing and bearing have been
wiped clean the bearing should be
greased well ; the back of the
housing as far as the cuter race
locating shoulder should be filled
with grease and the bearing, or
race,
should then be placed in
Fig. 28.—USING A COMM. STONE.
position and pushed into the
A large comm. stone is here shown in use cleaning a large
housing by pressure applied
commutator. Note that it is unnecessary for the machine
gradually and evenly to the outer
to be " deid " since the stone is a good insulator. (Martindale Electric Co., Ltd.)
race. Care must be taken to ascertain that the bearing remains
surfaces will be bright and will show the square with the housing bore from the very
original distinctive grinding marks on start of this operation and if these instructhe outsides and edges of the races.
tions are followed it will be found that the
bearing or race will easily enter the housing,
Creeping of Bearing Races.
If those portions of the race which and may be pressed down until it makes
contact with the locating shoulder. It is
come into contact with the housing or
shaft show signs of having been rubbed essential that the bearing beds on this
or polished by a burnishing action in a shoulder, and having ascertained that this
has been achieved the fitting of the comcircumferential direction, creeping of the
race is indicated. While this is not a bination of bearing and housing on to the
defect of the bearing itself, it is an indication shaft may be proceeded with.

that all is not well with the fit, either on
the shaft or in the housing, as the case
may be. Creeping should not be tolerated,
since it is cumulative and may necessitate
new bearings together with a built up or

Fitting on to the Shaft.
With roller bearings, the housing carrying the outer race is threaded over the
shaft first, followed by the bearing proper.
In the case of ball bearings the bearing
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and housing, assembled together, are
fitted as one unit. The shaft should
be clean and lightly greased, and the
bearing should be forced on to its seating
by pressure applied evenly to the inner
race, as close to the shaft as possible. The
application of the pressure close to the
shaft is very important, particularly with
roller bearings, since otherwise the flanges
forming the sides of the race are liable
to be distorted or broken. The pressure
must be even all round the race and the
bearing must remain square with the shaft
from the very start of the operation,
otherwise a damaged shaft will result.
If a tube is used to force the bearing on,
it should be a reasonably close fit over the
shaft ; its face should be square
and its outside diameter should not
exceed the diameter of the bearing
nut face which makes contact with
the inner race. In no circumstances
must pressure be applied to the outer
race when fitting a bearing on the
shaft.
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Always Keep the Brushgear Clean.
As has already been mentioned the
brushgear should be cleaned every week,
being wiped down with a clean cloth
free from fluff or down. All carbon or
metallic dust, oil and grease must be
removed and care should be taken that
all recesses and particularly insulating
surfaces are quite clean. At the same
time as this is done all dust should be
removed from the spaces between the
sliprings and from the ends of
the slipring, bush or commutator vee
rings as the case may be. This
periodical and scrupulous cleansing
is essential if breakdown is to be
avoided.

Completing the Reassembly.
Remounting is completed when
the inner race is in contact with the
locating shoulder on the shaft and
this should be checked before proceeding with the fitting of the
bearing nut. The nut should be
Fig. 29.—AN UNDERCUTTING HEAD IN USE.
replaced, well tightened up, and
Observe the method of holding and guiding. This is
relocked. A complete grease charge to avoid cutting or scratching the copper segments.
should be given as previously des- (Martindale. Electric Co., Ltd.)
cribed ; the cap should be refixed
to the housing, the lubricator filled,
and the bearing is ready for running. Brushes Must Move Freely.
When the weekly cleaning of the brushSLIPRINGS, COMMUTATORS, BRUSHES gear is being carried out, each brush should
AND BRUSHGEARS.
be lifted up against the spring pressure
The function of these parts is to provide and then released. Any sluggishness of
a path for the current between the movement of the brush towards remaking
stationary conductors, or cables, and the contact must be corrected immediately,
rotating armature or rotor ;
the otherwise destructive sparking and burning
combination of slipring (or commutator) will set in and spoil the contact surfaces.
and brush constitutes a sliding contact, It will generally be found that the seizure
being subject to the same general rules is due to dust in the brush box or hinge
as govern any surface contacts which are bearing of the brush-holder and removal
called upon to carry current. We will of this will free the brush ; sometimes,
first of all discuss those details which are however, oil may be the cause, and cases
common to all types of motors, such as have been known where the shellac bond
brushes and brush holders ; sliprings and in intersegment micas oozed but when the
commutators will be considered later.
motor became warm and was flung off
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by centrifugal force, causing most stubborn
and perplexing brush seizure. These latter
cases occurred on very old motors and this
trouble would never occur on a machine
of modern design by a reputable manufacturer.
Measure the Brush Pressure.
At intervals of about three months
the brush pressure should be measured
by means of a small spring balance. The
hook of the balance should be attached to

cording to the type of brush which is in use.
Carbon brushes-2 to 2i lb. per sq. in.
Metal mixture-3 to 31 lb. per sq. in.
If it is found that the brush pressure
exceeds or is less than the above figures,
the spring tension must be adjusted
accordingly. All brushes on the same
motor must be at the same pressure, as
nearly as possible.
If there is Sparking due to Vibration.
Sometimes the driven machine gives rise

Fig. 30.—AN UNDERCUTTER FOR WORKSHOP USE.
This mica undercutter is suitable for the large maintenance shop or factory. It is so constructed
that the mica slot is milled truly parallel to the shaft axis. (Martindale Electric Co., Ltd.)

the end of the pressure finger, as close as
possible to the point of contact with the
brush top, and the balance should be held
along a line parallel to the brush centre
line. The spring balance should now be
gradually moved away from the brush
by pulling on the ring at its end, and the
reading at which the end of the pressure
finger is lifted from the top of the brush
should be noted. This is the spring pressure and it should be converted into pounds
per square inch of contact surface and
checked against the following figures, ac-

to general or periodical vibration, causing
brush dancing and violent sparking. In
these cases the correct cure, of course,
is to remove the vibration ; when this
cannot be entirely accomplished, it may
be necessary to increase the brush pressure
over the figures given above, this being
done at the expense of brush and commutator (or slipring) life, of course. This
increase of pressure must not be carried too
far, however, certainly not above about
lb. per sq. in. for carbon, or 51 lb. per
sq. in. for metallic mixture (copper
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graphite, etc.) brushes, and when it is
found that this extent of pressure increase
will not affect a cure it may be necessary
to fit a brush of lighter weight which will
be more easily controlled by the brushholder spring. The motor manufacturer
and brush maker must be consulted on this
point however.
When to Fit New Brushes.
Even with the very best running conditions the brushes will gradually wear away
and have to be replaced, but it is impossible
to say how long a set of brushes should
last because conditions and machines
differ so much. However, the brushes
must be replaced if any one or more of
the following conditions have been arrived
at due to wear.
(A) When the height of the brush
measured from the commutator or
slipring surface to pressure finger is
fin. or less.

Irr TT
A.

B.

C.

Fag. 32.—MICA GROOVES.
At A we have square grooves with the edges
of the segments bevelled, and B shows veeshaped grooves. Either of these shapes are
satisfactory. In the case of C we have the
condition when the mica has been carelessly
reduced—giving flake mica standing above
the copper segments. This is a condition of
" high mica " and gives commutator blackening
and much trouble due to sparking.

(B) When any metal figments inserted
in or attached to the brush approach to
within 1i6 in. of the commutator or
slipring face.
(c) When the brushes have become
so short that no further spring pressure
is available.
The new brushes should be ordered from
the maker of the motor, full nameplate
particulars being quoted and one of the
old worn brushes being sent as a sample
if possible ; if a worn brush cannot be
spared the orderer should quote the letters
or figures which will be found stamped at
the top of the brush sides or edges. This
is the brush grade designation.
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Fig. 31.—AN UNDERCUTTING FILE.
This little tool is useful where only a few
commutators have to be maintained ; with careful use it produces good work, although its
operation is somewhat tedious. (Martindale
Electric Co., Ltd.)

H the Brushes Wear Unequally.
Sometimes it will be found that the
brushes wear away rapidly but at unequal
rates, one brush being practically full
length when the next is worn away,
although both have been in service the
same length of time. This trouble may
be due to many causes, such as unequal
brush pressures, bad bedding, vibration,
etc. The best procedure is to ensure that
the pressure, bedding and vibration questions are beyond reproach, and if these are
made correct the trouble will usually
cease, so long as there is not anything
inherently wrong with the design. If
the trouble cannot be overcome the motor
makers should be informed.
How to Fit the New Brushes.
When the new brushes are received they
should be carefully unpacked and examined
to make sure that they are unbroken and
are of the same size and grade (or its
equivalent) as the old ones. If everything
is in order the old brushes should be
removed and the holders cleaned of all
dust before the new brushes are inserted.
Care should be taken that every brush
slides freely in its holder and the copper
flexible which is moulded into or attached

87
A.

c.

Fig. 33.—A HOME-MADE MICA UNDERCUTTER.
The small piece of hack saw blade A is
screwed, rivetted, or soldered, into the slotted
rod B, which is in turn fitted into the handle C.
The use of this tool is similar to that of the
file shown in Fig. 31.
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may proceed to
grind in, or
"bed," the
brushes.
Bedding Brushes.
The procedure
is as follows : A
strip of glasspaper or sandpaper (not emery
paper or cloth)
should be taken
and placed in between the brush
contact face and
the commutator
or slipring, the
rough side of the
glasspaper should
be outermost, i.e. ,
in contact with
the brush, and
the strip should
be drawn backwards and forwards so as to
cut the brush
face to a radius
which will be the
same as the
radius of the
commutator.
This procedure
should be gone
through until
every brush has
been shaped on
Fig. 34.—ARRANGEMENT OF A.G. MOTOR BRUSHGEAR.
its contact face
This shows clearly the brush with its flexible lead clamped under the screw
to the radius of
provided for it. The brush spring and its adjusting lever may also be seen,
the commutator
and the topmost detail is the interlock switch with its terminals and contacts.
or slipring on
The gear shown is fitted with short-circuiting mechanism, and the shorting
which it rests.
sleeve and its contacts are clearly visible on the right of the illustration.
The contacts must be kept clean and tight and the sleeve and its mechanism
When every
should be lightly lubricated every six months. (Metropolitan-Vickers.)
brush is fully
ground in, all
to the brush should be secured to the dust should be scrupulously removed, the
brush holder by the terminal or screw brushes should be lifted to ensure that they
provided for it.
are moving freely and the spring tension
The spring tension must now be adjusted should be checked.
to the correct amount with the new full
length brush, and having ascertained that The Care of Sliprings.
this is so for each individual brush, we
When a slipring is in good condition, it is
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smooth and highly polished on its contact
surface, the colour being rather of a bronze
tint in the case of brass or similarly
coloured sliprings. All rings and their
supports and insulation must be kept very
clean so as to avoid leakage, flashing, or
creeping trouble with consequent breakdown. If the rings become roughened or
scored they may be cleaned up by means
of sand or glasspaper when the damage is
only slight, while a suitable commutator
stone will be capable of dealing with
greater roughening. When the rings are
badly pitted, it will be necessary to turn
them down in a lathe to a smooth, highly
polished surface, although a " cutting
grade " of commutator stone is available
which may be used if the pitting is not
very deep ; these commutator stones are
referred to later.
If the brushes are noisy, giving highpitched squeaking noises with a slipring
in perfect condition, a piece of rag on
which a few drops of oil have been
placed should be run once round each
ring.
Commutator Maintenance.
The commutator has been developed
from the most troublesome detail on a
motor to one of the most reliable parts,
and given proper maintenance, it will give
excellent service. As in all other cases,
cleanliness is most essential. It is, in
fact, definitely dangerous to permit even
the slightest accumulation of dirt on a
commutator or its supports because of
the potentials which exist between closely
adjacent surfaces. In order to keep the
commutator clean it is only necessary to
wipe the contact surface and end with a
clean cloth which is free from fluff, and a
few drops of oil may be placed on this
cloth to provide the necessary very slight
lubrication, as has been described for
sliprings. It is most important that any
lubrication should be very sparing and
no grease, dust, oil or dirt must be allowed
to accumulate on any portion of the
commutator.
Using a Commutator Stone.
The use of sandpaper (on no account
must emery paper or cloth be used)
has certain disadvantages for corn-

1379,

mutator cleaning and a better method
is to use a commutator stone. This.
is a shaped stone of special abrasive
material which is also an insulator,
and it may thus be used while the motor is,
alive. The stones are available in almost
any size and in a variety of grades suitable
for cutting or finishing, and they can be
relied upon to produce a good job.
When the Commutator is Badly Worn.
If the commutator is badly worn, being
ridged or burnt, its surface must be trued_
up, and for this purpose it is usual either to
turn same in a lathe or to grind it up.
Turning the commutator necessitates theremoval of the armature unless a special
turning fixture is available to carry out the
job where it stands ; if it is desired to avoid
removal of the armature, grinding can be
used, a portable grinding attachment
being rigidly mounted upon a traverse head
which is, in turn, securely fixed to someportion of the motor or its foundations.
Undercut the Mica.
It is usual nowadays for the mica intersegment insulation to be undercut or
reduced below the level of the copper
commutator surface, and this should
always be done when the original arrangement of the commutator incorporated
reduced micas. It should be noted that
it is not usual to reduce the micas on
motors which are to run very silently,
and certain other exceptions occur, such
as high voltage generators, and some rotary
converters. On industrial motors and
generators, however, reduced mica is the
common modern practice, and it is usual
to cut back the mica so that the slot
between the segments is between 116 -in.
and 7412-in. deep ; deeper undercutting is.
dangerous since it may be filled up with
carbon dust and result in a short circuit
between segments.
Undercutting Must be Thorough.
The different appliances used for this
purpose are shown in the sketches and
illustrations, and very little need be
said regarding the operation of them since
the method of use is obvious.
After the mica has been removed and all'
dust cleaned from the commutator surface
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and mica grooves, the edges of the segments should be very slightly bevelled
with a smooth piece of hard steel so as to
remove the sharp edge of the copper
which is left when the mica has been
undercut.
Scrape Out the Grooves Yearly.
An undercut commutator will operate
quite satisfactorily providing the brush
grade is suitable and when the reservations
which have been previously mentioned
do not apply. During the annual overhaul the grooves should be scraped clean,
using a piece of hard fibre or close-grained
hardwood, and beyond this slight extra
attention the undercutting of the mica
gives rise to no additional maintenance
work. Oil and grease should not be
permitted on any commutator, and when
the mica is recessed the presence of these,
together with dust, is particularly objectionable ; care should, therefore, be taken
of this point and should the local air
carry oil fumes or vapour it may be
necessary to varnish the grooves. The
motor maker or brush manufacturer will
advise on this point.
Causes of Sparking and Remedies.
(I) Motor is overloaded—reduce load
or install larger motor.
(2) Brushes out of position —set to
marked position or move rocker slowly
until sparking becomes a minimum.
(3) Brushes are not making perfect
contact, this may be due to :—
(A) Dirty commutator or brushgear—
clean.
(B) Brushes may need grinding in—
see " Bedding Brushes."
(c) Brushes sticking in holder —free
same, by sandpapering if necessary.
Brushes must slide easily but not be too
slack.
(D) Brush pressure too light—measure
and increase same if necessary.
(4) Commutator requires cleaning or
smoothing--see previous notes.
(5) Brush " pigtails " or shunts may be
loose or detached—fasten same.
(7) Defect in armature, such as :—
(A) Earthed conductor—shows up on
" Megger Test."
(B) Short-circuited coil or conductor—

heats up rapidly and burns commutator
by very violent sparking.
(c) Open-circuited coil sparks seem
to go all round the commutator and
commutator is burned at the bars to
which the open-circuited coil is connected. This trouble may be due to
bad connection between armature conductor and commutator.
All the above faults will necessitate
either return of the armature to its maker,
or the attention of a skilled winder.
(S) High bars one or more commutator
bars stand up higher than the rest when
motor is running, due to loose or distorted commutator. Brushes " click " and
jump. Tighten commutator nut or studs,
if necessary, and true up the surface by
turning or grinding.
(9) High mica—as for " High bars "—
commutator blackens quickly—true up
as for (8) and undercut mica if case is
suitable (see previous notes).
(ro) Low bars—one or more commutator
bars low in level, shown up by blackening
of low bars—true up.
(II) Flat spot on commutator—caused
by a blow, periodic vibration or violent
periodic sparking due to some other cause.
Brushes jump and several bars close
together are blackened and burnt. True
up.
(12) Bent shaft — commutator runs
eccentric—straighten shaft or replace.
(r3) Brush arms may not be spaced
equal distances apart. Only likely to
occur when motor has been dismantled.
Check by counting commutator bars
between rows of brushes. All numbers
should be equal ; if not, adjust position
of displaced brush arms.
Brushgears Generally.
When there is any brush lifting and
short-circuiting mechanism on A.C. motors
this should be lubricated every six months
with a little grease. Do not use too much
or it may be thrown off on to the brushes
and holders. Any short-circuiting blades
and jaws must be kept clean and in good
contact and all connections should be kept
clean, tight and in good repair. Cleanliness of brushes, holders, sliprings or
commutator and all adjacent parts is
essential and will amply repay attention.
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ELECTRIC CIRCUIT CALCULATIONS
FOR LIGHTING, HEATING AND D.C. POWER
By A. T. DOVER, M.I.E.E.

I

T is not often that the electrical engineer
has occasion to calculate the resistance
of conductors in the course of his
everyday work, as there are many conveniently arranged tables giving the resistance of wires of standard sizes. Every
electrical engineer should, however, be
able to calculate resistances when necessary,
and there is no reason why everyone
who can divide and multiply should not
be able to do this.
The resistance of a wire depends on
three things :—
(a) Its length. The longer the wire the
greater the resistance. A wire 10 yards
long offers twice as much resistance to
the flow of current as a wire 5 yards long.
(b) The cross sectional area of the wire.

The greater the area the less the resistance.
For example, a
wire or cable
with a cross
sectional area of
Tv square inch
would have only
one half the resistance of a
wire of equal
length with an
area of -,1,,- square
inch.
(c) The material of which
the wire is made.
Some metals, e.g.,
copper and silver,
have high conductivity, whilst
other metals
such as platinum
have low conThe
ductivity.

resistance between
the faces of an
inch cube of metal

is called the specific resistance of the metal.
The value of this specific resistance is
given in tables which have been found
as a result of experiments. The specific
resistance of copper is about (3,-66 millionth
of an ohm, i.e., o•66 microhm per inch
cube. The above facts have been put
into a simple formula, viz.:—
Resistance =
Length of conductor x specific resis. of metal
Cross sectional area
Using the well-known symbols, this is
expressed briefly as :—

R=

/ X p

(I)

a

Where :—
R is the resistance,
1 is the length of the conductor,

THE RESISTANCE BETWEEN
717/EBENVOPACES=SPEC/F/C
RESISTANCE PER /NCH CUBE

THE RES/STANCE
BETWEEN 73/ESE 7isf0
FACES = SPEC/F/C
RESISTANCE PER CM. CUBE.

/Orr..

A.
AREA

hoso.w.

AREA koo So./N.

B.

C.

AREA .k0Sep.1H.
THE RESISTANCE OF E/THER BAR B OR BAR C = 77A1ES RESISTANCE
OF BAR A.

Fig. I.—PICTORIAL REPRESENTATION OF SPECIFIC RESISTANCE AND
LAWS OF RESISTANCE.
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Specific resistance is usually expressed in
ohms, or microhms (1 microhm ------ I
millionth of an ohm = bo-6 ohm), per
inch cube, or per centimetre cube, according to the system of units adopted for
length and cross section. But this method
of expression must be considered as a
shortened form of the more correct expression :—ohms per inch length per square
inch of cross section.
When expressVAR/AT/ON OF RE 8/S TA NCE- WITH 7E.-41PERATu RE .0iliCHROME
ing the specific
1,11y WiRE)
\\,„
resistance in
,
" ohms per inch
.„ or omirviir
-.,
cube " we do not
imply that this
quantity is the
resistance per
cubic inch of the
.131100
material.
This
liti(
fo
141
I(li
I
point must be
SivircH OFF
Swircii ON
very carefully
remembered in
calculations of
/500 WATT ELECTING' h7RE -230 VOLTS.
resistance, as in
liES/STANcE COLD (20°C)..300-coors. REs/ETANCE Hor ri000ec)
such calculations
= 35 0,444'S.
MOMENTARY CURRENT WHEN
STEADY CURRENT WHEN
the ratio of
F/RE /3 SwircHeo ON = ASSAmPs.
RAW /SON = 6.5 7,4A4P.s.
length to cross
section is in4R/AT/OA/ OF RES/STANCE
VAR/AT/ON OF RESISTANCE
rI
v TH TEMPERATURE (72/NOSTEA/
WITH 7a-M,DERWMPOvolved, and not
11//RE)
(PLAT/NUM /4/49E.)
the product of
these quantities
(which would
LAMP OFF I LAMP ON
give the volume).
To avoid such
ambiguity specific resistance is
A PPROX/MATE REE/sr4HcE
frequently exAT 20°C. •=- 2.7 OHA4S.
200 VOLT 60 WATT L AMP
pressed shortly
A PPROX/MATE Res/STANCE
A'EsisrANcE
Res/STANcE
AT /000°C. / / .7 OseAds
as ohm-inches or
COLD (20*C)=GSONMS /-/C77- ABOUT 2/00C)
MomENTAxwa/AAewr
ohm-centimetres.
= 680 OHMS.

a is the cross section of the conductor,
p (Greek letter, pronounced rho) is the
specific resistance, or resistivity of the
material of the conductor.
The length and cross section must be
•expressed in a common system of units
(i.e., length in inches, cross section in
square inches ; or length in centimetres,
•cross section in square centimetres). The
specific resistance must be expressed in

WHEN S. WITCH,NO
ON = .3,/ AMPS

MINNING ONPREN'T =

29.8Amfts

Values of Specific
Resistance.
These values,
Showing variations with nichrome, tungsten and platinum wire.
for metals, dethe same system of units as that employed pend upon the chemical purity, hardness,
temperature, etc. Average values (which
for length and cross section.
may be used in the majority of calculaSpecific Resistance or Volume Resistivity. tions) are :—
MicrohmAs already mentioned, this is defined as
inches.
the resistance of a conductor having unit
o•68 (20° C.)
..
length and unit cross section. Thus, if in ANNEALED COPPER
(21.666 (6o° F.)
..
the above formula we make 1 = I, a = I, ANNEALED COPPER
o•69 (6o° F.)
HARD-DRAWN COPPER . .
then R = p.
Fig. 2.—VARIATIONS OF RESISTANCE WITH TEMPERATURE.
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Microhminches.
ANNEALED ALUMINIUM..
0.96 (6o° F.)
..
..
3.8
IRON (pure)
(6o° F.)
TUNGSTEN
..
..
2.4
(6o° F.)
(alloy o f
NICHROME
nickel and chromium ;
(2o° C.)
used for electric heaters) 35
EUREKA (alloy of copper
and nickel ; used for
shunts and series resistances in instruments,
resistance coils, etc.) .. 18.5
(20° C.)
MANGANIN (alloy of copper, nickel and manganese ; used for standard
resistance coils, etc.) .. 20
(20° C.)
CARBON (non-metal)
.. 1,60o to (Varies with
g rade of
4,000 carbon,
method of
manufacture, etc.)
Change of Specific Resistance with
Temperature.
The specific resistance of pure
metals increases as the temperature
increases, but that of certain alloys
(e.g. eureka, manga.nin) remains
almost constant over the normal
range of air temperatures in
electrical works and test rooms.
The specific resistance of copper
(of the purity used for electric wires
and cables) changes ,A4th of its
value at 20° C. for each degree change
Alterof temperature from 20° C.
natively, in the Fahrenheit temperature scale the change in specific
resistance per °F. from 6o° F. is
ar,th of the value at 6o° F. These
values are called the temperature
coefficient of resistance.
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amount R1/254. Hence the temperature
rise in degrees Centigrade is
R,— R,
— R 1)
T —
= .254 (
(2)
Ri/254
Ri
If the cold resistance had been measured
at a temperature ti instead of at 20° C.
the resistance R 1' at 20° C. would have
to be calculated, and the increase in
resistance from this value obtained.
Thus :—
20 — t i)
R,' --=-. R1 (I +
(3)
254 I
Hence the temperature rise from 20° C.
is :1'
254 (R2 — R

\

k
R,' )
and the actual temperature rise is :—
R,— R1')
,
(20 —
254 (
• • • • (4)
Ri

Fig. 3.—CALCULATING TEMPERATURE RISE OF A MOTOR.
The resistance of the machine when cold is measured
with an ammeter, voltmeter and battery as shown.
Immediately after running the machine, the resistance
is again measured, and from the two readings it is easy
to calculate the temperature rise of the windings.

Estimation of Temperature Rise by Change
of Resistance.
The temperature rise of armature and
field coils may be estimated by measuring
the cold and hot resistances, and using the
above values of temperature coefficient.
Thus, if R1 is the cold resistance at a
temperature of 2o° C., and R 2 is the hot
resistance, the increase in resistance is
R2 — R1. For each degree rise in temperature the resistance increases by the

DATA OF RESISTANCE OF COPPER
CONDUCTORS (ANNEALED).
Useful Rule.
The resistance at 6o° F. of a uniform
copper conductor of i square inch cross
section is 0.024 ohm per i,000 yards, or
0.042 ohm per mile.
The resistance at 6o° F. per 1,000 yards
of solid circular wires of standard sizes
used in electric installations is given in
Table I.

ELECTRIC CIRCUIT CALCULATIONS
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SERIES CIRCUIT
5-105 VOLT LAMPS CONNECTED IN SERIES

ALL LAMPS MUST SE OF THE SAME SIZE E.G. 30WATTS

TO TROLLEY

•

525 voi.rs

TO RAILS

ELECTRIC LIGHTING CIRCUITS ON TRAMCARS & ELECTRIC TRAINS
Fig. 4.-RESISTANCES OF SERIES CIRCUITS.
The total resistance is equal to the sum of the resistances of the several parts of the circuit.
TABLE I.
DATA OF SOLID COPPER WIRES.

Diameter
of Wire
(inch).

Size
S.W.G.

Cross
Section
(square
inch).

Resistance
per I,000
yards at
600 F.
(ohms).

(3.0076
o•or
0.012
0.018
0.029
0.036
0"44
0.052
0.064
0.072
0.083
0.093
0.103

36
33

0.00004536
0.00007854
0.000113
0.000254
o.00066
0.00102
0.00152
0.00212
0.00322
0.00407
0.00541
0.00679
0.00833

529.2
305.7
212.3
94'35
36'35
23.59
15.79
I•3
7'46
5'9
4'38
3'53
2.88

26
20

16
15

Numerical Examples on Resistance.
(I) If the resistance of 1,000 yards of
copper wire 0.044 inch in diameter
(0.00152 square inch in cross section) is
15.8 ohms, what will be the resistance of
mile of copper wire 0.064 inch in diameter (0.00322 square inch in cross
section) ?
This problem may be worked by simple
proportion, using the following rules :
(r) the resistances of conductors of given

material and cross sections are proportional
to the respective lengths ; (2) the resistances
of conductors of given material and
lengths are proportional to the reciprocals
of the respective cross sections.
Thus :Resistance of 1 mile of 0.044" wire
1,760
= 15.8 x 1 000 = 27.8 ohms.
,
Resistance of r mile of 0.064" wire
0.00152
= 13.13 ohms.
= 27.8 x
0.00322
Alternatively, the calculation may be
carried out in a single step. Thus :Resistance of i mile of 0.064" wire
= Given resistance
Length of o•o64" wire
Length of 0.044" wire
Cross section of 0.044" wire
X
Cross section of 0.064" wire
(2) What will be the resistance of 1,000
yards of copper wire 0.4 inch in diameter
if the specific resistance of copper is
0.68 microhm per inch cube ?
The length =1,000 x 36 = 36,000 inches.
The cross section = 0.785 x (diameter) 2
= 0.785 X 0.4 X 0.4 = 0.1257 square
inch.

PARALLEL CIRCUIT
LIGHT
WIRES FROM
DISTRIBUTION
BOARD

LIGHT
0
SWITCH

ORDINARY HOUSE ELECTRIC

LIGHT
SWITCH

LIGHTING CIRCUIT.

Fig. 5.-RESISTANCES OF PARALLEL CIRCUITS.
The reciprocal of the equivalent or joint resistance is equal to the sum of the recipi ocals of the
resistances of the several parallel parts of the circuit.

ELECTRIC CIRCUIT CALCULATIONS

[Note.—o.785 = 7/4, where TC (= 3.14
approx.) is the ratio (circumference/diameter) for a circle.]
Hence :—
36 000
0.68
Resistance = '
= o.195 ohm.
X
0-1257
10(3) A shunt for a moving-coil ammeter is
required to have a resistance of o.ol ohm
and is to be made up of a single strand of
Eureka wire o•104 inch in diameter.
What length is necessary ? Specific resistance of Eureka =18.5 microhms per inch
cube.
Rearranging the formula R = pl/a, we
have :-

1 = Ra/p.
Now a = 0.785 x (0.104) 2 = o•oo85
square inch.
Hence :0.0, X o•oo85 X 1°6
1
=4.6 inches.
18.5

(4) The cold
resistance of the
field winding of a
motor is 120 ohms
at an air temperature of 15° C. The
hot resistance
measured at the end
of a heat run is
142 ohms. What
is the temperature
rise ?

Parallel circuits. The reciprocal of the
equivalent or joint resistance is equal to the
sum of the reciprocals of the resistances
of the several parallel parts of the circuit.
The reciprocal of resistance is called
conductance. Hence with parallel circuits,
the equivalent conductance is equal to the
sum of the conductances of the several
parts. Thus :1
(6)

R, ±

R — Ri +

With two circuits in parallel, we have
the simple form :—
R1 R2
I

R—

R,

1/R, + i/R,

(7)

Series-parallel circuits. The equivalent
resistances of the series and parallel portions are calculated separately, and are

STAGE LIGHTS
DIMMER A

SUPPLY
1

DIMMER (RHEOSTAT) IN SERIES WITH LIGHTING CIRCUITS (STAGE AND

AUDITORIUM ) IN THEATRES.

Fig. 6.—RESISTANCES OF SERIES-PARALLEL CIRCUITS.
The equivalent resistances of the series and parallel portions are calculated
separately and are then added to give the equivalent resistance of the whole
circuit.

Ri' = izo (1 +

20 — I5
254

)

ohms,
and from formula (4) the actual temperature rise (from 15° C.) is :—
(142 — 122.2)
254
+ (20 — 15) = 46.1°C.
= 120 (1 + 0.0197) = 122.2

122.2

Resistances of Series, Parallel, and Seriesparallel Circuits.
Series circuits. The total resistance is
equal to the sum of the resistances of the
several parts of the circuit. Thus :—

R

Ri, R2, R 3 . . • the resistances of the
several parts.

SERIES-PARALLEL CIRCUIT,

From formula (3) the resistance at 2o° C.
is :—

where
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± R2 ± R 3 ±
(5)
R is the total resistance and

then added to give the equivalent resistance of the whole circuit.
Numerical Example.

Three conductors of resistances 3.5, 3,
1.5 ohms are connected in parallel. What
is the equivalent resistance ?
The separate conductances are :1/3.5 = 0.286
1/3 = 0.333
1/1.5 = o•667
Hence the equivalent conductance
1.286 and the equivalent resistance

I
1.286

------ 0.778 ohm.

Law of Electric Circuit.
The relationship between the e.m.f.,
0
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current and resistance is given by Ohm's
Law. Thus :—
E.m.f.
Current =
Resistance
or :—
(8)
/ = E/R
If the circuit contains other internal
e.m.f.'s, then :—
Current =
Applied voltage — Sum of counter e.m.f.'s
Resistance

Fig. 7A.—PICTORIAL REPRESENTATION OF TWO E.M.F.
SOURCES IN PARALLEL,
NO EXTERNAL LOAD (E.G., A
CAR LIGHTING DYNAMO AND
STORAGE BATTERY).
Fig. 7B (right). — CIRCUIT
DIAGRAM FOR TWO E.M.F.
SOURCES IN PARALLEL.

tion (i) when no external circuit is
connected (i.e., no load) ; (2) when current
is supplied to an external circuit.
For the first case (i.e., no load) the
calculation of the common terminal voltage, when the e.m.f.'s have not exactly
the same value, is not difficult, but it
involves determining the circulating current, or currents. Thus with two sources,
having e.m.f.'s E1, E 2 (E1 being the
greater), and internal resistances R1,
R2, respectively, the circulating current,
I, Fig. 7B, is given by (E1 —E 2)/(R i +R 2).
The common terminal voltage, V, is
given by V = E, — IR, = E 2 IR2.
With three sources, e.g., storage cells,
having e.m.f.'s E 1, E 2, E 3 (E1 > E 2,
E 2 > E 3), and internal resistances R1,
R 2, R 3, respectively, the circulating currents I, I„ I 3, are best determined by
first calculating the fictitious currents
shown as Ia , Ib in Fig. 8B. These currents
are calculated by equating the resultant
e.m.f. in each circuit to the
voltage drops produced by
the circulating currents .
Thus :—

Ei — E 2 = R1 Ia
R2 (Ia—
E 2 — E = R 2 ( — Ia)

+ R3 4

Solving for Ia and
have :—
Ia =

Ib we

E 3) R,
(E, — E 2)
R1 R 2 R2 R 3 + R 3 R1
. . . . (io)
(E,
—
E
3)
R
2
±
(E2
—
E
3)
Ri
Voltage Drop.
Ib —
. . (11)
The voltage drop due to the current I
R, R, R, R 3 ± R s R,
passing through a resistance R is equal to
the common terminal voltage, V,
R I. Hence if a source of e.m.f. has an is Hence
given by V = E, — Ia R,, or V=
e.m.f. E and an internal resistance R the
R 3.
E 2 —(Ib —
R 2, or V = E 3 +
terminal voltage ( V) will be :—
For the second case (i.e., when the sources
V = E — IR
(9) supply current to an external circuit) the
E.m.f. Sources in Series and Parallel.
Series. The resultant e.m.f. is equal to
the sum of the separate e.m.f.'s. The
resultant terminal voltage = resultant
e.m.f. — sum of voltage drops due to
internal resistances of e.m.f. sources.
Parallel. Two cases need considera-

calculation is more involved, and is best
treated by the principle of fictitious
currents circulating in the parallel circuits—an extension of the method employed in the no-load case. Thus with
two sources (having e.m.f.'s E„ E 2, and
internal resistances R1, R2, respectively)
connected to an external circuit or load of

ELECTRIC CIRCUIT CALCULATIONS
resistance R, the fictitious currents Ix , 4,
Fig. 9B, are determined from the equations :—
E, — E 2 = R, Ix + R ( Ix - I,,)
E 2 = R2 (4 — I x ) R
giving :—
E,
(Ei — E,) R
(12)
x

4

RI R, R, R R,R
E, R2 E RI
IY
R,R, Ri R
R2 R
Whence :—
V
—I x RI

(13)
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Whence the common terminal voltage
is :—
V = 112 — (33.6 x 0.2) = 105.28 V.
The current supplied by the battery may
be obtained either from formula (r4) or by
calculating the load current and subtracting the dynamo current. Adopting the
latter method, which is the simpler one,
we have :—
Load current = 105.28/2 = 52.64 A.
Battery current = 52.64 — 33.6 19.04 A.

4 -Ix =

and l2 =
E 2 R„ — (E,— E,) R
R,R, R I R
R2 R

(14)

Numerical Examples.
(I) A separately excited dynamo giving
a no-load e.m.f. of 110 volts is connected in

parallel with a 55-cell battery of accumulators, each cell of which gives an opencircuit e.m.f. of 2'01 volts. The internal
resistance of the dynamo is
0'2 ohm and that of each cell
is 0.005 ohm.
What is the
common terminal voltage ?
The open-circuit e.m.f. of
the battery is 55 X 2'01 =110'5 V., and the internal
resistance of the battery is
55 x 0.005 = 0.275 ohm.
Hence the circulating current
110.5 — II0
= 1.05 A.
0.2 + 0.275
(discharge from battery) and
the common terminal voltage
110 + 0'2 X 1'05 = 110.21 V.
(2) If in the preceding example
the dynamo and battery supply a
load of 2 ohms, what will be the
common terminal voltage if the
no-load e.m.f. of the dynamo is
raised to 112 volts ? Neglect
the effects of armature reaction in the
Also, what will be the currents
dynamo.
in the dynamo and the battery ?
The circulating current /2, Fig. 9B, is
calculated from formula (12). Thus :
112 x 0.275 + 1.5 x 2
0.055 + 0.4 + 0.55 — 33 6 A.

Fig.

SA.—PICTORIAL DIAGRAM OF THREE E. M. F.
SOURCES IN PARALLEL.

Fzg.

(left). —

8B
CIRCUIT
DIAGRAM FOR THREE E.M.F.
SOURCES IN PARALLEL.

Currents in Parallel Circuits.
The division of current
between simple conductors
connected in parallel is easily
calculated by the application
of Ohm's Law. Thus because
the same voltage, E, exists
between the ends of the
conductors, the currents are given by:—

I, =

in conductor No. 1,

I, = — in conductor No. 2,
R,
and so on.
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preceding section, and the formulae there
given are directly applicable.
Numerical Examples.

(1) Two feeder cables having resistances
of o•o5 ohm and o•o8 ohm are connected in
parallel to carry a total current of 800
amperes. What will be the current in each
cable and the voltage drop ?
Applying formuhe (i6), (iv) the currents
are :—
Fig. 9A.-PICTORIAL REPRESENTATION OF Two
E.M.F. SOURCES IN PARALLEL SUPPLYING AN
EXTERNAL LOAD (E.G., A CAR LIGHTING AND
STORAGE BATTERY SUPPLYING THE CAR'S HEADLIGHTS).

Whence: —

I,: I 2 :

/ 3,

I

etc.=

I

:

I

: .172- , etc.

Ri

or, in the special case of two conductors :—
/,
R„
(I5)
R1
The total current, I = I 1 + 12 + 13+
In the special case of two conductors,
the ratios of the total current to the
currents in each conductor can be expressed
very simply in terms of the resistances of
the conductors. Thus :—
I

I1 + 12

I1

I1

R,
• R2

Il

R2

R

R2
± 12

1

I +

II

/2

2

I

+

R2
7?1.

RI + R2
R1
Whence

R,
R, R 2)

(i6)

(17)
-FI R 2 )
(R I R
These formul2e are very useful and
should be noted.
The division of current between dynamos
or batteries connected in parallel is
calculated by the method given in the
/ = /

I, = Soo

(

0 •08

k0.05 + 0.08/
= 492 A. in the o•o5-ohm feeder.
o05
/ 2 = 800
ko•o5
0.08/
= 308 A. in the o•o8-ohm feeder.
The voltage drop = I, R1 = 492 x o.o5
= 24.6 V.

(2) An ammeter
having a range of
i ampere and a
resistance of o•I
ohm is required to
have its range
extended to 10
amperes by means
of a shunt connected in parallel
with the instrument. What must
be the resistance
of this shunt ?
The current in
the instrument
for full scale
deflection is
i ampere and Fig. 9B.-CIRCUIT DIAthe voltage drop GRAM FOR Two E.M.F.
is therefore o•I FORCES IN PARALLEL
volt. Hence the SUPPLYING AN EXTERNAL
LOAD, R.
shunt must carry
(io — I) = 9
amperes, and therefore its resistance
= 0.1/9 = o•oiii ohm.

R

(3) Two cables having resistances of
0.2 ohm and 0.35 ohm are working in

parallel. The current in the o.2-ohm
cable is 120 amperes. What is the total
current ?

ELECTRIC CIRCUIT CALCULATIONS
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The current in
the 0.35-ohm cable
VOLTAGE DROP ON TRAMWAY SYSTEM.
is determined from
RESISTANCE PER /000 FT OF TROLLEY IV/RE 0.066 OHMS.
CURRENT
7:4HE/V
BY
CAR
MOTOR = 60 AMPS. VOLTAGE DROP OYER SECT/ON
formula (i5).
./2 MILE Lome = 10,5- voLrs
Thus:—
I
0'2
120
0.35
RESISTANCE PER MILE OF TRAc,.r RAILS (5/NGLE 777ACH).= 002 OHMS.
Whence / = 68.6 A.
VOLTAGE DROP IN MILE OF 7H.4CH = 6 VOLTS.
The total current = 120 + 68.6 Fig. I0.—PICTORIAL REPRESENTATION OF VOLTAGE DROP ON A TRAMWAY
= 188.6 A.
SYSTEM.
Current Density.
This quantity is equal to (current/cross Power Loss in Conductors.
section of conductor), and is usually
The voltage drop E in a conductor
expressed in amperes per square inch. It of resistance R carrying a current I is
is an important item in calculations of equal to R I. Hence the power supplied
conductors for electric power distribution to the conductor is equal to :—
and electrical machines.
P= E x I=RI x I=RI 2 ..(i8)
Power and Energy.
Alternatively, the current, I, may be
Electric power is the product of current expressed in terms of E and R, in which
and voltage ; it is expressed in watts case the power is given by :—
(or kilowatts, i k.W. = 1,000 watts).
E
E2
P=ExI=Ex =- - •••• (19)
Thus P= E I.
R
R
Energy (watts) is the product of power
Of
these
alternative
expressions
the
and time ; it is usually expressed in former is more conyenient for calculations
kilowatt hours (k.W.h.).
series circuits and the latter is more
Hence power is the rate at which energy on
convenient for calculations on parallel
is expended, since energy/time = power.
circuits.
Relationship Between the Units of Electric
Current Density and Heating of Conductors.
Power and Mechanical Power.
The unit of mechanical power is the
The power loss in a conductor tends to
horse power which corresponds to the raise its temperature, the temperature rise
expenditure of energy at the rate of being approximately proportional to the
33,000 feet pounds per minute.
power loss per unit of cooling surface.
i horse power = 746 watts.
This quantity is dependent
1

SIZE 8.7ii. U CALORIES

The-oRrl Acr1.10irr
hv
WATT SECS.4.782 PRACTICE
SEcOnlos. EALicieNcy

285

72,000 300,000 386,000

800 WATTS
FoR /3Alift/S..

2
p
380
Ts..

96,000 400,000 672,000

800 WATrs
foR // itimiS..

Pr.s.

4
PTS-

760

p.rs. /520

/ow w.47rs

/92,000 800,000 /024,000

FOR /ThfiniS.

584000 /600,000 2048,000

/Soo /WTI'S
FaR26m/n/s..

Fig. II.—CONVERSION OF ELECTRICITY INTO HEAT.
Formulae : Actual Watt Seconds — Pints x I4 x Temperature rise °F
Effieiency

X 1058
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on both the diameter of the wire and the
current density. Thus :—
/p

P=

R = 12 —
a
External surface = ndl= 4la/d
Whence :—
P
I2 l p d
2d p
~dl
4a2 1
`al
4
/2

Hence for a given temperature rise,

small conductors may be worked at a higher
current density than large conductors. This
point is very important with rubber insulated cables as overheating causes rapid
deterioration of the rubber insulation.
TABLE II.
DATA OF COPPER WIRES AND CABLES USED
FOR ELECTRIC LIGHTING AND POWER CIRCUITS,
GIVING PERMISSIBLE CURRENT DENSITIES AND
POWER Loss FOR RUBBER INSULATED CABLES.
Current Power
Number
denof
Nominal
loss
wires and
cross
Current sity
per
Ioo
diam. of
section
(amp.). (amp.
each wire (square
per
yards
(inch).
inch).
sq. in.) (watts).
I .•036
1P044

1x•064
7/*044
19/.064
19/.083
37/.083
61/.1o3
91/.103
127/.103

0.001
cro0i5
0.00322
0 '01
o.o6
0.1
0.2
0.5
0.75
1.0

4.1
6.1
12.9
31
83
118
184
332
461
595

4,100
4,060
4,100
3,100
1,380
1,180
gzo
664
614
595

396
588
1,240
2,200
2,760
3,33o
4,140
5,32o
6,86o
8,140

Numerical Examples.
(I) Determine the cross section of a
cable 200 yards long to carry a current of
100 amperes if the power loss in the cable is
to be 500 watts.
From formula (18) the resistance of the
cable is R = P/ 12 = 500/1002 = 0.05
ohm.
Whence the cross section—from formula
(I)—is
200 X 36 x (3..66

a=

0.05 x 106

= 0.095 square inch.
(2) A 460-volt motor taking a full-load
current of 300 amperes is supplied from a

Power station 25o yards distant. Determine
the cross section of the cable and the voltage
at the power station if the efficiency of
transmission is to be g8 per cent.
Power input to motor at full load
= 46o x 3o0 = 138,00o W.
Power supplied from station :138,000
= 140,700 W.
0.98
Power loss in cable (by difference)
= 2,70o W.
Voltage drop in cable = 2,700/300
= 9 V.
Voltage at power station = 460 + 9
= 469 V.
Resistance of cable = 9/300 = 0•o3 ohm.
Length of cable = 2 X 250 = 500 yards.
Cross section of cable
5oo x 36 x 0.66
= 0.395 square inch.
0.03 x 106
Conversion of Electrical Energy into Heat.
Heat energy is expressed either in
calories or in British Thermal Units.
One calorie is the heat required to
raise the temperature of i gramme
of water 1° C., and I British
Thermal Unit (B.Th.U.) is the heat
necessary to raise the temperature of
pound of water 1° F. The relationship between these heat units and electrical
units is as follows :1 calorie = 4.2 watt-seconds.
B.Th.U. = 1,058 watt-seconds = o-29
watt hour.
Hence the heat produced by a current
I passing through a resistance R for a
time t seconds will be :—
(2o)
P R t/4.2 calories
(21)
/2 R t/1,058 B.Th.0
Water Heating.
The electrical energy supplied to
the heater must be greater than
the heat energy required for the water
because of heat losses occurring during the
heating process and losses in the heater
itself. To allow for these losses we include the heat efficiency in the calculations.
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LOW VOLTAGE LAMPS
FOR CAR AND OTHER PURPOSES
By E. HILL

I

OW voltage lamps are used for a
, great variety of purposes, such as
'' the lighting of motor vehicles,
cycles, motor and steam boats, aeroplanes
and trains, for hand, pilot and mine lamps,
and for temporary lighting circuits.
The lamps range from 2-volt screw cap
bulbs to 25-volt, 6o-watt bulbs of the S.C.
or B.C. type.

Bayonet Cap Bulbs.
Similar use for hand lamps, pilot lamps,
switchboard lighting, etc., is made of
small bayonet cap bulbs of 2, 4, 6 or 12
volts. B.C. bulbs are made with centre
contact for single pole wiring or double
contact for double pole wiring. Either
screw cap or bayonet cap bulbs may be
used for temporary circuits such as table
lighting, shop window and sign illumination and indoor or outdoor exhibition
lighting ; being connected in series when

Flash Lamps.
Everyone is familiar with the flash
lamp made up of one or more dry
cells in a container of rectangular
MAIN
ANTI- DAZZLE
or cylindrical shape, a press or
I9LAAIENT A4.4MENT
sliding switch and a cover in
SHIELDED
F/ZAMEArr
which is mounted a lens, reflector
and lampholder. Miniature screw
cap bulbs are almost invariably
RAIN
fkAweNr
used for this type of lamp, and
as primary cells are relied on as
the supply source the current
consumption is kept down to a
CHANDEOWER
Artamvewaw
SIVIrEH
CUP
minimum, and the effectiveness of
HEAD LAMP
Ibsir/vz
the light depends largely on the
brightness and efficiency of the
Fig. I.—GRAVES BULB, SHOWING METHOD OF
reflector and lens. The screw
CONNECTING.
cap forms one terminal of the
bulb and is connected to one
end of the filament, the other end run off the mains or in parallel across
being connected through the vitrite to accumulators.
the centre contact consisting of a bead How the Lamps are Connected.
of solder. The top half of the bulb
For general use lamps connected in
is usually obscured by frosting or opal series are unsatisfactory, as the failure of
glass so that there are no direct rays and one lamp will put the whole circuit out of
all the light is reflected. Similar bulbs action. This principle is utilised in the
are used for hand inspection lamps having connection of a visible pilot lamp in
either dry cells or accumulators as the series with a remote lamp or instrument
power supply. The same type of bulb is
that a breakdown of the circuit is
used on telephone exchange switchboards so
indicated by the pilot light going out, or
as a pilot lamp, to indicate whether a failing to light when the circuit is switched
circuit is alive. On car switchboards the on.
screw cap bulb may be used as a pilot
lamp for direction indicators, and in the Electric Headlights for Cycles.
Electric headlights for cycles are similar
ignition circuit as a warning lamp.
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SOME TYPICAL CIRCUITS USING LOW VOLTAGE LAMPS.
DRY BATTERY SCREW
OR4CCVAIULATOR CAP BULB

.10
Siwrcbe

Fig. 2.—CIRCUIT OF FLASH OR
HAND LAMP.
Fig. 3.—CIRCUIT SHOWING PILOT
LAMP IN SERIES.

Fig. q.—CIRCUIT FOR PILOT LAMP
ARRANGED TO INDICATE FAILURE OF
MAINS CIRCUIT.

Fig. 6.—CONNECTIONS OF DYNAMO FOR CYCLES.
Showing auxilary battery for
lights when the machine is
stationary.

in construction to
flash lamps and are
provided with a
mounting for fitting
to the lamp bracket.
Electric lamps for
motor-cycles,
motor-cars, coaches,
omnibuses and vans
differ only in details
of construction.
Regulation Lights
for Cars, etc.
The regulation
lights consist of a

Fig.

3.—CONNECTIONS FOR SIGN OR
DECORATION LAMPS IN SERIES.

Fig. 7.—CONNECTIONS OF BATTERY LIGHTING SET FOR MOTOR-CYCLES.

Fig. 8.—CONNECTIONS FOR WARNING LAMP FOR
COIL IGNITION.
The lamp glows when switch is left on with
engine stalled. When the dynamo cuts in, the
E.M.F. of the dynamo is opposed to the E.M.F.
of the battery through the lamp and no light is
shown.

tail lamp showing a
red light to the
rear, a head light
for motor - cycles,
and two lamps indicating the width
of three or fourwheeled motor
vehicles, showing
white lights ahead.
In addition most
mot or passenger
vehicles carry two
head lamps, the two
regulation lamps
being termed side

LOW VOLTAGE LAMPS
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lamps. The
latter may be
combined with
the head lamps
providing these
are fixed within
12 inches of the
outer edge of the
wings. Side and
tail lamps are
usually fitted
with 6-volt, 3 or
6-watt or I2volt, 6-watt
s.b.c. bulbs.
Bulbs for Car
Head Lamps.
Suitable bulbs
for head lamps
having an aperture of up to
62 inches are the
6-volt, 12-watt or
Fig. 9.—CONNECTIONS FOR A TYPICAL FIVE-LAMP CAR LIGHTING SET.
Suitable bulbs for head lamps having an aperture of up to 61- inches are
12-volt, 24-watt
s.b.c.
Above the 6-volt, 12-watt or r2-volt, 24-watt, s.b.c. Side and tail lamps are usually
fitted with 6-volt, 3 or 6-watt, or r2-volt, 6-watt s.b.c. bulbs.
that size 6-volt,
8-watt or
12-volt, 36-watt are usually fitted. For driving light without interference by
extra powerful lamps 48-watt or even dazzle with oncoming traffic, has exer6o-watt bulbs may be used, although the cised the minds of many inventors, and
new regulations may limit these to 36 watts. numerous devices have been tried and
manufactured with this objective. Many
The Problem of Dazzle.
of these devices are successful in cutting
The problem of providing an adequate off the top rays of light, and thus preventing dazzle on a level road, but in most
instances there is a pronounced falling off
of the intensity and range of the beam.
Dipping the beam by movement of the
reflector, or lamp body, or displacement
of filament, definitely shortens the effective lighting range and limits the safe
driving speed of a car at night, especially
on unlit roads or on roads with a switchback contour.

Fig. I0.—SECTION OF DIPPING REFLECTOR.

" Dipping."
As an anti-dazzle device " dipping " is
probably the most effective and is applicable to most makes of head lamps in one
form or another. The Graves type of
bulb, which has two filaments—one for
the main beam and the other shielded so
as to give a horizontal " cut off " of the
beam—is also satisfactory from the anti-
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Fig. IL-CONNECTIONS OF DIP AND
SWITCH ARRANGEMENT FOR CAR HEAD
LIGHTS.

Fig.

I2.-EXTERNAL FOCUSSING TYPE
OF LAMPHOLDER.

dazzle point of view and gives a longer
range of lighting, thus permitting a rather
higher safe driving speed. Dimming or
blacking out of lamps is unsatisfactory
and is liable to cause the driver behind
the lamps to lose sight of the road temporarily, with consequent danger to other
road users.

the axis of the lamp and bulb is set parallel
to the road surface and to the wheel base
of the car, or set over slightly towards
the near side. Many experiments have
been made by means of coloured bulbs,
or discs of amber and blue in front or
behind the lens, to obtain better lighting in
fog, but no conclusive
evidence has been produced
that a more penetrative
light is obtained by these
means. It has been established, however, that amber
or blue lights do not reflect
back from fog to the same
extent as white lights, and
surrounding objects are
therefore more visible when
13.-LAMPHOLDER WITH seen through these coloured
FOCUSSING DEVICE.
lights.

How to Counteract Dazzle.
The chief source of dazzle
is the inaccurate focussing
of bulbs in relation to the
reflectors. This is demonstrated by the large number
of side lamps which have a
dazzling effect, owing to the
inadequate means of
focussing provided.
The Fig.
proposed regulation stipulating that all side lamps
should have frosted lenses, will, if
enforced, reduce the glare problem considerably. The setting of lamps also
has a bearing on the subject and a safer
and better driving light will be obtained if

Fig. 14.-SINGLE BATTERY TRAIN
LIGHTING SYSTEM WITH REGULATOR.

Parabolic Reflectors.
Parabolic reflectors are used on most
car head lamps and the lighting efficiency
depends largely on their accuracy and
polish. Reflectors are made of brass or

Fig.

15.-DOUBLE BATTERY TRAIN LIGHTING
SYSTEM.
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bright steel sheet drawn up to shape,
planished, polished, nickel or copperplated, silver-plated, and then highly
polished. To protect the polish some
manufacturers make a practice of coating
the polished surface with colourless lacquer.
Type of Bulbs for Reflectors.
The type of bulb is also of importance
and should be suitable for the particular
head lamp in which it is used, in regard
to contacts, cap fitting, focal centres
and size of globe. Standard bulbs are
gas filled and have s.b. caps, single or
double contact, and may have single or
double filaments. The main filament is a
short spiral tungsten wire fixed axially
in the lamp so that the light centre is
28.5 mm. ± 1.5 mm. from the bayonet
pins, and the diameter of the globe is
38 mm.
How to Obtain Correct Focussing.
It is important that the axis of the
bulb should coincide with the axis of the
lamp reflector and a slack fit between
the lampholder and the bulb is sufficient
to prevent accurate focussing. Holders
are now made to close limits, and additional saw cuts at right angles to the
bayonet slots ensure that the holder fits
snugly round the cap of the bulb. Various
focussing devices are in common use on
head lamps, the most efficient type consisting of a lampholder which can be
adjusted forwards or backwards in a
sleeve and locked in position by a nut,
screw or collar.
The pressure of the contact plungers in
lampholders, against the bulb contacts is

Fig. 17.-CONNECTIONS OF SERIES PARALLEL
SWITCH FOR COMPARTMENT LIGHTING OF TRAINS.

1395

Fig. 16.-THE
" NIGHT MAIL
SAFETY LIGHT,"
SHOWINGWIRING
CIRCUIT.

also of importance and has been
standardised for automobile lamps at
4 pounds per plunger. Spiral springs
as used for lampholders quickly lose
their resilience if employed as conductors for the current, and in welldesigned holders the plunger connects
directly between the external circuit
and the bulb and is of sufficient cross
section to carry the current without
overheating.
When Flat Spring Contacts are Used.
On many, modern car lamps,
especially roof lamps, tail and stop
lamps, plungers are replaced by flat
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to an adaptor fixed in the lamp body and
the external leads are connected to the
adaptor by means of a plug.
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Fig. IS:

OF ROOF LAMP FOR
CAR, BUS OR MOTOR-BOAT.

spring contacts bearing directly against
the bulb contacts. These are easily
adjusted if bent out of position, but
should they become softened by overheating the only remedy is to replace
them.

TRAIN LIGHTING LAMPS.
Gas-filled or vacuum b.c. bulbs of
16, 22 or 24 volts and 15 or 20 watts
are used in lamps for train lighting purposes in this country.
Compartment fittings may be of the
well glass type with one, two or three
lampholders, or may be simple lampholders without other fittings and having
exposed bulbs which utilise the white
painted ceiling for reflecting the light.
Corridors are lit by single-bulb well
glass lamps. For dining cars and saloons
ornamental side bracket roof and table
lamps are used.
Regulating the Voltage Across the Lamp.
A high proportion of maintenance costs
for the lighting of omnibuses and trains is
allocated to lamp bulb renewals and some
form of regulation to keep the voltage
across the lamps within reasonable limits,
is adopted on most systems, in order to

Fzg. 19.—A

TYPICAL NAVIGATION LIGHT.

Fitting Lamp Fronts and Lenses.
The fitting of lamp fronts and
lenses, for car use, can materially
affect the efficiency. A badly fitted
front may allow moisture to tarnish
the reflector and reduce the
effectiveness of the lighting. A cork
or rubber ring interposed between
the front and the lens will make a
good watertight joint, but when the
joint is made against the reflector
rim, cork is the more suitable as
rubber will adhere to the reflector
and may damage the bulb or the
reflector when the front is removed.

Fig.

How to Connect Up Head Lamps.
Connections to head lamps are made
in several ways, e.g., lamps with hollow
bolt fixing are wired through the bolt to a
connecting block or direct to the lampholder in the interior of the lamp. Other
lamps are wired from the lampholder

20.—DIAGRAM OF AEROPLANE NAVIGATION
LIGHTS.

minimise failures
through overvolting.
On a double
battery system,
for instance, one Fig. 2I.—COCKPIT LIGHT
battery is being WITH UNIVERSAL ACTION.
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charged whilst the other
supplies the lamp current
at the normal battery
discharge voltage.
On a single battery
system a voltage regulator
may be employed which
interposes resistance in the
lamp circuit when the
charging voltage is above
normal and cuts out resistance when the voltage
drops.
For night travelling
means are provided on
some coaches for dimming
compartment or sleeper
lights. This may be done
by putting resistance in
the lamp circuit with a
dimming switch or by
changing the connections
to the lamps from parallel
to series by means of a
special series-parallel
switch.
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direction of the light.
Silvered glass reflectors
are used and bulbs of
12 volts, 6o watts fitted.
The searchlight front may
be either hinged or detachable and fastened with
swing bolts and wing nuts.
A watertight joint is
essential and this is provided by means of a
rubber gasket between the
front and the body of the
lamp.
AEROPLANE LAMPS.
The regulation lamps
for an aeroplane employed
for night flying are similar
to those of a ship. A red
port-light with an aperture
giving a cut off dead
forward, and no° round
on the port side, is carried
on the left-hand wing tip.
The starboard green light
on the right-hand wing
has a similar angle of cut
off on the starboard side.
The tail lamp shows a
white light through an
angle of 140°, and an
ahead light (shown by
seaplanes at moorings)
also shows a white light
forward, through an angle
of 22o°.

MOTOR BOAT LAMPS.
Cabin and dashboard
lamps are similar to those
employed for car and
omnibus interior lighting.
Regulation navigating
lights consist of a port,
a starboard and a masthead light. The port lamp
shows a red light with a
definite cut off, the light Fig. 22.—A PORTABLE PNEULAMP FOR
Special Bulbs for Aeroangle being iio°. The MATIC ELECTRIC
MINES.
planes.
starboard light is green
The metal casing contains an
Special bulbs are neceswith a similar angle of cut electric generator driven by a
off. The colour and trans- compressed air turbine working sary for these lamps,
mission value of the red at a pressure of 4o lb. per square having a horizontal filament in the plane of the
and green glass used in inch.
vertex of the angle of cut
these lamps must conform
For port and starboard lights,
to the specification issued by the Board off.
which should be visible at a range
of Trade.
The mast-head lamp shows a white of five miles on a clear night, i2-volt
light forward. Small searchlights may be gas-filled s.b.c. or b.c. bulbs are employed,
carried, and these have a drum-shaped rated at 24, 36, 48 or 6o watts according
brass body mounted in trunnions on a to the thickness and transmission value
Gas-filled s.b.c. 12-volt,
bracket, which in turn may be given of the glass.
rotary motion on a vertical axis, thus 10-watt bulbs are fitted in tail and ahead
allowing universal movement to the lamps.
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Navigation Lamps for Aeroplanes.
In the design of navigation lamps,
weight is of primary importance, and as
sea air and spray have a detrimental
effect on aluminium, light brass pressings
and bakelite mouldings are utilised in the
manufacture of lamps weighing only a few
ounces each. A central navigation lamp
may be used for aeroplanes having a wing
span not exceeding 6o feet. Two of these
lamps are required, one fitted above and
one below the fuselage. Port, starboard
and tail lamps are incorporated in this
central type of fitting, which is cylindrical
in shape and has one bulb only, mounted
centrally. Red, green and white glass
form the periphery of the lamp body and
give the correct lighting apertures ; the
angle of cut off being determined by
partitions inside the lamp body.
Lights for Cockpits.
Cockpit lighting is effected by pillar
type or tubular dash lamps, which may
have universal mountings, allowing the
light to be directed on any of the instrument dials. Concealed switchboard lighting is adopted on some of the larger air
liners. Single bracket and roof lamps are
used for cabin and other interior lights.
MINE LAMPS.
Portable electric hand lamps for use in
mines must conform to the special regu-

lations issued by the Home Office, and
special precautions are taken to prevent
any firedamp penetrating into contact with
the lamp bulb or terminals. The accumulator is enclosed in a container, a vent
being provided for the cell gases at a
point outside the lamp casing. Two-volt,
2-watt vacuum bulbs are usually fitted
and may have either peg top or small
Edison screw caps.
Pneumatic Electric Lamps.
Pneumatic electric lamps have been
designed to minimise the danger from
explosive gases in mines where firedamp is
prevalent. This type of lamp is a stationary, self-contained unit coupled to a
compressed air main. The metal casing
contains an electric generator of the
revolving field pattern, driven by a
compressed air turbine working with an
air pressure of 4o pounds per square inch.
Safety devices are incorporated which cut
off the current should the air supply fail
or the lamp guard glass be broken or
removed. Leads from the generator are
attached to a cut-out on which is mounted
the lampholder and bulb. A glass dome
protects the bulb and this is secured to
the body of the lamp with a gas tight
locking ring. The range of bulbs used
for lamps of this type are : 6-volt, 24-watt
s.b.c., r2-volt, 36-watt s.b.c. and 25-volt,
6o-watt b.c., all double contact and gas
filled.

QUESTIONS AND ANSWERS
How does a warning lamp in a motor-car
ignition system work ?
The lamp glows when the switch is left
.on with engine stopped. When the dynamo cuts in, the E.M.F. of the dynamo is
.opposed to the E.M.F. of the battery
through the lamp and no light is shown.
What means are provided for dimming the
lights on a train for night travelling
By putting resistance in the lamp
circuit with a dimming switch or by
changing the connections to the lamp
from parallel to series by means of a
special series-parallel switch.

What bulbs should be used for a typical
five-lamp car lighting set ?
Suitable bulbs for head lamps having an
aperture of up to 6 inches are the 6-volt,
12-watt, or 12-volt, 24-watt small bayonet
cap. Side and tail lamps are usually
fitted with 6-volt, 3 or 6-watt, or
12-volt, 6-watt small bayonet cap bulbs.
How would you obtain correct focussing ?
By seeing that the axis of the bulb
coincides with the axis of the lamp reflector. A slack fit between the lamp
holder and the bulb is sufficient to prevent
accurate focussing.
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TELEGRAPH SYSTEMS
By T. E. HERBERT, M.I.E.E.,
Superintending Engineer of South Lancashire District of Post Office Engineering Department.
FOUR KINDS OF ELECTRICAL
COMMUNICATION.
HE subject of electrical communication comprises four main divisions,
each with a technique of its own.
They are : (a)"Ithe ordinary electric telegraphs used within the Kingdom and on
Continental
circuits; (b)
submarine telegraphy ; (c)
telephony; and
(d) radio communication. All
these branches
a r e interconnected and interdependent
to a remarkable
degree.

T

Plant Required
for Telegraphy.
The line plant
required for
telegraphs i s
similar to that
used for telephones. There
is, however, this
difference : that
all the earlier
telegraphs used
the earth as the
return path for
the current,
whereas a metallic circuit is
essential in telephony. Since
telegraphs seem
destined in
future to be
carried wholly
in telephone

cables, the use of the earth return will
have to be abandoned.

Railway Telegraphs.
The railway companies use a single
needle instrument (Fig. I) in which the
dots and dashes of the Morse code are
represented by
deflection of
the needle to
the left and
ri ght respectively. At rest,
the needle dial
is connected to
line through the
springs (Fig. 2).
The movement
of the handle to
the side sends
out currents in
a direction corresponding to
the direction in
which the handle is moved.
It will be observed that the
battery is connected to the
upper and
lower insulated
halves of the
contact arm.
The substitution of shaped
pieces of tin for
the stop pins on
Fig. 1.—SINGLE NEEDLE
the needle dial
TELEGRAPH.
enables the in(The India Rubber, Gutta
strument
to be
Percha and Telegraph Works
read by sound,
Co., Ltd.)
the dots and the
dashes being
disting uished
Fig. 2.—CONNECTIONS.
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by the different pitch of the sounds
made at each stroke of the needle on the
sounding pieces.

Double-plate Sounder.
In a large and necessarily noisy telegraph instrument room this proved inadequate. By substituting a neutral relay
for the dial and providing different toned
sounders this problem was solved. The

goo ohms according to whether it is to be
operated by a primary battery or from
the 24-volt power lead.
The dots and dashes of the Morse code
are produced by the brass bar striking
the stops, and here it may be remarked
that the ear in recognising the dots and
dashes of the Morse code really measures
the interval of time between the downward click and the upward click of bar
returning to rest, and this is perhaps why
some difficulty is experienced in reading
wireless signals where the dots and dashes
are made by continuous sounds lasting
for the duration of the signal.

The Key.
The key calls only for the comment
that its contacts are either of platinum
or of a gold-silver alloy to avoid troubles
due to sparking and to secure reliable
signals by avoiding oxidation of the
contacts.
A direct sounder circuit is shown in
Fig. 6. The sounders are connected
between line and earth when the keys
are at rest. The depression of a key
cuts out the sounder and applies the
battery.

Closed Circuit System.

Fig. 3.—DOUBLE-PLATE

SOUNDER.

(Siemens.)

instrument was known as a double-plate
sounder (Fig. 3).

Morse Sounder.
The Morse code nowadays is, in principle,
familiar to everyone. It consists of
permutations of short and long signals
as set out in Fig. 4. The dash is three
times as long as the dot.
The ordinary sounder (Fig. 5) consists of
an electro-magnet with a soft iron armature carried on a heavy brass bar held to
the upper stop by an antagonistic spring.
It is wound to a resistance of 20 ohms or

In the simple form of sounder circuit
described, a battery at each station is
required. This necessity is avoided by
the closed circuit system, in which the
battery for working the circuit is located
at the main office. Current continuously
flows along the circuit through all the
sounders and when it is required to signal
the short circuit switch about the key
is turned and the key operated in the
ordinary way. This plan has some advantages in avoiding the necessity for
maintaining primary batteries in remote
places.
The general scheme will be apparent
from an examination of Fig. 7.

Post Office Teleprinter Circuit.
This system is used by the Post Office
on some teleprinter circuits to avoid the
provision of a battery at the outstation.
But, in this case, the signals are made by
disconnections instead of by transmitted
currents.

TELEGRAPH SYSTEMS
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Central Battery System.
A similar result may be achieved in a
simpler fashion without the waste of
energy involved in the continuously flowing current. This purely British method
involves the use of a polarised sounder
(Fig. 8). It is similar to the instrument
already described, but the yoke of the
electro-magnet is replaced by a horseshoe
permanent magnet (Fig. 9). In some cases
the cores are differentially wound, as is
indicated by the four terminals in the
previous figure.

The system can be worked over fairly
long lines with satisfactory results.

Notes on the Polarised Sounder.
It will be seen that by suitably adjusting
the tension on the spring the armature will
remain depressed due to the attraction
of the permanent magnet, which in this
position is greater than the pull of the
spring, and that when raised will remain
raised, because the spring tension is then
less than the pull of the magnet on the
armature.
Another feature of the polarised sounder
is that the upper and lower stops are
fixed permanently and are not adjustable,
thus leaving the spring tension as the
only adjustment.

THE MORSE ALPHABET.

THE CENTRAL BATTERY SYSTEM.
This is shown in Fig. ro.
At the head office a battery of 8o volts
is connected through a r,000-ohm resistance coil to the line. At each station
a 2,00o-ohm polarised sounder is connected
to the line in series with a 4 microf arad
condenser.

MORSE INKERS.
A record of signals can be made by the
use of a direct writer. A paper tape is
drawn at uniform speed above a wheel
revolving in an inkwell and the armature
of the electro-magnet, when attracted,
raises the inked wheel into contact with
the tape, and in this way a permanent
record of the signals is secured.
The instrument is, however, chiefly

__

——
Note. —On the needle instrument the dot of the above alphabet
is represented by a beat to the left, and the dash by a beat
to the right.

NUMERALS.
3

-——

6

--

9

———

ABBREVIATED NUMERALS.

(For use only in the repetition of figures which immediatel7
I-2 -

follow% the signalling of the message.)
0
I6
5

9

Bar of di, Won
(/)
Fractional bar (—)
Signal to be used between whole)
numbers and fractions
f
Full stop
Break signal (be,
tween the address and text,
and between
text and signature of sender,
if any, and for
fresh line),
Apostrophe
—
Hyphen
Interrogation (?). - — Exclamation (').•-•

O. .

'Underline
Parent ems(
"Inverted
commas
Understand or
completion
of telegram
Rub out
Go on
Wait
Acknowledgment f
Clear of work

••••

• up IE..

MED MM

°"..'

How the System Operates.
The depression of a key earths the line,
and consequently causes the condenser
Fig. 4.—THE MORSE CODE.
at each station to discharge through its
sounder. This causes the armature to
descend, where it remains until the raising valuable for tuition purposes in showing
of the key removes the short circuit and up defects in signalling (Fig. my
causes the condensers to be recharged
RELAYS.
through the sounders.
On long circuits the use of a sounder
The direction of the current is, of course,
opposite to that of the discharge, and directly operated by the current sent
consequently the sounder armatures fly over the line would necessarily require
comparatively high voltages. Moreover,
up to end the signal.
It will be appreciated that the spring difficulty would arise from variation of
tension on the sounders must be such current due to leakage on open lines.
as to secure the neutral adjustment These considerations, together with the desirability of reducing the number of primary
previously described.
A
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which are ancells, led to
nealed in an
the design of the
inert gas. The
relay, which
two armatures
may be defined
are carried on a
roughly as a
brass axle,
sensitive form
which also bears
of receiving
the tongue or
apparatus opercontact arm ,
ating with a
and are renvery small
dered magnetic
current, which
or polarised by
makes contacts
the large horsein consonance
shoe magnet.
with the reThe tongue
ceived signals.
plays between
This contact
two adjustbrings in a
able contact
Fig. 5.—ORDINARY MORSE SOUNDER. (Siemens.)
local battery,
screws.
which operates
the actual receiving sounder. Hence the Adjusting the P.O. Standard Relay.
volume of signals on the sounder does
Adjustment to the neutral condition is
not vary with the value of the current secured
when the tongue will remain in
flowing through the relay.
contact with either contact screw when
moved over to that contact. If after
Two Classes of Relays.
Relays may broadly be divided into being moved over by hand to the right or
two classes, viz., polarised relays, in which marking contact it flies back to the left
the direction of movement of the tongue or spacing contact the relay is said to
depends on the direction of the current have a spacing bias. If the tendency
through its coils ; and non-polarised relays, is to return to M (Fig. 14) when deflected
which are operated by a current in either the relay has a marking bias.
direction. The latter type are in general How Direction of Current Affects Relay.
far less sensitive than polarised relays
In this relay, since the armatures are
and may generally be described as a
modification of an ordinary sounder wound polarised (Fig. 13), the direction in which
to a high resistance and furnished with a the armatures are urged is determined by
light armature and contacts. Such relays the direction of the current.
Recently, more sensitive relays in
were used very largely in U.S.A. in closed
which high permeability nickel-iron alloy is
circuit working.
employed have been designed, but their
The P.O. Standard Relay.
use is confined at present to special cases
This has for a long period remained such as voice frequency telegraphs.
practically unchallenged in design, and
Differential Winding.
is illustrated in Fig. 12.
The relay has two distinct windings
The coils are wound on soft iron cores

So'r

Station A
Fig. 6.—DIRECT

Station
SOUNDER CIRCUIT.

Fig. 7.—CLOSED

CIRCUIT SOUNDER.
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equal in resistance and
number of turns of wire
(Fig. 14). Equal currents
in these two windings have
equal but opposite effects on
the cores. Hence a current
of, say, 5 milliamps. in the
U D coil in the direction U to
D will neutralise the effect
of a current of 5 milliamps.
in the U-circle D-circle coil
when it flows in the direction
D-circle to U-circle. This
principle is known as differential winding and is essential
to at least one form of
duplex working. This winding has also the advantage
that the relay coils may be
joined in series or in parallel.
I DUCED MAGNETISM

PIVOT

Fig.
PERMANENT
MAGNET.

9.—PRINCIPLE OF POLARIZED
Fig.
(Post Office Technical PamSOUNDER.

phlets.*)

8.—POLARIZED SOUNDER. ( Automatic
Telephone Manufacturing Co., Ltd.)

Advantages of System.
This plan enables the relay to be adjusted to neutrality, which is to its most
sensitive condition. Moreover, any cause
such as line leakage varies equally both
marking and spacing currents and the

In the former case the resistance
is, of course; four times that in
parallel, but the relay will operate
with half as much current.
DOUBLE-CURRENT SYSTEM.
In this system the intervals or
spaces between the signals are
filled by a reverse or spacing
current. The signalling key is
therefore a special form of commutator sending out a current in
one direction when depressed and
in the reverse direction when it is
allowed to rise.
* This and the other illustrations from the Post p_
Office Technical Pamphlets are reproduced by per- mission of the Controller of H.M. Stationery Office.

I0.—CENTRAL BATTERY SOUNDER CIRCUIT.

Office Technical Pamphlets.)
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can be doubled by duplex working
in which messages can simultaneously be transmitted in each
direction over a single-line wire.
Two Methods.
There are two general methods
of duplexing a circuit, known as
the " differential method " and the
" bridge method." The latter gives
a somewhat higher working speed
on very long circuits, but for all
ordinary purposes on inland telegraph circuits, the differential
system is supreme.

Fig. is.—MORSE INKER OR DIRECT WRITER.

Differential Duplex.
The general principle of the method is illustrated in Fig. 18. It consists essentially in the use of a differentially wound
relay. The line is connected to one coil
of the relay and an artificial circuit, similar
to the line, is connected to the other coil.
A condition of balance is obtained such
that a current divides between the two
coils of the relay in equal proportions, and

(Siemens).

system is largely self-adjusting. It also
destroys effects due to residual magnetism in the relay cores.
Since current is flowing in one direction
or the other during the whole time
signalling is proceeding a switch is necessary
to determine whether the apparatus at the
station is to be joined up for sending or
receiving.
The general plan of the key will be
clear from an examination of Figs. 15
and i6.
A Typical D.C. Sounder Circuit.
The connections of a double-current
sounder circuit with three offices are
shown in Fig. 17. When the switch is
turned to send at any one office the relay
at that station is cut out of circuit and a
spacing current flows along the line and
through the relays at the other two
stations. Depression of the key reverses
the current and both relays are then
operated while the key is down.
The local circuit of each relay contains
a battery and sounder, the circuit of which
is completed when the tongue of the
relay moves over to M in response to a
marking current in the line coils of the
relay.
Galvanometers are added at each
station to indicate outgoing and incoming
line currents.
DUPLEX TELEGRAPHY.
The traffic-carrying capacity of a circuit

Fig. I2.—POST OFFICE STANDARD RELAY.
(Siemens.)
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consequently leaves the relay unaffected.
The half of the current which passes
along the line circuit flows through the
line coil of the distant relay and produces
a signal.
When, however, both keys are simultaneously depressed, the two batteries
oppose each other in the line circuit
and the current in the second coil, or
compensation circuit, produces a signal
at each end.
Hence it will be clear that when only
one key is depressed the signal is made at
the distant end by the current sent along
the line, but that when both keys are
depressed, a condition supervenes where
both the relays are operated as the result
of the special condition set up by opposition of the two batteries in the line circuit,
thus leaving the
0
compensation
circuit free to
© operate.
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with these
condensers in
order to time
the charge
and discharge.
These timing
resistances
(Fig. 19) are
placed in
series with the
condensers
and are joined
in parallel
with the rheostat. A switch
is usually
added which
transforms Fig. 13.—PRINCIPLE OF POST
the circuit OFFICE STANDARD RELAY.
from differen- (Post Office Technical Pamphlets.)
tial to simplex
conditions
during slack parts of the day.
For circuits which are not of very considerable length it is possible to substitute
a differentially wound polarised sounder
and to work the circuit directly instead
of with a relay and local circuit.

Balancing t h e
Circuit.
In order to
balance the circuit, a variable
resistance, Bridge Duplex.
T
M
The principle of the bridge duplex
Fig. 14. — CONNECTIONS known as a
method
of working is illustrated in Fig. 20.
OF POST OFFICE STAN- "rheostat," is
It will be observed that the general
DARD RELAY. (Post Office included in the
Technical Pamphlets.)
compensation arrangement of the circuit bears considercircuit, and the able resemblance to the Whea.tstone
operation of balancing is performed bridge.
with the aid of a differential galvan- The Ratio Arms.
ometer, one coil of which is connected
Two equal ratio arms connect the line
to the compensation circuit and the and compensation circuits, and the reother coil to the line circuit. The ceiving apparatus is placed across the
condition of balance is obtained when, ratio arms.
on depressing the key, the needle of
the galvanometer is unaffected.
In practice duplex circuits are usually
worked on the double current system,
but the principle of the operation of the
circuit is unaffected. It should be added
that the balancing arrangements on a
long circuit involve the simulation of
the capacity of the line, and for this
purpose condensers are added in the
compensation circuit. Since; however,
the capacity of the line is distributed
over its whole length, it becomes Fig. 15.—DOUBLE CURRENT KEY. ( The India
necessary to use resistances in series Rubber, Gutta Percha and Telegraph Co., Ltd.)
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Compensation Circuit.
The compensation circuit
is made equal to the line
and distant receiving apparatus, and consequently
a current applied at the
apex of the ratio arms
produces equal potential
across the relay. Hence,
in this case, half the current
passes through the compensation circuit and half
passes to line. This half
of the current passing to 0, 0 p
line flows through the
relay at the distant end,
but the circuit is somewhat O''
complicated.
SPACE

e •

® ~NM

®

at each end. The path of
the current is from the
battery along the lower
ratio arm, through the
compensation circuit back
to the battery, with the
upper ratio arm and the
relay in series joined in
parallel across the lower
ratio arm.

Why Signalling Condensers
are Used.
? 0 ? O O 0 In practice this arrangement is worked on the
double-current system and
O
(s o
signalling condensers are
placed across the ratio
MAPh.
RECEIVE
arms in order to quicken
Tracing the Circuit.
Fig. I6.-CONNECTIONS OF DOUBLE the rise of the current and
The path of the line CURRENT KEY. (Post Office Tech- so to increase the speed
nical Pamphlets.)
current is through the relay
of working. A shunted
at the receiving end with
condenser is usually placed
the lower compensation ratio arm in series in series with the receiving apparatus
with it and the two shunted by the to improve the signal shape. The
upper compensation arm to earth. A compensation circuit contains a rheostat
small portion of current flows also from for balancing the resistance of the line
the relay via the rheostat R to earth, i.e., and distant apparatus with condensers
R is in parallel with the lower ratio arm.
and timing resistances joined across it
to simulate the capacity of the line.
What Happens When a Key is Depressed. This system has no advantage whatever
Consideration will show that the key over the differential plan, save where the
at either end, if depressed, will have no Wheatstone automatic system is employed
effect on the home relay, but will produce on long lines. On the contrary, it involves
a signal on the distant relay.
the use of very much higher battery power
than the differential system.
When Two Keys are Depressed.
QUADRUPLEX TELEGRAPHY.
When the two keys are simultaneously
depressed, the batteries oppose in the line
The quadruplex system provides for
circuit, and consequently the relays at the simultaneous transmission of two
each end are operated by the difference messages in each direction on a single
of potential across the lower ratio arm circuit.

Station A.

Fig. i7.—A

Station

8.

Station C.

DOUBLE CURRENT SOUNDER CIRCUIT WITH THREE STATIONS.
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The Quadruples Principle Simply Explained.
The principle of the system lies in the
use of currents of differing strength. If
two keys are arranged so that one key
determines the direction of the current,
whilst the other key varies its strength,
then by placing a polarised and non
polarised relay in series, it is possible to
operate either or both these relays according to which key, or whether both keys,
are depressed.
The Polarised and Non-polarised Relays.
The polarised relay will only produce a
mark when the current flowing through its
coils is in the correct direction. The nonRheostat

Condensers

Timing
Resistances

Fig. 19.—DUPLEX BALANCING ARRANGEMENTS.

polarised relay, on the other hand, will
operate provided that the current strength
is sufficient to overcome the pull of the
spring.
An Ingenious Device.
Hence, by using a ratio of about I to 3
in current strengths, and by biassing the
non-polarised relay against the normal
current, this relay can be operated whenever the current is multiplied by three.
This plan is duplexed on the differential system, and one coil of the nonpolarised relay, one coil of the polarised
relay and one coil of the differential
galvanometer, are connected in the line
circuit, whilst the other coils are placed
in the compensation circuit, together
with the usual balancing apparatus.
A Bird's-eye View of the System.
The general principle of the arrangement
will be clear from Fig. 21. The A key,
as it is termed, is merely a commutator
which determines the direction of the

Rheo

DiFFI
Relay

Line

DiFPI
Relay

Rheo.

Fig. 18 —PRINCIPLE OF DIFFERENTIAL DUPLEX.

current, whilst the B key determines
whether the voltage shall be, say, 24 volts
or 8o volts. The home apparatus is
unaffected by the current applied from
the home keys, and the half of the current
which flows along the line to the distant
end operates the relays according to its
direction and strength. When these keys
are simultaneously depressed, similar effects
occur to those described in the case of the
ordinary differential duplex.
A Difficulty and How it is Overcome.
There is, however, one rather important
point in connection with quadruplex
working which needs to be explained.
It is the break which occurs in the signal
on the B side relay when the direction
of the current is reversed by the depression of the A key during the progress
of a B side signal. There is an interval
of time whilst the magnetism in the coils
of the non-polarised relay is passing
from magnetisation in one direction to
magnetisation in the other direction.
This difficulty has been met by placing a
LINE

Fig.

20 —PRINCIPLE OF BRIDGE DUPLEX.

(Post Office Technical Pamphlets.)
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DFFI
Galy'r

Line

DiFPI
Galv'r

Rheostat

three keys which
perforate a tape for
the dots, dashes and
spaces of the Morse
code. A specimen
of the tape is shown
in Fig. 24. The
centre holes, A, in
the tape are used
for guiding it
through the transmitter. The dot
signal, B, is represented by two holes
directly in line, and
the dash, C, by two
oblique holes. The
space is formed by
a single central
perforation.

1
Polarised
Relays

Non•Polarised
Relay.s

--*--"A"Ifey.s -

Keys
11-1
24v 56v

24v 56v.

How the Perforator
is Worked.
Fig. 2I.—PRINCIPLE OF QUADRUPLEX.
The original perforatorwas operated
condenser and timing resistances across by iron handles tipped with rubber, as
the sounder connected to the local contacts shown in Fig. 23, but later developments
of the B relay. When this break occurs, produced a typewriter keyboard which
the condenser discharges through the made all the perforations required for each
sounder and continues the mark. This is letter.
illustrated in Fig. 22.
The Transmitter.
WHEATSTONE AUTOMATIC SYSTEM.
The transmitter is essentially a doubleThe object of the system is to increase current key, which is operated mechanically
the traffic-carrying capacity of the line by in obedience to the positions of the holes
the use of machine signalling. The limit perforated in the tape. By means of a
of hand sending is round about 3o words rocking beam two rods, S and M, are
per minute, whereas machine sending driven against the tape alternately (Fig.
may rise to as much as 600 or more 27). If the rod encounters a hole in the
words a minute. In practice, the usual tape, the rod passes through it and
limit is between 30o and 400, and the operates the transmitting lever in one
average not more than 200. Most circuits direction. This rod is then withdrawn
permit signals to be sent over them at a and the other rod rises, and if it encounfar higher speed than is possible by
Non-Pol'd
hand sending, but this involves the
Relay® u
storage of the signals.
STATION A.

STATION 8.

Essentials of the System.
The Wheatstone automatic system consists of a number of perforators, a transmitter to send out the signals on the line
and a receiving apparatus to record the
signals.
The Perforator.
T1 s perforator (Fig. 23) comprises

Sounder

Fig.

22.—LOCAL

CIRCUIT OF QUADRUPLEX
B SIDE.
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iers a hole it reverses the position of the
divided lever.
How Dots and Dashes are Transmitted.
In the case of a dot, the movement of
the two levers produces the shortest
signal. Where a dash is encountered,
the marking rod rises, but the other, or
spacing rod, encounters unperforated paper
and therefore cannot rise, and so leaves the
divided lever in the marking position.
The marking rod rises once more and
encounters the full paper and has, consequently, no effect, and the mark is only
ended when the spacing rod rises through
the second hole of the dash perforation.
This leaves a spacing current on the line,
and if a centre hole only appears then
neither of the rods can pass the paper,
and the divided lever is left in its original
position.
Methods of Driving Transmitter.
The transmitter (Fig. 25) is generally
driven by a weight, but a motor-driven
transmitter is sometimes used on very
heavily worked circuits. There is a variable speed gear between the driving motor
and the transmitter, and this enables the
speed of transmission to be suited to the
requirements of the circuit.
The Receiver.
The receiving instrument (Fig. 26) is a
very sensitive form of direct writer.
Electrically it is similar in design to a
standard relay, but the tongue of the
relay operates a small inked wheel, and
in this way produces the dots and dashes
of the Morse code on a tape driven across
it. The receiver may be driven by a
spring, by a descending weight, or by an
electric motor.
How the Receiver Prints the Message.
The spindle carrying the armatures and
the lever which controls the movement

( The
Fig. 23.—WHEATSTONE PERFORATOR.
India Rubber, Gutta Percha and Telegraph
Works Co., Ltd.)

of the inked disc is provided also with
a contact arm, so that a sounder may be
operated in a local circuit. The object
of this provision is so that calling signals
and instructions can be sent by key from
the distant end when the transmitter is
not being used.
CREED-WHEATSTONE.
The Wheatstone receiver can be replaced by a receiving perforator which
produces at the receiving
A
end a tape perforated
BC
n
d
s
e
precisely in the same
way as the tape used to
000 0 0 0 0 00
0:0 ,
transmit the message.
0
0 0 0 0 0 0 0 0 0 0 0 0 0 0:0 0 , 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
This tape can then be
000
00
0; 0:
0 00 0
used to send the message
to a number of other
stations by passing it
Fig. 24.—WHEATSTONE TAPE AND SIGNALS SENT OUT.
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Fig. 25.-WHEATSTONE TRANSMITTER.

through transmitters on those circuits.
This presents very considerable advantage
where the same message has to be sent
to a number of places, and applies
particularly to press messages.
By means of an apparatus which

Fig.

(Siemens.

is purely mechanical in character, the
Wheatstone perforated tape can ;be
caused to pint the message in the
form of Roman characters on a
tape, or in column form on a web of
paper.

26,—WHEATSTONE RECEIVER.

(Siemens.)
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Speed of Working.
The speed at which the receiving perforator can be worked does not exceed
12o words per minute, and the printer
at rather less than this rate.
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by signal, at the rate of 120 words per
minute, then a condition by which four
sending operators are working to four
receiving operators is achieved.
The Original Baudot.
The original Baudot system consisted
of transmitting keyboards, the multiplex
distributor and the receiving printers.
The alphabet consists of permutations
of five currents, and this gives 32 possible
combinations. With a device similar to
the letter shift on a typewriter all the
characters required are provided for.

Automatic Telegraphy versus Multiplex
Telegraphy.
The disadvantage of all automatic
systems lies in the fact that an attendant
is required to pass the perforated tapes
through the transmitter at the sending
end, and an attendant is also necessary
at the receiving
PERFORATED SUP
end to take off
and distribute
the received slips
PT IR
in order that they
may be written
1-1. K
F
up.
NOE'
Incidentally, it DOWN LINE OR E
,1111191,- ,001.t
/
71
may be remarked
Zul
UP LINE OR E
that the writing
up of messages
.._ 0 0 ---- I
from an inked
A 0 A'
d
Zdi
tape is far less
•W
1
- Itr,•
.1••1.1v
S3
S#
rapid than when
the messages are
taken
directly
from the sounder.
Fig. 27 —PRINCIPLE OF 'WHEATSTONE TRANSMITTER. (Post Office Technical
It is these
Pamphlets.)
considerations
which render multiple and multiplex forms The Baudot Code.
of telegraphy economically preferable.
The code is shown in Fig. 28. Any
particular letter or character is signalled
What is a Multiplex System ?
by depressing simultaneously the keys
A multiplex system may be defined as indicated in the table. The position of
one in which several channels of communi- these keys determines the sequence of
cation are provided over a single circuit, the currents sent out to line.
but where the sending telegraphist works
directly to the receiving telegraphist.
Baudot and Morse Codes Compared.
It should be remarked that all letter
BAUDOT SYSTEM.
signals
are equal in length, consequently
The Baudot is a multiplex system in
which two or more channels of communi- the code is considerably shorter than the
cation are provided by giving successively Morse code. For example, the word
the exclusive use of a circuit, for equal " London " followed by a space occupies
periods of time, to two or more operators. 35 units as against the 68 units required
for the Morse code for the same word.
The System in Outline.
If, for example, four operators can set How the Operators Keep Time—The
Cadence.
up signals at the rate of 3o words a
minute, and these signals are transmitted
Since the signals sent to line by the
automatically by the apparatus,Isignal four operators jat the sending end are
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2S —BAUDOT ALPHABET.

transmitted consecutively, it is essential
that the signals shall be set up at the
correct time, and this is provided for
by an audible signal termed the cadence
sent from the distributor. When the
keys are depressed to send a signal they
are locked by hooks ; immediately the
distributor has sent out the signals the
keyboard is unlocked and the keys are
ready for the next signal to be formed.
It will be apparent
therefore, that the
operators have to
work in unison with
the audible signal
conveyed to them,
but in practice this
Distributor
presents no difficulty whatever.
Sending
Keyboard

The Distributors
Sort Out the
Signals.
The currents sent
out from the distri-

STATION A.

butor at the sending end are passed
to the particular receivers at the
receiving end by the distributor there.
How the Messages are Printed.
The five currents constituting the
character pass successively through
five electro-magnets, which, by the
attraction of their armatures, set in
motion a purely mechanical selecting
eevice. This selecting device causes
the tape to be brought into contact
with the inked type wheel when the
correct character is directly above
the tape.
THE DISTRIBUTOR.
The principle of multiplex telegraphy is illustrated in Fig. 29.

The Principle of Revolving Switch
Arms.
If revolving contact arms at the
two ends of a circuit move around a
series of segments at precisely the
same speed, and in phase with each
other, it will be clear that the line
is successively connected to the same
segments at both ends of the circuit
and in this way the first five
currents sent out will be received
on the five electro-magnets of the
first receiver. The second five currents
will pass to the second receiver, and so
on.
It is, of course, quite impossible to
arrange for such equality of speed that
synchronism between the two distributors
can be maintained without the intervention of correcting methods.
Line
Relay

Distributor
Receiver
Electromagnets

STATION B.

Fig. 29.—PRINCIPLE OF BAUDOT.
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How the Arms are Kept " In Step "—The
Phonic Wheel.
The plan most generally adopted consists
in the use of La Cour's phonic wheel and
motor driven either by a reed or a tuning
fork. This ensures the greatest possible
accuracy and speed.
How it Operates.
One distributor is set to run
slightly faster than the other, and immediately the faster distributor has gained
a predetermined angular lead, it comes
into contact with a segment on the
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standardisation of frequency is an essential
part of the scheme.
MODERN BAUDOT DEVELOPMENTS.
Keyboard Perforators.
In order to avoid the necessity for
rhythmic sending, and to attain a higher
speed of working, keyboard perforators
have been introduced which perforate a
tape in accordance with the letters to be
transmitted.
The Transmitter.
This tape passes through a transmitter by
the side of the keyboard perforator and con-

Fig. 30.-BAUDOT UADRUPLE CIRCUIT.
distributor which causes a current to
pass through a correcting magnet.

sequently the operator is enabled to perforate the tape at the speed of typewriting.

What the Correcting Magnet Does.
The effect of this correcting magnet is
to operate an epicyclic gear, which arrests
the motion of the rotating contact arm
for a space equal to the amount which it
has gained, and consequently the distributors are once more in synchronism.

The Distributor.
The transmitter is directly controlled
by the distributor and consequently the
operator has merely to observe the length
of perforated tape between the perforator
and the transmitter.

Future Developments.
These arrangements could be very
definitely simplified if the distributors at
various offices throughout the Kingdom
were rotated by current of uniform
periodicity, and it is possible that this
condition will arise when the Central
Electricity Board's grid is complete, since

Invisible Correction of Errors.
This has a further advantage in that in
the case of error the perforated tape
can be pulled backwards and the wrong
signal obliterated by perforating five
holes instead of the signal perforated.
This invisible correction of errors presents
a definite advantage. Fig. 3o shows a
manually operated Baudot installation,
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and Fig. 31 shows an installation with
automatic transmitters and keyboard perforators fitted on two arms.
General Note on Baudot.
The arrangement in this country is
usually duplexed, so that eight channels
are obtained over the single physical
circuit. The Baudot system is remarkably stable, but highly skilled attention
is necessary to secure reliability.
VOICE FREQUENCY TELEGRAPHS.
An Old Idea Newly Applied.
Another way in which several channels

Fig.

system alternating current is provided
by a generator for each frequency used.
In other systems the frequency required
is obtained by setting a valve into oscillation at the required frequency. The
system possesses the advantage that the
ordinary telephone repeater arrangements
can be employed.
Voltages Used.
In general, the pressure applied to the
circuit at the sending end is less than
2 volts ; consequently there is no interference between voice frequency telegraphs and telephone circuits in the same

31.-BAUDOT AUTOMATIC CIRCUIT WITH KEYBOARD PERFORATORS AND TRANSMITTERS.

of communication can be obtained over a cable. Consideration will show that a
single circuit consists in using alternating system of this character must necessarily
currents of different frequencies. These be used on metallic circuits in order to
various frequencies are applied simul- avoid mutual interference.
taneously to the line circuit and produce
START-STOP TELEGRAPHS.
an extremely complex current wave. At
the receiving end the various frequencies The Transmitter.
are sorted out to separate receiving
The sending portion of these machines
apparatus by electrical filters. These comprises a typewriter keyboard, which
filters consist of arrangements of resis- sends out permutations of five currents
tances, inductances and condensers so of equal length.
designed as to pass a particular frequency
and to reject all others. The idea is The Start-stop Current.
Each character is, however, preceded
a very old one, but it was only with the
advent of the thermionic valve that the by a short current, which sets in motion
plan became practicable. It has the the selecting mechanism at the receiving
further advantage that the system can end, and is followed by a stop current,
which prevents one set of five signals
be used on ordinary telephone circuits.
from overrunning into the next set.
How the Frequencies are Obtained.
It is the addition of these two currents
In the Western Electric Company's which are added to the five-unit code

TELEGRAPH SYSTEMS

1415

Fig. 3 2 . -TELEPRINTER 3A WITH COVER
REMOVED.

which gives the system its generic title.
There are several different forms of startstop machines, but space will permit
only the description of the British machine
adopted by the Post Office.

when a key is depressed that they are
coupled up by a clutch to the driving
motor.

How the Clutch is Operated.

The operation of the clutch is purely
mechanical and is operated by a proIt is the invention of F. G. Creed, and jection on the key lever in the course of
is known as a teleprinter (Figs. 32 and 33). its depression. Beneath the upper porSimilar machines in U.S.A. are termed tion of the key levers (Fig. 35), which
lie side by side,
teletypes. The
there are five bars
machines are operbearing
projecated precisely as
tions adjacent to
a typewriter is
each key conesoperated, and are
ponding to the
capable of a speed
signal code.
of 6o words per
For example, to
minute. They are
the left of the R
driven by a small
key there are proelectric motor,
jections on the
which runs confirst, third and fifth
tinuously. Normselecting bars.
ally, the sending
Whereas next to
and receiving
the AA• key there
mechanisms are at
are projections on
rest, and it is only
Fig. 33.-TELEPRINTER 3A.

The Teleprinter 3A.
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CLUTCH

Keeping Transmitter
and Receiver in
Step.
The use of five
successive currents
to produce five
_.--PROJECTION
selections in the
receiver naturally
TRANSMITTING
requires that the
KEYBAR
CAM SLEEVE
TRIP BAR
sending and receiving apparatus shall
/1RNIFIJA
operate in unison.
Fig. 34 —CLUTCH AND TRANSMITTING CAM SLEEVE.
To adjust two
machines to a close
the third, fourth and fifth bars. In this approximation to equality in speed presents
way the position of the five bars is no difficulty whatever.
determined by the key operated, and
It is only when the difference in speed is
this in turn, controls the movement of a cumulative that serious difference in
contact tongue which connects either the phase results. But the sending telepositive or negative pole of the sending printer starts the receiving mechanism
battery to line. The five currents preceded and stops it on completion of the signals.
by the start signal are sent successively- Hence any difference in speed is confined
to line during the single revolution of the to a single revolution, and for this single
cam sleeve during the final portion of which revolution the phase difference is negmovement the stop current is finally ligible.
Indeed, a relatively large difference in
transmitted.
In addition to the functions already the speed of the sending and receiving
indicated, the cam sleeve also operates mechanisms can occur before the apparatus
a send and receive switch, so that normally fails to function correctly.
the receiving apparatus is joined to line
ready to receive signals. Immediately a The Practical Method.
key is depressed the sending mechanism
In practice the recei\ er is set to run
is substituted, thus avoiding the necessity very slightly faster than the transmitter
for a switch to be operated by hand at to ensure the definite stoppage of the
the beginning
COMBINATION
and end of each
BARS
,5
message.
5\
COMBINATION BAR

The Keyboard
Lock.
The keyboard
includes a locking
device, purely
mechanical in
character, which
prevents a de
pressed key from
rising until the
signals which it
has set up on
the five selecting
levers have been
transmitted • to
line.

SELECTING
LEVERS

HUMP

4 \s\
3 ,\

,4
RESET, LEVER
Pi; 2
I', I

2\\, \\
START STOP
LEVER ""

—KEYBAR

TRANSMITTING
CAM SLEEVE
CONTACT
LEVER
TRANSMITTING
TONGUE
LINE

Fig. 35 —PRINCIPLE OF KEYBOARD.

SPRINGS
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COMB/NAT/ON
COMBS

BELLCRANK
LATCH-

--STOP ARM
,TYPEI-lEAD
TRAVERSING
, LINK
STRIKER PIN ,'
ELECTRO-MAGNET
ARMATURE

.

►

I
111*111111111111111111111111111111111 11111111111

LINK

10116,11111111111.1114

ama

STRIKER BLADE

SELECTING FINGERS

TRIP SHAFT

Fig. 36.—SELECTING MECHANISM.

receiver and a start at the beginning of
the next series of impulses.
The Driving Motor.
This is of the ordinary commercial
type, but its speed is controlled by a
centrifugal governor, which operates a
contact controlling the introduction or
withdrawal of a resistance in series with
the field magnet of the shunt-wound
motor.

The starting impulse operates the clutch
and the five code impulses which follow
successively position five slotted discs
termed combination combs in accordance
with the currents received.
This is accomplished by a battery of
cams during the revolution of the mechanism. Each combination comb has two
positions, the normal position and the
operated position, in which it is turned
through an angle of about 12 degrees.

How Messages are Sent.
The seven current impulses, including How the Type is Selected.
the start and stop signals, sent along the
Disposed around the combs there are
line pass through the coils of polarised relay bars corresponding to the characters on
and determine the
the keyboard, and
the five combs are
movements of the
Selected Latch
armature (Fig. 36).
slotted in such a way
This armature carries
Typeheed Stop Arm that when the combs
are moved or operan extension arm,
and these movements
ated in accordance
are by purely mechwith the code sent
out the bar or latch
anical means translated into the seleccorresponding to that
character
tion of the character
can
and its imprint on
descend, since the
the tape.
slots on all five combs
The term relay
are in alignment. In
generally used in this
this way any given
connection is perhaps
character is selected
hardly appropriate
by moving the combs
since it consists of a
Type-bars in accordance with
Slotted
polarised electromagthe code.
Discs
net which carries no
The particular latch
electrical contacts.
selected having fallen
Fig. 37 —THE TYPE HEAD.
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Telephone Side Cct. r
Telephone Phantom.
Telephone Side Cct.tf1-4
,)51Telegra,oh

Transmitter

Telegraph Receiver

OD'

Thereafter the
characters which
alternate on the
type head, continue as letters
or figures until
the shift key is
again operated.

SI MULTANEOUS TELEGRAPHY AND
TELEPHONY.
At this point it
may be convenFig. 38.—DOUBLE PHANTOM CIRCUIT.
ient to describe
in general terms
into the aligned slots on the com- the trend of modern telegraph engineering.
bination combs, the type head revolves At one time the telegraphs and telephones
until arrested by the operated latch.
were entirely separate, and special cables for
At this point the selected character is telegraph purposes were provided. The
opposite the tape and a blow from a introduction of telegraph circuits into
cam-operated hammer prints the character. telephone cables was definitely deprecated
The operated latch is raised and the combs owing to the interference with the telerestored to their normal position in readi- phone circuits which resulted from the
ness for the next code combination.
relatively heavy currents used.
The type bars are carried in two
radially slotted discs (Fig. 37) under Present-day Trend.
spring tension and printing is effected
The tendency to-day is to provide any
by a blow on the type bar.
telegraph circuits which are required
by adding such channels to telephone
Sixty Characters on Type Head.
circuits.
Where telegraph circuits are
There are actually 6o latches placed
around the combination combs, and the worked on conductors in a telephone
type head contains the same number of cable, metallic circuit working is essential
characters. The selection of letter and to avoid interference with telephone
figure characters is determined by a sixth speech.
comb, which bears 3o slots.
Superposing and What it Means.
How Figures are Selected.
A telegraph circuit can simultaneously be
The five code combs will permit two worked over a telephone loop by the
adjacent latches to fall, but the sixth or method known as " superposing " A
figure-shift comb permits only one of the repeating coil, which essentially consists
two to fall. Two places are left blank of a transformer, is interposed at each
on the type head
Nigh - Pass
High Pa.
and the receipt of
a special code
combination
Pe-11
moves the figure- Telephone
telephone
Telephone Loop
shift comb into
the letter or into
Low-Pass
Low-Pass
figure position
Filter
according to
whether the
Telegraph
letter or figure relegraph
shift is signalled.
Fig. 39.—PRINCIPLE OF SUB-AUDIO TELEGRAPH WORKING.
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end of the telephone circuit, and
the centres of the windings at
each end are connected to the
telegraph apparatus.
It is essential that the two lines
of the telephone circuit shall be
equal in resistance, capacitance
and inductance, and in practice
this condition is readily fulfilled
by many ordinary circuits. The
telephone currents pass through
the transformers in the ordinary
way, whereas the current from
the telegraph apparatus divides
between the two halves of the line
windings and produces no effect
on the core of the transformer.
The Double Phantom Circuit.
An example of the application of this
principle in daily use is known as the
" double phantom circuit." It is illustrated in Fig. 38. It will be observed
that six telephone circuits are obtained
from four physical circuits, and that a
loop telegraph circuit is provided by
taking the central points of the phantom
telephone circuits of the two pairs.
SUB-AUDIO TELEGRAPHY.
The principle of this method depends
upon the fact that for the reproduction
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Fig. 40.-TELEPRINTER 7A.

of good quality speech on a telephone
circuit, the frequencies below 200 periods
per second can be cut out without detriment to the speech. For ordinary telegraph working, a periodicity up to about
zoo periods per second is ample. By
providing filters, the frequencies above
200 are diverted to the telephone channel,
while the low frequencies are stopped by a
high pass filter. The principle of the
arrangement is indicated in Fig. 39, which
gives a graphic illustration of the splitting
up of the complex wave between the
telegraph and telephone circuits.
TELEGRAPH SWITCHING.
In the early days of telegraphy,
many attempts were made to
introduce systems by which the
retransmission of messages was
avoided by switching the circuits
at intermediate points. All these
systems, however, have long since
been abandoned, but recent developments seem to indicate the
possible introduction of some form
of switching, either by manual
operation or by employing the
principles of telephone automatic
switching. This plan, however, has
not so fax been suggested for the
use of main line telegraph circuits.

Fig. 41-TELEPRINTER 7A WITH COVER REMOVED.

An Interesting System with
Possibilities.
A system has been worked out
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derived from Leclanche cells. In large
offices the power is derived from
secondary cells and double-current keys
are arranged to select either positive or
negative voltage as may be required.
Fig. 42.—SIPHON RECORDER TAPE.

in which subscribers have teleprinter
apparatus and, instead of verbal messages or letters, obtain connection with
their correspondents and transmit their
messages or orders on the teleprinter circuit
thus formed. One advantage gained in
comparison with a telephone conversation
is the permanent record of the message,
thus obviating the necessity for confirmatory letters. In the second place, many
matters which would ordinarily be dealt
with by post would be more quickly
transacted, and this speeding up of business
methods would, no doubt, have definite
economic advantages. It is not possible
at this stage to enter into details of the
system.
The machine, however, known as the
Teleprinter 7A, is arranged to print on a
wide band of paper instead of on a paper
tape. A unique feature is the provision of
a special " who are you " key on the keyboard. When two subscribers are connected together this key can be depressed,
whereupon the exchange number of the
called subscriber is automatically transmitted back and is printed on the roll of
paper associated with the calling machine.
This provides a safeguard against a wrong
connection.
The mechanical operation of the Teleprinter 7A is the same in essential detail
as the description already given of the
Teleprinter 3A. Fig. 40 shows the general
appearance and
Fig. 41 depicts
the working
mechanism.
POWER
PROVISION.
In the case of
small or isolated
offices, the electrical energy for
working telegraph circuits is

Rhea:

Battery Installation.
The ordinary secondary cell installation
comprises a motor generator worked from
the town mains for charging the cells.
A 24-volt negative battery and a 24-volt
positive battery are provided in duplicate,
and are used for working comparatively
short circuits, and also for operating the
sounders in the local circuits of the relays.
In addition, voltages of 40, So and 120
positive and negative are provided, with
two spare 40-volt sets of cells for use
during recharging.
The Power Mains.
The power leads pass to the instrument
room through fuses at the cells and in
the main leads. nom these mains the
leads of each set are taken through a
I-ampere fuse and in this way a fault on
one of the sets will not interfere with the
rest.
SUBMARINE TELEGRAPHY.
The problems associated with transoceanic cables are of a very different
character to those of inland telegraphy.
Early trans-Atlantic cables consisted of a
stranded copper conductor, insulated with
gutta-percha. The object of the stranding of the conductor was to give the cable
flexibility. This is the electrical part of
the cable and is the same from beginning
to end. Over the gutta-percha insulation
a spiral brass tape is wound to prevent
the teredo worm from boring into the
gutta-percha. Over this there is a layer

Siphon
Recorder

Siphon
Recorder

% Rheo

Fig. 43 —PRINCIPLE OF SUBMARINE CABLE DUPLEX (KEY SENDING) .
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of jute, which forms a bedding for the
armouring of iron wires for mechanical
protection. The armouring is, of course,
lightest for the deep sea portion of the
cable and is increased as the depth at
which the cable is laid becomes shallower,
until at the shore end of the cable this
armouring is exceedingly heavy.
Why Unloaded Cables are Obsolete.
The discovery of the nickel-iron alloys
has revolutionised the whole problem of
the telegraph cable and every unloaded
cable may be regarded as obsolete. The
new loaded cable gives a working speed
of from eight to ro times that of its predecessor. Moreover, improvements have
also been made in the dielectric, with the
result that a much lower capacitance is
obtainable. A permalloy, mumetal, or
perminvar tape is wound around the
copper conductor before the dielectric is
applied. This adds upwards of i5o millihenrys per nautical mile to the inductance
of the cable.
The laving of the submarine cable is a
highly technical operation and has
a technique of its own. In the same
way the localisation and removal of faults
on such cables has been developed,
but in a work of this kind it is not possible
to provide an adequate description.
How Messages are Sent.
The signalling code used on submarine
cables is the Morse code, with a current
in one direction for a dot and in the
reverse direction for a dash. The messages
to be sent are first of all perforated on a
tape in a similar manner to the Wheatstone arrangements already described.
This perforated tape passes through a
transmitter, which sends the signals into
the cable. At the receiving end they pass
through a siphon recorder (Fig. 43) which
consists essentially of a specialised form
of d'Arsonval galvanometer, to the coil
of which a fine tube is attached, one end
of which dips into an inkwell and the
other end is in contact with the paper
tape.
The type of signal received is indicated
in Fig. 42. It will be clear that there
is a very sharp limit to the voltage which
can safely be applied to a long cable,
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and in general this is usually not more than.
5o or 6o volts.
Duplexing a Submarine Cable.
As a conclusion to this part of the
subject, it may be interesting to show the
arrangements made for duplexing a long
submarine cable. The ratio arms consist of
two condensers (Fig. 43), and at the apex of
the bridge there is a small rheostat for
accurate adjustment of the balance.
Compensation Circuit.
The compensation circuit consists of
a special form of artificial line in which
a zigzag of tinfoil is separated from an
earthed full sheet of foil by paraffin paper.
The zigzag foil is of such dimensions
as to represent not only the capacity,
but also the resistance of a unit length
of cable. The precise detail of the balance
involves many complications, and the
operation of balancing a long submarine
cable may take several weeks of continuous work by specialists. When, however, this balance has once been obtained,
it does not appreciably vary, and the
adjustments required from time to time
are of a very simple character.
Transmitting Apparatus.
The transmitting apparatus has been
shown as a simple commutator and the
receiving apparatus as a siphon recorder.
It has been found that by taking the earth
a long way out to sea where a certain
critical depth is encountered ensures
that the circuit is fairly free from
extraneous disturbances.
Loaded Cable and Duplex Working.
It may be added that there is considerable difficulty in duplexing the loaded
cable, and in general such cables are
worked simplex. This disadvantage is
not so great as would at first sight appear,
since owing to the difference in time
between the two sides of the Atlantic, the
rush hours of traffic do not coincide.
References.
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SILVER, PLATINUM AND THE
RARER METALS
AND THEIR USES IN THE ELECTRICAL INDUSTRY
By A. W. JUDGE, A.R.C.Sc., D.I.C., Whitworth Scholar.

I

N ()ther articles we have described the
more common metals used for electrical purposes ; we shall now consider
the rarer metals that have important
applications in electrical engineering, commencing with silver and concluding with
an account of some of the metals used in
lamp manufacture.
SILVER.
Silver is a pure white metal capable
of taking an excellent polish. It is very
ductile and can be beaten out into thin
sheets without fracture ; it is necessary,
however, to anneal the metal by heating
it to a red colour when hammering out.
The most important property of silver
is its very low electrical resistance ; it is
the best electrical conductor of the metals.
To give an idea of its low resistance it can
be stated that this is only 90 per cent, of
that of copper—the best known commercial electrical conductor.
Similarly, silver is an excellent heat
conductor. Thus, if the heat conductivity
of silver be taken as being ioo, that of
copper is 94 and aluminium 57.
Where Silver is Used.
Silver is used in electrical work for
contacts where very small currents have
to pass, as in electric clocks. Silver wire
is also used for conductors in delicate
electrical apparatus and instruments. It
is sometimes alloyed with platinum for
electrical wires that have to pass through
glass walls. Silver is also an ingredient
of silver solder. The very best solders
contain from 5o to 70 per cent, silver,
the remainder being copper and zinc.
A typical silver solder contains 20 parts
silver, 45 parts copper and 3o parts zinc.
Silver is a heavy metal, its specific
gravity being 9.52 ; it is thus about 9 per

cent. heavier than copper (specific gravity,
8.8).
PLATINUM.
This expensive metal is used in electrical
work chiefly for electrical contacts and
wires passing through the walls of glass
vessels.
Platinum is a light coloured metal,
rather greyer in appearance than silver.
It takes a fine polish and is practically
unaffected by atmospheric corrosion
influences.
It is an extremely heavy metal, the
specific gravity, in the cast state, being
21.5, i.e. about 21 times the value for
copper. It has a fairly high electrical
resistance, viz., about 6 times that of
silver.
Platinum-Iridium Contacts.
Platinum, owing to its high cost, is not
generally used in the pure form for
contacts, but it is alloyed with another
metal known as iridium. Platinumiridium contacts are used for light contact
breakers in electrical apparatus and
instruments, magnetos, cut-outs, etc.
Platinum, having about the same coefficient of expansion as glass, a piece of
platinum wire can be fused into, or
through, glass to give a gas-tight connection. Many electrical instruments having
glass tubes with platinum wire conductors
have been used in the past. One typical
example is that of a column of mercury
in a sealed glass tube, with a platinum wire
contact above the mercury. The rise
of the mercury in the tube makes contact
and thus completes an electrical circuit ;
fire alarm thermometers are made on this
principle.

Fig. I.—AN OIL-FIRED SMELTING FURNACE. (The Mond Nickel Co., Ltd.)
Pouring a charge of Clydach Concentrate. This concentrate contains a relatively large proportion of silver and lead and receives an
initial smelting operation in the course of which lead is used as a collector of the precious metals.
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BERYLLIUM.
This is an interesting metal that is
actually lighter than aluminium and has
as good an electrical conductivity as
silver. Unfortunately, however, owing to
its present high cost of production, it
cannot be used commercially.
COBALT.
This is a brilliant silver-white metal
having properties somewhat similar to
iron ; it is the next most magnetic metal,
after iron. Cobalt is also a constituent
of a well-known tool steel and of the metal
cutting alloy Stellite.
Cobalt plated iron and steel articles are
now being used for outdoor electrical
parts exposed to corrosive influences.
Alloyed with chromium in certain proportions it gives an alloy known as
Cochrome, used for resistance heating
elements, in place of nichrome, in electric
stoves and heaters.
IRIDIUM.
This hard steel-grey metal actually
belongs to the platinum class. It is
insoluble in acids and can only be melted
in the electric furnace. Iridium is used
for hardening platinum for electric contacts,
watch and compass bearings and
incidentally for pen points.
OSMIUM.
This is a bluish white metal and the
heaviest of all metals ; it has a specific
gravity of 22.5. It has an extremely high
melting point, viz., 2,500° C. Osmium,
for this reason, is sometimes used for
electric lamp filaments.
SELENIUM.
This is a steel grey metal having properties resembling those of sulphur. It melts
at 2170 C. and burns readily in air when
further heated.
It possesses the property of altering its
electrical conductivity when exposed to
light variations. For this reason the
selenium cell, as it is termed, is used for
television, talking pictures and similar
apparatus where light variations are

converted into electrical resistance changes
and vice versa.
THORIUM.
This is a greyish-white crystalline metal
with the appearance of nickel. It has
radio-active properties somewhat like
uranium.
Thorium is largely used in the manufacture of gas mantles to increase the
incandescent properties. In electrical
work it is mixed with other rare earths
such as zirconia and yttria to make the
filaments of Nernst lamps.
TUNGSTEN.
This is a most important metal in the
mechanical and electrical engineering fields.
It is usually produced as a grey metallic
powder having a very high fusion point
(3.540° C.). In electrical work the tungsten electrode bulb of the Pointolite type
(widely employed for projection purposes)
is well known. It is also used in
X-ray bulbs as the anti-cathode. Tungsten
is also an important element in tungsten
steel magnets.
ZIRCONIUM.
This hard crystalline lustrous substance
is used for electrodes and some of its
alloys are used for electric lamp filaments ;
these show a lower electric power consumption per candle-power than most
metal filament lamps.
Zirconium salts are also used to coat
fire-clay cylinders to produce incandescent
units for lighthouse lamps and optical
projectors of the " lime light " class.
Zirconium is better than lime or magnesia
for this purpose, as it gives a more
brilliant illumination.
MERCURY.
This liquid metal has several useful
applications in electrical work notably
for automatic change-over contacts (in
tilting glass bulbs), for mercury vapour
lamps—used, on account of their rich
ultra-violet rays, for medical and photographic work, for electric contacts in
special apparatus electric fire alarms, etc.
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NICKEL AND ITS ALLOYS
IN ELECTRICAL ENGINEERING
By A. E. HANSON

Fig. I.—REVERSING MILL FOR ROLLING SHEET NICKEL.

URE nickel and nickel-bearing alloys
are used for numerous purposes
in the electrical industry. The
most important alloys are those belonging
to the nickel-chromium group, which are
employed chiefly because of their remarkable heat-resisting properties.

P

(Henry Wiggin Co., Ltd.)

point at about poQ C. The melting point
of nickel is I452Q C. Its 'specific gravity
is about 8.8 and its electrical resistance
about seven times that of copper.

Uses of Nickel.
Pure nickel is used in the electrical
industry for the components of wireless
Properties of Nickel.
valves. The purity of nickel and the fact
Nickel is a silvery-white metal that is that it can be heated to high temperatures
malleable, ductile, somewhat magnetic, for the purpose of freeing it from occluded
harder and stronger than iron and resistant gas without risk of deformation or the
to abras;_on. It is highly resistant to the liberation of substances harmful to the
action of air, water, non-oxidising acids valve are the main reasons for employing
and to oxidation at high temperatures. it for anodes, grids, electrode-supporting
Nickel has a magnetic transformation wires and other components. Practically
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principle of which
is the oxidation
and reduction of
metals in an electrolyte
which
neither combines
with nor dissolves
either of the active materials or
their oxides. The
active material
of the positive
plate is usually
nickel hydrate or
nickel hydroxide,
while that of the
negative plate is
either iron oxide
orcadmiumoxide.
Fig. 2.—NICKEL-CHROMIUM ALLOYS IN THE FORM OF WIRE OR TAPE ARE
ALMOST UNIVERSALLY EMPLOYED FOR HEATING ELEMENTS.
(Automatic
The electrolyte is
Electric Co., Ltd.)
a solution of potassium hydrate.
all receiving valves as well as low-power
The nickel-iron type cells are extremely
transmission valves employ nickel for robust and will withstand vibration that
the internal structural parts.
would ruin the ordinary lead accumulator.
A nickel-iron alloy containing 40 per For this reason they are widely used on
cent. nickel, coated with copper, is used railway coaches, 'buses, electric trucks
for glass-to-metal joints.
The overall and on ships at sea. Practically speaking,
expansion of this wire is approximately they are foolproof, for they are not
that of glass, while the copper provides harmed by irregularity of operation, overnecessary
the
conductivity.
Other uses for
include
nickel
plug
sparking
electrodes which
are made from
pure nickel, or
;GISEL IRON
from nickel con"LOADING"
,,
,ATERIAL
taining 3 per cent.
of manganese.
Early Uses of
Nickel.
One of the
early uses of
nickel in the
electrical industry was in the
manufacture of
the nickel-iron
type of storage
battery, the
fundamental

CROSS SECTION OF CABLE

I lg. 3.-SUBMARINE CABLE, SHOWING ARRANGEMENT
LOADING.

OF NICKEL-IRON
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charging, short-circuiting or long periods
of idleness.
Nickel-Iron Alloys.
There are many nickel-iron alloys in
use but perhaps the most interesting
is the alloy which contains approximately
78.5 per cent. of nickel and which, when
suitably heat treated, has a higher
magnetic permeability then either pure
iron or silicon iron. This alloy is used for
loading submarine telegraph cables. The
term " loading " designates a system of
adding inductance to. a transmission
circuit for the purpose of overcoming the
effects caused by the capacity of the
circuit. Loading submarine cables with
nickel-iron strip has enabled their carrying
capacity to be increased five times. The
same principle is used in telephone transmission circuits, but in this case, finely
divided nickel-iron cores are used in the
loading coils.
There are also nickel-iron alloys, containing much lower proportions of nickel,
which are non-magnetic and these are
used extensively for constructional parts,
often in the form of castings.
By varying the nickel content variations
may be made in flux density, electrical
resistance and hysteresis loss so that
Fig. 4.—A WIRELESS VALVE IN WHICH PURE
alloys of widely different properties can NICKEL IS USED FOR THE GRID, GRID SUPPORTS,
be obtained. If high resistivity combined PLATE, ETC. (The Marconi Co., Ltd.)
with high permeability is required an alloy
containing between 4o and 5o per cent. Copper-Nickel Alloys.
nickel may be used. If high resistivity and
The chief copper-nickel alloy used in the
low magnetic permeability are needed the electrical industry is the 45 per cent.
3o per cent. nickel alloy is employed.
nickel alloy which has a practically zero
temperature coefficient and is used in
Nickel-Iron for Wireless.
very large quantities as a resistance
Low frequency transformers used in material. Its resistance is unalterable, it
wireless receiving sets are made with will not rust, become brittle or perish with
cores of nickel-iron of varying composi- heat, age or exposure, it is not attacked by
tions, the object being to reduce the size sea-water and is resistant to the majority
of the transformer without loss of effi- of dilute acids. This alloy is used for
ciency and to minimise the risk of satura- instrument shunts of all kinds, fieldtion of the core. This is one of the most regulator resistances, cinematograph recommon causes of distortion in wireless sistances, motor starters, arc lamp resistreceiving. Similar transformers are used in ances and fan starters. It is sometimes
moving-coil loud speakers, and in certain used with an oxide coating, the insulating
special types of navigational equipment, qualities of which enable the wire to be
including gyro-compasses and depth- close wound on sliding contact resistances.
sounding machines. The armatures of the
generators used in gyro-compasses are Nickel-Chromium Alloys.
also made from nickel-iron alloys.
The use of nickel-chromium and nickel-
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COMPARATIVE ELECTRICAL DATA—WIRES AND TAPES.
TABLE I —METALS.

Sp' cific
Rr sistance
Microhms
per cm.3
Copper..
Gold ..
Aluminium
Zinc ..
Nickel ..
Platinum
Tin
..
Iron
..
I,ead

Resistance
Compared with
Copper.

Temperature
Coefficient
p.r I° C.

Melting
Point.

41
85
3 53
5 25
6.37
o43
69
2 0

0043
.004
.0038
.0037
.005
.0038
.0045
.0062
.0043

1084
1062
657
418
1452
1756
232
1530
327

I 72
42
3.17
6 06
90
io 92
II 2
1185
20.6
2

TABLE II.—ALLOYS.

Alloy.

Brightray
Glowray
Dullray..
Ferry ..
Mangonic
Alone' Metal
Nickel Silver
Nickel Silver
Platinoid

Compaation.

Nickel 8o, Chromium 20
Nickel 65, Chromium 15, Iron 20
Nickel 3o, Iron 7o
Copper 55, Nick, 1 45
Nickel 97, Manganese 3
Nickel 67, Copper 33
Nickel 25, Copper 55, Zinc 20
Nickel 20, Copper 64, Zinc 16
Copper 62, Nickel 15, Zinc 22

chromium-iron alloys for the elements of
electrical heating, cooking and domestic
appliances is very well known. The nickelchromium alloy containing 8o per cent.
nickel is used where high temperatures
are encountered, as in electric fires and
furnaces, and also in electric irons, toasters,
percolators and similar apparatus. The
heat-resisting qualities of nickel-chromium
alloys ensure that such elements will have
a very long life. Practically all good
quality electrically heated appliances today employ this type of wire. The nickelchromium-iron alloys are used where
lower temperatures are encountered, as in
soldering irons and for resistances.
Nickel Alloy Steels.
Although nickel alloy steels, which are
so widely used on account of their great
strength and toughness, are not primarily
electrical materials, they are used in
power-producing equipment where heavy

Specific Resistance
Microhms per
cm. cube at o° C
103
rob
91
48
145
42 5
36
31
34

stresses are involved. Generator shafts and
heavy moving parts are examples of this
type of service.
Nickel-Copper Alloys.
The use of nickel-copper alloys, notably
those containing approximately 68 per
cent. of nickel, for transmission system
equipment is old established. They are
employed for bolts and pole line hardware,
particularly in places where corrosive
atmospheres are encountered.
Miscellaneous.
Numerous uses of nickel-bearing
materials appear in the electrical industry
where the reason for such use is not
strictly due to electrical properties. The
employment of nickel-silver and coppernickel alloys in the manufacture of electrical appliances, and the widespread use
of nickel-plated components in apparatus
generally, may be mentioned.
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CONDENSERS FOR WIRELESS
PURPOSES
PRACTICAL NOTES ON FIXED, VARIABLE AND
ELECTROLYTIC CONDENSERS
By A. E. WATKINS

Fig. I.—COMPONENTS OF A MODERN SCREENED TRIPLE GANGED CONDENSER. (The British Radiophone, Ltd.)
The slotted end vanes are for correctly balancing the condensers.

T

HERE are many different types
and designs of condensers, but
they are all the same elementally,
irrespective of their outward appearance.
Likewise, in a sense, they all serve the
same purpose ; namely, to accumulate
(" condense ") and release electrical energy,
but the ends to which they serve differ
greatly. In any standard receiving set
there are fixed and variable condensers.
Some are used for tuning, some to by-pass
electrical energy and others to block
electrical energy or for smoothing the
high tension supply. There are many
other purposes which they can serve in a
receiving set and its attendant devices.
The importance of condensers is not
fully appreciated by the average radio
engineer. Without them radio would be
a hopeless affair.
In order to gain a satisfactory conception of the value of condensers and the

ways in which they can be used, one must
have some understanding as to how they
function.
FUNDAMENTAL PRINCIPLES.
Basically a condenser consists of nothing
more than two electrical conductors
insulated from each other. If we take
two metal plates and bring them close
to each other, we have formed an electrical
condenser. If we move the two plates
towards or away from each other, the
capacity of the unit is altered. The
nearer the plates are to each other, the
greater is the capacity, and vice versa.
The unit of capacity is the farad. Since
this value is too large for practical purposes we employ the more convenient
terms microfarad (abbreviated as mf. or
mfd.) and micro-microfarad (abbreviated
as mmf. or mmfd.). The first is onethousandth of a farad, and the second the
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thousandth part of a microfarad. All
condensers employed in radio have
capacities which can be stated conveniently
in one or the other of the above units.
Capacity of a Condenser.
The capacity of a condenser is determined by a number of factors, namely :
the total surface area of the two conductors, the distance between the two
conductors and the nature of the insulation
between the conductors, which is called
the dielectric.
The capacity can be further increased
if the nature of the dielectric or insulation
is changed. If instead of air as the

up a batch of small ones, the alternative
plates being connected together. Thus,
a fixed condenser might consist of six
small sheets of foil with mica between the
sheets. The first, third and fifth sheets,
connected together, would constitute one
conductor ; and the second, fourth and
sixth sheets, also connected together, the
other, the five sections of mica being the
dielectric.
Dry air is the most satisfactory dielectric
as it introduces no serious losses. Other
forms of dielectric, such as mica, paper,
etc., present higher leakage paths than
air and also introduce " hysteresis " losses.
It is for this
reason that air is
employed as the
dielectric in most
variable condensers. Fixed condensers employ
either mica or
paraffin paper.
WHAT
CAPACITY IS.

A condenser
can be likened to
a water tank.
We can charge
a condenser with
Fig. 2.—A GROUP OF SMALL FIXED CONDENSERS.
electricity, just
Showing also a 2 mfd. smoothing or blocking condenser.
as we can pour
dielectric we use, say, mica, the capacity water into a tank. The amount of electricity
of the condenser will have increased five a condenser can hold is dependent on its
times. The amount of increase in capacity capacity. The amount of water a tank
in this instance is dependent on the can hold depends on its size. When a
dielectric constant of the medium em- condenser is connected in a working
ployed, which is expressed on a compara- circuit and becomes fully charged, that is,
tive basis. Air is the standard, and is filled to capacity, it will automatically
considered to have a dielectric constant discharge its entire contents through an
of i. The constant of good mica is 5.7. attached circuit. When it is empty it
Thus, if mica were iispd in place of air the will start charging again. The number
of times a condenser will charge and
capacity would be multiplied by 5.7.
discharge each second depends on its
Capacities for Radio Work.
capacity and on the frequency of the
In order to produce the necessary current flowing in the circuit containing
capacities for radio work, series of small it. It is obvious that it takes a condenser
metal plates or sheets, spaced one above of large capacity longer to charge than
the other, are used so that the size of the one of small capacity. Consequently it
condenser will not be too large. In other will discharge at a slower rate than a
words, instead of using two very large small one. The capacity of a condenser
plates to get the required surface, we pile has a great deal to do with its reactance,
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or resistance to currents. A condenser
of small capacity offers high resistance or
reactance to alternating currents of low
frequency, but as the frequency of the
current increases, the reactance of the
condenser decreases.
Reactance of a Condenser.
It will be noted that the reactance of
any condenser increases as the frequency
of the alternating current is lowered.
If we continue to lower the frequency,
until it alternates only once every minute
or so, the reactance of the condenser to it
is practically infinite. When the current
ceases to alternate, or becomes direct
current, the reactance of the condenser is infinite and no current
can flow through it. It becomes
a blocking device. The answer
is, then, that a direct current
cannot pass through a condenser,
but an alternating current can.
The amount of alternating current
that can pass depends on its own
frequency and the capacity of
the condenser. These characteristics of a condenser are important.
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in the tuned circuits, through which the
radio-frequency currents flow. There will
be (1) leakage and " hysteresis " losses,
through the dielectric ; (2) hysteresis
losses in the insulation of the condenser
itself ; (3) leakage through the insulation
and leakage into adjacent apparatus
through stray electrostatic fields. The
dielectric losses may not amount to much,
but great losses can take place in the
insulation of the condenser if the insulating
material is poor, or if it is not kept out
of the strongest part of the electrostatic
field. The electrostatic field produced by
a condenser is somewhat like the electromagnetic field around a coil ; only it is

CAPACITY AND INDUCTANCE.
It might be well to explain here
just how important variable condensers are in a radio circuit.
The chief property of a coil used
Fig. 3.—CYL,DON TRIPLE GANGED TUNING CONDENSER.
in a receiver is inductance, and
The copper end vanes C can be accurately adjusted so
it is this property, together with that all condensers read correctly together from zero to
the capacity of the condensers, maximum. The trimmers T are to compensate for stray
capacities in the circuits.
that makes it possible for us to
vary the frequency of our
receiving circuits and so " tune-in " one less pronounced and does not extend any
great distance from the plates.
station after another.
Modern variable condensers are enclosed
In order to change the point of resonance
of a circuit (at which it responds to a in metal screens so that coils, transformers
station's carrier wave) from one frequency and other apparatus may be mounted
to another, if the inductance is fixed, then close to them without being affected..
the capacity must be capable of being
TYPES OF CONDENSERS.
varied.
There is a condenser for every purpose,
LEAKAGE EFFECTS.
The losses in condensers do not amount such as grid-condensers, by-pass conto a great deal at low frequencies ; but densers, blocking condensers, fixed balthey can be extremely high at radio ancing condensers, various trimming confrequencies if the instruments are not densers, etc. They are made in many
well designed. It is very important to different capacity values to suit different
keep down the losses in variable condensers, parts of the circuit.
Fixed condensers from 0.1 mfd. to about
for instance, as these are connected directly
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and are so made that certain
capacity values may be obtained
and the adjustments then locked.

Fig. 4.—THE CYLDON UNIVERSAL CONDENSER.
By connecting the fixed vanes in series this condenser
is suitable for short wave and low power transmitting, the
maximum capacity being .00025. By using the two halves
of the two condensers it is suitable for tuning double
circuits which require two condensers of .0005. By
connecting the two sets of fixed vanes in parallel the
maximum capacity is increased to .00r mfd.
2 mfd. are employed primarily as by-pass
condensers in radio- and audio-frequency
circuits, as blocking condensers in resistance- and impedance-coupled audiofrequency amplifiers, and sometimes as
filter condensers in tone filter circuits.
Larger fixed condensers which have
capacity values ranging from 2 mfd. to
8 mfd. are used as filter condensers in
H.T. eliminators. They must be capable
of withstanding much higher voltages
than the smaller type of condensers ;
that is to say,
their breakdown
voltage is much
higher.

Adjustable Condensers.
Special adjustable condensers
are used to stabilise, balance or
neutralise radiofrequency
receiving circuits.
They are, of
course, variable
condensers, but
cover a limited
capacity range

" Vernier " Condensers.
" Vernier " condensers are
nothing more than very small
variable condensers and are valuable in any receiving circuit
requiring very fine tuning. They
are often employed in connection
with tandem or gang variable
condensers as a means for making
up for any discrepancy in capacity
between two of the sections.
Like the adjustable condensers,
they may also be employed for
the purpose of balancing radiofrequency or regenerative circuits.

Variable Toning Condensers.
There are four types of variable
tuning condensers ; the straightline capacity, the straight-line
wavelength, the straight-line-frequency
and
the straight - line - tuning, the
latter being an evolution from the
other forms. The straight-line-capacity
variable condenser gives a comparatively
uniform increase in capacity as the rotor
plates are turned and intermesh with the
stator plates. A condenser of this type,
used for tuning purposes in a receiving
circuit, does not give a uniform increase
in wavelength as the dial is turned from
zero to maximum. The straight-line-

Fig. 5.—A SINGLE AND DOUBLE CYLDON TRIMMING CONDENSER.
The dielectric is mica and the base porcelain.
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wavelength condenser does not give a
uniform increase in capacity when varied,
but, does give a uniform increase in wavelength. In other words, the wavelength
to which the set is tuned will increase so
much for a definite number of degrees on
the condenser dial, throughout the entire
scale. With a straight-linecapacity condenser it may take
only one degree on the lower
part of the dial to make a Dometre change, but five or ten
degrees on the upper part of
the dial for the same change.
The straight-line-frequency
condenser, as the name applies,
gives a uniform increase or
decrease in frequency, so that
every degree on the dial will
represent a definite change,
of ro kilocycles. The straightline - tuning condenser has
several advantages of both the
S.L.W. and S.L.F. condensers.
It provides for a more evenly
spaced distribution of stations
throughout the dial readings,
and does not tend to bunch
them at any one band of
wavelengths or frequencies.
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graded condensers of this type. The discrepancy in capacity between the units,
from zero to maximum, is usually small,
but so that they may be accurate, manufacturers fit slotted end vanes to the rotors.
In the case of the Cyldon soft copper
end vanes are used, which can be adjusted
so that each condenser reads
correctly from zero to maximum. In addition to this
adjustment it is necessary to
have small trimmings on each
condenser to balance each
circuit.

ELECTROLYTIC CONDENSERS.
1. The Principle of the Electrolytic Condenser.
Three-quarters of a century
ago, Wheatstone discovered
that if a piece of metallic
aluminium is placed in a certain aqueous solution, and then
connected to the positive pole
of a battery, while the negative
pole is connected to a strip
of any conductor which also
dips into the liquid (see Fig. 8),
then the current, which at first
may be quite large, steadily
Short Wave or Transmitting
diminishes to a very low value,
Condensers.
as represented in Fig. 9.
Variable condensers for use
That is to say, the resistance
in short wave receiving sets
of the cell increases to a relaFig. 6.-A WET
ELECTROLYTIC
must necessarily have comtively high value. This reCONDENSER OF
paratively low capacities and
sistance
is known to be due
TUBULAR FORM
still be able to cover a fairly
to
the
formation
on the surface
SUITABLE FOR
wide wavelength band without
of the alUminium of a film
USE ON VOLTAGES UP TO 440.
crowding stations. A good
of aluminium oxide, or of
many condensers of this type
oxygen gas, or of both.
employ double spacing between the
Even after the applied potential is
plates, or are changed slightly in withdrawn, the film remains on the
design from the regular type.
Most aluminium, and subsequent application of
of these short-wave condensers are potential, provided it does not exceed the
also adaptable to short wave trans- original or " forming " voltage, causes
mitting circuits of low and medium power. only a small current to pass.
Aluminium can be "formed" at about
Gang or Tandem Condensers.
50o volts and then pass only one microGanged condensers are designed for use ampere per square centimetre of surface
in receiving eircits where it is desirable at a voltage only slightly below the
to group two or more stages of tuned-radio- forming voltage. If the voltage is infrequency amplification under a single creased above this value, the current
control. Manufacturing developments increases very rapidly indeed ; the cell
have made possible producing accurately behaves as a short circuit at a potential
a
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to smooth out the
pulsations in rectified alternating
current. We are
only concerned here
with the application of the aluminium electrode to
the constructions of
condensers, and we
will now describe
a condenser which
will withstand voltages up to 500.
Wet

Electrolytic
Condenser.
Fig.-7.—Two USEFUL TYPES OF CONDENSERS.
This consists of
On the left is a 2 mfd. non-inductive condenser to be used in circuits
a drawn cylindrical
for coupling inductances such as in band pass tuning. On the right,
aluminium
conan 8o-mfd. dry electrolytic condenser. It is interesting to note that it is
only about twice the size of the ordinary 2-mfd. type.
tainer to which the
negative connection
It is not essential to
only a few volts in excess of the voltage is made.
at which it is quite stable and safe: On use aluminium, but for mechanical
reducing the voltage the current drops reasons it is preferred. At one end it is
again to its very low value—the cell is provided with a stout boss enclosing a
quite unharmed by temporary excess watertight insulating bushing, through
voltage. If, however, the voltage is which passes an aluminium rod. This rod
reversed, the cell will behave as a short carries a coiled spiral of aluminium foil,
circuit, even with only a few volts applied. suitably formed and covered amply by a
liquid electrolyte. The opening at the
How the Film-forming Property of Alu- other end is sealed by a metal closure
minium is Applied.
which carries a rubber valve to release
The film-forming property of aluminium the small quantities of oxygen and hydrodescribed above finds application in at gen which are evolved while the condenser
least three forms of electric apparatus. is working. During actual operation this
The uni-directional conductivity of an valve must be uppermost.
aluminium electrode can be made use of
to construct a rectifier ; the short circuit- Electrical Properties.
ing when a critical voltage is exceeded
Condenser 44o volts working. 8 mfd.
allows the electrode to be used as a
When this condenser is connected to a
voltage - limiting device ; the insulating 44o-volt D.C. supply, the current taken
properties of the film, together with its
extreme thinness, are employed to make a
condenser in which the electrolyte and the
metallic aluminium are the conductors
and the film is the dielectric. Another
metal plate must, of course, be used to
make contact with the electrolyte.
Such an arrangement will only work
satisfactorily as a condenser provided the
voltage is never reversed ; aluminium
must always be more positive than the
liquid ; it cannot, therefore, be used on
Fig. 8.—PRINCIPLE OF AN ELECTROLYTIC
unrectified alternating current, but is ideal
CO NDEN SER.
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falls almost at once to about i milliampere.
This represents a production of heat in
the condenser at a rate of less than half
a watt and results in a temperature rise
of about 5° F. in the liquid. At lower
voltages the leakage is much less ; at
higher voltages it increases rapidly and
the condenser will be heard sparking.
(See Table I.) Occasional application of
extra voltage will not harm the condenser ;
perfect insulation is restored as soon as
the voltage is reduced.
The condenser must not be operated for
long periods at voltages at or above the
LEAKAGE CURRENT
OF 2000µF 12 V.
to CONDENSER WHEN
111
OVERLOADED
tat

O

10 15

VOLTS .

1435

CONSTANT
VOLTAGE.
11)

TIME

Fig. 9.—DIAGRAM SHOWING How THE CURRENT
STEADILY DIMINISHES TO A VERY LOW VALUE.

and in addition will work for short periods
up to 2 minutes at Soo-volt peak. The
current voltage relations are shown in
Table II. It will be noticed that the
leakage at 500 volts is 4 milliamperes; for
that reason, the time during which 500 volts
may be applied is limited, the figure
given, however, may be exceeded so long
as the condenser does not become unduly
hot.
TABLE II —SHOWING VARIATION OF LEAKAGE
CURRENT WITH VOLTAGE.
Condenser 7 mid. 46o-volt working, 500-i olt peak.

Fig. I0.—DIAGRAM SHOWING LEAKAGE CURRENT

OF CONDENSER WHEN OVERLOADED.

sparking voltage, or it will become overheated. It is particularly useful for
smoothing the rectified alternating current
fed to the valves of modern radio receivers
and radio gramophones which frequently
work at 35o volts or more. It may,
however, be used on any D.C. circuit
up to 440 volts.
TABLE I.—SHOWING VARIATION OF LEAKAGE
CURRENT WITH VOLTAGE.
Condenser 8 mfd
440-volt working.
Volts.
Milliamperes.
35o
.2
400
.4
420
.5 Temperature 60° F. At
higher temperatures
440
•7
I.5
leakage is greater460
25
approximately double
465 Sparking
at 110°F.
468
35
fo
469
Further slight increase of voltage leads to
passage of very large current.

Condenser 460-volt normal working
voltage, 500-volt peak. 7 mfd.
To meet cases where the voltage is
likely to exceed 440 peak, there is a
condenser, capacity 7 mfds., which will
operate continuously up to 460-volt peak,

Volts.
350
400
420
440
46o
480
490
500

Milliampere s.
.2
.4 Temperature 6o° F.
.6

.8

I.0
1.3
2o
40

Dry Electrolytic Condensers.
It is only recently that there has been
a demand for a condenser to work at such
high voltages as the wet electrolytic
condensers described.
The Telegraph
Condenser Company produced a condenser
having a capacity of about 2,000 microfarads to smooth the output from rectifiers
to the filaments of valves in wireless sets.
INDUCTIVE
WINDING

1
Fig. II.—DIAGRAM SHOWING USE OF ELECTROLYTIC CONDENSER AS A VOLTAGE LIMITER.
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Such a condenser would only be required
to work at about 12 volts. It was found
possible to replace the liquid electrolyte
with a semi-liquid paste. The positive
electrode could then be a thin aluminium
foil, separated from another negative foil
by a layer of fibrous material impregnated
in the pasty electrolyte, the whole being
rolled up together, giving a large capacity
in a very small space. This method has
since been developed to produce condensers working up to 200 volts.
The general electrical properties of the
dry condenser are similar to those of the
wet. As before, leakage current increases
gradually, with applied voltage until the
rated conditions are exceeded, and then
the current goes up rapidly. As soon as
voltage is reduced the condenser behaves
normally again, and is quite unharmed by
the excess voltage, unless it has been
allowed to last long enough to cause overheating.
Further Characteristics of Electrolytic
Condensers.
The electrolytic condenser is not a pure
capacity. Liquids which are most suitable
to maintain the film on the surface of the
aluminium are rather poor conductors,
so that an electrolytic condenser behaves
as a pure condenser in series, with a
resistance. This is allowed for in manu-

facture, extra capacity being provided
to compensate for the resistance. By saying
the capacity of the condenser is 8 mfds.
we refer to its effective capacity ; that is,
we mean that it will smooth as well as a
perfect condenser whose capacity is 8
mfds. The electrolytic condensers are
particularly designed for low frequency
smoothing from 25 to Zoo c.p.s. (cycles per
sec.). At these frequencies the resistance
is not of great consequence ; at higher
frequencies, however, the effect becomes
greater, and at L000 cycles outweighs the
effect of the capacity.
Electrolytic Condensers as Voltage Limiters.
When a highly inductive circuit, such
as the field windings of a moving coil
loud speaker, carrying a current, is interrupted, the voltage rises instantaneously
to a dangerously high value, and may
lead to arcing at switch contacts, and
possibly to breakdown of any paper
condenser which is connected across the
apparatus. It has been found, however,
that if an electrolytic condenser is used
as Fig. II, no surge can occur, for anytendency towards a rise in voltage only
leads to a slightly increased leakage current
in the condenser. The condenser thus fulfils
two purposes. It smooths the supily and
protects the windings from breakdown cf
insulation when switching off.

QUESTIONS AND ANSWERS
What would be the effect of substituting
mica instead of air as the dielectric ?
The capacity of the condenser would
be increased nearly six times as the capacity is dependent on the dielectric constant
of the medium employed. Air is consilered to have a dielectric constant of r,
while the constant of good mica is 5.7.
For what purposes are fixed condensers of
from 0.1 mfd. to 2 mfd. generally
used ?
As by-pass condensers in radio- and
audio-frequency circuits, as blocking condensers in resistance and impedancecoupled audio-frequency amplifiers and
sometimes as filter condensers in tone
filter circuits.

Why is dry air the most satisfactcry
dielectric ?
Because it introduces no serious losses.
Other forms of dielectric such as mica,
paper, etc., present higher leakage paths.
What are the four main types of tuning
condensers ?
(r) Straight-line capacity, giving a
comparatively uniform increase in capacity
over the whole scale.
(2) Straight-line wavelength, giving a
uniform increase in wavelength.
(3) Straight-line frequency, giving a
uniform increase in frequency.
(4) Straight-line tuning, which combines
the advantages of types (2) and (3).

1
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HOSPITAL LIGHTING
By E. H. FREEMAN, M.I.E.E.

T

HE problems involved in designing
the lighting installaticn for a
hospital include very few that
need close calculation of illumination
details. The solution required is, in
almost all areas, the method of utilizing
the light sources to meet the special
condition of the building, and in finding
this solution for each area of the building
very little accurate calculation is required
in deciding the arrangement of the lighting
units. As for other buildings, the requirements for each section must be considered
in detail as different areas need different
treatment.

to a minimum consistent with good
lighting.
Switch Control.
The lighting units must be sufficient for
reasonably good general lighting— say
3 to 4 candle feet but provision must
also be made for reducing this illumination
at night, and the desired result can be
obtained in several ways.
(1) Series Parallel Control.
The lights can be connected in pairs by
a series parallel switch, as made by
Lundbergs or other firms, the connections
being as shown in Figs. 2A and 2B. With
the switch in one position the lamps are
in parallel, giving full illumination, whilst
in the other position the switch puts the
lamps in series, giving a reduced light
sufficient for night use. This system can

WARDS.
General Lighting.
In an ordinary ward such as that shown
in Fig. 1, with accommodation for twelve
patients, a couple of general lighting units
will be ample
with ioo-watt or
15o-watt lamps in
each. These fittings must be of
an enclosed unit
type. The tops
must be enclosed
to facilitate
cleaning and the
lamps must be
shielded from
below so that
there is no possibility of direct
glare on the
patients' eyes
when lying in
bed. The enclosing globes should
be of ample size
--14 in. or 16 in.
in diameter so
.20
JO
that the intensityede eye ,cee3c
of illumination on
the surface of the
Fr,, I.-GENERAL ARRANGEMENT AND LIGHTING SCHEME FOR TYPICAL
fitting is reduced
WARD FCR 12 PATIENTS
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larger lamps. The method of wiring is
the same as in Fig. 4.

Fig. 2A.—WIRING CONNECTIONS FOR SERIESPARALLEL CONTROL OF TWO FITTINGS.
Lamps in parallel for full light

only be used if there are exact pairs of
fittings.
(2) Dimming Switches.
A second solution is to use a dimming
switch which has a resistance which can
be put in series with the lamp filament,
as in Fig. 3. This provides more opportunity of varying the amount of light,
as the resistance can be adjusted and the
light increased or decreased as desired.
Such switches should be fixed outside the
wards, as they must be of a surface type
to allow opportunities for ventilation.
The proportion of current absorbed in the
resistance must be dissipated as heat and
if enclosed the heat would damage the
wires.
(3) Duplicate Wiring.
A third solution is to provide two circuits
to each unit, the main circuit supplying
the large lamps for normal lighting and
the other circuit supplying small lamps25 to 4o watts—of sufficient size to provide
the night lighting required. The method
of wiring is shown in Fig. 4.

(5) Low Voltage Supply.
If a second supply is available at a
lower voltage than the main supply,
dimming can be effected by a change-over
switch which will transfer the whole
iange of lamps to be dimmed from the
main (high voltage) supply to the secondary (low voltage) supply. This method is
illustrated in Fig. 5A.
(6) Transformers.
If the supply to the hospital is on an
alternating current system, another solution can consist of taking a night supply
through a transformer and a change-over
switch. This is really the same in effect

Fig. 2B.—WIRING CONNECTIONS FOR SERIESPARALLEL CONTROL OF TWO FITTINGS.
Lamps in series for dimmed light.

as scheme 2, but it is less wasteful in that
no current is lost in heating the dimming
switch resistance. On the other hand,
there is not the opportunity for adjustment
of illumination by putting more or less
resistance in series with the lamp filament,
but this is not very important, however,
as the alternative voltage can easily be
(4) Second Supply.
If it is possible to obtain two separate arranged to give the intensity of lighting
services at different voltages for lighting required. The wiring diagram is shown
the hospital, further reference to which is in Fig. 5B.
All these methods are in regular use in
made later, this secondary supply for the
small lamps can with advantage be con- various hospitals and the selection of the
nected up to a different source from that one to adopt depends on local conditions.
supplying the main lighting, i.e., the Scheme I cannot be used if the ward needs
3 or 5 pendants ; scheme 6 cannot be
used unless the supply is alternating ;
schemes 3 and 4 are more expensive than
the others, but better in that two entirely
separate circuits are used, so that the
ward need not be in darkness if a fuse
blows for longer than is necessary to
Fig. 3.—WIRING DIAGRAM OF CONTROL OF
switch on the second supply. The opinions
LAMPS BY DIMMING SWITCH.
of the matron or resident medical officer
The handle of the dimming switch can be
moved to dim the lights as required.
and considerations of cost will decide

HOSPITAL LIGHTING
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which of the different schemes is to be
adopted.
Local Lighting.
In addition to the general lights, local
lights must be provided at each bed and
the most satisfactory form is a bracket
over each bed with a local switch within
reach of the patient. The brackets must
be high enough to avoid risk of damage
and a height of about 7 ft. 6 in. is usually
suitable.
The brackets and shades to be used
should be carefully selected. The shades
should be such as to screen the lamp
completely from patients in adjacent or
opposite beds.
Ward brackets should have a smoothly
tapering back for fixing to the wall and a
coned cover to enclose the lamp holder,

21) .5,,,ewes
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5A.—WIRING DIAGRAM WITH HIGH AND
LOW VOLTAGE SUPPLIES, WITH CHANGE-OVER
SWITCH FOR DIMMING LIGHTS.

fitting closely to the shade. The bracket
and shade should provide a smooth surface,
free of corners that might collect dust—
an essential feature of all hospital fittings.
Switch Control.
Obviously, each bedside bracket must
have its own local switch and as a rule
nothing more is required, as if the shades
are of suitable type adjacent patients will
not be disturbed if a bedside bracket is
switched on.
Occasionally, dimming of these lights
after a fixed hour is considered necessary,
but this is not so easily arranged as with
the general lights. Each light must be
separately switched so that series parallel
control is not suitable. Dimming switches
are unsuitable in the wards, so that this
solution is also unsatisfactory, except
at the considerable expense of providing
dimming switches outside the ward to
control the small groups of bracket lights.

I
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Fig. 4.—WIRING DIAGRAM WITH DUPLICATE
SUPPLY TO EACH FITTING.
The main lighting lamps are each controlled
by a separate switch, whilst the auxiliary (dim)
lights are all controlled by one switch.

Duplicate wiring for each fitting is also
unsuitable as the brackets cannot well be
arranged for two lamps.
The best solution is therefore to use a
transformer or a separate supply and to
change the entire circuit over from one
system to another at a lower voltage.
This involves no particular difficulty if
(a) the supply is alternating current, or
(b) if the secondary supply is at a substantially lower voltage than the main
supply. If neither condition holds it will
be necessary to provide a battery for an
auxiliary supply, which, if it is to be
large enough for the entire building, is
also an expensive method.
The methods suggested are indicated
diagrammatically in Figs. 5A and 5B.
Other Local Lights.
Apart from the general lighting and
bedside lights, various other lights must
be provided. If finance allows, a plug
for each bed should be arranged—mainly
for the use of the medical and nursing
staff. Extra lighting is frequently required
for the medical examinations and, long
trailing flexible cords being undesirable,
a plug for each bed is indicated. These
plugs may be used with standard lamps,
in place of the bedside brackets, but this

722"vs.a.
C•emeece-Cow-e.
Ssee-er-..

Fig. 5B.—WIRING DIAGRAM WITH TRANSFORMER
FOR CHANGING OVER FROM HIGH TO LOW
VOLTAGE FOR DIMMING LIGHTS.
This can also be applied to the general lighting
or to the bedside brackets.
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Fig. 6.—OPERATING THEATRE WITH SCIALYTIC FITTING OVER TABLE.
Note the general lighting unit on ceiling to left of central fitting and small auxiliary lighting unit
to right on ceiling.

is not advisable as the portable lamp and
flexible cord is a nuisance in a ward.
It is difficult to keep clean and is apt to
get in the way and be knocked over.
If finance does not allow a plug for
every bed, then the number must be
reduced, but certainly one to every 3 or 4
beds is essential.
Nurse's Lamp.
Another local light that must be provided is that for the night nurse's table.
This also must have a shade to screen
the lamp from the patients, but it must
also provide ample light for the nurse.
A low bracket for a wall table or a counterweight pendant for a centre table should
be provided with a separate switch.
Medicine Cupboards.
The medicine cupboard should also have
its own local light, so that there can be no
need to find the right medicine in semidarkness. This is most important, though
often omitted.

ANNEXE.
Attached to each ward there is usually
an annexe containing the bathroom,
lavatory, ward kitchen and so forth. Such
rooms do not require any special lighting,
apart from the use of fittings of 'a type
that can be easily cleaned. A single lamp
in each room is usually ample, though a
plug in the nurses' room, if this is provided,
is a desirable addition. A typical annexe
is shown in Fig. 1, with the lighting
details.
PRIVATE WARDS.
If there are private wards in the hospital
these must be treated as the general wards,
full provision for lighting being arranged.
Each private ward should have a
general lighting pendant in the centre,
with an enclosed type unit and lamp to
give 3 to 4 candle feet. This light should'
be controlled by a dimming switch, which
will be best fixed outside the ward. The
nurse can then leave the centre light out
or dimmed, as necessary, leaving the
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patient to control the bed light as
desired.
I he bedside bracket and switch
should also be provided and a
bedside plug, but it is sometimes
possible to omit the bracket in
private wards. It is not so inconvenient in such a ward to use a
portable lamp as in a general
ward, as there is more space and
less consequent trouble from loose
flexible cords. If possible however,
both should be provided—the
bracket for the regular use of the
patient in bed and the plug for
the use of the doctor or for the
patient, if well enough to be out
of bed.
OPERATING THEATRES.
After the ward the operating
theatre needs most consideration
but the lighting problems connected with this department have
been largely solved by the development of various special fittings.
The most difficult problem is to

Fig.

7.—INTERIOR OF SCIALYTIC OPERATING TABLE
REFLECTOR.

Note the three small lamps, arranged for connection to
a secondary supply.

provide adequate light on the operating
table in such away as to avoid risk of shadow.
In past years fittings were used with a series '
of lamps arranged over a comparatively
large area, so that shadows from one lamp
were eliminated by the light from others.
More modern fittings are of the types
shown in Figs. 6 and 9, these being
respectively the Scialytic and Zeiss fittings
—the two most widely used of this type—
both of which have been designed to meet
the special difficulties involved in operating
theatre lighting.

Fig. 8.—DIAGRAM SHOWING METHOD
OF REFLECTING THE LIGHT RAYS IN
THE SCIALYTIC FITTING.

Scialytic Fitting.
This fitting is shown in Fig. 6, which
shows the interior of the operating theatre
at the Eastman Dental Clinic. It will be
seen that the fitting is suspended on a
stirrup which allows tilting in any direction
as the fitting can be twisted in the central
suspension, which also contains the counter
weights to allow of vertical movement.
The construction of the fitting is shown
more clearly in Fig. 7. This shows the
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can be adapted for such
local operations as dental
work, throat and eye
operations and so forth,
and in such cases it is
often convenient to have
the fittings mounted as
brackets, which can be
pivoted for moving out of
the way when not required.

Secondary Lighting for
Operating Theatres.
Some secondary supply
of light for the operating
theatre may be regarded
as essential—at any rate,
in any important hospital.
Fig. 9.—OPERATING THEATRE WITH ZEISS FITTING OVER TABLE.
Note the alternative lighting provided by four pendants spaced
If a second company's
round the central pendant.
service can be arranged,
this is decidedly the best
special lens that is fixed to surround the scheme to adopt. If this is not possible, an
lamp and which projects all the light rays independent battery of the " Keepalite "
on to the mirrors that form the interior type is an excellent substitute. Such
of the reflector and which concentrate the batteries are usually arranged for control
light when reflected on to the operating by an automatic switch operated by the
table. This is further indicated dia- main supply, so that the auxiliary battery
grammatically in Fig. 8.
is automaticFig. 7 also shows a variation of the ally switched
fitting with pilot lighting connected to a on if the main
secondary supply, whilst a further varia- supply fails.
tion consists in the addition of a centre The battery
mirror fixed below the lamp, which enables can supply
students to observe the details of the only emergenoperation.
cy lighting for
the operating
Zeiss Fitting.
theatre or it
This type of fitting is illustrated in can supply
Fig. 9, which shows one of the operating additional
theatres at University College Hospital. light,in wards,
The suspension is very similar to that of corridors, etc.
the Scialytic fitting, all necessary move- This,of course,
ments being provided. The principle of is a matter of
construction is in many ways similar to cost and availthe Scialytic, but the special lens round ability of
the lamp is omitted, a reflector below the funds to meet
lamp being substituted, which reflects the the expense of
light on to the mirrored interior of the the larger
fitting, whence it is reflected on to the plant.
operating table. This is shown diagramIn either case
matically in Fig. Io.
the automatic
Fig, I0.—DIAGRAM SHOWING
switch should THE
METHOD OF REFLECTING
Small Operations.
be actuated THE LIGHT RAYS IN THE
Both the types of fitting described above from
the
ZEISS FITTING.

HOSPITAL LIGHTING
circuit that the battery supply will replace,
i.e., by the local operating theatre circuit if
the battery is only to supply light for that
room or by the main supply if it is to
provide subsidiary lighting all over the
hospital.
In the illustrations of operating theatres
the secondary lighting fittings are shown.
In Fig. 6 of the Eastman Dental Clinic
theatre two stand-by supplies are provided.
The first, with ceiling bulkhead fittings,
of which one appears in the illustration,
is taken from the main lighting system,
but on an entirely independent main
cable to that supplying the operating
table fitting. The second supply is from
a battery and the lamp can be seen to the
right of the main fitting. This supply is
operated by an automatic switch controlled
by the circuit supplying the table fitting
and plugs for small portable lamps are
connected to the same circuit.
In Fig. 9 the secondary lighting is on a
more extensive scale, with four lighting
units spaced round the central table
fitting. These units are designed so that
in case of need they will provide light
sufficient for carrying on the operation.
At University College Hospital these are
hand controlled, but on a special circuit
run back to the supply independently of
the other lighting, no alternative supply
being available.
The secondary lights provided in some
Scialytic fittings, as shown in Fig. 7, can
be connected up to any other supply—
either a separate service or a battery or
special circuit and can be arranged for
control by a hand or automatic switch.
Head Lamps.
In some operations the surgeon finds a
local lamp of value that can be attached
to his head by suitable straps. This
ensures the light being directed exactly
at the point which he is examining. Such
lamps, if used, should always be supplied
from a low voltage battery, as the possibilities of accident in the event of leakage
of current from the supply are too serious
for a high voltage supply to be used.
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If suitable apparatus for such lamps is
provided, a small hand lamp that can
be held by the nurse is a valuable addition
to the other lighting.

Local Lights for Operating Theatre.
Various local lights may also be
advantageous in the operating theatre,
such as those shown in Fig. ro, over the
sinks or hand basins, or over sterilizing
apparatus. In modern hospitals it is
usual to find such apparatus in special
rooms outside the actual theatre, and if
so, no local lights may be required, and
it is, in fact, best if all such lights can be
omitted. They mean so much extra
cleaning and may be a source of annoyance
or worse to the surgeon if the light is in a
position where it may distract his attention
from the operation.
Subsidiary Rooms to Operating Theatre.
There is usually a series of rooms
attached to the operating theatre for
various purposes connected with the
operation. These may include anxsthetic
room, sterilizing rooms, waiting room,
doctors' changing or dressing room, nurses'
room and so on. None of these calls for
any special lighting. The anaesthetic
room and the sterilizing room need very
good general lighting up to io ft. candles,
and may need some local lighting according
to the planning of the rooms, but the
other rooms only need a single pendant
in each with a 4o or 6o-watt lamp. The
fittings must, of course, all be of an
enclosed type to facilitate the cleaning so
essential in all hospital fixtures.
Remaining Areas.
The remaining areas of the hospital,
such as casualty department, waiting hall,
dispensary, domestic areas, nurses' bedrooms, etc., do not call for such special
treatments as the wards and operating
theatre and can be planned in accordance
with the usual requirements for ordinary
rooms. All must be well lit in accordance
with the principle described in earlier
articles, but the arrangement of the
lights must be schemed to suit the rooms.
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MOTOR CAR IGNITION SYSTEMS
PRACTICAL NOTES ON COIL AND MAGNETO IGNITION
By E. HILL

Fig. I.—DISMANTLING A MOTOR CAR MAGNETO.
Showing the method of removing the contact breaker. The cam ring, distributor, contact breaker
cover and ,drive end cover have already been removed.
(Euston Ignition Co.)

N recent years the coil or battery
ignition system has come into general
favour and is used on a large percentage of all the motor vehicles built in
this country.

Distributor and Contact Breaker Unit.
The contact breaker is combined with
the distributor head for multi-cylinder
engines, and the unit as a whole is standardised in regard to the mounting.

THE COIL IGNITION SYSTEM.
Two circuits are involved, the primary,
or low tension—consisting of battery,
ignition switch, contact breaker and the
primary winding of the coil ; and the
secondary, or high tension—consisting of
the secondary winding of the coil, the
high tension distributor and the spark
plugs. The ignition switch is a simple
single-pole switch of the tumbler, pulland-push or rotary type.

Setting of the Contact Breaker.
The relation of the cam to the contact
breaker is set so that the contacts are
opened at the top of each compression
stroke with the timing lever in a fully
retarded position. On distributors which
have a timing lever clamped to the body
or shank, this lever is given a limited
radial movement to alter the relation
between the contact breaker and the
cam, thus advancing or retarding the
firing spark.

I
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How the Windings are
Connected Up.
It is general practice to
connect one end of the
secondary coil to the core
and also to connect the
core to the H.T. terminal.
With this arrangement the
core must be insulated from
the case. The other end of
the secondary. coil is connected to one end of the
primary windings, this end
also being connected to the
battery terminal. The other
end of the primary coil is
attached to the contact
breaker terminal.
Insulated Return System.
Fig. 2 —A LIKELY FAULT TO LOOK FOR IN A DIsTRIIiC I R
For coils used on an
Showing a badly worn distributor segment (jump spark type).
insulated return system, it
(Euston Ignition Co.)
is necessary to insulate the
primary winding, and this is connected
Timing the Ignition.
When timing the ignition, the timing across the battery and contact breaker
lever is loosened from the distributor terminals. The secondary winding in this
shank, and the contact breaker set so case is connected to the H.T. terminal
that the contacts are just beginning to and the other end sweated to the container,
break and the electrode on the rotor is and the H.T. circuit completed by earthing
opposite the terminal contact for No. I the casing.
The two windings are close coupled
cylinder, with No. z piston at the top
of the compression stroke. The timing and so proportioned that a current of
lever is then tightened up
(in the retarded position) so
that the full movement is
available to advance the
spark to the best running
position.
How an Ignition Coil is
Constructed.
The ignition coil consists
of a soft iron core built up
of laminated strip or wire
on which is wound the
secondary winding, and over
this th4 primary winding,
enclosed in a metal case.
The container has a metal
base cover and the head
is filled in with a bakelite
cap on which are mounted
the H.T. terminal and the
terminals for battery and
contact breaker connections.

Fig. 3.—WHAT

TO DO WHEN THE CONTACT BREAKER HAS BEEN
REMOVED.

Showing the rocker arm being removed to examine contacts
after taking off the spring.
(Euston Ignition Co.)
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one ampere through the primary turns
will induce an open circuit voltage of
7,00o/10,00o across the secondary winding.
Enamelled copper wire is used for the
coils and when wound these are impregnated with a mixture of resin and wax.
The windings are insulated with waxed
paper, and in some instances an insulated
tube is into: posed between the secondary
turns and the core and also between the
primary turns and the secondary winding.
Varnished paper and cloth may be used

the ignition system, and as these have to
withstand the high temperatures of the
explosion chamber and the high voltage
required to produce the firing spark, a
great deal depends on the design, manufacture and quality of materials used.
A central electrode is encased by a
porcelain or mica shrouding, the outer end
of the electrode forming a terminal to
which the H.T. lead is attached. The
inner end projects into the cylinder head
adjacent to prong electrodes fixed in the

Fig. 4.—ANOTHER STEP IN DISMANTLING
A ,MOTOR CAR MAGNETO.
Showing removal of carbon brush
holder, care being taken not to break
brushes.
(Euston Ignition Co.)

Fig. 5.—THE NEXT STEP IN DISMANTLING
A MOTOR CAR MAGNETO.
Removing the earthing screw before
withdrawing the armature. (See Fig. 9.)
(Euston Ignition Co.)

in place of the wax impregnation. The
container is filled in and sealed with pitch
after the coil assembly is fitted in position.

metal body of the plug enclosing the
insulated electrode. The body is made
from hexagon bar and is screwed to fit
into the cylinder head, a gas-tight joint
being formed by a gasket ring.

Using a Ballast Resistance.
A ballast resistance is sometimes connected in series with the primary coil
(usually when the secondary turns are
wound over the primary), with the object
of reducing the heat generated in the
primary circuit. This resistance is fixed
external to the coil, is circular in form
and has a high temperature coefficient.

The Spark Plugs. '
The spark plugs form the final link in

Cable to Use for Connecting Up the Various
Units.
Interconnections between the various
units of the ignition system are made with
cables. The L.T. connections can be
suitably made by means of 14/.orz in.
copper conductors covered with pure and
vulcanised rubber to a diameter of 5mm.,
or standard 14/.012 in. V.I.R. and braided

MOTOR CAR IGNITION SYSTEMS

11.7:CABLES

DIS TRIBUTOR
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SURFACE

I(47
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GOOSE CONNECT/ON.
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SWITCH NOT "0/Y "
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0
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PLUG OILEO co?
Soorec. V.
PLUG POINTS

CONTACT BREAKER
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CONTACTS DIRTY
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CABLE
DETACHED
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BATTERY
BATTERY
DISCHARGED
BATTERYPARTLY
DISCHARGED
LOOSE OR
CORRODE°
CONNECTION
/A/SUFFICIENT
ACAO
BATTERY
FAULTY

THE NUMBERS INDICATE
ORDER OF

Fig. 6 —WHERE TO LOOK FOR TROUBLE IN A COIL IGNITION SYSTEM.
(Pictorial diagram) See also Fig 7.
®H T CABLES.
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DEFECTIVE INSULATION
BROKEN WIRE INEABLE

© DISTRIBUTOR
WATER OR DIRT ON
EXTERNAL SU RFACE

@SPARKING PLUGS.

DISTRIBUTOR BRUSH
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NUMBERS INDICATE ORDER OF INVESTIGATION.

Fig. 7.—WHERE TO LOOK FOR TROUBLE IN A COIL IGNITION SYSTEM.
(Technical diagram.) To be studied in conjunction with Fig. 6.

MOTOR CAR IGNITION SYSTEMS

1448

cable may be used, in which case it should
be covered with sistoflex. The H.T. cable
should consist of 4o/.oto in. copper wire
covered with pure and vulcanised rubber
to a diameter of 7 mm., and should be
capable of withstanding a puncture test
between the core and outer covering of
40,000 volts.
Current Required for Coil Ignition.
The current required for the primary
circuit of the ignition system is normally
between 3 and 4 amperes when standing ;
this decreases during running periods to
4-1- amperes, but varies with the state
of charge of the battery. and will be rather
higher in daylight running than when
running with lights on. It will be seen

frame casting. Timing is adjusted by the
coupling as for a magneto. The coil may
be mounted on the unit or separately, as
most convenient.
MAINTENANCE OF COIL IGNITION
SYSTEM.
Coil ignition maintenance is very simple,
and the only points needing attention are
the distributor and plugs, apart from
cleaning the head of the coil occasionally
and testing the connections and leads.
The lubricator on the distributor shank
should be given a turn every 50o miles or
so, if of the greaser type, or a few drops
of oil if an oiler is provided. Pack the
greaser with high melting point grease
when necessary.

IGNITION SWITCH

WE
B+

CB
DISTRIBUTOR
COIL

TO
DYNAMO

DISTRIBUTOR
i
cVMOULDING
.
Ns

4,
BATTERY
SECONDARY
WINDING

PRIMARY
WINDING
CONDENSER
CONTACTS

PLUGS

Fzg. 8.—DIAGRAM SHOW ING ESSENTIALS OF A MODERN COIL-IGNITION SYSTEM.
This shows an earth-return set for a 6-cylinder car.

that the current discharge will run down
the battery if the ignition switch is left
on for long periods with the engine stalled.
A warning lamp is usually incorporated
in the switch panel to indicate this
current wastage.
Magneto Replacement Units.
Magneto replacement units are made to
facilitate the substitution of a coil ignition
equipment for a magneto. These units
have• a horizontal driving shaft with
taper end suitable in size and centre height
for coupling up with the drive of the
replaced machine. A skew gear on this
shaft drives a pinion on the vertical
distributor spindle, and the shank of the
distributor is housed by a boss on the

The cans should be greased with a
slight film of vaseline every 2,50o miles.
On the type of distributor fitted with
automatic timing control it is necessaryto lubricate this mechanism about every
2,50o miles, and this may be done by
removing the rotor arm from the head
of the spindle and dropping a little machine
oil round the screw head exposed on the
top of the spindle. A channel is provided
under the screw head to permit the oil to
pass through to the timing control.
The contact breaker pivot also requires
a drop of oil occasionally if the contact
arm has a metal bushing. Skew gear
drives for distributors run most satisfactorily when packed with grease, but
care must be taken to prevent this

MOTOR CAR IGNITION SYSTEMS
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being
ignition
between .020 in.
and .025 in. High
tension cable s
should be kept
clean and free
from oil and must
be renewed when
the rubber shows
signs of cracking
or perishing.
COIL IGNITION
SYSTEM
FAULTS.
The faults that
may arise in a
coil ignition sSrstem may be
tabulated as
follows :—
L o w Tension
Circuit.
THE ARMATURE OF A MAGNETO.
Breakdowns in
This is done after removing the end plate and slow speed gear wheel.
When the magnet is removed, a soft-iron keeper should be placed across it to
the low tension
prevent demagnetisation.
circuit which may
be due to—
working through into the distributor.
(1) Battery completely discharged. This
can quickly be determined by switching
Inspecting the Contact Breakers.
on the lights, which will give only a dim
The distributor cap is held in place by glow or show no light.
two spring clips, and when these are
pushed aside the cap can be removed for
the inspection of the contact breaker.
The electrodes in the cap and on the rotor
should be kept clean and free from
deposit, and the exterior of the moulding
cleaned. The points of the contact
breaker should be free from grease, oil
or other deposit, and should make level
contact with each other.
Adjustment of the gap between the
points when fully opened should be made
when necessary and the gap set to the
gauge supplied by the manufacturers,
which is usually between .015 in. and
.020 in. in thickness. For distributors
having double-arm contact breakers it is
important to adjust the two gaps to give
exactly the same opening. The sparking
Fig. I O.—TYPICAL DISTRIBUTOR AND
CONTACT BREAKER.
plugs should be cleaned at regular interA, brush ; B, electrodes; C, contacts;
vals and the gap between the electrodes
D, locking nut ; E, rotating cam ; F, conset in accordance with the manufacturers'
denser ; G, rotating distributor arm ; H,
instructions, the usual distance for coil
metal electrodes ; J, contact breaker pivot.
Fig. 9.—WITHDRAWING
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Fig.

BURNT-OUT ARMATURE.

Note the hole through to the core.

I2.—REASSEMBLING A MAGNETO.

Showing insulation for armature core.

(4) Faulty electrodes in distributor cap.
(5) Local shorts on cap owing to oil,
dirt or cracks.
(6) Terminals of H.T. leads from distributor cap failing
to make contact with
the electrodes.
(7) Defective H.T.
leads.
(8) H.T. leads disconnected from plugs.
(9)Plugs ineffective
owing to condensation, soot, oil,
cracked
insulator,
loose gland nut or
burnt electrodes.
To increase the
effectiveness of the
coil ignition system
under high speed
conditions, a duplex
system has been
developed which
employs two lowtension inductances
combined with a
common transformer
Fig. I3.—ANOTHER TYPE OF DISTRIBUTOR and a single H.T.
AND CONTACT BREAKER.
distributor. Two
A, distributor moulding ; B, securing springs contact breakers are
for moulding ; C, contacts ; D, locking nut ;
E, greaser ; F, rotating cam ; G, condenser ; used and are operated
H, rotating distributor arm; J, spring contact. alternately.

(2) Broken connection between battery
and ignition switch, ignition switch and
coil or coil and contact breaker.
(3) Loose contact at battery, ignition
switch, coil or contact breaker.
(4) Bad earth contact at battery or
distributor.
(5) Bad contact on ignition switch.
(6) Defective contact breaker points
due to oil, dirt, pitting or misadjustment.
(7) Throwing of contact lever owing to
weak spring.
(8) Heel of contact breaker arm unduly
worn, preventing contacts from opening.
(9) Defective condenser.
High Tension Circuit.
Breakdowns in the
high tension circuit
which may b?. due to—
(I) Faulty rotor
electrode in distributor.
(21 Bad contact
between spring or
electrode and centre
carbon in distributor
cap.
(3) Broken or over-worn carbon contact.

Fig.
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The Rotating Armature Type.
The rotating armature type has
a 11 magnet frame of cobalt or
tungsten steel fixed to a cast
aluminium body. The name is
self-explanatory to any electrical
engineer.
The Contact Breaker.
The contact breaker for this
type of magnet differs from the
coil ignition type in that the cam
is stationary and the contact
breaker plate revolves with the
rocker arm and contact stud. A
fibre heel on the rocker arm is
pressed against the stationary cam
and opens the contacts twice in
each revolution.
Internal Circuit.
The internal circuit of the
Fig. 14.—REASSEMBLING A MAGNETO.
magneto has the following path :
Showing joint between primary and secondary winding.
The primary and secondary
windings on the armature are conTHE MAGNETO IGNITION SYSTEM. nected at one end to the core, the other
The primary circuit of a magneto is end of the primary being connected to the
made up of a permanent magnet field insulated side of the condenser and also
system in conjunction with a primary to the insulated contact of the contact
winding on the armature, this winding breaker via the centre screw. The primary
being connected in series with a contact circuit is completed by " earth " connecbreaker which has a condenser connected tion between the core and the rocker arm
across the breaker points. An ignition of the contact breaker. By connecting
switch, which is " open " in the on the centre screw to earth by way of a
position and earth( 1 in the off position, carbon contact in the contact breaker cap
completes the primary circuit
components. The secondary
circuit consists of a secondary
winding on the armature connected to the centre contact arm
of a distributor head, and leads
from the distributor terminals
to the sparking plugs.
Main Types of Magneto.
There are three main types of
magneto, viz. :—
(I) The rotating armature type,
(2) The polar inductor type.
(3) The rotating magnet type.
All three function in a similar
manner but have different
characteristics.

Fig. 15.—REASSEMBLING A MAGNETO.
Connecting high tension lead to secondary winding:
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Fig. 16. —WHERE TO LOOK FOR TROUBLE IN A MAGNETO IGNITION SYSTEM.
(Pictorial diagram.) See also Fig 7.
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17.—WHERE TO LOOK FOR TROUBLE IN A MAGNETO IGNITION SYSTEM.

(Technical diagram.) To be studied in conjunction with Fig. 16.
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downs may occur, although this type
of magneto operates successfully up
to 6,000 r.p.m. of the armature.

—CONI,.ECTIONS roR DI-AL-IGNITION SYSTEM
WITH POL 1R-INDUC CUR Al •kGNE C.

and a cable lead to the earthed side of the
ignition switch, the primary circuit becomes a closed circuit and the breaker is
inoperative until the ignition switch is
opened. The end of the secondary winding
remote from the core is connected to the
slip ring. The secondary circuit then
continues through the carbon pick-up to
the distributor arm and thence to the
contacts in the distributor head and to the
sparking plugs. The rotating armature
gives two magnetic flux reversals per
revolution and is thus capable of giving ii_CO
sparks per revolution. The contacts of the
contact breaker are arranged to open
when the induced voltage is at a maximum,
and this occurs when the core of the
H armature is a few degrees beyond the
vertical in the direction of rotation. The
armature must be driven at a definite
ratio to the engine speed.
Magneto Driving Speeds.
As there are two sparks per revolution,
the speed must be half-engine speed for a
two-cylinder engine, engine speed for a
four-cylinder and one-and-half-engine
speed for a six cylinder engine, assuming
the engines are all of the four-cycle type.
The distributor rotor must revolve at
half-engine speed so that the gear ratio
between the armature and the rotor for
two, four or six-cylinder engines will be
I-I, 2-I
and 3-I respectively. The
rotating armature type of magneto is
suitable for high speed one or twocylinder engines, and slow and medium
speed four and six-cylinder engines.
For high speed multi-cylinder requirements, the magneto has to be driven
at such high speeds that frequent break-

The Polar Inductor Type.
The development of the polar
inductor type of magneto has met the
requirements of six, eight and other
multi-cylinder high speed engines.
The chief advantage of this type is
that it can be constructed to give
four sparks per revolution and consequently halve the speed required
from a two-spark type magneto.

Magnetos for Aeroplane Engines.
For aeroplane engines having a large
number of cylinders this factor is particularly useful, and the robust construction of the polar-inductor machine meets
the necessities of its application to this
class of engine. Rectangular cobalt steel
magnets are fitted, one at either side of the
frame and making good surface contact
w ith the laminated poles at each end.
The rotor has a straight-through shaft of
nickel steel, and on this are mounted the
soft iron inductors. The laminated armature core is cast in the frame above the
rotor recess, and on this the stationaryarmature is mounted. The primary
winding is connected to the core and to
the contact breaker, and the secondary
winding to the distributor rotor arm
without the interposition of a slip ring.
The condenser is connected across the
contact breaker points and is housed
alongside the armature above the rotor.
The distributor head is exactly the same
as for the moving armature type, but the
contact breaker follows the same design
as on coil ignition sets.
PLUGS
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IGNITION
SWITCH)
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The Rotating Magnet Type.
The rotating magnet magneto is similar
in construction to the polar inductor type,
except that the permanent magnet is in
cylindrical form and is mounted over pole
laminations fixed between two end plates
on the rotor shaft. This magnet revolves
between laminated poles cast in with the
frame. Magnetos of this pattern built
within the standard dimensions are made
to give two sparks per revolution and
therefore run at the same speeds as the
rotating armature type for engines having
the same number of cylinders. Automatic
timing of magnetos may be effected by a
mechanical device interposed between the
engine and the magneto. The device is
centrifugal in action and advances the
timing of the magneto as engine speed
increases.
The Impulse Starter.
Another device which is useful in
assisting in starting heavy engines as used
on large commercial vehicles is the impulse
starter. This apparatus is cylindrical in
shape and is fixed to the drive end of the
magneto. It is a helical spring device
having one main member fixed to the
magneto spindle and coupled to the other
member, which is attached to the driving
spindle, by means of a helical spring. On
turning the engine the spring is wound up
and then suddenly released by means of a
pawl and ratchet action, causing the
magneto armature to be turned quickly
so as to produce an intense spark which
should be sufficient to start the engine.
The pawl is thrown out of engagement by
centrifugal force at a low speed and the
two parts then rotate as a single unit.
MAINTENANCE OF MAGNETO IGNITION
SYSTEM.
The maintenance of a magneto is

exactly similar to that required for coil
ignition in regard to the plugs, H.T. leads,
distributor head and contact breaker.
The contact breaker points are set to give
a gap between .012 in. to .015 in., and the
interval between the plug electrodes at
.oiS in. to .020 in. Magnetos with rotating
armatures require to have the slip ring
cleaned periodically and the pick-up
inspected to see that the carbon brushes
move freely in their holders. The contact
breaker can be withdrawn from the taper
fitting on the shaft, after removing the
contact breaker cover, by unscrewing the
centre screw. The contact breaker engages
with a key on the shaft, and when replacing
the unit care must be taken to re-engage
the key with the keyway in the contact
breaker. The ball hearings on which the
spindle is mounted should be lubricated
with a few drops of oil every 1,000 miles
or so.
FAULTS IN MAGNETO IGNITION
SYSTEMS.
The faults that may occur in a magneto
ignition system are as described for coil
ignition, with the addition of possible
wear and breakage of the carbon brushes
on the pick-up. On some cars dual
ignition systems are fitted and employ a
complete coil ignition equipment connected to one set of plugs and a magneto
connected to another set, either system
being applied by operation of the ignition
switch. Another method employs a
combination of the two systems, consisting
of an ignition coil, a distributor with
contact breaker and a H.T. generator.
Only one set of plugs is required and the
coil and generator circuits are made
alternately by means of a combined L.T.
and H.T. change-over switch.
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THE INSTALLATION OF A SURFACE
WIRING SYSTEM
By T. LINSTEAD
N the old days the words surface wiring
brought to mind several varying
methods of fixing conductors from one
point to another ; for example, " capping
and casing " in its day was considered to
be the outstanding method. With the
advent of more stringent rules from the
insurance companies and I.E.E., this
gradually gave place to systems more in
conformity with their rules, such as leadcovered cable having conductors only,
and lead-covered cable having conductors
and a bonding wire.

I

Materials are Now
Standard.
These materials
as manufactured
by various firms,
employed different
types of fittings, and
it was possible to discriminate between
one system and
another and to
describe the erection
of one system, still
leaving doubt as to
the method to be
employed for another. The march
of progress however,
has tended towards
standardisation and
these materials and
fittings in the
majority are manufactured in accordance with rules and
stipulations laid
down by a body
known as the Cable
Makers' Association
and while one

maker's product may differ from another in
slight details it is possible by reason of this
standardisation to interchange.
There are three distinct surface wiring
systems which stand out as having
peculiar differences.
Lead Covered System.
The first is the common lead covered
cable method of which there are scores of
varieties, but all employing the same
principle of sheathing the conductors in a
lead casing and
gaining electrical
continuity of such
either
casing
through the casing
itself or by means
of a bonding wire
incorporated between the casing
and conductors
during its construction.
Rubber Covered
System.
The second system
consists of conductors insulated from
each other and
sheathed with cab
tyre rubber. In this
system the absence
of metal casing
dispenses with the
necessity of continuity.

Fig.

I.—Two TYPES OF CLIPS FOR HOLDING
SINGLE CABLES.
In the bottom one the tag is folded through
a loop and turned backwards.

Concentric System.
The third system
is somewhat different in its nature in
that the conductors
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say that the lead can be covered with a
steel covering, but when cost is the consideration this is only a duplication and
would be avoided by the use of the rubber
covered cable properly fixed against the
walls.
Installing a Lead Covered System.
When installing a lead covered system
the foremost consideration must be the
continuity of the casing, for one must
remember that the lead takes the place of
conduit, but that it must conform to the
I.E.E. rules appertaining to " earthing."
In describing this work one must assume
that the wiring is to be installed in a
completely built house, and sometimes,
where it is required that decorations shall
not be disturbed more than is necessary.
Where to Begin.
In beginning an installation all the usual
details must be attended to. The planning
must be determined and the shortest and
neatest rims compatible with the position
of the lights must all be considered.
Having given these our attention we begin
as usual at the farthermost point from
Fig. 2.—FIXING A MULTIPLE OF CABLES. the fuseboard working backwards in
The same clips as illustrated in Fig. r are
exactly the same manner as would be
obtainable in various sizes to facilitate the neat
done if we were running the wires in
[fixing shown above.
conduit.
The lead casing should be fixed at
are concentric but insulated from each other. intervals of about one foot along its entire
The type of construction in the forefront. length, although discretion must be used.
of this class is known as " Stannos." It' For example, the spacing of the fixing
consists of. an inner conductor of tinned clips may require to be closer if the cable
copper insulated with V.I.R. and sheathed is fixed on a ceiling or sagging is likely
with a covering of tinned copper. More to occur. Where the cable lies on a picture
of this method will be described later.
rail a slightly greater spacing could safely
be allowed.
Choosing the System to Use.
Each of these systems has certain pecu- The Method of Fixing.
The fixing is carried out by means of
liarities which make them suitable for use
under different conditions. For example, in small lead or alloy clips, of which there
a dry factory where it is necessary for are several patterns.. Fig. i shows two
the conductors to be run on the surface in types of clip to accommodate a single
a position where they are likely to be cable, whereas Fig. 2 shows two types for
continuously knocked but not moved, the holding several cables in position.
tough rubber cable is to be preferred for
the reason that lead sheathing is soft and Care Required in Handling.
When working with lead covered cable,
easily damaged and the thickness of the
insulation covering these wires is not and especially in long lengths, great care
sufficient to give adequate protection is necessary in its manipulation. The
against hard wear. It is true that one will material is supplied with the sheathing
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Fig. 3.—FIXING

CABLES TO A JUNCTION Box.
The junction box is shown with the cover
removed and the cables ing fixed in position.
Note the cheese headed screw in each
fastener which clamps the outer casing of the
cable to ensure continuity.

neatly enclosing the cables
and is rolled on formers.
Careless handling will cause
innumerable twists and
distortions in this casing
which are very difficult to
erase in the finished work,
and in addition fractures
are likely to occur in the
casing and escape detection.
While the metal around
these fractures may be connected for a sufficient length
of time to pass an earth
test, conditions of heat and
cold at some future time
may cause them to open
and break the electrical
continuity.
Acute angles and internal
corners again call for special
care in working the material
and where it is impossible
to avoid these the cable
must,be gently eased
around them, and the very
malleable nature of the lead
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Fig. 4.—ANOTHER

METHOD OF ENSURING
CONTINUITY.

In this case continuity is assured by the use
of a cable with a bonding wire incorporated.
These bonding wires are connected to a central
terminal in the junction box.

lends itself to this treatment
provided care is taken.

Fig. 5.—A CONTINUITY BAR.
In the surface systems employing
the bonding wire a continuity bar
is used at the positions of the
fuse boards, etc., as a means of
bonding the earthing wire.

The Use of Junction Boxes.
Having fixed all the cables
including the mains and the
various branches, the next
step is the fixing of junction
boxes where these occur.
These latter are made also
to ensure electrical continuity of the outer casing and
are one of the products of
the aforementioned standardisation. Fig. 3 is a
typical junction box, fixed,
with the various connections being made, and ycu
will notice that at points
where the lead sheathing
enters the junction box a
small cheese headed screw
is provided which securely
clamps the outer casing,
thereby obtaining the
desired continuity. The
various connections of the
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in the majority of cases the wires leave
the board all in one direction and in such
cases continuity is assured by means of a
bonding bar such as that shown fitted in
Fig. 7. These are made in several sizes to
accommodate various numbers of cables
but if the number is so great as to require
the use of more than one bar, then a wire
must be carried from each bar separately
to earth or all the bars connected to each
other and connected to earth by a common
wire.
In the case of the systems employing
bonding wire a different type of clamp is
used as shown in Fig. 5, the bonding wires
being clamped by grub screws in exactly
the same manner as is done at the joint
boxes in this type.
Fig.r6.—WHAT

HAPPENS BEHIND THE FITTINGS.

Where switches and fittings occur a special
bonding ring is used to clamp the casings of the
cables, and the blocks are recessed to allow them
to fit snugly.

conductors are made by means of single
or multiple way china connectors to
ensure perfect insulation.
In systems where the bonding wire is
used the method of fixing is slightly
different, the bonding wires being clamped
to special terminals connected to the back
of the joint box and secured by grub
screws as in Fig. 4. Remember that
these joint boxes have no sightly appearance, and should therefore be placed in
inconspicuous positions, hiding them in
floors where possible.

Types of Fittings.
It has already been mentioned that the
fittings used in connection with metal
sheathed cable are standard, but these
standard makes can be obtained in various
sizes. For instance, there is what is known
as a small T box and this box will only
accommodate at the most one flat triple
cable in each of its entrances. Where it is
necessary a larger box can be supplied and
the entries are variable as shown in Fig. 8.
As an example, four cables could enter one

What Happens at the Positions of Fittings
and Switches.
So much then for the continuity, but
what happens at places where fittings and
switches are to be fixed ? For this purpose
a special bonding ring is supplied and one
such is fixed in Fig. 6. It enables any
reasonable number of cables and their
casing to be clamped together at various
points around the circle, and the block,
with its recesses cut to allow it to lie flush
over the cables, completely hides it from
view.
Where Bonding Bars Are Used.
At the positions of the fuse boards this
ring is not always suitable, especially as

Fig. 7.—WHERE BONDING BARS ARE USED.
At the position of the distribution board the
cables are clamped together by a multiple bonding bar and this bar is connected to earth.
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arm, two into another and one in the
remaining, and these positions can if
necessary be reversed around the T.
For occasions where cables that enter from
various directions are required to be
joined, a universal box as Fig. 9 must be
used, this again being obtainable in two
sizes to suit individual requirements.

Fittings for a Tough Rubber Installation.
While all the fittings for metal sheathed
systems must necessarily be of metal also,
this does not apply to installations using
rubber cable. These may be of bakelite
or other suitable material. Those of
bakelite are an advantage by reason of
their insulating properties which allow
of terminals being inserted for making
connections. This dispenses with the
necessity for china connectors and allows
the boxes to be of smaller dimensions and
therefore less conspicuous.

Concealing the Wiring.
Sometimes it happens that objection is
taken to the appearance of surface wiring,
but this can be overcome by the use of
the varied methods of disguise which at
the same time act as a protective covering.
There are made several forms of mouldings, either in wood or some such durable
material that may be used as cornices,

Fig. 9.—A LARGE UNIVERSAL Box.
This shows how it is possible to make additions
when necessary. Another clip is inserted in the
two slots and the extra cable clamped in position.

Fig. 8.—INTERCHANGEABLE FITTING.
The fitting illustrated in Fig. 3 can only
accommodate two cables at its entrances, as
shown, but in the above illustration we see that
by the use of special clips the fittings are rendered
interchangeable so that a greater number can be
accommodated.
architraves, skirtings and even as panel
strips on the ceiling, and provided the
planning of the runs of wires has been
carefully considered, these mouldings can
be used with tasteful effect.

The Concentric System.
This method of wiring is distinctly
limited in its applications due to the Home
Office regulation appertaining to earthing
of conductors where they are connected to
a public supply. The outer sheathing
being used as the second conductor, it
must be connected to " earth " to provide
a return and the following extracts from
the regulations show that-this can only be
done under certain conditions.
A.—Earthed concentric wiring shall only
be used when connected to systems of
supply :-(a) So as to derive the supply from
the secondary side of transformers or
converters so arranged that the public
supply system is electrically insulated
therefrom ; or,
(b) In which earthed concentric wiring
has been approved by the Electricity
Commissioners ; or,
(c) Consisting of an independent
generating plant.
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Fig. I0.—HOW TO MAKE A WATERTIGHT FITTING BETWEEN LEAD CABLE (i).
An iron box is necessary into which is screwed a special block. The nut and washer are first
threaded on the cable as shown, and a piece of lead wire is then rebated around the cable.

Fig. I I .—HOW TO MAKE A WATERTIGHT FITTING BETWEEN LEAD CABLE (2).
The lead wire is now pushed into the slot in the block and the washer placed in the slot behind it.

Fig. 12.—HOW TO MAKE A WATERTIGHT FITTING BETWEEN LEAD CABLE (3).
The connection is made watertight by screwing the hexagon nut tightly in position. On this
nut is a lip which forces the washer against the lead wire and threads it around the cable in the slot
provided.
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B.—From the position or positions at
which the installation is earthed, concentric
wiring shall be employed throughout up to
all fixed positions for fittings or accessories.
At all positions at which the external
conductor ceases to surround the internal
conductor the latter shall be separated from
the surface upon which the fitting or accessory
is mounted by an incorrodible metal plate
or terminal box to which the external
conductor is electrically connected. This
requirement does not preclude the interposition of a wooden block between the
metal plate and the fitting or accessory
mounted thereon, provided that this metal
plate covers the principal recess in the wooden
block.
C. Where the metal sheathing of a
cable is used as one conductor the resistance
of the sheathing shall not be greater
than that of the inner conductor when
measured at a temperature of 6o° F.
D.—Joints, however made, in the external
conductor shall be of such a nature that the
conductivity of the conductor is not reduced.
E.--All circuits, lamps and appliances
shall be controlled and protected by singlepole circuit breakers, or switches and fuses
which shall be inserted in the internal
conductor of the circuit. No circuit breaker,
switch or fuse shall be included in the
external conductor.
F.—Ordinary accessories may be used,
but if lamp holders having central contacts
be employed, such central contacts shall be
connected to the internal conductor.
G. Lamp fittings may be wired with
two separate wires, one being insulated and
connected to the internal conductor and the
other to the metal work of the fitting.

These regulations make it difficult to
use such a system as " Stannos " in everyday surface house wiring under its originally
intended method.
" Stannos " and similar products, however, may be employed by using the cable
as a single sheathed conductor, running
them in pairs and earthing the outer
casing. One internal conductor is then
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used as " red " and the other internal
as " black."
Watertight Installations.
To make a surface installation watertight the cables are run in the ordinary
manner until they reach the position of
fittings or junction boxes, and at this point
iron boxes have to be used. The cables
are entered into these boxes through a
special bush and there are two methods of
watertighting. The first is to use a low
fusing point metal which is sweated
between the bush and the metal casing,
which, if properly done, will exclude all
water. The second method is to use a
special packing gland for connection to the
iron boxes. This gland takes the form of a
plug and is bored internally, circular or
oval, according to the type of cable for
which it is to be used. The plug is
threaded externally with an electric thread
which screws into the iron box. This
plug has a slot cut in one end over which
fits a washer, and, in addition, the plug is
supplied with a hexagon clamping nut
and a lock nut.
The Method of Making the Connection.
The metal sheath of the cable should
be removed for a sufficient length to
enable the connections to be made to
the fitting or connector, and the hexagon
nut is passed on to the cable followed by
the small washer. A piece of lead wire
is then wrapped around the cable at the
point at which it enters the plug, as shown
in Fig. ro. This plug is then passed cn
to the cable, slotted end first, and the
opposite end screwed into the iron box.
This is locked into position by means cf
the lock nut, the washer forces the packing
into the slot on the plug and the hexagon
nut screwed on to clamp the whole in
position, as shown in Fig. 12. By this
operation the lead packing wire is forced
between the cable and the plug, giving
electrical continuity, at the same time
rendering the joint completely watertight.
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VARNISHES, OILS AND RESINS
USED BY

The Insulating Value

ELECTRICAL ENGINEERS

of Oils.

RA CT ICAL LY all oils—animal,
vegetal or mineral in origin—have
a high insulating value, but mineral
oils—and, for cables,
resin oils—are used
almost exclusively for
electrical insulation on
account of their greater
suitability, and because they can be
obtained in a purer
and more definite
state.
The use of insulating
oils is substantially
confined to high-voltage switchgear, cables,
rheostats and transformers. For the two
latter classes of
apparatus, the cooling
qualities of the oil are
at least as important
as the insulating, if
not more so. In
switches, the oil is
used primarily to
quench the arc between
the switch contacts
when the switch is
opening.

P

Where Electrical
Come From.

Oils

The principal
sources of electrical
oils are America and
Russia. Both are
mineral, but the
former has a paraffin
or petroleum base and
the latter a bitumen
base.

Estimating the Value of an Oil.

The characteristics-of an oil that have
to be considered when its value for electrical purposes is estimated are : Breakdown voltage, thermal
conductivity, specific
heat, coefficient of
expansion, flash-point,
viscosity, solidification
temperature, sludging
and acidity. The
thermal qualities may
be more important
than the electrical, for
upon the specific heat,
thermal conductivity
and viscosity depend
the readiness with
which oil will conduct
heat away from
windings and rheostat
coils to the cooling
surfaces. With oil
switches used out of
doors in cold climates,
the oil must have a
very low freezing or
solidification
temperature, for congealed
oil, although it has
excellent breakdown
strength, is quite useless for quenching an
arc. The coefficient
of expansion must be
known in order that
the oil in, say, a transformer, may be given
sufficient space in a
special " conservator "
to expand and contract with the heating
and cooling cycles
Fig. .—OIL-FILLED BUSHING FOR I I0, 000VOLT TRANSFORMER. ( Ferral2ti).
to which the trans-
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former is subject when on load.

What Sludging Means.
Sludging is a property of the oil whereby,
when heated in air, it forms a thick
brown deposit. In the case of oilimmersed transformers, the sludge settles
on the core and windings, choking up the
cooling passages and making the coils
very much hotter internally. This state
of affairs is dangerous, and where the
conditions are favourable to the production of sludge, a non-sludging oil is called
for. The acidity of the oil is a measure
of its tendency to attack fibrous insulation
(e.g., cotton).

Why Resin Oil is Useful.
Resin oil is much more viscous (treacly)
than mineral oil, and is thus unsuitable
for switches and transformers. It is
used in paper-insulated lead-covered
supply cables. Paper itself absorbs water,
and in any case leaves air spaces between
the layers. But paper impregnated with
resin oil makes an excellent and widely
used method of insulating cables up to
high voltages.

WAXES.
The best-known insulating wax is
paraffin wax. This has the same base
as American mineral oil and is obtained
from the same source by distillation of
petroleum. It is employed in industry
for impregnating paper for the manufacture of condensers. It is also coated
on to insulating boards for use in the
slots of generator and motor armatures,
giving a lubricating action which facilitates
the insertion of the coils.

How Wax is Used for Insulation.
Paraffin wax is useful in the small
workshop or laboratory for impregnating
fibrous insulation. For example, a small
coil of cotton-covered wire is required to
be made moisture-proof and permanent.
The simplest way is to bake it at a little
over 100° C. (the boiling point of water)
and then to drop it into a bath of molten
paraffin wax at 115° C. The temperature
of the bath is then raised to 125° C. and
maintained at this temperature until the
bubbles of trapped air cease to rise. The
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bath is now allowed to cool, but the coil
is not withdrawn until the temperature
reaches about 8o° C. The wax solidifies
at about 5o° C. The coil will be found
to be well impregnated, so long as the
winding is not too deep and fine. For
small wire closely wound, it is better to
impregnate every few layers.

VARNISHES.
Varnishes, of which there are a great
many types, for decoration and preservation as well as for insulating purposes,
are essentially gums (or similar materials)
dissolved in oil or spirit. The process
involved is the application of a coating of
varnish to a surface (or the impregnation
of a small space filled with loose fibres),
followed by the drying out of the solvent
(oil or spirit), leaving the film of gum now
distributed in a thin, tough, hard or
flexible state. Here are some of the
chief types of varnish with which we are
more particularly concerned :—
Baking oil varnishes, composed of gums
such as copal in linseed oil. The latter
has to be dried out by baking 4-8 hours
at a temperature slightly below the boiling
point of water—say 95° C. Such varnishes
are electrically good, and are durable.
Their chief value is flexibility. In applying baking oil varnish, a " thinner "
is used, such as white spirit, to render the
varnish less viscous. Baking oil varnishes
are very widely used in the manufacture
of electrical machinery and apparatus.
Air-drying oil varnishes are the same
as the above, except that certain substances termed " dryers " are added to
quicken the process of drying and to
enable the baking to be avoided. Unfortunately, the dryers lower the electric
strength of the varnish film. The
process of drying oil is essentially one
of oxidising it, and it is the great advantage of the baking process that it can be
stopped when a suitable degree of oxidation has been achieved. With the addition
of dryers the " baking " so to speak,
is continued indefinitely with the result
that the varnish eventually becomes
brittle.
Air-drying spirit varnishes are chiefly
gums dissolved in methylated spirits,
and will dry in air within four hours. They
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are less flexible than oil varnishes, as
there is no oily constituent to retain any
flexibility. Thus they can only be used
for stationary parts not subjected to
mechanical shock or to extremes of temperature. The most familiar varnish in
this class is shellac varnish, which is easily
made by shaking up shellac flakes (purchased at the oil and colour merchant
for a few pence per ounce) with methylated
spirits to the required thickness. Another
common varnish is black, bituminous
varnish, a pitch or asphalt dissolved in
benzine. A later but highly important
class of varnish is furnished by synthetic
resins of the " bakelite " class dissolved
in methylated spirits. They can be
used at much higher temperatures than
natural-gum varnishes.
Cellulose lacquers are a comparatively
recent development. They dry very
quickly (the solvent being amyl acetate or
acetone, which is particularly volatile),
but are tough, adherent and flexible.
They must not be thickly applied, on
account of their tendency to " skin over,"
leaving the inside soft, and trapping the
solvent.
GUMS AND RESINS.
The more important of the ingredients
of varnish only will be considered.
Shellac is a widely used gum, obtained
from the bark of Eastern tropical trees,
in which it is deposited by the action of
an egg-laying insect, forming with the sap
of the tree a peculiar incrustation.
Copal is a tree-gum product, collected
from the trees or from river-beds where it
has been dropped from trees.
Bitumen is similar to tar, pitch and
halt. It occurs in the tropics in
ams or pools, and has a variety of
s besides that of varnish. It is often
used for insulating cables, especially
in mines ; for this purpose it is vulcanised
in the same way as rubber. The latter
can be adulterated or " filled " with
bitumen without injury to the electrical
properties, and a mixture of soft vulcanised
rubber and bitumen is used to prepare
the familiar sticky, black friction tape.

`

Further uses are for cable sealing and
jointing, and closing in the tops of battery
boxes.
Bakelite holds first place among the
classes of synthetic resins. It is named
from a Dr. Baekeland, a Belgian chemist,
who patented the composition of resins
of this type nearly 25 years ago. It is
manufactured from carbolic acid and
formaldehyde (a product of the distillation of wood), a coarse lumpy material
being produced which, when powdered,
is known as bakelite " A." In this
state it resembles the natural resins, and
is soluble in alcohol, acetone, etc., or
methylated spirits : thus dissolved it can
he used for varnishes. Now natural
resin varnishes attain their final protective
form by slow drying, or oxidation. Further
they can always be redissolved in a suitable solvent. The behaviour of bakelite
" A " in powder or varnish form is totally
different. The application of heat induces
a chemical-physical change called " polymerisation " to proceed, the resin becoming
permanently solid and insoluble. It should
be emphasised that the new state—
bakelite " C "--is quite permanent and
cannot change under normal circumstances.
It withstands high temperatures up to
200° C., at which it begins to char.
How Bakelite is Applied.
Bakelite has to be applied, therefore,
when in its " A " state. As a varnish it
can be applied by dipping, impregnating,
spraying, brushing, etc., to coils, armatures, papers and fabrics. For example,
for the impregnation of coils, wrapped bass
and similar items, the article is dried out,
then allowed to soak for a few minutes
in diluted varnish, drained, and baked in
a suitable oven, the temperature of which
is gradually raised to 14o° C. over a period
of half to three or four hours, according
to the size of the piece. The heat treatment completes the process, and results
in an infusible, insoluble, uniform insulation. There is no danger of the inner
layers of varnish remaining soft, as with
thick films of oil varnish.
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ILLUMINATION OF FLATS AND
HOTELS
By E. H. FREEMAN, M.I.E.E.
FLATS.
HE problems involved in scheming
out an installation for a block of
flats resemble in certain respects
those connected with domestic schemes
and in others those relating to office
buildings.

T

Wiring in the Separate Flats.
There is one important feature, namely,
that the flat must as a rule be wired without consultation with the future tenant.
Occasionally tenancies are arranged in the
early stages of construction but more
often the building work is far advanced
and the wiring more or less complete
before the tenant has decided to rent the
flat.
These facts make it necessary to arrange
the lighting from two aspects :—
(1) The original scheme should be such
as is likely to suit the average tenant—in
other words abnormal schemes of lighting
should be avoided.
(2) Ample provision must be made on
the circuits so that extra lighting can be
provided if desired. A tenant may prefer
four brackets to a central
pendant or require one or
two extra plugs and if circuits cannot be extended
without overloading to
meet such needs the cost
of running new circuits
will be a heavy item in a
decorated or partly
decorated flat.
Wiring Outside the
Separate Flats.
Outside the individual
flats the requirements
resemble those for an
office building as far as

the distribution cables are concerned
although there is likely to be less
variation in the rearrangement of tenancies. The class of building, its location,
the rents charged and so forth, will settle
the method of letting and though a large
flat may later be subdivided into two or
three small ones or, alternatively, two or
three small flats combined into one large
one, such rearrangements are the exception rather than the rule.

Possible Alterations to Small Flats.
Fig. r shows a corner of a block of flats
with the area divided up into two separate
flats each consisting of a bedroom, sitting
room and bath room, whilst Figs. 2 and 3
show the same area of the building rearranged to suit different methods of
dividing the area.
Fig. 2 shows the area rearranged to
form a single flat with two bedrooms,
sitting room, dining and bath room.
Fig. 3 shows the area divided into four
bed-sitting room flats each with its own
bath room and entrance lobby.
It will be seen that the
main partitioning is very
little altered so that such
changes as these could be
effected at any time with
very little more work
than would be involved
in redecorating.
In considering how far
such rearrangements may
be required the class of
building must be considered and this will also
0
SO
be an important point
Sco/e
cy" Feet
in deciding what provision
Fig. 1.-CORNER OF A BLOCK OF
should be made for
FLATS ARRANGED TO FORM TWO
additional points.
SEPARATE FLATS.
-f
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B
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A suitable lighting scheme is shown
in Fig. 4 to suit the planning in Fig. 1, and
if this is transferred to the modified plan
in Figs. 2 or 3 it will be seen that most
of the lighting points are suitable.

00

Scok

Fig.

ao

of Feet

2.-CORNER OF A BLOCK OF FLATS
ARRANGED TO FORM ONE LARGE FLAT.

Wiring Details for Small Flats.
The most difficult class of building is
that shown in Figs. 1, 2 and 3,
which lies somewhere between a tenement
building and a luxury flat. Such buildings
may be of every class between the two
extremes and each such building must be
considered on its merits. The landlord
may have decided definitely against any
rearrangement of areas or the plan may not
allow of this and in these cases the problem
is simplified.
If this is not the case then a scheme
should be devised to suit the plan and the
distrioution cables arranged to meet the
possible alterations. It is advisable to
make such a scheme as complete and
elastic as possible as obviously alterations
to the main cables etc., are likely to
involve disturbance and damage to corridors and staircases and these will be
expensive as well as a cause of annoyance
to other tenants.
Each Scheme Needs Separate Treatment.
It is impossible to deal with this subject
in full detail as no two schemes are alike
and each must be considered specially,
but some indication of possible alterations
to the flats in Figs. 1, 2 and 3 will be a
guide as to what should be provided.
In the case shown in Figs. I, 2 and 3
there would doubtless be a rising main
cable near the staircase which would
supply the flats shown and probably a
similar group on the other side of the
staircase. A connection box or sealable
fuse board would be needed on each floor
and all wiring run back to this position.

Alterations to Lighting for Alternative
Plans.
For the replanning as in Fig. 2 one of
the two hall lights can be omitted and
the light near the window in one bedroom
in Fig. I must be moved to the centre of
the dining room in Fig. 2.
For Fig. 3 plan slightly greater changes
are required, the two living-room lights
in Fig. i needing to be moved nearer the
windows and extra lights being required
for the two extra bath rooms.
The corridor light also needs alteration,
as for Fig. 2 this is part of the tenants'
lighting, whereas for Figs. I and 3 it
should be included in the landlord's
lighting.
Method of Wiring to Suit Replanning.
To meet these various difficulties, if
such rearrangements are likely to take
place, it would be best to arrange the
original wiring circuits to suit the possible
changes. If the wiring is run back for
suitable groups of lights these can be
combined at the fuse board in any way
required and a convenient scheme would
be to wire the area in question in five
groups.
Groups I to 4 would each supply lights
for a bed-sitting room and bath room as
in Fig. 3, whilst Group 5 would supply the
corridor light.

Scale o

Fig.

of Fee?.

3.-CORNER OF A BLOCK OF FLATS
ARRANGED TO FORM FOUR SINGLE-ROOM FLATS.
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Method of Connecting for Alternative
Plans.
For planning as Fig. i :—
Groups i and 2 could be connected to
one meter and Groups 3 and 4 to a
second, whilst Group 5 would be connected to the landlord's lighting.
For planning as Fig. 2 :—
All groups would be connected to a
single meter.
For planning as Fig. 3 :—
Groups i to 4 would each be connected
to a separate meter and the corridor
light to the landlord's lighting.
Special Fuse Board.
The provision of a fuse board at the staircase with split bus bars and links to couple
up the sections of the bus bars in any way
desired would enable the changes to be
made with a minimum of disturbance to
the wiring. The diagram of a suitable
fuse board is shown in Figs. 5, 6 and 7,
which indicate the methods of bonding
across with movable links for the three
schemes above.
Such a method of wiring would naturally
be much more expensive in the original
scheme than ordinary wiring.
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Fig. 4.—LIGHTING SCHEME TO SUIT PLANNING
OF FLATS AS IN FIG. I.
It will be seen that most of the lighting
points are also suitable for the arrangements
shown in Figs 2 and 3.

on the character of the building and the
conditions under which the building is
staffed.

Landlord's Lighting.
Alternative Methods of Control.
The remaining problem of the lighting
The following are the most usual
design is the landlord's section, i.e., the solutions :—
lighting of staircases and corridors.
(i) All or part lighting left on all night.—
The arrangement of the actual lights
need not involve any special problem, This is simple but may be expensive in
the difficulty being to provide a convenient running cost but it will probably be the
method of switch control. The solution most satisfactory.
(2) Separate system of pilot lighting. —
of the problem must depend on the
character of the building and on whether Such a system may consist of small Neon
any service is provided after locking-up or other low power lamps. This is cheaper
time. If a night porter is always available to run than Scheme i but it involves a
it may be possible to depend on him to duplicate system of wiring and higher
switch on light as and when required, but first cost.
this is not a complete solution as it does
(3) Two-way switch controls.—This also
not meet all needs. It is a solution of the is cheaper on running cost providing
problem of switching on for an incoming tenants can be relied on to switch off the
tenant, but it does not enable a tenant or lights as well as to switch them on. It is
his visitor leaving late at night to obtain more expensive to install than Scheme I
the lighting required if all lights are and possibly than Scheme 2 and is more
switched off at a fixed hour.
suitable to a better class of flat where
There are many possible solutions and tenants would consider a glimmer of light
the selection of the right one must depend to be insufficient.
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Time switch control.—There are
various forms of time switch on the market,
simple and inexpensive, that automatically
switch off at a selected interval of 2, 3 or 4
minutes after being switched on. The
period can be adjusted to suit the conditions—a very short time for example if
only for maintaining light when passing
from a lift to a flat or longer if required for
going up two or three flights of stairs.
Such switches can be arranged in
parallel with ordinary switches and connected so that the latter are in use during
ordinary hours, say up to ro or II p.m.,
the time switches coming into action when
the ordinary switches are cut out. A
master switch to control the whole lighting
must of course also be used.

6.—SPECIAL FUSEBOARD TO SUIT LIGHTING
SCHEME FOR FIG 2
F, fuses ; B, bus bars.

The diagram in Fig. 8 shows the method
of connecting up a circuit on such a
system as this.
The scheme is unsuitable for outgoing
tenants or visitors unless one such switch
is connected on every landing arranged to
switch on all lights. This involves no
difficulty in wiring as will be seen from
Fig. 8, but it adds substantially to the
cost. It is also rather unsatisfactory if
there are cross corridors or considerable
distances between staircase landings and
flat entrances, as these must be traversed
in darkness or extra switches added in
corridors with further extra costs and
complications.
HOTELS.
In many respects the design of an
electric-lighting scheme for a hotel provides

/ 2

.3 4

5.

F

F
/

2 .3

Fig. 5.—SPECIAL FUSEBOARD TO SUIT LIGHTING
SCHEME FOR FIG. I.
F, fuses ; M, meters ; B, bus bars.

a simpler problem than that for any other
important building.
Bedrooms.
The most important room in the hotel
is the typical bedroom, due to there being
so many of them. Once the scheme for
the bedrooms has been decided, the
lighting for the major part of the hotel is
also settled.
Bedroom lighting in hotels in the past
has been extremely badly carried out and
lighting frequently provided of a quite
inadequate character. A single small
lamp, with a plain opal shade, controlled
only by a switch at the door, has
represented the complete lighting scheme
in many hotels claiming to be first class.
Minimum Requirements.
Minimum requirements should include
a dressing-table pendant with suitably
/
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Fig. 7.—SPECIAL FUSEBOARD TO SUIT LIGHTING
SCHEME FOR FIG. 3
F, fuses ; M, meters ; B, bus bars.
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screened lamp, to avoid glare from the
bed, and a separate bedside lamp. The
latter should preferably be a table lamp,
supplied from a plug, as a pendant over the
bed or a bracket behind it must mean a
lamp directly over the head of the guest
lying down in bed, and this is most unpleasant and quite unsatisfactory if he or
she wishes to read in bed. The hospital
patient will usually be sitting up to read
and the bracket is then quite convenient,
but the hotel guest is more likely to read
lying down.

only to provide the contrast in intensity
of illumination at different points that is
essential if the effect is to be architecturally
interesting. Such a scheme is that in a dining
room in Claridge's Hotel, the lighting of
which is provided by lamps concealed in a
triple cornice. In this room ample contrasts are provided by the brilliantly lit
ceiling and the panelled walls and also
by the white tables in contrast with the
carpets and furniture. Such schemes in
rooms not so furnished are apt to provide
over-uniform lighting, and can be avoided
by the use of wall brackets and pictureSwitch Control.
lighting effects.
A further desirable addition is two-way
Mr. 0. P. Milne, F.R.I.B.A., who
switch control for the dressing-table was responsible for the design of this
pendant for operation from door and bed, room, has obviously been extremely sucand in fact this must be provided in ces:;ful in obtaining the desired result
addition to the bedside plug in
any good class hotel.

Reception Rooms.
The position is entirely different
when the problem of lighting the
reception rooms is being considered. The lighting of such
rooms is very important. The
illumination must be carefully
designed to give even lighting
over the whole area, and the Fig. S.—DIAGRAM SHOWING STAIRCASE AND CORRIDOR
LIGHTING WITH TIME SWITCH CONTROL.
lay-out must be arranged to suit
the architectural features of the
room. The details of the scheme must of soft, even and yet good lighting without
course be of a character to suit the class lack of interest in the details.
of hotel, but the design should provide
for at least the following illumination:
Increased Cost.
Dining Room : 6 candle feet, with local
To obtain these results the running cost
is necessarily greater than with more direct
lights on tables in addition if possible.
lighting, and this increased cost is inReading Room : 8 candle feet.
Writing Room : 8 tog candle feet if local evitable with (so-called) architectural
lights are not used or 6 candle feet if local lighting. This will be referred to in a
later article, but a brief summary of the
lamps are added at the writing tables.
lighting details for the ballroom at
Lounge and Smoking Room : 6 to 8 Claridge's will confirm this statement. The
candle feet.
room is about So feet by 40 feet, and as
Ball Room : 8 to io candle feet.
the ceilings are light in colour and the
walls partly mirrored, an efficiency of
Modern Lighting Schemes.
6o per cent. should be obtainable if purely
Modern designing of lighting schemes commercial fittings were used, selected
for hotels of the better class is tending merely to give good lighting. On this
more and more to become an essential basis the lighting would be obtainable
part of the general decoration. Lighting from eight lamps of 30o watts, which
fittings are being abandoned, or are used would give about 6 foot candles. Actually
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DINING ROOM WITH LIGHTING PROVIDED BY LAMPS CONCEALED IN TRIPLE CORNICE.

f5-watt lamps are used at 6-inch
centres and, as there are six rows the entire
length of the room, the total load is
14,40o watts or just six times what
would be necessary for commercial
lighting.
These figures are given to illustrate
the fact that lighting of this character
cannot be designed on any such principles
as have been used for the schemes already
considered, and it is practically impossible
to deal with installations of this kind on a
calculation basis.

Corridor and Staircase Lighting.
Corridors and staircases in hotels must
be well lit and the principles that apply to
flats also apply to hotels. With ordinary
pendant fittings, lights at 3o ft. or so apart

will provide all that is necessary, and any
corridor should be wired so that half of
the lighting can be switched off during the
night. Some pilot lighting must certainly
be provided all night in all but the smallest
hotels. Apart from the need of providing
for this, the corridors and staircases do not
call for special lighting.
Service Areas.
These parts of the hotel—kitchens and
domestic areas connected with them ;
offices ; staff rooms and so forth also do
not call for special treatment. Each must
be lit to suit the size and arrangement of
furniture and the character of the work to
be done in each, all in accordance with
remarks made earlier regarding similar
rooms in other buildings.
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ELECTRICAL ACCESSORIES FOR CARS
USEFUL CIRCUIT DIAGRAMS AND NOTES ON FITTING
By E. HILL
HE car electrical accessories
described in this article are those
items of the electrical equipment
which are not always included in the
general car specification.

T

copper gauge brushes are used and
are held in box holders, spring loaded
depression levers being fitted to obtain
the necessary pressure against the commutator.

ELECTRIC HORNS.
Two types of electric horn are in
general use, i.e., the motor-driven type
and the high frequency type.

Adjusting the Horn Note.
Adjustment of the horn note is provided
by a thrust screw which can vary the
pressure of the actuator against the diaphragm. A removable cover is fitted over
the motor and provides access to the
commutator and brush gear. The current
consumption of the motor type horn varies
between 6 and 8 amperes for 6-volt horns
and 4 and 5 amperes for 12-volt.

Motor-driven Type.
The motor-driven horn consists of a
small 6 or 12-volt series motor, the spindle
of which carries an actuator, a diaphragm
and a bell or trumpet. When current is
applied to the motor terminals the armature revolves and the actuator impinges High Frequency Type.
High frequency horns are made with or
against a hardened steel stud in the
centre of the diaphragm and sets up the without the bell trumpet attachment and
operate electro-magneticvibrations that cause the
ally. The diaphragm is
sound note. The diaclamped round the cirphragm is clamped at
cumference between an
the circumference by the
end plate or grille and
magnet frame case on one
the flange of the body.
side and the trumpet or
A stem is fixed to the
bell at the other.
centre of the diaphragm
The motor armature
on which the armature
has a laminated core
is mounted. Beyond
with 7 or 9 semi-enclosed
the armature the stem is
slots, and runs between
bearings set slightly below
centralised and carried bythe magnet poles on
the centre of the diaphragm. Stamped copper
which the coil is wound.
sections are moulded in
The end of the stem
bakelite to form the
projects against the
commutator and this is
mounting of the two
trembler contacts, which
pressed on the armature
mounting is fixed to the
spindle.
The windings
are of enamelled copper
8.477-1FRY
back of the housing. The
coil and magnet system
wire for both armature
and field coils. There
circuit is completed
are two pole pieces, and
through the two contacts
the two coils are con- Fig. I.—MOTOR-DRIVEN ELECTRIC and when the coil is
nected in series with the
energised the armature
HORN.
armature. Square section
is drawn against the
Showing connections.

1472

ELECTRICAL ACCESSORIES FOR CARS

used. In some types of high frequency
horns a condenser is connected across the
contact points to minimise the sparking.
Importance of Correct Mounting.
The mounting of horns has considerable
effect on the note produced and it is
essential that the bracket be fixed to a
rigid base and that the bell or other part
of the horn frame (apart from the bracket)
does not touch any other chassis member.
The horn or grille should not be mounted
directly in line with the air stream from
the fan.
Fig 2.—HIGH-FREQUENCY ELECTRIC HORN.

magnets. The end of the stem then
pushes one contact away from the
other and the circuit is broken. The pull
of the magnets being released, the diaphragm pulls back the armature and stem
and re-establishes the circuit. The current
required is from 3 to 4 amps. on 12 volts
and 5 to 6 amps. on 6 volts.

Alcua Pos.,

11114.

(-1
CONDENSER

BATTERY'

MAGNET CON.

CONTACT
BREAKER

=7'
Fig. 3 —CONNECTIONS OF HIGH FREQUENCY
HORN.

ELECTRIC SCREEN WIPERS.
Two types of motor are used for electric
screen wipers, i.e., impulse motors and
plain shunt motors.
How the Impulse Motor Works.
The impulse motor has a laminated
rotor mounted on a steel spindle. At one
end of the spindle is a four-faced fibre cam,
and outside that a switch knob projecting
through the case. The cam operates makeand-break tungsten contacts mounted on
a plate. When these contacts are closed
the circuit is made through the stator
windings and the battery leads.
The stator is laminated and has two
pole tips radial with the rotor. At the
Fig. 4.—IMPULSE MOTOR ELECTRIC WIPER.
Showing connections.

Adjustment.
Adjustment is made by altering the
length of the stem projection by means of
a screwed sleeve provided with a lock-nut.
The contacts are usually of tungsten and
laminated poles and armature may be

5-seuner
Reroa

Fig. 5. CONNECTIONS OF ELECTRIC SCREEN
WIPER WITH SHUNT MOTOR.
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other end of the motor spindle is a small
pinion engaging with a double intermediate
gear carried from a pin in the body. The
small wheel of the intermediate pair
gears with a much larger gear to which is
attached a crank plate. This plate is
slotted for the crank pin, and has a segment of gear teeth radial with the pivot
pin. This segment imparts the reciprocal
motion to a pinion mounted on the spindle

Fig. 6.—MOVING ARM TYPE DIRECTION INDICATOR.

current required to run the motor is less
than one ampere, but when the switch is
left on and the motor stalled the current
increases and will overheat the windings.
Fig. 7.—CONNECTIONS OF MOVING ARM TYPE
DIRECTION INDICATOR.

of the wiper arm. The motor is usually
mounted on the inner side of the screen
frame, either at the top or bottom. The
fixing studs and wiper spindle project
through the frame and the squeegee springloaded arm is clamped to the spindle.

Timing the Rotor.
In timing the rotor the contacts should
open when the concentric part of the periphery of the rotor is opposite the pole
piece, and closed when the edge of the
stator pole covers a tooth of the rotor by
about one-third of its length. The wiper

Operating the Impulse Motor.
To operate this type of motor it is
necessary to spin the rotor by turning the
starting knob. This knob also acts as the
switch, and when pushed in opens the
contacts of the contact breaker. The
Fig. 8 —COMBINED INDICATOR AND NUMBER
PLATE,
FRONT

hva/c.aroP

.0/LOT
LAMP

svoicAreAp
Bifiworc PEOAL
SWITCH

SWITCH

BATTER'
111111*

spindle may have a projecting hook handle
which when pulled back disengages a pin
clutch on the driving gear and allows the
spindle to be operated by hand. When
stopping the wiper the arm can be turned
so that the end of the hook engages with
the switch knob and depresses the latter
into the off position, this being retained
by spring pressure on the spindle.

MEM

RE,4a hveNc.47-0,9

Sro..LAMP

Fig. 9.—CONNECTIONS OF FRONT AND REAR
INDICATORS.

The Shunt Motor Type.
The shunt motor type is usually of
4-pole construction, the magnet frame
being made up of laminated stampings.

1474

ELECTRICAL ACCESSORIES FOR CARS

to indicate turns and a stop light with
orange-coloured glass to indicate stopping.
A rectangular metal box is sectioned off by
partitions, and each compartment has an
electric bulb and holder fitted.

7On/sue
Hor WiRe-

ecEMENT
Fig.

I0.—ELECTRIC CIGAR AND CIGARETTE
LIGHTER.

The frame is enclosed by an aluminium
cast body which also houses the gearing.
The armature has a laminated core with
semi-enclosed slots ; the winding is connected to a moulded commutator, and the
end of the spindle has a worm thread
turned on it.
The worm drives a bronze worm wheel
which carries the crank pin of a reciprocating motion. A link pivoted on the
crank pin oscillates a toothed segment
engaging with a pinion on the wiper
spindle. The gear box is lubricated by
high melting point grease and is enclosed
by a cover plate. Two square section
spring-loaded carbon brushes are employed and are carried in box holders
attached to a bakelite end frame. A detachable cover provides for the inspection of
the commutator and brush gear. An
independent switch may be used, or one
on the end cap which connects by cam
action a contact on the terminal with one
of the brush holders. The current taken
by motors of this type is I to i amperes
on 12 volts or 2 to 2 amperes on 6 volts.
DIRECTION INDICATORS.
Many devices have been designed to
indicate the intentions of a driver in regard
to turning or stopping. Some cars are
fitted with front and rear indicators having
illuminated arrows pointing right or left

How the Lamps are Wired.
Arrow-shaped apertures are cut in the
cover of the box and filled in with strips
of celluloid (red at the rear, green at the
front). The lamps are wired in parallel
across the battery and a two-way momentary contact switch operates right or left
hand lamps as desired. The rear signals
may be wired in series with tell-tale lamps
on the dashboard so that the driver can
see whether the indicators are operating.
Various locations are chosen for these
indicators, some being above the number
plate at the centre of the luggage grid,
others at the back of the rear off-side
mudguard and others across the rear
window of saloon cars.
Front indicators may be mounted with
the front number plate or under the
canopy on closed cars.
Illuminated Swing Arms.
Another type of indicator which is
becoming popular has illuminated swing
arms, which, when operated, point in the
direction the driver intends to take. This
type of signalling device is perhaps the
least mistakable, but is considerably more
complex in its mechanism. The arms are
constructed suitably for mounting against,
or let in, the side pillars of enclosed cars cr
alongside the side frames of windscreens,
and normally hang vertically and unnoticeable. Each signal has two main
components, one of these being the moving

4i11-11111

BATTERY
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Fig. 'I.—CONNECTIONS OF CIGARETTE LIGHTER.
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I2.—DIAGRAMMATIC SECTION OF ELECTRIC
PETROL PUMP.

CONTACT
Ailam4frrea
Flg. 13 —CONNECTIONS OF ELECTRIC PETROL
PUMP.

away on the top side, the space being
occupied by a hinged tongue which is
normally pressed lightly against the bottom
The Moving Arm.
of the tube by a phosphor bronze leaf
The moving arm consists of a light metal spring projecting from the top side of the
framework with celluloid windows front element. An insulating strip separates
and back, and holders for a festoon bulb the leaf spring and the tongue, but when
are fitted near the outer end. The arm is the tongue is raised by the insertion of a
pivoted about a pin in the solenoid con- cigarette or cigar, metallic contact is
tainer, and a link motion connects the arm made between the two and the circuit
with the solenoid plunger. The device is completed through the hot wire resistconnected across the battery through a ance to the battery. One end of the wire
switch. A special switch is incorporated, is connected to a terminal and the other
and this by movement of a lever to right end to the leaf spring, the return being
or left operates either signal at will by made through the tongue and tube to
energising a solenoid and lighting a lamp. earth or to a negative battery lead.
The stop light is usually incorporated in Another form of lighter has a circular
the same casing as the tail lamp, and is detachable hot wire resistance element,
operated by a switch attached to the which, when in position in its holder, can
be switched into circuit
brake pedal.
with the battery and
CIGAR OR CIGARIGNITION SWITCH
removed when glowing
ETTE LIGHTER.
after a few moments
Several forms of
and used for lighting
electric lighter are in
purposes.
use, one of these having
ELECTRIC PETROL
a hot wire resistance
PUMP.
element clipped to the
The use of electric
end of a tubular fitting
petrol pumps is rapidly
which is flanged at the
being extended for cars
other end for attachon which the petrol
ment to a dashboard.
tank is at a lower
The tube is open to
Fig. I4.—CONNECTIONS OF BATTERY
level than the carthe front and is cut
MAIN SWITCH
arm and the other a fixed container for
the solenoid action.
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buretter.
The device consists of an
electromagnet to which is coupled an
elastic piston working in a pump chamber
and operating an inlet valve from the
tank and an outlet valve to the
carburetter. There is a pipe connection
from the inlet valve to the tank and a
similar connection from the outlet valve
to the carburetter.
How the Pump Works.
The pump action is as follows. On
closing the control switch the moving core
is drawn down by magnetic action and the
bellows piston is compressed. This increases the capacity volume in the body
of the pump above the piston. The pressure on the pump side of the inlet valve is
therefore decreased and the valve opens
and petrol is drawn in from the tank. At
the bottom of the stroke the contacts are
opened and the electric circuit broken.
The piston then expands by reason of its
elasticity and pressure is exerted against
the petrol in the pump chamber. This
opens the outlet valve and the petrol is
pumped into the carburetter. At the top
of the stroke the contacts come together
and the electrical circuit is remade, and
the cycle of operations continues until the
carburetter float chamber is full. The
needle valve prevents any further action
of the pump until refilling is required.
ELECTRIC PETROL GAUGE.
This instrument consists of a dashmounted indicator dial and a float-operated variable potentiometer in the petrol

tank. The dashboard instrument is a
moving iron meter with the dial calibrated in gallons or litres. There are two
windings, one being a damping coil connected in parallel with the operating coil,
which latter is in series with the resistance
of the potentiometer. When the tank is
full, the resistance is cut out by an arm
operated by a float, and the scale indicates
the full capacity of the tank. At a lower
petrol level in the tank, resistance is
inserted in the circuit, and the scale
indication is reduced accordingly. The
circuit is connected across the battery,
the switch being coupled to the ignition
switch so that the two are connected or
disconnected simultaneously.
BATTERY MAIN SWITCH.
This switch is interposed in the main
battery circuit, preferably close to the
battery, to isolate the battery when the
car is not in use, or in case of fire. The
switch consists simply of a plain makeand-break action with heavy contacts
capable of carrying the starter current.
The switch contacts may be held open
by spring pressure and the on position
made by screwing in or depressing and
turning a knob. The ignition control maybe coupled with the switch. For magneto
ignition the off position joins two contacts
in parallel with the ignition switch, thus
earthing the magneto contact breaker and
preventing the engine from starting until
the battery circuit is made by operating
the switch. For coil ignition the oft position
prevents any feed to the coil, so that no
extra contacts are required.

QUESTIONS A ND ANSWERS
What is the current consumption of
(1) a motor-driven type of electric
horn, and (2) a high-frequency horn ?
(r) Between 6 and S amperes for 6-volt
horns, and 4 and 5 amperes for 12-volt.
(2) Between 5 to 6 amperes for 6-volt,
and 3 to 4 amperes for 12-volt.
How would you time the rotor of an electric
screen wiper ?
The contacts should be open when the
concentric part of the periphery of the

rotor is opposite the pole piece, and
closed when the edge of the stator pole
covers a tooth of the rotor by about onethird of its length.
What does an electric petrol pump consist
of ?
This consists of an electro-magnet to
which is coupled an electric piston working
in a pump chamber and operating an
inlet valve from the tank and an outlet
valve to the carburetter.

1 477

FURTHER NOTES ON ELECTRIC LIFTS
By L. J. Goom, A.M.I.E.E.
re-set. The ultimate main limit switch
is usually operated by a striker on the
car, which strikes a stop on an endless
wire rope operating the limit switch in
the motor-room through this rope which
runs the whole travel of the lift, round
a sheave at one end of the lift shaft,
and round the operating sheave on the
limit at the other end of the lift shaft.
Such a stop is clearly seen in Fig. 9,
page 912.
Adjusting the Stop.
The adjustment is
made by moving the
stop on the rope in
the desired direction, being careful
to lock the stop
securely when once
it is in position.
To set it, allow the
lift to stop on the
control limit (which
must be set in accordance with instructions given
later) ; then, with
the main limit
switch in, move the
stop on the rope to
the desired distance
from the striker, this
distance being equal
to the distance it
has been decided to
allow the lift to
travel after overrunning the control
limit, before the
main limit operates,
The stops should be
Fig. I.—How TO ENSURE MAIN LIMIT IS
inspected from time
PROPERLY RE-SET.
to time to see that
A small piece of insulating tape is wound
round each side of the limit line, within reasonthey are securely
able proximity to the operating wheel, as
fixed
to the operatindicated by the arrows. The correct position
ing rope.
for re-setting is obtained when the two pieces
If you find that
of insulating tape are opposite.

MAIN LIMIT SWITCH OPERATING
GEAR.
HE ultimate main limit switch
should come into action in either
direction if the lift travels a predetermined distance past the point at
which the control limit should stop it.
This distance varies from something in
the order of 3 in. to a foot, depending
upon the available over-travel and the
speed of the lift. Bear in mind the fact
that an improperly
adjusted brake or
main contactor will
affect the stopping
of the car. If the
brake is too slack,
the machine may
slide on past the
control limit, with
the current switched
off and the brake
on, and may knock
out the ultimate
main limit switch.
As this is almost
invariably of the
type which does not
re-set itself, this
constitutes a stoppage of the lift until
it receives attention from the lift
engineer.

T

What to Inspect
First.
When you first
inspect the machine,
investigate the action of the main
limit switch, and
from these, and the
previous, notes (see
page 905), and your
observations, decide
how it should be
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the lift has knocked out the main limit for
any reason, inspect the limit to see in
which direction it has been knocked out.
That is to say, the direction in which the
operating wheel has been rotated. You
must then wind the machine away from the
limit, and turn the operating wheel in the
proper direction, i.e., the reverse direction,
to re-set.

A Simple Test.
A simple method of testing the direction
in which the limit has been knocked out is

machine must then be wound to permit
the wheel being turned in this direction
far enough to allow re-setting. This is
important, as in the design of most types
of ultimate main limit switches, provision
has been made for the lift to run some
distance after operating the main limit,
and it is therefore possible to rotate the
main limit wheel through a complete
turn and wrongly re-set the limit. When
the limit is once properly set, it is a good
idea to put a small piece of insulating tape
round the rope on each side of the limit
wheel (see Fig. i), the pieces of tape being
opposite each other when the limit is set
in the correct position. This will act as a
permanent indicator for correct resetting.
Main Limit Switch for Drum-driven Lifts.
On drum-driven lifts, the main limit
switch is usually operated direct from the
drum through a reduction gear, which
frequently takes the form of a screw. As
the screw rotates, a sliding nut travels
along it until, at the end of the lift travel,
it comes into contact with a stop, which
operates the limit. The adjustment is by
unlocking the locking ring, which is that
remote from the travelling nut, turning the
stop nut a small fraction of a turn in the
requisite direction and locking up again.
The locking collars are usually fitted with
holes for a tommy bar or special spanner.
Main limit switches should disconnect
the brake circuit from the remainder of the
circuit as well as disconnecting the lift
from the electrical supply. This prevents
the brake from being held off by regenerated current from the motor and ensures
its instantaneous operation.

Fig. 2.—CONTROL LIMIT SWITCH MOUNTED ON
THE BOTTOM OF THE CAR.
The switch illustrated is the " up " control
limit, and the operating ramp is clearly shown.
The method of arranging the ramp in this case
is interesting and ingenious. The ramp for
the control limit is attached to the ramp for the
slowing limit, see also Fig. 4.

by turning the wheel backwards and
forwards (about half a turn will usually
suffice). In one direction the stop will
prevent the wheel from being turned
far enough to re-set the limit. The

Test the Main Limit Occasionally.
It is a good thing to test the main
limit occasionally by holding in the
appropriate contactors on the controller
and allowing the main limit switch to
stop the lift. It should do this before
either the balance weight or car strikes
the buffers—according to the direction of
travel. Make the test in both directions.
All working shafts and spindles should
be lightly oiled to prevent rust and ensure
easy operation.

FURTHER NOTES ON ELECTRIC LIFTS

CONTROL OR DIRECTION LIMIT
SWITCHES FOR CAR-SWITCH LIFTS.
The setting of the control limit switches
may be adjusted by sliding the ramps up
or down on their fixing. The " up "
control limit should be set to stop the
machine level with the top floor when the
car is fully loaded. This means that when
the car is empty, and is allowed to stop
on the " up " control limit, it will overshoot the floor by an inch or two according
to the speed of the machine. Similarly,
the " down " control limit should be set
to stop the machine level with the lowest
floor when the car is empty. It will
follow from this that when the car is
fully loaded, it will stop on the limit
an inch or two below the lowest floor.
If this setting is adopted, it is always
possible to get the car dead level with the
top or bottom floor under all conditions
of load. Don't forget that the brake
adjustment also affects stopping, so this
must be checked before adjusting the
control limits.
Adjustments.
Some control limit switches are operated
by an arm with a roller, which arm is
attached to the spindle of the switch
by a friction grip. Small variations of
adjustment may be obtained by slightly
slackening the friction grip, rotating the
operating arm a few degrees round the
spindle in the desired direction, and
locking up again, Fig. 3. Be careful not
to use this adjustment to excess, otherwise a position of the lever may be reached
where the ramp would rather bend or
smash the lever than rotate it.
Bear in mind the fact that if the control
limits are not adjusted so as normally to
stop the lift before the ultimate main
limit switch is reached, annoying stoppages
will occur due to unnecessary operation
of the ultimate main limit switch.
Slowing Limits on High-speed Lifts.
On high-speed car-switch lifts fitted
with two-speed devices, it is usual to fit
auxiliary slowing limits, which definitely
bring the machine on to the slow speed
before it reaches the control limits at the
extremes of travel, Fig. 4. The action
of these switches is similar to the control
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limits—but they come into operation
farther away from the extremes of travel.
All limit switches should be kept clean
internally, and the spindles should be
kept lubricated with light machine oil.
It is sometimes advantageous to give a
slight smear of oil or vaseline to the
contacts if they are of the knife type.

Fig. 3.—MAKING

A FINE ADJUSTMENT ON THE
CONTROL LIMIT SWITCH.

This is done by rotating the operating arm
through a few degrees on the spindle.

Control Limit Switches on Drum-driven
Lifts.
These are usually situated in the motorroom, and are operated from the drum
through a reduction gearing, arms held
by friction grips usually operate the
contacts.
The best method of adjusting is slightly
to slacken the friction grip, and move the
arm about its spindle by gentle tapping,
not forgetting to lock up the gripping
arrangement before the limit is tested.
The direction in which you should move
the arm will be obvious by inspection.

So
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be wiped clean with a piece of rag (with
the current switched off). All working
parts must be lightly oiled with machine
oil. Make sure that good contact is made
in the car switch just before the operating
handle reaches its extreme position. See
also that the centring spring is functioning
correctly and returns the switch to the
" off " position the moment the handle is
released.
Push-button Box (in Car).
With push-button machines, remove
the cover of the push-button box and
clean the push contacts. Particular
attention should be given to the " stop "
push. This should be fitted with a strong
spring, and should make good contact.
A weak " stop " push spring is a frequent
source of annoying stoppages on pushbutton lifts. The same applies to landingcall pushes.

Fig.

4.—SLOWING LIMIT SWITCH ARM JUST
ABOUT TO STRIKE THE OPERATING RAMP AUTOMATICALLY TO REDUCE THE SPEED OF THE LIFT
WHEN APPROACHING THE TOP FLOOR.
Note method of fixing this in conjunction
with the control limit ramp. See also Fig. 2.

Prevention of Stoppages due to Car Gate
Vibrating Open.
If you find that a car gate works open,
due to vibration during the travel of the
lift, and causes annoying stoppages, it may
easily be prevented by filing a nick in the
top track with a half-round file, at the
point which the leading roller reaches
when the gate is closed, Fig. 5. About
half a dozen strokes with a good halfround file is all that is necessary to make
a nick, into which the roller will drop
when the gate is closed. The nick should
not be filed too deeply, otherwise difficulty
will be experienced in opening the gate.
While inside the car, inspect the car
switch.
Car Switch.
The cover should be removed and the
contacts cleaned. The interior of the
switch, particularly the insulation, should

False Car Floor on Push-button Lifts.
Push-button passenger lifts are usually
fitted with a false floor in the car, Fig. 6.
This is hinged, and when the car is empty
the floor is held up about half an inch to
an inch above its normal level by means
of a spring. As soon as anyone stands
on the floor, their weight causes the floor
to sink and operate switches situated
below it.
The floor must be absolutely free in
action. It is essential that the floor
should be raised at every maintenance
visit and all dust and dirt cleaned out,
Fig. 6. The hinges and the spindles of the
springs which raise the floor must be
lubricated. The switches should receive
periodic attention similar to that given to
the control limits.
If the floor is not absolutely free in
operation, it may stick down, causing a
" breakdown " due to its being impossible
to call the lift from the outside landings,
or it may stick up, so that when anyone
is in the car interference can occur from
outside landing buttons, and also if a
switch is fitted in parallel with the cargate contact, a dangerous condition may
arise due to it being possible to operate
the lift from the car with the gate open.
Car Sling and Safety Gear.
The rope anchorages on the car should
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Fig. 5.—PREVENTING THE CAR GATE FROM VIBRATING OPEN.
The leading roller of the gate, as well as carrying the gate, operates the gate contact. It drops
into the nick indicated by the arrow, which effectively prevents the gate from vibrating open and
breaking contact.

be inspected frequently. If they are
above the car, inspect them from the
top of the car as previously described.
If below the car they should be inspected
from the pit, by getting into it in a manner
similar to that employed for getting on
to the top of the car.
Test the Safety Gear.
While inspecting the rope anchorages,
test the safety gear. If of the usual
" dog " type, catch hold of the dogs or
their shafts and make sure that the
shafts are free to rotate, Fig. 7. See that
the operating mechanism is in order ; oil
all moving parts with light machine oil.
If you examine the safety gear to find
the principle on which it works, the parts
which require oiling will be apparent.
One of your chief aims must be to prevent
rust on the safety gear, for as this gear is
seldom called upon to operate, it is liable
to become solid with rust and dirt if not
properly looked after. If the safety gear
is ever required, it will be required very
badly, and it is up to you to see that it
is not found wanting.
Examine the Operating Gear.
If the lift is of the high-speed type, and

the safety gear is of the delayed action
governor type, see that the operating drum
is free, that the right- and left-hand screws
are clean and well lubricated, and that the
toggles are free and well lubricated.
Inspect all nuts and bolts on the sling
and safety gear and make sure that they
are tight.
Guide Shoes and Guides.
Inspect the guide shoes. See that the
housings are securely fixed to the sling
and, if of the spring loaded type, see that
the spring tension is not too heavy. This
may be tested by rocking the car backwards and forwards in the direction of a
line passing through the two guides. This
should be accomplished with ease, but
there should be not more than I in. sideplay.
Correcting Side-play.
If there is abnormal side-play, there is a
possibility of the guide-shoes jumping the
guides, and the play must be taken up.
ThiS side play is not taken up by increasing
the spring pressure.
If slotted holes are used on the bolts fixing the shoe housings, the housing may be
moved nearer to the guides and play thus
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taken up on either side. Don't forget
that it may be necessary to slacken the
spring pressure after you have made this
adjustment. If slotted holes are not
fitted, the housings and guide-shoes should
be removed one at a time and a large
washer of the requisite thickness placed
on the shoe spindle between the shoe
and the housing, Fig. S.
If the shoes are fitted with oil reservoirs,
or spring-feed lubricators, these should be
replenished. If not, then the guides must
be lubricated by travelling down the
lift shaft on the top of the car, stopping at
intervals to lubricate them.
Correct Guide Lubrication.
Steel guides should be lubricated with
machine oil, dropping the oil from a can
on to the guides and smearing it over by
hand or a piece of rag. Timber guides
require infrequent lubrication, and this
should be carried out with graphite and
water mixed to the consistency of paste,
and painted on with a brush. The water
dries, leaving the graphite, which, with
running, soon acquires a smooth, shiny
surface. If you find that timber guides
have been lubricated with grease and
graphite, or grease alone, it is obviously
useless to apply graphite and water,
although this would have been the correct
lubricant to use in the first place. If
grease has once been used, a mixture of
tallow and graphite is the most satisfactory and may be applied by hand or
with a rag. In either case, it is a dirty
job.
Examine the Guides Regularly.
The guides should be examined regularly
to see that the fixings have not worked
loose, either where the brackets are built
into the wall, or where the guides are
fixed to the bracket. Looseness may be
detected by rocking the car backwards
and forwards in the guides, watching at
the same time to see if these move.
ROPES.
These should be examined for wear at
least once a month on busy lifts. In the
early stages, evidence of wear is shown by
the polished appearance of the ropes on
the portions which pass over the sheaves.

Later on, individual strands of wire break
and stick out from the rope. These may
be detected by a slight clicking sound as
the rope passes over a sheave, or by
examining a section of the rope at a time,
moving the cage up and down the lift
shaft, and lightly rubbing a handful of
waste along the rope, being sure that the
hand is well covered with waste, Fig. 9.
Do not grip too tightly, otherwise nasty
scratches may be experienced. The broken
strands or " needles " indicate their
presence by catching the waste. One or
two " needles " are not usually serious if
distributed throughout the length of the
rope, but a number of " needles " at one
place, or general " needling " indicates
that a new rope should be fitted at once.
Do Not Lubricate the Ropes.
Steel wire lift ropes should not be lubricated
unless they run in the open air or other
corrosive atmosphere, when oil or grease
should be applied to prevent rust. Otherwise oil or grease is detrimental in that it
causes slip on the driving sheave and
collects dust and grit, which wears both
the rope and the sheave. The hemp core
of all steel wire lift ropes is impregnated
by the makers with a special compound,
which, owing to the pressure exerted on
the twisted strands under load, is slowly
exuded between individual wires. This
compound prevents rust. Ropes should be
kept clean by wiping from time to time
with a piece of rag damped with paraffin.
LANDING GATES AND GATE LOCKS.
With regard to cleaning and lubricating
the locks and the gates, they should have
the same attention as the car gate and
contact. It is important that the cover
of the locks should be securely attached,
as this frequently affects the operation
of the internal mechanism. When you
remove a cover, be careful where you put
the fixing screws, so that you will be able
to find them again. It is impossible here
to give detailed instructions for the
adjustment of every type of lock on the
market. What you should do is to get
on the top of the car, opposite one of the
landings, and with the current switched
off, remove the lock cover, Fig. 1o. Hold
the lever of the lock in the " unlocked "

FURTHER NOTES ON ELECTRIC LIFTS

position and close the gate. Now release
the locking lever. If you do this half a
dozen times, the action of the lock should
be apparent, and its adjustment a matter
of common sense in conjunction with the
following notes. When doing this, be
careful that no part of the " works"
falls out.
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and must be readjusted. If the lock
is of the type which is operated
merely by the closing of the door or
gate, then close the door or gate very
slowly, with your mate operating the
car switch or push button, as before, until

Testing Landing-gate Locks for
Safety.
Each lock should be tested
every maintenance visit for safety.
A test may be best carried out
as follows :—
I. Try and open the landing
door or gate when the lift car is
away from the floor level. This
should be impossible.
2. Having brought the lift to
the floor at which the test is to
be made, leave the landing door
or gate open and try and run the
car away. This should be impossible.
3. Station your mate in the
lift car, close the car gate and, if
a car-switch lift, tell him to hold
the car-switch over, so as to cause
the lift to travel in one direction
or the other, as soon as the landing
door or gate is closed (remember
that at the top and bottom floor
the lift can only travel in one
direction). If a push-button lift,
let him keep his finger firmly
pressed on one of the buttons for
a floor other than that which is
Fig. 6.—RAISING THE FALSE FLOOR OF AN AUTOMATIC
being tested, so as to cause the
PUSH-BUTTON LIFT TO INSPECT AND CLEAN THE CONTACTS.
machine to run as soon as the
One of the spring plungers which raises the false floor
lock circuit is closed.
when the lift is unoccupied is clearly seen, as is also the
main junction box, and one of the contacts. (The latter
If the door or gate lock is of
the type that is unlatched by the adjacent to the fitter's right foot.)
operation of the handle, close the
door or gate, holding the handle in the the lift moves away, stopping the move" open " position. Then gradually release ment of the door or gate immediately the
the handle until the lift starts to lift moves. Then, when the car is some
move. Immediately the lift moves, distance away from the floor, try and
hold the handle in that position and open the gate.
allow the car to move so far away
from the floor that the lock-operating Testing Gate Locks for Reliability.
Run the lift and when it is some distance
ramp is clear of the lock lever. Now
release the handle and again try to open away from the lock which you are testing,
the door or gate. This should be impossible. try and break the control circuit to stow
If it is possible, the lock is dangerous the lift by operating the lock handle or
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pulling the door, according to the type
of lock fitted. This should be impossible.
If it is possible, then the lock should be
readjusted.
After having made any adjustment to
the locks, all the foregoing tests should be

from the floor, and, of course, impossible
to open the door.
Lubricating the Lead Sheaves.
Don't forget to lubricate the lead
sheaves, if there are any. The bearings
on these usually have wick feed
lubricators, ring lubricators, oil
bottles or grease caps of the
Stauffer type. If either of the
first two are fitted, replenish with
machine oil : if the latter, then
replenish with grease. If they are
of the screw-down type, screw
them down while the machine is
running, and make sure that the
grease works out through the
bearings. A better type is the
grease lubricator of the spring
feed type, which should be filled
up at each visit, so that the
pressure of the spring gradually
feeds the grease to the bearing.
Don't forget to release the spring
when you have filled the lubricator,
to allow the grease to be fed.

Maintenance Sequence.
It is probable that all the
foregoing points will not require
attention every maintenance visit,
but to ensure that every component receives regular attention and
is not forgotten, the writer suggests
that a printed card, on the lines
illustrated in Fig. 16, be hung in
the motor-room and entered up
every maintenance visit in the
same way that the meter card is
Fig. 7.—TESTING THE SAFETY GEAR.
entered up by the supply comMaking sure that the rope safety gear is ready to
pany's inspector. In this way a
operate if required, by rotating the shafts carrying the
dogs, while standing in the pit below the car.
definite record of the dates on
whichvarious components received
carried out before the lock is passed as attention is obtained.
The frequency of inspection and adjustsafe and satisfactory.
Some locks are fitted with two locking ment of each component varies with each
positions. The position which locks last lift, but experience of a particular machine
when the gate is closed should always will decide the proper intervals. Parts
operate. If you close the gate or door such as controller, motor, guides, safety
slowly, so that it locks in the first position gear, etc., should receive attention every
only (Test 3, above), it should be possible visit.
to break circuit in this position when the
lift car is not at the floor, but it should SLINGING THE CAR AND BALANCEWEIGHT.
be impossible to open the door. In the
To perform certain major repairs to a
final locking position it should be impossible
to break the circuit when the lift is away lift, e.g., dismantling the gear, renewing
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the ropes, etc., it is necessary to take the
load off the ropes by slinging the car and
balance-weight. This may be done in a
number of ways, depending upon site
conditions and the particular repair which
is to be carried out. First decide whether
the car or the balance-weight should be
at the top of the shaft, and having done
this, put the car and balance-weight
approximately in position.
NOTE.—Before lifting the weight off
the ropes, it is desirable to lash the ropes
to pieces of wood on either side of all
sheaves, in such a way as to maintain the
individual ropes in their proper position,
Fig. II. This will greatly facilitate putting
the ropes on the sheaves again.
First Method.—Put heavy timber packings under the balance-weight, so that it
may be landed at a convenient height
above the pit, Fig. 12. Wind the machine
by hand, until the balance-weight lands
on this timber packing, making sure that
the packing is secure. Then, having
tied up the ropes as previously described,
fix lifting tackle to the overhead joists,
fit a wire rope sling round the cross-head
of the car and raise the car on they tackle,
Fig. i3.
Second Method.—Get the lift car into
position in the lift- shaft slightly above
that at which it is desired to sling it. Put
a sling round the cross-head on the car
and the overhead joists and make fast.
(In using wire rope slings it is desirable
to secure them by means of rope clips.)
Wind the machine down until the weight
of the car is taken by the sling. Then,
having tied the ropes as previously
described, raise the balance-weight by
means of tackle from above, or else by
means of a jack from below. An emergency method, which may have rather a
detrimental effect upon the guides, is to
wind the car down near to the upper level
while your mate turns in the safety gear
cams at some convenient point. When
these cams have securely gripped the
guides, you may raise the balance-weight
as just described.
Slinging the Car and Balance-weight, Car
at Bottom of Lift Shaft.
Cut suitable lengths of heavy timber,
e.g., 9 in. by 3 in. section ; two lengths will
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usually suffice. The lengths should be such
as to support the car at a convenient
height above the bottom floor to enable
you to get into the lift pit below the car.
Remember that the only safe place in
which to put the struts is such that the
car rests upon some portion of its supporting sling or frame. A convenient position
is often adjacent to the car guides, the
timber being placed alongside the guides
and secured to them by means of string,
to hold it in position until the load of the
car rests upon it.

Fig. 8.—TAKING UP SIDE PLAY IN THE GUIDE
SHOES BY MEANS OF DISTANCE COLLARS OR
WASHERS.

The collars are indicated by the arrow.
Having put the timber in position,
wind the machine by hand until the car
under-carriage rests upon the timber.
The balance-weight can now be raised
at the upper level by means of tackle
slung from the overhead joists in the
same way that the car was raised in the
first method described. Don't forget to
lash the ropes to pieces of wood before
taking the weight off them.
FITTING NEW ROPES.
There are many methods of doing this,
varying with site conditions, method of
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hundred feet) through inconvenient holes
in castings, and round awkward corners.
Only common sense can guide you in
deciding what you ought to do.

Fig. 9.—TESTING

THE ROPES FOR " NEEDLES."

attaching ropes, etc. One method will be
described which will form a useful basis
for fitting ropes on any lift.
Preliminary.
The ropes have to be measured and
ordered from the makers. One way of
measuring the ropes is to switch off the
current and run a ball of string over the
various sheaves, following the line of the
ropes. Remove the string and measure
this. Don't forget to allow for the fixings
at the ends of the rope, which will probably
require several additional feet. Don't
forget also that . the ropes are probably
fixed below the car, so that you must allow
for the length of rope which encircles it.
Inspect the actual rope fixings on the
car and decide whether it would be more
convenient to have these made by the
rope makers in the works.
" Eye Splice " Type.
For instance, if the anchorage is of
the " eye splice " type, it may be possible
to have these eye splices formed in the
ropes before they come on the job. On
the other hand, this may involve threading
the whole of the rope (perhaps several

Measuring the Size of Rope.
Measure the diameter of the rope with
a caliper gauge. If the measurement
which you take comes between two
standard sizes of rope, then order the
larger size, as the reduced measurement
which you have obtained will probably
be due to rope wear or the strands of the
rope having bedded together owing to
the tension on them. Do not use the
smaller size, as this may drop to the
bottom of the ," vee " sheave and cause
rope slip.
Having obtained the ropes from the
rope makers, and had them delivered on
the site, get them to the top floor by means
of the lift. If you put the lift out of action
before you do this, you will have to carry
them up the stairs, and they are of very
considerable weight. Make suitable provision at the top floor with sacking or
dust-sheets, to prevent damage to the
surrounding decorations, etc.
Supporting the Balance Weight.
In the case we are considering, the ropes
were originally secured below the car by
means of leaded ends in cups, and on the
balance weight by means of eye splices
or clips, and adjustable eye bolts. Get a
strut of timber to support the balance
weight at such a height that you will be
able to get on to the top of the car from
the upper floor, and reach the underside
of the car from the floor immediately
below. If the car is very large, so that
you cannot conveniently reach the rope
anchorages from the landing, it will be
necessary to form a temporary scaffolding
below the car from which you can work.
Having wound the machine so that the
balance weight rests on its strut, mark the
car and some portion of the lift shaft, so
that you will be able to compare its
position when the new ropes are fitted.
Now lash the ropes and sling the car,
as previously described, raising it as small
a distance as possible (not more than
6 in.).
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Removing the Old Rope.
Now unlash one rope. Detach the
eye bolt from the balance weight and
pull some slack rope back on to the car.
Push this slack rope round the car so that
you can draw the cup away from its stop,
slide the cup back a little way up the rope
and bind the rope with twine on the side
of the cup remote from the leaded end.
NOTE.—It is always necessary to bind
a wire rope with twine or wire before
cutting it in order to prevent the strands
from unravelling.
Cut off the leaded end with a hammer
and chisel and draw off the cup. Now
draw the rope back round the car, making
careful note of the way it is led round,
so that you will be able to put the new
rope on in the reverse direction. This
gives you the free end of the old rope
on top of the lift car. Bind the old rope
a distance of about eighteen inches from
the end, undo the original binding and
allow the rope to unravel for this eighteen
inches.

Fixing the New Rope to the Old.
Cut off all the strands except two.
Bend these two strands back on themselves and securely bind with twine,
so as to form a loop, see Fig. 14. Repeat
this process with the end of the new rope,
only before you form the loop, pass the
two strands through the loop formed in the
old rope, see Fig. i4.

Pay Out the New Rope Carefully.

Fig. I0.—INSPECTING THE INTERNAL MECHANISM
OF AN ELECTRO-MECHANICAL LANDING GATE
Locx.
The top of the car is being used as a platform
from which to work. The car crosshead and
one of the guide shoes are seen in the bottom
left-hand corner of the illustration.

Now station your mate in the pit to haul
on the old rope and coil it up in the pit
while you pay out the new rope from its
coil. It is essential that the new rope
is paid out carefully from its coil ; otherwise, owing to its springy nature, it may
unroll and get into such a tangle that it
may take you a day or so to unravel.
Let your mate go on hauling until the
end of the new rope has come down to
him, and your end of the new rope is
accessible to you. Now thread your end
of the new rope back round the car in the
way followed by the old rope. Pass the
rope through the anchor lug and through
the cup.

as shown in Fig. 15. This is a simple and
satisfactory substitute for a leaded end
and is done by binding some iron wire
round the rope about a foot from the end.
This binding should be to such a thickness,
that when the strands of the rope are
turned back over it, as shown at A in.
Fig. 15, it is quite impossible for it to be
drawn through the hole in the back of the
cup. Undo the string binding at the end
of the rope, and bend the strands back
on themselves, passing through the strands.
in the rope and back again, as shown.
Cut off the spare ends and draw back into,
the cup, B, Fig. i5.

Securing the New Rope to the Car.

Fixing the Eye Bolt to the Balance Weight..

Form a " Turk's head " in the new rope,

Now let your mate pull up on his end
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of the new rope, making sure that it
follows the proper lead round the car and
that the cup is home against its stop,
C, Fig. 15, and let him secure his end
to the eye bolt by means of a rope clip,
so that when the eye bolt is put back into
the balance weight you can just get the
nut and lock-nut on it. Let him fix
the eye bolt to the balance weight in this
way and then lash the new rope to the
pieces of wood in place of the old rope.
Repeat this process with the other ropes.

from the mark originally made on the car
and the lift shaft, and make the eye splice.
If you cannot make an eye splice, two
rope clips firmly secured will make a
perfectly satisfactory, though not so neat,
job. Bind with twine and cut off the
spare ends of the ropes at the balance
weight fixing.
Getting Equal Tension on the Ropes.
Now, having again unslung the car, get
equal tension on the four ropes by adjusting

Fig. II.—METHOD OF LASHING LIFT ROPES TO ODD PIECES OF TIMBER PRIOR TO SLINGING THE CAR
AND BALANCE WEIGHT.

Lashing.is to prevent ropes bscoming crossed when they are slack, and should be carried out on
either side of all the sheaves. It is here shown on either side of the " V " driving sheave.

Don't forget to tie up the coils of old rope
as these are removed.
Check the Position of the Car.
Lower out the tackle until the car hangs
on the ropes. Check its position with the
mark you made originally. If it is an
inch or so above the mark, this will not
matter, as the ropes will probably stretch
this amount. If it is an inch or so below,
you will probably be able to adjust
on the adjusting screws on the balance
weight.
If you can make an eye splice on to the
eye bolt at the balance weight, then lift
the load of the car again on the tackle.
Make the necessary adjustment in the
length of the rope which you have judged

the individual eye bolts. Test the tension
by pressing the rope somewhere near the
middle of the lift shaft with the finger,
so as to deflect the rope. Try each rope,
using, as nearly as you can judge, equal
pressure on each, and see that the deflection
is the same for each rope. A more accurate
method is to use a spring balance hooked
on to the rope to deflect the rope a given
number of inches from the line of the
other ropes, for a given reading on the
spring balance.
NOTE.—This is not, as a rule, necessary
if equalising gear is incorporated in the
rope anchorages.
Unsling the car, unlash the ropes, clear
scaffolding, old ropes, slings and tackle
out of the shaft.
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Make Sure the Main Limit has Operated.
Wind the balance weight on to its
buffer and make sure that no portion of
the lift car can come into contact with
the overhead joists. Also that the floor
of the lift car has risen a reasonable
amount above the top floor level and the
main limit has operated. Wind
back again, re-set the main limit
and run the car down somewhere
near the bottom floor ; wind the
car down on to its buffers, make
sure that the main limit has
operated and that the rope clips
do not foul the overhead joists or
sheaves. It may be necessary to
adjust the length of the ropes or,
if the over-travel permits it, adjust
the buffers.
NoTE.—If the lift is a pushbutton lift, with a floor selector
in the motor-room, it will probably
be necessary to readjust the floor
levels. This will be done by
taking up one end of the selector
drive and slacking out on the
other. (See note on " Setting Floor
Levels.")
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Mark the Two Halves of the Coupling.
Before you undo the bolts, be careful
to mark the two halves of the coupling
with a centre punch or scriber, so that
the coupling may be reassembled with the
two halves in the same corresponding
positions. Having undone the bolts

OPENING UP THE GEAR CASE.
If the gear is in any position
other than immediately above the
lift shaft, it is essential that you
sling the car and the balance
weight before you break the main
gear case joint ; also, if the gear
is above and has a spur reduction
gear additional to the main worm
gear. If the gear is immediately
above the lift shaft, and no outer
bearing is fitted on the side of
the sheave remote from the gear,
it is equally necessary to take the
Fig. 12.—METHOD OF. STRUTTING UP BALANCE WEIGHT
load off the sheave. If, however,
WITH TIMBER PRIOR TO RAISING CAR.
the gear is situated immediately
The balance weight is placed slightly above the point
above the lift shaft and is fitted at which it is required and the timber is then held in
with an outer bearing, it is not position while the balance weight is wound on to it by
usually necessary to sling the car hand.
and the balance weight. If the
worm is situated above the worm securing the two halves of the gear case
wheel, it will be necessary to land together, raise the top half.
the balance weight and undo the coupling
bolts before the top half of the gear case Remaking a Gear Case Joint.
Carefully scrape both halves of the
can be lifted : this-is not necessary if the
joint : that is to say, that on the lower
worm is below the wheel.
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portion of the gear case, and that on the
upper, and get these absolutely clean by
scraping with a jack-knife or scraper. If
there are any burrs, these should be
carefully removed with a fine file. If it
was found that brown paper had been
used between the two halves of the gear
case, a new brown paper washer must be
cut.
Cutting a Brown Paper Washer.
The best method of doing this is to get
a sheet of brown paper of sufficient size,
roughly cut holes in it to allow the worm
wheel to pass through, then place the
paper on the joint surface and cut the
washer to shape by lightly tapping the
paper on the edge of the gear case with a
hammer. In this way an accurate washer,
with the holes in the correct position, may
be cut. Be very careful to make sure
that the surfaces are free from oil.
Remove paper washer carefully and
" paint " the lower portion of the joint
with gold size or one of the many jointing
compounds now on the market. Place
the paper washer in position on the bottom
half of the gear case, then evenly " paint "
the joint surface on the upper half of the
gear case with gold size. Allow this to
become " tacky," then lower the top half
of the gear case into position, being particularly careful not to disturb the paper
washer, and bolt up.
The bolting up should be done by
tightening each nut in rotation, a little bit
at a time, having in the first place got all
the nuts finger tight.
If no paper washer was originally fitted,
then merely clean the joint surfaces and
" paint " with gold size or other jointing
compound.
FITTING A NEW FLEXIBLE CABLE.
Set the lift car so that its underside
(where the junction box is almost sure to
be fitted) is about three feet or so above
the half-way point in the shaft where the
half-way junction box occurs. Switch off
the main switch and erect some form of
scaffold across the lift shaft, below the
bottom of the car, so that you may sit
or stand on this scaffold and work at the
connections in the half-way and car
junction boxes. Fix the new flexible to

the old flexible close to one of the junction
boxes by means of some insulating tape,
leaving a sufficiently long spare end to
allow for the ultimate fixing and connecting
up of the cable.
Connecting the New Cable to the Old One.
Connect the new cable to the old one
throughout its length by insulating tape
at intervals of, say, every four feet.
Cut off the new cable at the junction box,
leaving sufficient length of cable for you
to make all the requisite joints. Strip
back the outer covering at both ends of
the new flexible, so that you may get at
the individual cables. You will find that
the coverings of the individual cables in
the new flexible have distinctive colourings—this will readily enable you to trace
them out. The old cable may be coloured
in the same way, though it is possible
that the colouring will have disappeared,
or been obliterated with age. If this is the
case, you will have to " ring through."
Tracing the Connections.
Connect a bell in series with a dry
battery, leaving the circuit open and
having sufficient wire so that one end may
be tied in a convenient position at the
half-way point, and the other below the
car. Disconnect one lead from the halfway point, and connect it to the bell wire.
Test in the junction box under the car,
with the wire on the other end of the bell
circuit, until you find the lead that causes
the bell to ring. Disconnect this lead
and test again on the lead itself when it is
disconnected, to ensure that you have not
rung the bell through a circuit on the car.
If you have, then replace the lead and try
again until you can ring through on the
individual flexible when it is disconnected
at both ends.
Connecting Up.
Now connect up an individual lead of
the new flexible (tracing the ends by the
coloured braiding) in place of the old one
which you have removed. Repeat this
process with all the individual leads in the
old cable, and in this way you will gradually substitute the new cable for the old.
Disconnect the old flexible from its clamps
and clamp up the new flexible. Replace
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the lids on the
junction boxes,
undo the black
tape holding the
old to the new
flexible, clear the
old flexible cable
out of the way
and the job is
done.
ADJUSTMENT
OF !FLOOR
LEVELS ON
A UT OMATIC
LIFTS.
(a) Lifts Fitted
with Shaft
Direction
Switches.
1. Be certain
that all the
direction switches
are on a " plumb "
line in the shaft or
well hole and
that individual
switches are
vertical.
2. Make sure
that the lift is
operating at its
maximum speed ;
that the controlling contactors are opening
smartly and that
the arc is quickly
Fig. 13.—RAISING CAR ON TACKLE.
Note one method of slinging car itself when crosshead is close down on top
extinguished.
3. See that the of car and rope sling cannot be passed under it.
brake is adjusted
to give as rapid stopping as possible with5. Move the direction switches up or
out unpleasant jerk.
down as required to get all the readings
4. Test unloaded in the " up " direction alike. Then test again with the car
and note levels at each floor thus (taking empty.
as an example a four-floor lift) :—
Up Empty.
Up Empty.
3rd . .
. . 2 in. H.
3rd ..
. . q in. H.
2nd ..
.. 2 in. H.
2nd ..
.. 21 in. H.
1st
.. 2 in. H.
1st ..
. . 2 in. H.
Ground
Ground
To achieve this result, the direction
Make this test once or twice, to see if switch at Floor 2 was lowered + in. and
there is any variation. If there is varia- the direction switch at Floor 3 was raised
tion, then further attention is necessary lin.
4
to the brake or contactors.
NOTE.—Another way of achieving an
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equivalent result would have been to
lower the first-floor switch 4 in. and lower
the second-floor switch 4 in., thus making
Floors I, 2 and 3 i in. high.
6. Now load the car with full load and

7. Lower the bottom direction switch
half an inch, so as to get all the levels
down loaded the same.
8. Now make the difference between
" Up Empty " and " Down Loaded "
equal 2 inches. Which will mean, in this
case, that the ramp has to be lengthened
by I inch. Most ramps comprise a top
and bottom throw-in horn, or path, and a
vertical central track. It is advisable
before dismantling the ramp from the car
to make a mark with a pencil from each
of the throw-in horns to the car.
The ramp should be shortened or
lengthened as required (in this case,
lenthened I inch) and re-fixed so that the
top throw-in and the lower throw-in horns
are correct distances from their respective
pencil marks (in this case the top throw-in
is i in. higher and the lower throw-in
as it was before). So long as the brake
adjustment remains constant the lift will
stop within Z inch of floor level.
This forms a convenient and rapid
method for setting floor levels on new
lifts where it is generally necessary to
correct inaccuracies which occur during
erection. Once the correct position of the
shaft switches and the correct position
and length of the operating ramp have
been determined, the only adjustment
that should be necessary is to ensure that
the retarding effort of the brake is kept
constant.
(b)

Fig. 14.—METHOD OF ATTACHING NEW TO
OLD ROPE PRIOR TO PULLING OVER A NEW
ROPE TO REPLACE AN OLD ONE.
Note rough binding on ends of each rope
to prevent unravelling,also temporary binding
to form the interlacing loops at ends of ropes.
This is cut off the spare end of the new rope
when it is finally fixed in position.

run down a floor at a time, testing the
level at each floor as before.
Suppose the results are as follows :—

Down Loaded.
3rd ..
2nd ..
1st ..
Ground

.. I in. L.
.. I in. L.
..
z in. L.

Lifts Fitted with Gear-driven Selector
Switches (Single Speed).

1. Make sure that the lift is operating
at its maximum speed ; that the controlling contactors are opening smartly
and that any arc is quickly extinguished.
2. Adjust the brake to give as rapid
stopping as possible without unpleasant
jerk.
3. Find out the " down " direction
contact for the bottom floor and the
" up " direction contact for the top floor
and set the cams or strikers for these
contacts to stop the lift some three to
four feet before floor level is reached.
This will secure you from over-running
at the extremes of travel while setting the
intermediate floors.
4. Station the lift at the lowest level
unloaded, and get your mate to call it up
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to the next floor by pressing the landing
push, you being in the motor-room
watching the selector. When the lift
stops, the particular contact on the
selector which caused it to do so will be
apparent.
5. By trial and error adjust the cam or
striker noted in (4) till the lift stops r inch
above floor level.
6. Load the car with full load and
repeat for this floor. The car should stop
i inch low. If this is exceeded, then you
must either readjust the brake or, if you
are content with a greater error than
r inch, you must readjust the cam or
striker so that the car stops the same
distance above the floor going up empty
that it stops below it going up fully loaded.
7. Now adjust the next higher floor
going up empty to the same degree of
accuracy that you gave to the first floor.
In this case it will not be necessary to test
with the car loaded as the first test gave
you the degree of accuracy to which you
could work.
8. Repeat for all floors in the " up "
direction.
9. Proceed in a similar manner with the
car descending empty to the top floor
hut one, adjusting the contact cam or
striker to stop the car above the floor by
the amount (e.g., i in.) to which you are
working.
1o. Repeat for all other floors in
" down " direction.
Once a selector has been correctly set,
the position of the cams or strikers
accurately represents the distances between
floors, so that if the floor levels go out of
adjustment it is only necessary to adjust
the brake or main contactor of the lift
or else adjust the selector drive; e.g.,
suppose the machine was originally set to
stop within an inch of floor level for any
condition of loading.
If the lift stops more than Z in. high
going up empty, and more than i in. low
going down fully loaded, the brake spring
pressure should be increased.
If, however, the lift stops, say, 3 in. high
going up empty and i in. high coming
down fully loaded, i.e., the difference
between the two observations is still 2 in.,
but this " two-inch zone " is not symmetrical about the floor, then the selector

1493

drive must be adjusted. This can be
done easily if the drive is by a pilot rope
and drum by slacking out the pilot rope
2 in. on the car and taking up 2 in. on the
balance weight in the example under consideration. Some adjustment such as this
will usually have to be made when new
lifting ropes are fitted to the lift.
(c) Lifts Fitted with Gear-driven Selector
Switches (Two Speed).
i. Set the lift for floor level, running it
entirely on the slow speed, as just described
for single-speed lifts.
2. By trial and error set the high-speed
side of the selector so that the speed of
the lift is reduced to the low value before
the slow-speed side of the selector operates
to switch off the motor and apply the
brake.
NOTE.—All the foregoing methods of
setting floor levels on automatic lifts
assume that the weight of the balance
weight is equal to the weight of the car
plus half the rated load capacity of the
lift.
If, for any reason, less than half the
rated load is balanced (in addition, of
course, to the car), then instead of using
full load for the tests, the load used must
be equal to twice the difference between
the weight of the balance weight and the
weight of the car.
Automatic Service Lifts.
Automatic service lifts which serve at
a serving board above floor level should be
set to stop level with or above the serving
board under all conditions of load. If
this is not done, and the lift stops below
level, it will be difficult to unload trays
or dishes from the bottom shelf.
EARTHING.
Where one pole or a neutral wire of an
electric supply is earthed, it is essential
that every component of the lift, e.g.,
push-button boxes, locks, gate contacts,
etc., should be properly earth-bonded.
This should be tested from time to time
by arranging a circuit from a water pipe
to a bell, and with from three to six dry
cells completing the bell circuit through
the casing of any component which it is
desired to test. The continuity and
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it is possible for faults to
develop on the circuit and cut
out one or all of the locks,
so that the lift would operate
with the doors open. It is
unnecessary to stress the danger
of such an occurrence.
If the earthing is good, the
moment an earth fault develops,
a control circuit fuse is blown,
and attention called to the fact
by the stoppage of the lift.
Unearthed Systems.
There are a few supply companies in this country who do not
earth one pole of the supply, and
lifts operating on these supplies
should frequently have their
insulation resistance tested between line and line and line and
earth. It is also desirable to
make a special test on the lock
circuit itself, disconnecting the
lock circuit, testing its insulation
resistance to the conduit in which
it runs and also the resistance
between the two sides of the
circuit, by opening the gate farthest
away (on the circuit) from the
controller.
FINDING FAULTS (GENERAL
NOTES).
When investigating the cause
Fig. 15.—METHOD OF FORMING " TURK'S HEAD " FOR
of a stoppage on an electric lift,
ANCHORING ROPES BELOW CAR.
it is essential to have a definite
If properly carried out, i.e., if " Turk's head " is so large
that it cannot possibly be pulled through the cup, this sequence for the investigation.
The golden rule is to test one
is superior from the point of view of safety to a " leaded
end."
thing at a time, and having tested
(A) Shows formation of " Turk's head " before ends are
it, try the lift to see if you have
cut off.
discovered the cause of the trouble.
(B) Ends cut off and " Turk's head " drawn into cup.
If you test several things one
(C) Finished end in position.
after the other, and then test
earthing should be good enough to ring the lift and find that you have corrected
the bell.
the fault, you will not know where the
fault lay, and consequently will not know
A Quick Test.
how to remove the cause or put your hand
A somewhat quicker method of testing on the trouble should it occur again.
is to switch off the main switch, connect
The " best " sequence of investigation
the live side of one of the contacts in the varies with the machine and the investicomponent to be tested to its frame, and gator, depending upon various factcrs,
switch on the main switch. This should such as the position of the main switches
blow the control fuse.
and fuses, position of motor-room, position
If the earthing is not well carried out, in which lift has stopped, etc.
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As an example, the writer is suggesting which the wire would fuse was reduced to
an elementary method as applied to a a lower value than the starting current
four-floor automatic push-button lift of the lift.
serving basement, ground, first and second
(3) An earth on the main circuit, e.g.,
floors, having the gear at the top. motor armature or controller contactors,
Experience will, however, enable you in indicated by the blowing of one fuse only.
time to go to a lift which has broken down
(4) A short circuit on the main circuit,
and more quickly find the trouble by indicated by both fuses blowing. This
observing the position in which the lift might be due to trouble on the controller
has stopped.
connected with the interlocks between the
" up " and the " down " directions.
Procedure for Tracing Faults.
(5) The brake not lifting.
If you approach the lift from the ground
(NoTE.—This description proceeds as if
floor, go down into the basement and
examine the main switches and fuses at the fault is not found till the final test.)
the supply company's point of intake. Examine Circuit Breakers.
Make sure that the fuses have not blown
Next, examine any overload circuit
and that the main switch is on. Now
walk up to the motor-room, examine the breaker or phase reversal circuit breaker
main switches and fuses there and make to see that these are in order.
sure that the switch is on.
What to Do if the Lift has Overrun.
Examine the main limit switch. If the
Why the Fuses May Have Blown.
If either of these fuses have blown the lift has overrun, re-set as previously
cause may be :
described. Overrunning at the bottom
(I) Excessive overload in the " up "
may be caused through
direction.
Excessive overload in the car.
(2) The fuses having been too light in
2. Brake requiring adjustment, or hand
the first place and having warmed up release having been left in operation.
slightly each time the lift was started,
3. Main contactor sticking in for some
thus deteriorating until the current at cause.
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If the lift has overrun in the " up "
direction, causes 2 and 3 only are possible.
Now get a suitable piece of wood, or a
wooden-handled screwdriver (so as to avoid
shock), push in the main circuit breaker
on the controller with this, and then
instantly release it. If an arc occurs,
obviously the electrical supply is available
at the control panel. Note at the same
time if the brake operates.

joints, then the machine cannot be called
on the outside buttons, but will operate
on the buttons in the car.
Now press the " stop " push, and slide
the finger off it sideways, so that the push
springs out with a click. Flick the push
in this way once or twice, and then try
and operate the lift. A weak stop-push
spring is a fruitful source of breakdowns
on automatic lifts.

Locating a Fault in the Lock Circuit.
If the trouble has still not been found,
go back to the motor-room, and if you are
familiar with the controller (as you should
be), switch off the main switch, and cut
out the lock circuit by twisting a piece
of fuse wire round the appropriate terminals
your mate must be stationed in the car.
on the controller.
At the same time
your mate must be stationed in the car.
Now switch on and instruct your mate
to
try and work the lift. If the lift
Test the Gate or Door Locks.
operates,
is obvious that there is some
Having made sure that the control fuses break in it
the
lock circuit, which your
are in order, make sure that the main superficial examination
had failed to
switch is on, and go and examine the locate. Under these circumstances,
each
top-floor gate. Keep your finger pressed lock must be opened up and examined
on the button and rattle the gate lock.
until the fault is found. It
If this causes the lift to run, then there is individually
is,
however,
best
with the
obviously a bad contact in the lock, lock on the floortoatcommence
which
the
lift has
causing an intermittent break in the control stopped, as this is most probably
the
circuit. Now test the next floor. If this source of trouble. Don't forget to remove
happens to be the floor at which the car the fuse wire which has cut out the gate
is situated, send your mate to the floor lock
circuit.
above or the floor below, telling him to
keep his finger on the call button at that Examining the Controller.
floor while you test the gate lock as before.
Examine the relays to see that none of
Open the landing gate, and make sure these has stuck in. If one has stuck in,
that the car gate is properly closed. Close then it should be dismantled, cleaned and
the landing gate again and let your mate lightly lubricated, as described under the
try and call the lift once more. Test all heading of " Care of the Controller."
gate or door locks in this way.
If the lift still does not work, get into The Motor Starting Device.
Examine the motor starting device
the car, close the landing gate, close the
car gate and try and work the lift on the and see if this has returned to the " off "
car buttons. If the lift works on the position, and that the interlocking contact
car buttons, then the fault is almost sure has made circuit. If the lift has stopped
to be in the false floor in the car. The at one extreme of travel, pay particular
action of this floor is such that anyone attention to the electrical interlock on the
standing on it causes it to sink a small contactor for that direction, which is in
distance, operating a switch which cuts series with the coil of the opposite
out the landing call buttons, thus, if a direction contactor.
Generally speaking, the position in
passenger gets out of the car, and the
floor does not rise owing to the springs which the lift stops gives a fairly gccd
being faulty, or dirt having got into the indication of where to look for the fault.

Examine the Control Fuses.
Now examine the main switch and fuses
again to make sure you have not blown
a fuse in doing this. Switch off and
examine the control fuses to see if these
have blown. If one or other of these has
blown, look for the cause in the gate lock
or other control apparatus (e.g., the
direction switch) adjacent to the point
at which the lift stopped.
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ELECTRIC BELLS, INDICATORS
AND RELAYS
PRACTICAL NOTES AND USEFUL CIRCUITS
By FRANK H. COLLIS

E

LECTRICAL bells
date back to about
the year 1830 and
were used commercially in
about 185o.
Their simplicity, or sot h ought simplicity, has
been the cause of much
trouble, because in many
cases they have not been
taken seriously. Like many
other things, if properly
treated, they will prove a
trusty servant and, indeed,
when so entrusted they are
of vital importance.
Types of Bells Generally
Used.
There are so many types
of electric bells that it would
be impossible to deal with
all of them in this article.
Those which are mostly
used are for dwelling houses,
offices, hotel, fire and
burglar alarms, and even
these range from 2 inches
to 12 inches in diameter
and are used on voltages
from 2 to 200 D.C. or
A.C. ;
from
batteries,
transformers and lighting
mains.
A Three-inch House Bell
Installation.
Let us first deal with the
most used 3-inch house bell
installation, but before we
start I would like to stress

the importance in the choice
of one's materials ; there
are many pitfalls that the
inexperienced will not detect. It pays to buy the
best materials obtained
from manufacturers of
repute.
The case of the bell should
be made from hard wood
such as teak or mahogany.
Fig. I
The frame of best soft
RUBBING
grey iron.
CONTACT.
The cores and armature
A of non-magnetic iron to
prevent residual magnetism ; there should be a
B
brass or copper pip to
prevent them touching.
4— C
The bobbins of box wood
D wound to the correct resisH
tance with either silk or
enamel covered- wire ; for
the bell in question 31 to
5 ohms is usual. The
hammer — stem of nickel
silver and brass knob.
The springs of coppered
steel. The contact of goldG
silver or silver. There are
two types of contact
Fig. 2.—MAIN POINTS OF A
makers : the rubbing type,
RUBBING CONTACT.
which cleans itself in use,
A, fibre insulator ; B,
also gives a very even
polished and lacquered brass
stroke and is economical
plate ; C, adjusting screw
in current consumption,
and lock nut; D, coppered
steel contact spring ; E,
and the pillar type. The
rubbing contact; F, goldgong should be of bell
silver contacts ; G, brae s
metal mounted on a
knob ; H, soft iron armature ;
separate pillar for the
I, coppered steel armature
spring.
purpcse.
A
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The Pushes.
Having decided
on the bell, let
us next choose
the pushes. The
essential p ar t
is the contact,
and to ensure
that it remains
clean, it should
be made from
non-ferrous
metals such as
phosphor-bronze,
copper or nickelsilver, etc., with
Fig. 3. — PILLAR
either a rubbing
TYPE CONTACT.
contact or point
contact. In the
former case gold-silver or silver should be
used. These can be mounted in any good
insulating material to suit the necessary
pm-pose or decorations for inside or outside
use. In the latter case the mounting should
be watertight.
Wire.
Next comes the wire, and the thickness
will depend on the length of the run.
I do not recommend anything less
than 1/2o S.W.G. for normal short runs
and 1/18 S.W.G. for moderate long runs.
The wire should be of high conductivity
tinned copper wire with a minimum covering of pure india rubber, double cotton
covered and paraffin-waxed.
There are much better insulations
which could be
used with advantage.
The installing of
the wire is as important as that of
electric light, and
should have adequate protection in
tubing or casing,
and properly made
joints are most essential.
The Batteries.
These can b e
either Leclanche

•

cells, sack cells, or dry batteries, but
here again be very guarded what
you choose. Don't try to judge by the
outside appearance. It is the inside
that matters, such as the quality of
the carbon, the porous pots surrounded
by the correct quantity of best quality
peroxide of manganese, best hard
drawn zinc and good crystal salammoniac.
Internal Resistance.
This should be as low as possible, and
if found to be high it may be due to malassembly or presence of impurities or
other non-electrical properties.
The purpose of
a primary cell is
to
provide
chemical energy
that is directly
converted into
controlled energy
and capable of
portability, and
is really only a
step from Volta's
pieces of zinc and
copper joined by
wire and dipped
into diluted
sulphuric acid.
The modern
form of dry cell is
made on the same
Fig. 4.
DETAILS OF PILLAR
lines, except that
TYPE CONTACT.
t h e chemicals
employed need no
attention, such as
attention to the
electrolyte, coupled
with the advantage that they
are an entirely
self-contained
unit.

Fig. 5.-HOW A SACK CELL IS CONSTRUCTED,

Solution for Leclanche Cell.
Seven ounces of
sal-ammoniac to one
quart of water is a
good solution for
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Fig. 6.—A SIMPLE BELL CIRCUIT.
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Fig. 7.—A SIMPLE BELL
CIRCUIT WITH EARTH CONNECTION, I.E., A WATER
MAIN.

Fig. 8 (Right).—BELLS IN SERIES,
Nos. 2 and 3 are single stroke and the
E.M.F. must be increased in proportion
to the number of bells used.

Fig. g (Left).—A NUMBER OF BELLS
IN PARALLEL.
It is essential that the resistance
is properly adjusted.

Fig. io (Right).—CIRCUIT FOR ONE
BELL CONTROLLED FROM A NUMBER
OF POINTS.
Any push when pressed completes the circuit.

3=d Flea,

Z float

,e nog,

Ground
Sant,

Fig. I I.—A SYSTEM OF BELLS FOR FLATS, ETC.
Any bell may be rung from one point.

Ground
nee

Battle

Fig. 12.—A RECEIVING OR SENDING SYSTEM.
This is very useful for speaking tubes or lifts.
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Fag. 14.—TYPICAL SYSTEM FOR CASES
WHERE A PROLONGED CALL IS NEEDED.
Once this bell is set ringing it will not
stop until -the cord is pulled.

FIg. 13.—CIRCUIT FOR DAY AND
NIGHT CALLS.
Two bells may be rung
from one push by means of a
two-way switch.

Leclanche cells, and three cells of either type
is the usual battery used on normal runs.
These should be placed in a dry place,
preferably enclosed in a wooden box.
A.C. Supply.
When the electric light supply is A.C.
special bell transformers may be used in
place of batteries, but it is essential that
the correct size transformer (properly
earthed and with the necessary fuses) is
installed for the amount of current
demanded. For the installation just mentioned a 5-watt would be sufficient, and
it must be remembered that a higher
voltage is usually required from A.C.
than D.C. This size transformer would
also be sufficiently large to work a normal
size indicator, such as a six-hole, in conjunction with a bell. The resistance of the
bell should be wound so that it is suitable
`to work with the indicator in all cases.

Transformers for Bell Circuits.
These are made in many sizes according
to the required output, and one must
first ascertain this to arrive at the correct
size required. They are usually supplied
to give this quantity of output in watts,
which is the constant output. That is to
say, in a 5-watt transformer a 5-watt
lamp could burn constantly without
over heating. Some cheap transformers
on the market are only 5-watt intermittent
and would not stand this test, but would
over heat.
A good transformer should be encased
in a soft grey iron casting, with air spacing fixing lugs, terminals totally enclosed
in porcelain insulators, highest quality
insulated laminated cores, the primary and
secondary windings thoroughly insulated
from one another, and an earth shield
fitted to prevent the supply pressure from
reaching the bell circuit.

TABLE SHOWING TYPICAL TRANSFORMER OUTPUTS.

Primary
Voltage.

Current

Approx.
Secondary
Voltage
Output in
Watts.
Tappings.

Suitable for Operating
Watts.

Volts.

5

4,

8, 12

2 watts
One 3-inch bell and indicator, average size

4

8

10

4,

8, 12

2 watts
4 watts
Two 3-inch bells in parallel and indicator

6

12

20

6, 12, 18

9 watts
One 6-inch bell, teak or iron case

9

18

40

8, 16, 24

x2 watts
8-inch or xo-inch bell, teak or iron case

12

24

2 watts

ioc, /130
or
200 /250
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it should be wound to a resistance that will
balance with the indicator movement,
taking also into consideration the resistance of the length of the run.
If a large size bell or a number of bells
are being used, it is then advisable to
incorporate a relay that balances with the
indicator to actuate these, still remembering that the number of bells should be of
the same resistance as each other.
Fig. I5 —A SIMPLE INDICATOR CIRCUIT WITH
BELL.
Any size indicator, either pendulum or
mechanical, may be wired as shown.

The method of determining the output
is amps. x volts = watts, and the table
on the facing page gives a few examples.
The voltage and periodicity should always
be stated when ordering.
Having briefly described the most
generally used bell installation and the
different essential points, which may
be taken as a general rule, one may turn
to Figs. 6 to 14 showing some alternative
circuits.
INDICATORS.
The three most popular types of
indicators used are pendulum, mechanical
replacement and electrical replacement.
The movements themselves should be
of robust construction, preferably with
brass frames, non-magnetic soft iron cores.
Boxwood bobbins, wound to an approximate resistance of 332- ohms for general
use, enclosed in hard wood, damp and dust
proof cases, with glass or zinc screens,
should be used. All joints of the internal
wiring should be soldered and substantial
brass terminals provided for the common
and line wires.
It is most important that when a bell
is used in conjunction with an indicator

Fig. 17 —CONNECTIONS FOR ORDINARY INDICATORS RELAY AND BELL.

Fig. 16.—INDICATOR CIRCUIT FOR HOTELS.
This system is for use by attendants on each
floor by day, and by one attendant on ground
floor by night. When key indicator is not in
use the switch should be closed ; when separate
floor bells are not required the switch controlling
them must also be closed.

Figs. 15-17 and 21-25 give an idea of
some different circuits in which indicators
are used.
Another type of indicator system which
is rapidly coming into favour is the luminous system, mostly used in hotels, ships,
hospitals, etc. There are several methods,
but here is a general idea. The method
consists of a door lamp fitting, and a relay
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Ciftri
lml

11111

Fig. 18A.-THE PENDULUM TYPE OF INDICATOR.

Fig. I8B.-MOVEMENT OF
PENDULUM TYPE OF DICA TO R .

Fig. 19A.-THE ELECTRICAL REPLACEMENT TYPE OF INDICATOR

Fig. I 9B .-MO YEMEN T
OF ELECTRICAL INDICATOR.

Fig. 20A.-THE MECHANICAL REPLACEMENT TYPE

Fig. 20B.-MOVEMENT OF MECHANICAL

OF INDICATOR.

INDICATOR.
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reset push to
each room ; a
4alter!T
y111111111—
Bate
section lamp
indicator, buzzer,
I
relay and battery
0111
Ili
or transformer in
each servery, and
a double changeover switch for
transferring the
calls from that
particular s e rvery to the
master indicator
board. Buzzers Fig. 2 I.—A SIMPLE FIRE ALARM SYSTEM FOR A HOUSE OR BUILDING.
On whatever floor the fire occurs the alarm is given. This action rings all
may be fixed at
convenient bells and drops all flags relating to that particular floor. A separate battery
points to ensure is advised for each floor. Care must be taken to connect similar poles.
that the servant
is never out of hearing. Fig. 23 shows the
This system makes an ideal burglar
alarm, as shown in Figs. 31 to 33.
method of operation.
RELAYS.
There are many types of relays, but we
will deal with those that are mostly used,
and I may say that they could be used
more frequently with advantage. Their
simplicity and construction are somewhat
similar to that of a bell movement, with
the exception that the armature does not
tremble but is positive in action to make
or break a contact ; in other words, an
electrically operated switch. There are
four terminals provided, two to operate
the relay bobbins and two for the contact.
Some relays are intermittent and others
continuous action, either open or closed
circuit. The ordinary intermittent open
circuit relay is actuated only while the
push is being pressed, and the ordinary
continuous action relay releases a contact
arm immediately the press is pushed,
which remains on until replaced. The
resistance of these is usually about
5 ohms.
The Closed Circuit Relay.
This is used on a closed circuit system
where the current is continually on,
and immediately it is broken the contact
is made. The resistance of these relays
must be high, for the purpose of using
as little current as possible, and should
be wound to about 200 ohms.

Low to High Voltage Relay.
There is another type of relay for low
to high voltage where it is necessary to
actuate a syren
or H.V. bell from
a bell circuit.
These are made
for intermittent
action, continuous action,
electrical or
mechanical r e placement. The
contact for these
can be a mercury
tube switch.
The Fire Alarm
Push.
The one that is
mostly used is
constructed in an
iron case about
5 inches in diameter, painted red,
with the instructions plainly
written: "In case
of fire break
glass."
The
breaking of the
glass is all that is
necessary as the

Fig.
22.—A HANDY
METHOD FOR USE WHERE
INDICATORS AND BELLS ARE
TO WORK SIMULTANEOUSLY,
IF MORE THAN ONE INDICATOR IS REQUIRED.
One may be fitted in
the hall, one in the kitchen,
and one in the servants'
rooms.

0

A
0,
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Fig. 23.— " SAX " SIMPLE LUMINOUS CALL SYSTEM.
Assuming that the push in room No. i is pressed, the lamp
outside the room and the lamp in the servery glow. The
audible signal sounds. Directly the pressure is released the
audible signal stops, but the lamps remain alight. The maid
arriving in room No. I presses the relay reset push which
extinguishes the lamp.

MASTER /NDVATOR

111111100i

Fig. 24.—HOTEL SYSTEM WITH " SAX " ELECTRICAL INDICATOR.
When push r or 2 is pressed, the corresponding movement
on the landing board, together with the correlated movement
on keyboard, is indicated. The keyboard shows from which
floor the call is made. When the replacement push is pressed
it replaces both movements.
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push is so constructed that
the plunger is
immediately released by this
action and remains on until
replaced, t hus
continually ringing the alarm.
The necessary
number
cf
pushes are fitted
round the building wired in
parallel so that
either one will
give the alarm.
These pushes are
also provided
with a means of
testing the circuit
at any period
without breaking
the glass.
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Bell

Call Posies
Ind.tato

t

Caye

Row.

<CM
. 72

Ro selle

2:44 Floor
Box
OP

-0-

Rosette

) 5- cart flea

If:t Floor

BELLS FOR
DIFFERENT
PURPOSES.
As only one
type has been
mentioned it
Ground floor
would be as well
11
116altery
to state some of
the other types
and their uses,
as the variation
Fig. 25 —DIAGRAM OF A LIFT CALL BELL CIRCUIT.
is really surprisMechanical replacement is used in this system.
ing. The usual
range is from 2
inches to 12 inches wound from 2 cores are necessary when used on altervolts to 200 volts, with round, sheep,
nating current.
church and wire gongs for various tones. HOW TO TEST A BELL INSTALLATION.
There is the usual trembling bell in
Now that we have an idea of what can
a wood case, continuous ringing bell, single be used in a bell installation, the question
stroke bell, combined bell and relay, arises, how to find and rectify a fault
indicating bell, dinner gong in sound box, should one occur. Let us imagine that you
iron clad weatherpr( of bell, gas and have been called to an average-sized house
watertight mining bell, under-dome church to find out why, when any of the pushes
gong bell, under-dorr e circular bell for is pressed, the bell does not ring.
domestic, traction and ambulance use,
under-dome single stroke circular bell Test the Batteries First.
for trams, trains, buses, etc., and many
I suggest that you should first go to the
others.
batteries and test them. Make certain
It should be remembered that laminated that there are no loose connections to the
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separately but not together. You may remember
that I have already mentioned the fact that a bell
used in conjunction with
an indicator should be
wound to a resistance that
will balance with the
indicator. For instance,
if a io-ohm bell is wired
in series with a 31-ohm
indicator, the bell will ring
but will not pass sufficient
current to operate the
indicator, or vice versa.

m •a

Faults to Look for with
Bells.
If the bell is at fault,
Fig. 26 —ELECTRICAL REPLACEMENT SYSTEM FOR SMALL
there are several points
CIRCUITS.
that may require attenFor larger circuits it is advisable to employ a separate ringing
tion. The contacts may
battery. The bell shown in dotted lines is used when no relay
is employed.
be dirty or may want
adjusting. To do this
batteries. If Leclanche cells, and the zinc and to prevent the armature knocking
has worn thin, it would be as well to the cores, the hammer should be pressed
replace it, clean the whole cell thoroughly to the gong, leaving a space of about
and add fresh solution. If dry cells, find sIz in. between the armature and cores
out how long they have been in use, and and sIz in. between the contacts. Now
if old, replace. If comparatively new, test adjust and tighten up the binding screw
each one with a voltmeter and a 5-ohm or lock nut to prevent it working loose
resistance between the terminals (see in use.
Fig. 34), and if when held on for a few
The tension of the armature spring
minutes the reading falls quickly, it would may want adjusting. The connections at
be as well to replace. Another method is the terminals may have become loose or
to use a 4-volt lamp in place of the volt- it may be found that the wire from the
meter. One faulty cell in a battery will bobbins has broken. A bobbin may be
affect the lot.
tested with a cell and voltmeter or lamp
Examining the Bell and Indicator.
If the batteries are found correct look
next to the bell and the indicator. A bell
and indicator properly made and adjusted
to work with each other by a reliable
manufacturer should not, however, need
any further attention. I have had very
many instances of both giving over 25
years' service without the slightest attention except for the renewal of batteries.
The first thing to do is to disconnect the
batteries and join the two ends of the line
wires together, taking one or two cells
to test the bell and then the indicator
both separately and together.
One may now find that both work all right

IIGmI j1 innTonnomnyl•
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Fig.

27.—A Low TO HIGH
VOLTAGE RELAY.
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Roumo GONG

CHURCH GONG

CONTINUOUS
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BELL
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SINGLE STROKE COMB/NED BELL
et. RELAY
BELL

'11,1 11

it

ComeavEo BELL DINNER GONG...
/NO/CATOR.

WITH WIRE GONG.

/ROA/CLAD
WEATHERPROOF

BELL.

Fig. 28.—SOME TYPICAL BELLS FOR VARIOUS PURPOSES.
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Artteey

Fig. 29.—A SIMPLE RELAY CIRCUIT.
The relay is placed as near the bell as
possible, thereby cutting out the resistance
of the run from the bell circuit. A continuous
action relay, if used instead of the above
relay, would make the bell ring continuously
until replaced.

already used for the cells, by seeing if
current can be passed through.
Testing.the Indicator.
If the bell is found to be in order then
test the indicator by connecting one wire
from a cell or cells to the common wire and
with the other test each movement from
their respect ye terminals.

Fig. 3o.—A USEFUL CIRCUIT ARRANGEMENT.
By fitting a third terminal, connected
to the iron frame of an ordinary bell, and
by means of a switch, it can be used either
as a single-stroke or an ordinary trembler
bell.

If both bell and indicator are found
correct and will work together, then one
must look to the installation of the wiring.
Faults with Pushes.
I have not mentioned anything about
the pushes as it would be unlikely that
they would all go wrong tcgether, and we
should not have started to test had it

Relay
ifianery

11111

/3eLL

5ertley

e.e
see
Ike

Relay

\

Fig. 31.—A BURGLAR ALARM SYSTEM INCORPORATING THE " SAX " CLOSED CIRCUIT CONTINUOUS
ACTION RELAY WITH AN ELECTRICAL REPLACEMENT.
When all doors are shut and the switch closed, the alarm rings until replaced by replacement
push, thus testing the system. Being a closed circuit the wires cannot be tampered with. The
relay is wound to a high resistance ensuring a long life to the cells. When a door is opened the bell
cannot be stopped except by the replacement push, even if the door is again closed.
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31A.—LEVELLING UP WITH A SPIRIT LEVEL AND SCREWING INDICATOR ON TO WALL.

Fig.

31C (TOP).—MAKING A COIL IN THE WIRE
BEFORE FIXING TO THE BELL.

This is done round a pencil and is to allow
for any breakage in the wire.
Fig. 3IB.—SCREWING THE BELL INTO POSITION.
This is usually fixed above the indicator, as
shown.

Fig.

31D

(Bottom).—WIRING

UP THE BATTERIES IN SERIES.
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Fig. 32.—CIRCUIT OF A COMPLETE RELAY SET.
This is suitable for fixing in a room where alarm is to
be given.

Fig. 34.—ARRANGEMENT FOR TESTING
DRY CELLS.

A 5-ohm resistance
should be used.

CELL CELL

Fig. 35.—APPARATUS REQUIRED
Fig. 33.—ALTERNATIVE ARRANGEMENT FOR RELAY SET.
TO make the system shown in Fig. 32 absolutely fool- FOR TESTING CONTINUITY OF
WIRING.
proof it is necessary to short circuit the contact terminals
and install relay battery in the strong room.

It

0 0

Fig. 36.—ARRANGEMENT FOR TESTING BELL.
The battery is connected directly across the
two terminals of the bell.

Fig. 37.—TESTING THE INDICATOR.
Each movement is tested in turn from its
respective terminal.

t

t21

SHOIVOIGNI

6

H

Fig. 3.7A.—WIRING THE BELL TO THE INDICATOR.
Note how the coil in the wire enables any adjustment to be
made should the wire be broken.

Fig. 37B.—CONNECTING UP THE PUSH.
This shows the wires which•come from under the indicator and
through the back of the push being cut to the required length.

(..71
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A

B

D
Fig. 38.—SOME TYPICAL CONTACT SYSTEMS.
A, pull contacts ; B, closed contact ; C, open-circuit contact ; D, open contact.

C

been that only one or two would not ends where the batteries were
Nevertheless, pushes are a originally (see Fig. 39). This should
function.
common source of trouble, again de- make continuity with section No. I
by closing the push
pending on their
and connecting
quality.
C.)
the bell wire of the
testing set to that
Testing the Wiring.
section. We next
repeat the operation
Before testing
on sections 2, 3, 4
the wiring it will
and so on until the
be necessary to
make up a small
fault is found.
%The publishers
testing set consistwish to thank
ing of two cells and a
Messrs. Julius Sax
bell connected in
& Co., Ltd., for the
series (see Fig. 35)
loan cf the circuit
We now connect
diagrams, and
the battery wire
Messrs. Troughton
to the common wire
and Young Ltd., for
of the circuit,
Fig. 39.—TESTING THE PUSHES AND LINES.
facilities to stage the
remembering that
The indicator has been disconnected and
action photographs
we had already
each wire is tested in turn. When the push cortemporariry c o n - responding to the wire that is being tested is which accompany
this article.)
nected the two pressed, the bell should, of course, ring.

Fig.

40.—OPEN CIRCUIT RELAY.

Fig.

41.—CONTINUOUS ACTION RELAY.
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THERMIONIC VALVES FOR RADIO
RECEIVERS
By A. E. WATKINS
ADIO could never have reached its
present state of perfection had
it not been for the advent of the
thermionic valve. Many and varied have
been the designs involved, but all operate
on a common principle—the utilisation
and control of the flow of electrons from
a chemically prepared electron-emitting
surface. This is called the filament or
the cathode. In addition to this emitting
surface a wireless valve must contain a
plate or anode to which can be given a
positive charge of electricity. In addition,
to the plate and the cathode are one or
more control electrodes which are called
grids, excepting in the case of a rectifying valve where the grid is omitted.

R

Tfrit, CHOICE OF THE RIGHT TYPE
OF VALVE.
A radio receiving set must incorporate
a detector valve which may, or may not,
be preceded by an H.F. amplifying
valve, and must be succeeded by a stage
or two of low frequency amplification

to amplify the signals after they are passed
on by the detector, if a loudspeaker is to
be operated.
If considerable volume is required a
super-power valve is necessary for the last
stage, and in an A.C. mains operated set,
often a rectifying valve is used for the
H.T. current.
The choice of the right valve has much
bearing on the performance of the receiver,
and it is essential that the right type of
valve should be used in the correct position
in the receiver. In the case of mainsoperated receivers in which the grid bias is
obtained automatically, it is essential
that the right type of valve for which the
receiver has been designed should always
be fitted, and if, for any reason, a change
in the type of valve is desired, it is necessary either to find out from the receiver
manufacturer if the valve is suitable,
or to trace out the circuit and find the
value of the grid bias resistance. By
knowing the value of this resistance and
the anode current, it is easy to find from

Anode
(Screen
Variable
Grid

Filament
Fig. I.—INTERNAL CONNECTIONS FOR BATTERY AND MAINS VARIABLE-MU VALVES.
Variable-Mu valves are essentially screened-grid valves in which the control grid wires are
not uniformly placed.
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Type
and
Make.

Amplification
Factor.

Maximum
Anode
Volts.

Grid
Bias.

Anode
Current.
*2.75

Volts.

Amps.

Impedance
Ohms.

PMx2
Mullard

2

0.15

*230,000

*200

250

—

220SG

2

0.2

200,000

320

150

x.g
at x go
v./a.

BY6
Eta

2

0.15

300,000

300

250

I

Cossor

Fig.

Filament.

Mutual
Conductance
(mA./V,).

Screen
Volts.

o.7 ma.
*2.5

75
6o-8o
8o

* Anode volts roc.
0.87 at { Screen volts 75
Grid volts zero
x.6
xgo Anode
x at { 8o Screen
* Grid Bias I volt

H.F. AMPLIFICATION,

2.—THREE SCREEN-GRID, 2-VOLT BATTERY VALVES FOR
WITH TABLE SHOWING CHARACTERISTICS.

TOGETHER

From left to right : Mullard PM12 (2 views) ; Cossor 22oSG ; Eta BY6.
the valve maker's table if
this particular valve is
suitable, or, should there
be any doubt, the valve
manufacturer will always
give the necessary advice.
TYPES OF VALVES.
Valves may be classified under the following
main headings :—

DlI
P

Grid

(c) Mains triodes for
output.
(D) Mains triodes for
super power output.
Screen
(E) Mains pentodes.
(F) Mains pentodes,
directly heated.
(G) Mains
triodes,
directly heated.
All the foregoing valves
are indirectly heated except where otherwise mentioned.

Anode

(1) Valves for Mains Receivers.
(A) Mains screened grid
(2) Battery -operated
and variable mu, used for Filament
Screened Grids and
H.F. amplification.
Fig. 3.—INTERNAL CONNECTIONS
Variable Mu for H.F.
(3). Mains triodes, high FOR A BATTERY SCREENED-GRID
Amplification.
VALVE.
impedance for detector.
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Volts.

Amps.

PMIHL
Milliard

2

0.1

15o

28

20,000

BL2I 0

2

0.I

150

20

*23,000

210 Det.
Metallised
Cossor

2

0.1

150

15

BYI2I0

2

0.11

150

Filament.

Osram

Eta

Amplification
Factor.

Mutual
Impedance Conductance
(mA./V.).
(Ohms).

Maximum
Anode
Volts.

Type
and
Make.

2 .4

at 15o V./A.
2.5-3 volts Grid Bias

1.75 mA.

.87
at too V./A.
Grid volts o

4.5 mA•
at 150 V./A.
Grid volts zero

13,000

1.15

4 auk.
at zoo V./A.
Grid volts zero

10,000

1.2

4 mA.
at 15o V./A.
5 volts Grid Bias

at zoo V./A. at loo V./A.
12

Anode Current.

at zoo V./A. at zoo V./A. at zoo V./A.

4.—SOME TYPICAL 2-VOLT BATTERY DETECTOR VALVES, WITH TABLE SHOWING
CHARACTERISTICS.

Left to right : Mallard PMIHL (2 views) ; Osram HL2io ; Cossor

(A) Battery triodes with high impedance
for detector.
(s) Battery triodes output.
(c) Battery triodes super-power.
(D) Battery pentodes.
All battery valves are directly heated.
(3) Rectifying Valves.
(A) Rectifying valves halfwave.
(B) Rectifying valves fullwave.

210

Det. (Metallised) ; Eta BYI2io

particularly noticeable in the indirectly
heated pentode; whereas in the case
of the screened grid valve for mains
operated and also battery operated, the
extra terminal is at the top of the valve and
is always the anode.
The connections of the
Anode anode, grid, filament and
cathode are shown in the
accompanying
drawings,
also the pin on the valve
cap to which they are conGrid
nected, and these connecVALVE CONNECTIONS.
tions should be carefully
Battery-operated valves
noted, for in many cases
have four pin bases (except
they are different for
pentode, which has five pins
certain types of
or a side terminal); wherevalves.
as in the case of mains
The list of valves may
indirectly heated valves
be sub-divided under the
there are usually five pins
heading for which position
and, in some cases, an Filament
extra terminal at the side Fig. 5.—CONNECTIONS FOR A in the receiver the valves
are designed.
of the cap. This is
TRIODE BATTERY VALVE.
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Amp11fication
Maximum
Grid
Anode
Factor at
Bias.
Volts.
loo V. /A.,
A./V. V.
o G.V.

Mutual
Conduc
tance
(mA./V.)
at zoo V./A.

Remarks.

Volts.

Amps.

Impedance
(Ohms).

PM2A
Mullard

2

0.2

3,600

12.5

150

roo
125
I5o

3
4.5
6

5
6
8

3.5

First stage L.F. amplifier
or small power output

PM252

2

0.4

1,900

7

15o

roo
125
15o

6
7.5
9.5

ix
14
19

3.7

Super power
stage output

2

0.15

5,0oo

7

150

zoo 7.5
125 10.5

5
6

1.4

Suitable for last stage,
or before output valve

1.6

Super power
stage output

3

Super power output stage

1.1

Super power output stage

Type
and
Make.

Filament.

Mullard
P215

Osram
P24o

2

0.4

2,500

4

15o

Osram
230XP

2

0.3

1,500

4.5

150

Cossor
BW3o3

2

Eta

0.32

2,700

3

150

Anode
Current
. (mA.).

150 12

8.5

Iv) 16.5
13o 21
15o 24

12.5

zoo 10.5
125 15.5
/5o x8

13
x8

8o 8
roo 16
15o 25

14

for

for

last

last

17

22

7.15
8
II

WARNING.— The Grid Bias stated must be used with all the above valves. Never make any adjustments to Grid Bias without
switching off H.T. It is possible to ruin a valve by running even for a short time without Grid Bias.

Fig. 6.—SOME

TYPICAL 2-VOLT BATTERY VALVES FOR Low FREQUENCY AMPLIFICATION, WITH
TABLE SHOWING CHARACTERISTICS.
right : Mullard. PM2A (2 views) ; Mullard PM252 ; Osram P 5 ; Osram P24o;

From left to
Cossor 23oXP ; Eta BW3o3.

First—for , H.F. amplification.
Secondly—for detector.
Thirdly—for first L.F.
stage.
Fourthly —for output
stage.
The output stages depend upon the power Control
Grid
required.
THE HIGH FREQUENCY
VALVE.
The object of the highfrequency valve preceding the detector is
(I) to increase the

Auxiliary
Grid

Fig. 7.—INTERNAL

Anode

Filament

CONNECTIONS
FOR BATTERY OR DIRECTLY HEATED
PENTODE.

range of the receiver ;
(2) improve detector
efficiency due to the
magnified input to this
stage ; (3) increase selectivity ; (4) provide better
quality of reproduction
as reaction may be
avoided.
Screened Grids.
Modern receivers in
which H.F. amplification
is employed generally
make use of the screenedgrid type of valve. The
screened-grid valve has
advantages over

THERMIONIC VALVES FOR RADIO RECEIVERS

Volts.

Amps.

Maximum
Anode
Volts.

Screen
Volts.

Impedance
(Ohms).

4

1.0

200

75

909,000
at
roo V./A.
*75 V./S.
Zero Grid V.

4

I.0

200

8o

4

1.0

200

75/100

Heater.
Type and
Make.
S4VA
Mullard

M.S.G.
HA

Amplification
Factor.

Grid Bias.

.I,000

1.0

503,000

x,000

1.5

2 .95
15o V./A.
8o V./S.
1.5 G.B.

800,000

1,000

1.5

0.5/2

Cossor
Metallised
DW6
Eta

Fig. 8.—SOME

1517

TYPICAL INDIRECTLY HEATED MAINS SCREEN-GRID
SHOWING CHARACTERISTICS ;

H.F.

Anode
Current.
*2.25

Mutual Conductance
(mA./V.).
*2.,

2

VALVES, WITH TABLE

From left to right : Mullard S4VA ; Cossor M.S.G. HA ; Eta DW6.

the ordinary three-electrode valve as it provides a much greater and
more stable amplification
over a wide band of
wavelengths, but it is Grid
restricted to the set
designed for screened grid
amplification

Metallised Valves.
The H.F. valve should
be screened, excepting
in the case of metallised
valves. The metallised
valve has a coating of
metal sprayed on to the
glass and is connected

Anode

to the earth. This earth
connection is arranged by
a connection in the valve
Screen itself to one of the valve
filaments or cathode legs.
The reason for screening
Cathode or metallising the valves
is that one of the
greatest difficulties which
confront the designer of
modern wireless receivers
is that of obtaining
maximum amplification
and the avoidance of
accidental coupling beHeater or
tween successive stages.
Filament
Fig. 9.—INTERNAL CONNECTIONS FOR A If the valve is not
screened, coupling
MAINS SCREEN-GRID VALVE.
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Amplification
Factor.

Anode
Impedance.
Ohms.
34,000

Volts.

Amps.

Maximum
Anode
Volts.

904V
Mullard

4

1.0

200

75

354
Mullard

4

x.o

200

35

Type
and
Make.

Heater.

'

10,000

Grid
Bias.*
V./A. V.
25o
200

1.3
1.6

200

2
3
4

15o
200

Anode
Current
(mA.).

Mutual
Conductance
(mA./V.).

Remarks.

1.5
2.5

2.2

As Detector use grid leak
150-200 V./A.
High - ratio transformers
or resistancecapacity

2
3
4

3.5

As Detector grid leak or
anode bend, first stage
L.F. amplifier
Detector grid leak or
anode bend
Suitable for power grid
detector,first and second
stage L.F.

MHL4
Osram

4

r.o

200

20

8,000

Detector
z.5+
15o 4
200 6

6-8
Permissible
Anode
Dissipation
4 watts

2.5

4IMH
Cossor

4

1.0

200

72

18,000

200 1.5
15o 2.5
200 3.0
84 Anode
bend

Average
3.2

4

Detector, grid
anode bend

DWI308
Eta

4

1.0

25o

x5

7.500

3.5
5

z

Detector grid leak or first
stage L.F. amplifier

roc.
15o

4
6

leak or

* For L.F. amplification.

Fig.

I0.—INDIRECTLY HEATED MAINS DETECTOR VALVES WITH TABLE SHOWING CHARACTERISTICS.
From left to right : Mullard 354 ; Osram MHL4 ; Cossor 4IMH ; Eta DWz5o8.

between the anode and
Anode
any nearby component is
likely to occur, and this
may give rise to instability.
A metallised Grid
screened grid valve has
the following advantages :
Cathode
Coupling between the
anode and nearby components is eliminated,
giving stable working
and allowing for maximum amplification.
The metallised coating
Heater
reduces the anode ca- Fig. II.—INTERNAL CONNECTIONS FOR
pacity by about one-half,
A TRIODE MAINS VALVE.

and therefore possesses
greater safety.
Selectivity is increased
by preventing unwanted
signals from short-circuiting the tuned circuit
through capacity coupling, and in the case
of mains valves, mains
hum is reduced.
THE DETECTOR
VALVE.
Every receiver must
use a detector valve,
unless, of course, a crystal

THERMIONIC VALVES FOR RADIO RECEIVERS

Type
and
Make.'
ro4V
Mullard

Heater.
Volts.

Amps.

Max.
Anode
Volts.

4

2.0

200

ML4
Osram

4

x.o

200

4IMP
Cossor

4

1.0

200

DW704
Eta

4

1.0

150

Mutual
Anode
Anode
ConducCurrent Dissipatance
(mA.).
tion.
(mA./V.).

Amplification
Factor.

Anode
Impedance.

Grid
Bias.
A. /V. V.

10

2,850

100 5
13o 8.5
200 12

17

3,000

zoo 6
250 I0
200 13

2,500

120
150
zoo

9

18.7
100

/00

V./A.

V./A.

7

4,500

4
5
7.5

zoo 9
150 14
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Remarks.

3.5
watts
approx.

3.5

Suitable for use as L.F.
amplifier stage immediately preceding a large
power valve

8
23.5
20

4 watts

3.o

Ditto

13
56
24

5 watts
approx.

7.5
V.G. o

Output stage and is ample
for normal use and suitable for push-pull output

7.5
xo

2.5
watts
approx.
output
z8o mW.

1.5

Suitable for first stage or
last stage when only a
moderate output is required

9
53

Fig. 12 --SOME TYPICAL INDIRECTLY HEATED MAINS VALVES FOR Low FREQUENCY AMPLIFICATION
WITH TABLE SHOWING CHARACTERISTICS.
From left to right : Mullard Io4V ; Osram ML4; Cossor 4IMP ; Eta DW7o4. The internal connections are the same as those shown in Fig. Ir.

is used, but this type of rectification is
obsolete.
The valve in this stage of the receiver
is the key to the receiving set. Probably,
in most sets the choice of the characteristics
for the detector valve is very elastic, but
there are certain valves better suited to
function in this position than others.
In the case of a mains set if the valve is of
the indirectly heated type, one valve or
another of this class, with an impedance
of about Io,000 ohms, such as Osram

MH4, Mullard 354, or Cossor 4IMHF,
would not affect the operation or do any
damage as, unless the valve operates on
the anode bend principle, no bias is given
to the grid. If the receiver has no H.F.
amplification, and the input to the detector
is reasonably small, a valve with a moderately high value of amplification factor
should be chosen, but bet ter quality may
result from the use of a valve of low
impedance, with a low value of grid leak.
Usually a valve which has an amplification

2.0

200

5

4

2.0

Anode
400
Screen
200

4

2.0

25o

5

4

1.05

250

4

2.0

200

1,250

-'

200 14
250 28
200 28

20
3o
so

6
watts

4

Suitable for use as an
output valve for large
speakers and push-pull

30

12
watts

3

As output valve of high
amplification,
should
not be used in intermediate stages. (This
is one of the largest
Pentone valves.)

•
Remarks.

•

4

Mutual
Conductance
(mA./ V.).

,',/ .e.,

Anode
Dissipation.

Amps.

i 1
La'.
44

Anode
Current.

Volts.

8

z¢

Heater
or
Filament.

Amplification
Factor.

054V
Mullard

A

Maximum
Anode
Volts.

Type
and
Make.

Grid Bias

THERMIONIC VALVES FOR RADIO RECEIVERS

1 520

PX4
Osram

DW302
Eta

DW
1003
Eta

Fig.

Directly.

Po
PM24C
Pentone
Mullard

Approx.
Load
75 ,
impedance
6,000 to
20,000

83o

25o 16
200 26
250 34

38
40
48

12
watts

6

Last stage power amplifying for large output.

3.5

2,800

18o 34
25o 50

33

1,600
mW.

1.95

Last stage output for
large
moving - coil
speakers

20

3,300

I00 6.5
x50 20
200 12.5

22.5

38o
mW.

3.3

Suitable for last stage
operating small movingcoil speakers

{S
P..
i

E
4"

A

•.,..
?...

28

78

I3.--"SOME TYPICAL MAINS OUTPUT VALVES, WITH TABLE SHOWING CHARACTERISTICS.

From left to right : Mullard o54V ; Mullard P3/124.0 Pentone ; Osram PX4 ; Eta DW3o2 ; Eta DIVroo3.

value from 20/3o or
even higher, will give
good results, but the
choice of this valve
depends a lot upon the
impedance of the transformer coupling the Grid
detector to the first
L.F. valve.
If the primary has
a high impedance, we
are able to use a valve
with a higher amplifica- Auxiliary
tion factor, for, to
Grid
obtain really satisfacNeater
tory reproduction, the Fig. 54.—INTERNAL
impedance of the INDIRECTLY HEATED

■

primary of the transformer should be approximately twice the
impedance of the valve.
That is why it is possible
with a valve of lower
impedance more satisfactory results may be
obtained. For instance :
a battery valve with
an amplification factor
Cathode of 35 may have an
anode impedance of
6o,000 ohms, whereas
one with a magnificaCONNECTIONS FOR tion of 20 would only
PENTODE VALVES. have an anode impe-

Anode

THERMIONIC VALVES FOR RADIO RECEIVERS

Filament.
Type and
Make.
Volts. Amps.

Anode
Volts.

Rectified
Current
(mA.).

Impedance
(Ohms).

Class.

Uxo
Osram

4.0

1.0

25o + 25o
R.M.S.

6o

Not stated

Full wave

UI2

4.0

2.5

350 + 350

120

Not stated

Full wave

U8 (Photo)
Osram

7.5

2.4

500 + 500
R.M.S.

120

16o

Full wave

DU2
Mullard

4.0

Le

Maximum
400 + 400
R.M.S.

75

400 — 400

Full wave

Osram

R.M.S.
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The above are only a few of the many types of Rectifier Valves.

Fig. x5.—A TYPICAL RECTIFIER VALVE, OSRAM U 8, WITH
TABLE SHOWING CHARACTERISTICS.

dance of approximately 23,000 ohms.
Of course, these figures vary with
the make of valve and the type,
but nevertheless, it is always the case
that the higher the magnification, the
greater the impedance.
With mains it is often advisable to use a
metallised detector valve as the following
advantages are thus obtained :—
The coupling from the anode to nearby
components which often gives rise to
instability is eliminated. The possibility
of mains hum is reduced.
L.F. VALVES.
With most modern receivers it is desired

to drive a loud speaker. It is thus
necessary to add one or more stages of low
frequency amplification.
The L.F. valve serves to magnify the
weak signals after the detector, and the
choice depends upon the volume of
undistorted sound that is required, and
secondly, on the nature of the H.T. supply
available. Generally, it is wise to choose
a valve with as low an impedance as pcssible, depending, of course, on whether the
valve is coupled by means of a transformer
or resistance capacity coupling, and
secondly, as to whether there are one or
more stages of L.F. amplification. The
lower the impedance, the more H.T.

Anode

Anode

Filament

Fig. 16.—INTERNAL CONNECTIONS FOR HALFWAVE RECTIFIER.

Anode Anode

Filament

Fig. x7.—INTERNAL CONNECTIONS FOR FULLWAVE RECTIFIER.

Anode

Beater

Fig. O.—INTERNAL CONNECTIONS FOR INDIRECTLY
HEATED RECTIFIER.
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current, but more power output. Therefore, if it is a battery-operated receiver
and the H.T. supply is obtained from
batteries, the output valve should be of
small power type designed to give the
greatest undistorted volume consistent
with a minimum economy in high-tension
current. If the receiver or amplifier is
required to deliver a considerable volume
free from distorted output, it is advisable
to employ a super-power valve in the last
stage.
Such a valve is designed to handle a
larger amount of power and, therefore,
the H.T. supply should be adequate.
This can be conveniently obtained from
a mains H.T. unit, H.T. accumulators or
if these cannot be charged conveniently,
then use triple-size dry batteries.
How to Obtain Best Results.
To obtain the best results in the output
stage, the impedance of the output valve
and the loud-speaker should be matched
and, if necessary, a suitable transformer
or choke filter output used. In receivers
employing only one stage of L.F. amplification, it is often convenient to use a
pentode output valve. This type of
valve has the advantage of providing the
greatest magnification of weak signals,
and can be fitted into any receiver which
has hitherto employed an ordinary battery
operated output valve with one stage of
magnification ; but it must be remembered
with a pentode valve, that, as the output
is greater, the strain on the H.T. supply
will also be increased, and, therefore,
should be supplied by means of an H.T.
unit or triple-sized batteries and, of course,
the grid bias must be adjusted accordingly.
L.F. Valves for Mains Sets.
In all mains operated receivers, particularly those in which grid bias is obtained
by the method of dropping volts across
a resistance in the cathode circuit, it is
essential that only the valves for which the
set is designed should be used. For
instance, without certain alterations, a
pentode directly heated or a pentode
indirectly heated valve cannot be substituted in the output stage of a receiver
which has been designed for the use of an
indirectly heated triode super-power valve.

Also, in some mains-operated receivers, and
particularly those designed for large output,
often push-pall output amplification is
used, and in this case both valves should
be matched, for should there be a wide
difference in the values of the valves,
distortion will occur.
Never replace a directly heated pentode
by an indirectly heated pentode, unless
certain alterations are made to the
connections. The indirectly heated pentode always contains a centre bias pin
for the cathode connection and a side
terminal on the cap for the auxiliary grid.
Therefore, should a directly heated pentode be replaced by an indirectly heated
type the cathode will receive some 200
volts in excess of its requirements. The
following alterations are therefore
necessary :—
The centre socket of the valve holder
must be connected to the bias resister
and the disconnected lead joined to the
side terminal. An examination of the
drawing of the connections of these two
valves will explain whether any of these
alterations of connections are necessary.
GENERAL RECOMMENDATIONS WHEN
FITTING VALVES TO RECEIVERS.
Obtain the valve-maker's recommended
data and curves so that by knowing the
approximate H.T. voltage, the correct
adjustment of anode current and grid bias
may be obtained. To assist in obtaining
the correct adjustment it is essential that
a milliammeter should be available, which
can be connected in the anode lead.
With certain types of instruments it is
an advantage to have a fixed condenser
connected across the two terminals of
the instrument. It is now a simple
matter to adjust the grid bias so that the
needle of the milliammeter remains stationary at a given value, which should be
approximately the anode current on the
valve maker's curve, according to the value
of the H.T. current.
If the grid bias of the various stages is
correctly adjusted, the output should be
free from distortion and when the milliammeter is placed in the last stage, it should
remain fairly steady and not flick violently
to and fro on loud passages of music or
speech.

THERMIONIC VALVES FOR RADIO RECEIVERS
The milliammeter may also be used for
testing the valve for loss of emission, as
often a fault in a receiver may be due to a
valve losing its emission. Therefore, if
on connecting the milliammeter in series
with the anode you are unable to obtain
the correct deflection, it follows that the
valve has lost its emission and is, therefore,
useless.
Variable Mu Valves.
Variable mu valves are essentially
screened-grid valves in which the control
grid wires are not uniformly placed. The
effect of this is to produce an H.F. valve
which has a mutual conductance which
varies over a wide range with the change of
control grid bias.
Rectifying Valves.
Many mains receivers use a rectifying
valve for the H.T. supply. Usually this
is of the full-wave type. The half-wave
type is often used in amplifiers for large
power output. Two of these valves are
used in parallel in such a manner as to
rectify the full wave. Mostly, the filaments are directly heated but there are
now appearing rectifying valves with
indirectly heated filaments. The indirectly heated filaments for a rectifying
valve not only have the advantage of a
higher capacity for overload, but, by reason
of the slow heating of the filament, no
dangerous surge voltages are developed

1523

when switching on the receiver, and the
condensers are, therefore, safeguarded
from breakdown.
The cathode of these valves is internally
connected to the heater. The important
point to remember with rectifying valves
is that the filament voltage should be
correct with that of the transformer, and
that the size shculd be such as to be
capable of delivering the full output
required by the receiver with a margin
for overload, and lastly, that the voltage
on the anode should not exceed the maker's
instructions.
With so many types of valves, and such
a number of manufacturers, it is impossible
to give specific details cf every type of
valve manufactured, but fortunately,
the vale manufacturers have standardised
certain types of valves, and the connections
of the various components of the valves
to the pin of the cap, groups of valves,
together with the internal connections,
are shown in the accompanying photographs and drawings.
The technical information in regard to
amplification factor, impedance, conductance, etc., has not been mentioned for
every make of valve, and they are likely
to vary from time to time according to
improvements in designs ; but all these
particulars can be obtained from the valve
manufacturers' catalogues, and it is, therefore, unnecessary to repeat these particulars.

QUESTIONS AND ANSWERS
What is the common principle on which all
thermionic valves work ?
The utilisation and control of the flow
of electrons from a chemically prepared
electron-emitting surface called the filament or cathode.
For what purposes is a high frequency
valve used ?
(I) To increase the range of the receiver.
(2) To improve detector efficiency due
to the magnified input to this stage.
(3) To increase selectivity.
(4) To provide better quality of reproduction as reaction may be avoided.

Why should a high frequency valve be
screened ?
To avoid accidental coupling between
successive stages. If the valve is not
screened, coupling between the anode and
any nearby component is likely to occur
and may give rise to instability.
What main point would you bear in mind
when choosing a detector valve for a
receiver ?
The impedance of the valve should be
approximately half the impedance of the
primary of the transformer coupling the
detector to the first L F. valve.
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WIRING A BLOCK OF MODERN
FLATS
By T. LINSTEAD
How the Specification Differs from that of
Smaller Property.
N ablock of flats comprising, let us say,
six residences, separate supplies must
feed each flat, or in other words, each
flat must be a complete installation. This
will necessitate each installation having
its own controlling fuses and meter, as
apart from the company's cut-outs. The
staircase will probably be required to be
illuminated under separate conditions.
First, each landing may be included on
the installation of its corresponding flat.
Another method is for the whole staircase
to be supplied from its own circuit complete with its own meter.
The specification would almost certainly
call for the work to be executed in screwed
conduit, complete with inspection fittings,
and the necessity for this arises when it is
understood that modern flat construction
usually incorporates such items as concrete
or patent floors with the corresponding
ceiling points below, inaccessible from
above.

I

typical block of flats, and we will assume
that there are three floors in addition
to those shown. There are then sixteen
flats to be served in this block. The
floors are suspended concrete and the roof
is of similar material. All partitions are
either breeze concrete or brickwork. The
interior construction is modern in every
description thereby implying that all work
is to be concealed and that a number of
labour-saving appliances operated by electricity will be used.
The Salient Features in the Specification.
As there is every likelihood of a large current consumption in a block of flats, no
planning or work should be commenced until a consultation with the supply company
has been held and their views and requirements ascertained ; but we will assume
that the company will bring a supply
cable to a point underneath each staircase
on the ground floor and from this the
contractor is to split out in screwed conduit to serve each flat.

Distribution Board and Meter.
The Subdivision of Circuits.
The distribution board and meter apperAnother likely difference in the specification is the method of protecting the taining to each is to be installed in a
wiring and appliances in such a building, suitable position in each flat as near to the
as the number of points and the amount entrance of the mains as possible. For
of current carried is usually much heavier, example, on the ground floor extreme leftand also the fire insurance company's hand flat they would be placed on the
regulations are likely to be more stringent main kitchen wall, marked " A," and in a
where two or more families are housed similar position in its neighbour. On the
under one roof. Fig. 1 illustrates a typical two right-hand flats discretion would be
system of distribution that could be used necessary, and modern practice dictates
in such a building, and it would be good that such gear should be placed on the
practice for the reader to study this in re- kitchen wall marked " B." The reason
lation with the plan shown on page 1527. for this being that main switches should
always be in a quickly accessible position,
The Construction of the Building to be and this would not be so if the specification
Wired.
as to proximity of entry of mains were
Fig. 2 is a ground floor plan of a strictly adhered to.
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Fig. I -THE METHOD OF DISTRIBUTION.
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Type of Conduit.
The conduit is to be of screwed pattern
with large-type inspection fittings. Fuse
boxes and main switches, etc., are to be
Home Office iron-clad pattern. All cables
are to be insulated with V.I.R. and to have
an insulation resistance of not less than
2,000 megohms per mile and only stranded
conductors shall be used. All switches
and sockets are to be of recessed pattern
and all sockets are to be of three-pin
type. From these observations one must
conclude that the installation is required
to be of the highest quality throughout.

SCHEDULE OF HEATING POINTS.

Room.

Dining Room ..
Drawing Room
Hall
..
•
Bedroom 1
.
,,

2

Bathroom 3
Kitchen ..

Total

15 Amp.
Points.

Possible use
for

r
r
1

3 kw. fire
3 kw. fire
Tube Heaters
2 kw. fire
2 kw. fire
1 kw. fire
Towel airer, etc.
Appliances
and
water heater. ..

I
I
I
2
2

Jo

Maximum
watts
to be
carried.
3,000
3,000

r,000
2,000
2,000

1,000
1,500
1,500
15,000

ascertained the total amperage that will be
Calculating the Load.
carried.
The first and most important operation
in an installation of this nature is the Cooking Installation.
calculation of the current likely to be
Watts.
carried in order to ascertain the sizes of The cooker to be installed will
cables and 'uses necessary, and if such
be a 7 kw. ..
7,000
calculations are not provided by the archi- With a plug point in control
tect they must be computed by the electriswitch for a kettle or similar
cal contractor. For this purpose it will
appliance, say
750
be necessary to be provided with a full
schedule of the points required and, as
Total
7,750
near as can be determined, the wattage of
the lamps and appliances that are likely Summary.
to be used.
Watts.
Lighting
2,265
A TYPICAL INSTALLATION.
Heating
15,00o
Let us now proceed with a typical Cooking
7,750
illustration. The following is a schedule
of the points required in say the extreme
Total
25,015
right-hand flat, and from it can readily be
which on a 230-volt pressure = approx.
SCHEDULE OF LIGHTING POINTS.
109 amps.
Room.

Ceiling
Points.

Wall
Skirting
Brackets Plugs.

Dining Room
4
2

Dra:Wing Room
4
2

"

Hall
Bedroom I .

3
2
2
2

2

.

2

W.C.

Total

300
16o
15o
150
,6o
150
180
120
140
120
140

6o
75
6o
40

Batl&om 3 . :
1
2

Kitchen
Scullery

Maximum
wattage of
lamps and
appliances
to be used

200

6o
..

15

9

8

2,265

Choosing the Size of Conductors.
First let us take the lighting circuits
and we see that the total wattage that
would be used, assuming that they were all
in operation at one time, would be about
2,265 watts, and on a 230-volt installation
would mean that the wiring would have
to carry ro amps., but as the I.E.E. ruling
dictates that sub-circuits carrying certain
amperages shall only feed a given number
of points, it would be well to divide the
lighting installation into four sub-circuits
as the number of points exceed 3o. By
using four sub-circuits for more than 3o
points we are enabled to carry a maximum
of 6 amperes on each sub-circuit ; in this
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case a total of 24
amps. or 140 per
cent. more than
we require. For
this purpose a
3 /.029 conductor
could be used as
this has a safe
carrying capacity
of 7.8 amps. and we
must so regulate
our circuits that
our total 10 amps.
to be carried is
divided into approximately
21
amps. on each
circuit.
Size of Heating
Cables.
In this case, and
assuming as before
that all are in
operation at once,
we have a total
of 15,000 watts or
a total of approximately 65 amps.
Our maximum
wattage at one
point is 3,000 and
under the rule that
heating points
must not be
looped, but each
pair of conductors
separreturned
ately to the distribution board,
our total current
carried at any one
point would be 13
amps., and for
this a 7 , 029 conductor could be
used as this has
a safe carrying
capacity of 18.2
amperes.
Size of Cables for
the Cooking
Installation.
Our last con-
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and a Is-amp. nine-way distribution
board.
Cooking Installation.
Lastly, we have to deal with the cooking
installation, and in accordance with I.E.E.
regulations this must be controlled by a
separate switch in close proximity to the
cooker, and there is on the market a
switch box which comprises a double-pole
main switch and fuses, a plug with its
corresponding controlling switch for the
kettle or other appliances, and a pilot
lamp, and it is this type which the writer
recommends. A 35-amp. switch of this
description would be required. In addition a pair of 60-amp. heavy duty fuses
should be fixed near the entrance of the
mains into the flat, or, if required by the
BfiCK fiND
ONE SIDE
supply
company, a 6o-amp. double-pole
OUTLET.
main switch and fuses.
The Size of the Mains.
A pair of mains are now necessary to
feed one flat, capable of carrying the total
current capacity of the entire installation,
in this case, 109 amps., and these would
carry the current from the main distribution board, in the basement of the building or a similar position, to the flat.
These mains, especially those reaching
to the top floor, will possibly be longer than
TER/11/Y fiL
80X.
any of the runs of wiring on any particular
circuit throughout the flats, and will
most certainly require the attention of the
rule regarding voltage drop. They are
to carry the entire current to the respective
flats, and as the fall in pressure is regulated
by
the amount of current carried in conFig. 3 —DIAGRAM SHOWING THE USE OF
junction
with the length of cable, these
JUNCTION BOXES.
cables are bound to be affected.
By the use of these it is possible to conduit a
building without the use of elbows, etc., by
Voltage Drop.
making sets in the conduit where necessary.
The voltage drop that is likely to take
should be used to control the entire place in a conductor can be found bylighting installation and a four-way 15-amp. multiplying the current in amperes by the
Home Office pattern distribution board resistance of the conductor in ohms, and
used for the sub-circuits. The reason for this drop must not exceed 3 per cent. of
this latter being that the difference in the supply plus r volt. The following
cost is so slight between a 5 and Is-amp. table shows the total length of cable sizes
Home Office board and the latter gives that can be used in circuit when carrying a
greater accessibility and a larger margin given number of amps., and the size of the
of safety.
conductor should be ascertained from this
Regarding the heating circuit, a ioo- table according to the length that is
amp. iron-clad double-pole switch and required to reach from the supply comfuses would be necessary for the control, pany's mains to each flat.

sideration is the cooking installation and
this must be served by its own wiring and
controlled by a separate gear. A 35-amp.
installation needs a 7/.052 conductor to
feed it, but it is safe to err on the large
side where heavy currents are carried and
a 7/.064 conductor is recommended.
Sizes of Distribution Boards and Switches.
Returning to the lighting circuits and
our ro-amp. total capacity, a 15-amp.
iron-clad double-pole switch and fuses
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VULCANIZED RUBBER CABLES: CURRENT-CARRYING CAPACITY (SUBJECT TO
VOLTAGE DROP) AND CORRESPONDING
FALL IN PRESSURE.

Number and
Diameter (in.)
of Wires
comprising
Conductor.

1/.036
1,.044
3 '.029
3 '.036
1/.064
7/.029
7/.036
7/. 044
7/.952
7/.o64
19/.044
19/.052
19/.064
19/.o72
19/.083
3 7 /.064
37/.072
37/- 083
37/.093
37/.103
61/.o93
61/.103
91/.093
91/.103
127/.093
127/.103

Current
Carrying
Capacity
of Single
Cables run
in Pairs.

amps.
4.1
6.i

7.8

12.0
12.9
18.z
24.0
31.0
37.0
46.0
53. 0
64.o
83.0
97.0
118.0
130.0
152.0
184.0
214.0
240.0
288.0
332.0
384.0
461.0
512.0
595.0

Approximate
Total length
in Circuit
(Lead plus
Return) for
I-volt Drop
with Maximum
Permissible
Current.
feet.
30
30
30
29
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to ensure that the voltage drop over the
total length of the circuit does not exceed
the 3 per cent. of the supply voltage, plus
volt.
Allow a Safe Margin.
Particular attention is drawn to the fact
that the figures used have been calculated
on the assumption that the whole installation is in use at one time, but this is a
remote possibility and is not often done
in practice. However, the author has
knowledge of cases where calculations

29
28
33
39
45
55
61
7'
83
90
98
103
112
123
132
145
162
172
181
185
190
200

A heavy-duty double-pole main switch
and fuses of sufficient size to carry the
total load must be used. In practice a
100-amp. switch and fuses would be used
as the possibility of the entire load being
carried at any one time would be very
remote.
Voltage Drop on the Sub-Circuits.
It may happen that some of the lighting
sub-circuits using 3/.029 conductors will
be more than 3o ft. in length from the
distribution board to the farthermost
point on the installation. Likewise some
of the heating circuits using 7/.o29 will be
more than 28 ft. in length, and where this
occurs, larger conductors must be used,

Fig. 4 —ANOTHER TYPE OF JUNCTION
The type shown above is known as a terminal and back outlet box, and allows the wire
to pass the point if no connection is needed.

have been made on the assumption that
5o to 75 per cent. only of the total load
would be required at any one time only
to find that the occupier has experienced
great trouble by so using every lamp and
appliance, and it is, therefore, considered
better to avoid trouble on this score by
making the installation capable of carrying
the full load.
The next thing to do is to determine the
size of the conduits to carry the various
cables and this should be done by con-
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FIg. 5.—THE METHOD OF DELAY SWITCHING WITH A.C.

embeds itself around the conduit,
thereby gaining a fixing along
every part.
This should be done on each
floor as the building rises and
similarly on the roof, and provided instructions are given to the
builder that the open ends are
not to be obstructed, can remain
while the plastering is proceeding.
When the conduit is laid in
this way it necessitates great care
in ensuring that all points are
absolutely watertight and that
the liquid of the concrete is not
allowed to find its way into the
inspection fittings.

Here is shown the method of connecting the lamps and
control buttons to the delay switch. " E " is the change
over time switch. A, B, C and D are the terminals of
the delay switch. F is the coil excited when the push
buttons are pressed. G is the mercury contact breaker
and H the driving coil.

suiting the table of conduit capacities given
on page 83.

Chasing the Concrete for the
Conduits.
For those who are in doubt
about the former method, chasing is the recognised rule, although
the cost of labour is a considerable item.
It is sometimes specified that this work
is to be done by the builder, and if a
word here is not out of place, the electrical contractor should make himself absolutely conversant with the terms of the
specification when preparing his estimate.

LAYING THE CONDUIT.
The next step in the progress of the
work is the commencement of the actual
installation and a visit to the site by the
wiring contractor would be advisable, Concealing the Conduit in the Walls.
in order that he may acquaint himself
The next consideration is the concealing
with the construction of the building by
of
the conduit in the walls, and this
an actual inspection. Buildings rise so
naturally necessitates a great deal of
rapidly these days, due to their skeleton chasing,
unless arrangements are made with
formation, that delay might mean that
the
builder
to leave vertical chases in his
floors would be laid previous to his conduits
brickwork.
If this were done, say, at
being in position, whereas a little forethought would make the work much easier some position on the main wall the whole
for the wiring contractor by his placing of the mains carrying conduits could be
conduits in position before the concrete is housed in this one chase as they rise to each
poured, if he so prefers, and provided that flat, and then branching out in the concrete
floor to their respective distribution boards.
this method is allowed by the architect.
Inspection Boxes.
Screwed Conduit.
When considering the runs of the conduit
The specification calls for screwed one must remember that inspection boxes
conduit, and as this is to be concealed, it are fitted with access covers and these must
should be galvanized, especially where in be so fitted that the cover lies flush with the
actual contact with plaster or brickwork. finished face of the plaster, and it is
The best method to pursue in laying essential to avoid too many of these
conduit in concrete is to run each section occurring in the friezes and similar places
complete with its fittings and bends, etc., where such unsightly finishings are liable
face downwards on the shuttering so that to spoil the scheme of decorations. It is
when the concrete is poured it firmly possible to conduit a building of this
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description without the use of
these fittings by designing the
installation in such a manner that
each point is directly connected
to its neighbour or neighbours,
as shown in Fig. 3. For this
purpose, practically the only
fittings necessary are conduit
boxes having varying numbers
of side or back outlets, the conduit
being connected directly between
these boxes, and sets being made
in the conduit where necessary to
avoid the use of elbows.
The Methods of Wiring.
Fig. 6.—THE METHOD OF DELAY SWITCHING WITH D.C.
In a building of this description
The method of connecting a D.C. delay switch differs
the methods of threading the from that of A.C., as shown above. E is the ordinary
wires do not differ greatly from single-pole time switch and H is an electric-wound clock.
those used in smaller properties,
except that the wires should
never be threaded as the conduit is laid, Methods of Switching.
but always left until the completion of the
It is not necessary to describe in detail
plaster, and the building is thoroughly all the various methods of switching that
dried out. Where the back and side outlet can be used throughout each flat as the
boxes are used as last explained for the majority of them are described elsewhere
purpose of wiring, these take the place of in this work and the contractor can adapt
inspection fittings, and the conductors are the particular method specified.
threaded from point to point and passing
There is, however, a possibility that the
the point if no connection is needed. The staircase will require some special treatexplanation of this is shown in Fig. 4, ment in the matter of switching. In some
and this method has gained considerable cases (particularly when a caretaker is in
popularity of late, being considered the residence) it may be sufficient to control
most up-to-date method of wiring.
the staircase lighting by one switch, hand
operated. In the absence of a caretaker,
Using a Steel Tape.
this switch can be replaced by a time
When this system of conduit is employed, switch. This, however, has the dislong runs often occur between boxes, advantage that the whole of the lights are
and a series of bends around which it cut off after a given time and cannot be
would be found exceedingly difficult to used in the interim period between the
thread the wires. Use is therefore made of operations of the clock.
a steel tape. These are made in various
ways. Some are assisted through the
conduit by means of a ball fixed to one The Delay System.
To overcome this difficulty the installaend, others have a small roller fitted. To
the other end of this tape is fitted a loop tion of the following system is recomto which a draw wire is made fast and mended. The lights are first controlled
by a time switch, which at the time of its
pulled through the conduit.
The required number of conductors are disconnection brings into operation a delay
then made fast to one end of this draw wire system whereby light can be obtained for
and pulled through in the same manner. periods of fixed duration, usually about
A useful tip to assist the wires in slipping one to three minutes, upon pressing any
through the conduit is to smear them one of a series of control buttons throughwith french chalk as they are being paid out the staircase. This period of three
minutes is sufficient to allow a person to
into the conduits.
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rise from bottom to top of the staircase
or vice versa.
Connecting the Staircase Switching System.
Fig. 5 is a theoretical diagram of the
wiring and connections of an apparatus
made by the Venner Time Switches, Ltd.,
and it should be noted that the neutral
or negative main is connected to terminal
" C " of the delay switch and from this
terminal is looped, as a common negative,
to one side of the lamps and control
buttons. The " positive " main is connected to terminal " D." The other sides
of the lamps are then joined together and
connected to the middle terminal of the
special change-over time switch, while
the opposite sides of the control buttons
are similarly joined and connected to
terminal " B " of the delay switch. The
remaining terminal " A " is connected to
one side of the change-over switch, the
other side of which is connected by a loop
to terminal " D."

the middle and bottom terminal. The
passage of the current is now as follows :—
From " positive " main to terminal
" D " via the loop to the time switch, cn to
the lamps and back via the negative.
At midnight the change-over switch
again operates, extinguishing the lights
and repeating the operations with regard
to the delay system.

Using the Apparatus on a D.C. Supply.
The internal connections and mechanism
of the apparatus are slightly altered when
required to be used with direct current,
and Fig. 6 shows the amended arrangement.
Fixing the Fittings.
A word or two is now necessary regarding the fixing of switches and fittings, etc.,
in such a building. Being constructed of
concrete, and possibly steel work, and most
likely patent floors, the possibility of a
leakage to earth is greater than is the case
in buildings using wooden floors which
are thoroughly dried.
We have noted from the specification
The Operation of the System.
that the plugs and sockets are to be of the
By studying Fig. 5 we are now enabled three-pin type, and this is no idle request.
to trace out the path of the current and The object of the third pin is to enable
determine what takes place. When any all the appliances to be efficiently earthed
of the push buttons are pressed a complete so that in the event of a leakage there is
circuit is made across the mains which no danger to the user. These connections
excites the push button coil, and, by the should
be efficiently made, the third
dropping of a mercury tube, causes socket being well and truly connected
contact to be made at the contact breaker to earth, and the metal work or outer
" G." As soon as this happens, the current casing of the appliances being connected
passes from the positive main via to the third pin of the plug by means of a
the contact " G " to the terminal " A," flexible cable incorporated with these
through the change-over switch and on to making the electrical connections.
the lamps, through the lamps and back to
the mains. While this current is flowing, Earthing.
a shunt current is also passing from " G,"
Another point that usually does not
through the mechanism " H," to the receive due consideration is that of earthing
terminal " C " and mains, enabling this ordinary lighting switches. It is not a rule
mechanism to operate for its given period, that can be enforced, but sheer commonat the end of which time it automatically sense will soon demand, that where steel
breaks the contact " G " and thereby dis- work and concrete floors are in abundance,
connects the whole circuit.
this question will have to receive attention.
When the Delay System is Out of Use.
Now let us assume that the time has
come for the lights to remain permanently
on, from, say, seven o'clock till midnight.
The change-over time switch has operated
and broken the connection between the top
terminal and middle, and thrown over to

Flexible Cables.
The flexible connections between pendants and appliances must also receive
their due share of attention, and the current
carrying capacities and maximum weights
to be supported by these is fully dealt
with on page 117 of this work.
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HOUSE TELEPHONE SYSTEMS
By H. E. J. BUTLER

Ftg. 1.—THE TRANSMITTER OF A TYPICAL TELEPHONE HAND SET.
The removable carbon microphone inset is shown on the right. The inset is insulated from the
case of the transmitter by an ebonite ring, which is shouldered to register the inset centrally with its
housing.

H

OUSE telephones are essentially for
communication over short distances and they are used in factories,
business premises and private houses, when
it is desirable to have a telephone independent of the Post Office telephone
extensions.

The Components of a Telephone System.
The essential components of a telephone
installation comprise the transmitter,
receiver and battery. For signalling or
ringing between stations, a buzzer or bell
is necessary in addition. The battery used
for speaking may also be used for ringing,
but a separate battery is more usual.
Ringing may be effected without a battery
by means of a hand generator, or magneto
as it is called. This method of ringing is
more suitable for longer distances and
where other adverse conditions, such as
exist in mines, have to be overcome.

The Transmitter.
The transmitter consists of carbon

granules held between two polished carbon
electrodes. One electrode is fixed to the
transmitter case and the other is secured
to the diaphragm so that when spoken
into it is free to vibrate. The carbon
microphone is not sensitive until a current
is passing between the electrodes via the
carbon granules. When, however, a
battery is connected across the transmitter,
the vibrations imparted to the diaphragm
by the action of speech cause the resistance of the carbon granules to vary in
sympathy. Consequently, the current in
the microphone circuit varies, and areceiver
suitably connected in the circuit faithfully
reproduces the original speech. Fig.
shows a transmitter of the removable
inset type. The carbon microphone inset
is shown on the right. The case of the
transmitter has two springs, which make
contact with the inset when it is secured
in position. On the left is the protecting
cover which has two bayonet fixings
and a locking screw, to prevent the cover
from working loose.
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Fig. 2.—THE RECEIVER OF THE HAND SET SHOWN IN FIG. I .
The annular permanent magnet in the base of the receiver magnetises the cores of the electromagnets so as to render the instrument as sensitive as possible.

The Receiver.
A typical telephone receiver is shown
in Fig. 2. This consists of an electromagnet which causes the diaphragm to
vibrate when the speech currents are
passing through the windings. The
receiver is rendered more sensitive by a
permanent magnet which maintains a
strong field between the poles and the
diaphragm. In most circuits a steady
flow of current is passed through the
receiver in addition to the speech currents.
Polarity of Receiver Connections.
This is not essential for the operation
of the receiver, but just for simplicity of
operation. It is desirable to observe the

Fig. 3.—THE INTERIOR OF A SIEMENS WALL
TYPE FIVE-LINE INTERCOMMUNICATION TELEPHONE.
In this type the contacts are controlled by
the hook.

polarity of the receiver connections so
that the D.C. flowing through the receiver
windings assists the permanent magnet.
If the receiver is connected the wrong way
round, it is rendered less sensitive owing
to the partial neutralisation of the permanent magnet.
Combined Receiver and Transmitter.
More often than not the receiver and
transmitter are combined into one instrument. This arrangement is variously
known, as a hand set, microtelephone, or
hand combination. The hand set is made
to hang on a switch hook of a wall-type

Fig. 4.—A

DESK TYPE SIEMENS FIVE-LINE
HOUSE TELEPHONE SET.

This is similar to the one shown in Fig. 3.
this type the contacts are controlled by the
cradle.
In
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Fig. 5.—MASTER STATION WITH THREE SIDE STATIONS ARRANGED WITH TWO COMMON TALKING
LINES A AND B.
The master station can ring the side stations and the side stations can ring the master set.
The side stations cannot ring one another. R is the receiver, TR transmitter, B buzzer, SB speaking
battery, and RB ringing battery. This is a Standard Telephones and Cables system, using master
set No. 44002 and 6o43P side station sets.

telephone and to rest in the cradle of a desk
instrument. Figs. i and 2 show the
receiver and transmitter of a French
hand set. One of the latest developments

in hand sets is the Siemens microtelephone.
The body of the instrument is moulded
bakelite. The connections between the
transmitter and receiver are set in the

5
4
2

BUZZER
II

I 4 I 4

+ KEYS

''TTITT
1 2

HOOK
SWITCH

3 4 5

p

11 111
TTTTT
2 3 4 5

HAND
SET

Fig. 6.—TWO STATIONS OF A 5-LINE INTERCOMMUNICATION TELEPHONE SYSTEM.
All contacts are shown normal. When station 1 rings station 2 the plunger or key No. 2 makes
on both top and bottom contact. When the key is released it is locked down so that it makes on the
upper contact only. This type of system is arranged for common return, there being only one wire
to each line. A Siemens system, types Q3484-Q3488, Q3494-Q3498.
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Fig. 7.—AN ERICSSON INTERCOMMUNICATION TELEPHONE SYSTEM.
This shows two stations of a 5-line equipment. All contacts are shown normal. When one of the
selecting plungers is depressed fully the ringing circuit is established and when released it is locked
on the upper contact so that speaking may take place. SB is the speaking battery and RB the
ringing battery. The key is mechanically linked with the plungers.

bakelite during the moulding process,
thus avoiding the threading of wires
through the handle when fitting new cords.
This microtelephone is used with the
Siemens " Neophone " which is standardised by the Post Office for subscribers
who wish for an instrument of superior
design to the ordinary wall or desk
telephone.

possible in the system in a cool place.
The local battery system uses a separate
small battery at each station. No direct
current passes over the lines when two
stations are in communication, but only
the speech currents. In another type of
local battery system, the batteries of the
two stations in communication are connected in series, in which instance the D.C.
current must pass over the lines.
The number of cells, or the voltage of
the battery, depends on the nature of the
system and on the distance between
stations. Generally, 6 volts may be
regarded as the minimum for the speaking
circuit and 24 a maximum. When a
separate ringing battery is used, it may
be of lower or higher voltage than the
speaking battery, depending on the design
of the buzzer and the distances.

Batteries.
Dry batteries are the usual source
of power for the house telephone. The
current consumed is very small and one
set of cells should last several months,
unless traffic is heavy. The requirements
of large installations are best satisfied by
the use of accumulators. On a large
system several speaking circuits may be
in operation at the same time, and the
current is more than can be maintained
Bells and Buzzers.
satisfactorily from dry cells.
There is usually one common battery
The type of bell used for battery
which should be placed as centrally as ringing is essentially of the same construc-
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tion as the
ordinary domestic house bell.
The buzzer is
simply a bell
without the
hammer and
gong. A buzzer
is used when the
loudness of a
trembler bell is
unnecessary. A
different type of
bell is used for
magneto ringing.
This is a polarised or A.C.
bell. It has no
The
contacts.
vibration of the
polarised armature is caused
by the alterna- Fig. 8.—AN ERICSSON FIVE-LINE INTERCOMMUNICATION TELEPHONE SET.
This is a desk model. The wiring and contacts are readily accessible when
ting current passing through the the cover is opened.
magnet coils.
The A.C. bell vibrates in sympathy with are necessary to prevent the speech
the frequency of the current generated currents passing round the battery circuit
instead of through the microtelephone
by turning the magneto handle.
of the called station.
Types of House Telephones.
The next type of system provides for
The simplest type of house telephone ringing and speaking both ways between
is the one which provides for ringing only two points. This is the simplest applifrom a master station and speaking to cation of the intercommunication teleand from one or more side stations. This phone.
type of system is suitable only for giving
orders and messages, and is consequently
not of much practical value.
The natural development of the system
just described is to provide for ringing the
master station from the side stations.
This type of installation is useful when it is
not desirable that the side stations should
call one another. Fig. 5 shows the
circuit of a Standard Telephones and
Cables system of this type. A and B are
the common talking lines which reduces
the wiring to a minimum, although it
does not prevent a second side station
from overhearing when a conversation is
taking place. The master station is on
the left of the diagram. The energising
current from the transmitters is obtained
Fig. 9.—THE ROSETTE OF THE ERICSSON SET
from the common battery SB. The two
SHOWN IN FIG. 8.
retard coils in series with the battery leads
The rosette has a domed protecting cover.
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I0.—STANDARD TELEPHONES AND CABLES AUTOMATIC REPLACEMENT INTERPHONE SYSTEM.
This shows two stations of a three-line circuit. This type of interphone has one less stationselecting button than the total number of lines. This diagram shows station I in the act of ringing
station 3. Button 3 of station I is pushed right down. The path of the ringing current is shown
by thick lines.
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Fig. 11.—THE SAME SYSTEM AS FIG. IC), SHOWING THE CIRCUIT CONDITIONS WHEN STATION I HAS

ESTABLISHED COMMUNICATION WITH STATION 3.
(Button 3 is now locked down.) The speaking circuits are shown by thick lines. This system
has a full metallic circuit, that is to say, there are two wires to each line.
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A Siemens System.
Fig. 6 shows a Siemens intercommunication telephone system
for five statons. For the sake
of simplicity only two stations
are shown. The circuits of the
other stations are the same. The
only difference in the wiring of
the stations is the one line
connection known as the home
line. Station No. z has its home
line terminal connected to No.
line and similarly No. 2 station
HL terminal is connected to
No. 2 line. The wiring up of an
installation of this type consists
of a seven-core cable looped-in,
by means of junction boxes,
to each instrument. Fig. 3 shows
the interior wiring of one of the
Fig. I2.-A SIEMENS 25-LINE RELAY TYPE PRIVATE
sets of the Siemens system shown AUTOMATIC EXCHANGE INCORPORATING THE " NEOPHONE "
in Fig. 6. This is a wall type.
POST OFFICE PATTERN TELEPHONE.
This is a 24-volt system.
The wiring is accomplished by
connecting to the eight terminals
on the back. The wires pass through the speaking battery SB. In the Ericsson system
hole provided in the base of the cover. the home line is not connected to the home
A similar Siemens instrument of the desk plunger, but to the movable contact of
type is shown in Fig. 4. No wiring is the hook or cradle switch. The interior
necessary to the set itself with a desk wiring and construction of one of these
instrument, because a separate junction instruments is shown in Fig. 8. This is a
box is provided at the end of the flexible desk model. A circular junction box for use
cord, which is necessary with a
desk set.
An Ericsson System.
The wiring diagram shown in
Fig. 7 is an Ericsson 5-line intercommunication system. Only
two stations are drawn, and all
contacts are shown in their normal positions. In the Siemens
system just described the microtelephones are in parallel when
two stations are speaking, the
current being fed through the
buzzer windings which act as an
induction coil and so prevents
cross talk between two different
conversations. The Ericsson
system differs fundamentally in
this respect. When both keys
are in the speaking position it
will be seen that the microtelephones of stations i and 2 are
in series with one another and the

zg 13. —THE

UNDERSIDE OF A TYPICAL
STANDARD DIAL.

Showing the contacts and the impulse wheel.
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replies by lifting his microtelephone the ringing current is cut
off and the hand set is energised.
(Fig. Ir.) When station No. i
releases pressure from the key, it
is locked down as in Fig. rr, so
that the two lines of No. 3 station
remain connected to the microtelephone of station 1. When the
conversation is finished, and No.
r replaces his microtelephone,
the mechanical link between the
cradle and the buttons restores
the depressed key to its normal
position.

Automatic Systems.
The key-operated type of
house telephone just described
is all that could be desired when
there are only a few lines. When
the number of stations exceeds
Fig. 14.—THE Toe OF THE DIAL SHOWN IN FIG. 13.
25, the instruments and wiring
With the number and finger plates removed to show the
are necessarily very complicated
governing mechanism.
and large. If space, neatness
and efficiency justify the extra
with this system is shown in Fig. 9. The expense an automatic system is to he
instruments are supplied with the flexible preferred to the interphone sets. If the
cord wired between the sets and the boxes. number of stations exceeds 25 an automatic
The terminals EB are for an extension bell. system is the only satisfactory method of
It will be seen that when wiring up set intercommunication. A 25-line Siemens
No. r the No. r line is taken to terminal relay automatic system is shown in Fig. 12.
HL (home line) instead of to terminal 1. Where A.C. mains are available no batteries
Similarly line No. 5 is joined to HL of the are required, all the current being supplied
junction box of station No. 5, instead of to from a transrector specially designed fcr
terminal.5.
the purpose. In order to eliminate faults
due to dirty contacts, of which there are
Standard Telephones and Cable System.
several hundred in a 25-line equipment, ail
The wiring diagram of a typical Standard the relays are provided with double conTelephones and Cables (Western Electric) tacts. The Siemens system is unique in
system is shown in Figs. ro and Ir. This this respect.
differs from the two systems just described,
The saving in wiring with an automatic
because a full metallic circuit is used system is considerable, because only two
instead of a common return. This is more wires are necessary from each instrument
effective in preventing cross-talk than when to the exchange, so that the actual installaa common return is used. Separate tion is of the simplest nature.
ringing and speaking batteries are used,
When more than 5o lines are required
although both batteries are common to all the selector automatic, as used by the
the stations. The two diagrams of this Post Office, is to be recommended. The
system are drawn so as to indicate the exchange equipment of this system is
manner of operation. In Fig. ro, station necessarily the most expensive of telephone
r has removed, his microtelephone from apparatus, but permits any number of lines.
the hook and is depressing fully button 3
With all automatic systems absolute
of his set. The path of the ringing current secrecy is ensured as it is impossible for a
is shown by thick lines. As soon as No. 3 third party to connect to an engaged line.
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TUNING COILS AND INDUCTANCES
NOTES ON DESIGNING FOR DIFFERENT TYPES OF
RECEIVERS
By A. E. WATKINS

E

VERY radio receiver uses one or
more tuning inductances, and
although these have been used
for many years, finality in design has not
yet been reached, almost every design of
receiver having some different form.
This is not to be wondered at, for the
details that can be varied are so numerous,
and a number of different coils wound
according to the taste of the designer may
be equally efficient. It is the intention
in this article to give a few hints which
will guide the constructor in the design
of coils suitable for various types of
receivers.
Points to Watch in Designing Coils.
For instance, it is essential that the coil
in a receiver, which has no H.F. amplification, should be of high efficiency. But
if the receiver has one or more stages of
H.F. amplification it is often advisable to
reduce the efficiency of the coils so that
they may be easily ganged together to
stabilise the reAERIAL
GRID
ceiver. While it is
easy to design a
receiver with one
stage of H.F. amplification with
high-stage gain,
it is extremely
difficult to design
one with two
stages of H.F.
EARTH eRLAMENT amplification with
a high-stage gain.
Fig. I.—A SIMPLE
AERIAL TUNING INIt is better to
DUCTANCE.
design the tuning
It is usual toltap
inductances in
the aerial near the
such a manner that
bottom of the coil.

the gain per stage is low. This particularly
refers in the case of radio receivers designed
commercially, for it is far better to add an
extra valve and obtain consistent results.
Sell-Capacity.
The value for the medium-wave inductances should be, approximately, 200
micro-henrys. This value will satisfactorily tune from 200 to 600 metres with a
standard .0005 condenser, while 2,000
micro-henrys would be perfectly suitable
with the same condenser for the long-wave
coil. Theoretically, the inductance of the
coil may be made as large as we please,
provided that we can reduce the capacity
in parallel with it ; but when the coils are
wired into the receiver, with the valves in
circuit, there is an ap- AERIAL
preciableself-capacity
in parallel with the
GRID
inductance when the
tuning dials are set at
zero. This may be
as large as 5o micromicro-farads, even in
a well-designed receifiLAAIENT
ver, so that if we wish
to tune down below
200 metres with a minimum capacity of
5o micro-micro-farads
EARTH
we cannot make the
inductance exceed Fig. 2.—A Two-cIRmuch more than 200 CUIT TYPE OF TUNING
micro-henrys. This
INDUCTANCE.
size will be found a The aerial coupling
coil is arranged at the
safe value, and will earth
end of the meeven allow for screen- dium wave tuning ining of the coils.
ductance.
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Fig. 3. — THE

WRONG WAY OF
INSERTING
A
WAVE CHANGE
SWITCH.
When
the
switch
is
turned to the
long-wave position the aerial
is tapped at the
top end of the
inductance. A
better arrangement is shown
in Fig. 4.

Factors Which Govern the
Value of a Coil.
When one comes to work
out the best value of a coil
on paper, one is confronted
with very many variable
factors and it is quite impossible with certainty to
design the coils accurately.
The variable factors which
we come up against are :—
(r) The self-capacity of
the wire and covering.
(2) The dielectric upon
which the coil is wound.
(3) The spacing of the
turns.
(4) The diameter of the
coil.
And one or two other
uncontrollable conditions.

Correct Size of Inductance.
In the early days of receiver designs
it was considered that to use the largest
inductance possible constituted the most
efficient receiver, but this theory has been
exploded long ago, and there is no question
whatsoever that a coil larger than 4-in. in
diameter is not advisable, and even this
size only in rare cases, while in the case
of multi-stage receivers, it is advisable
to use coils as low as r-in. diameter. A
happy medium for a multi-stage receiver is
i4 in, to 4-in. diameter.
Length of Inductance.
Apart from the diameter of the coil
there is one other dimension which must
not be overlooked, and that is the length.
To obtain the most efficient inductance,
the length of the winding should not
exceed the diameter of the coil, or very
little more than ri times this. To arrive
at the length of the coil and keep it within
reasonable dimensions it is necessary
to use a finer gauge of wire. Now if a
coil is wound with fine wire and the length
is kept reasonable, even if it is half the
diameter, it is likely to be more efficient
than that of a coil wound with thicker wire,
which makes a large coil. The reason for
this is that with the thicker wire the selfcapacity of the coil would be much greater,
and the losses greater due to the extra
quantities of material upon which the coil
is wound.

Use Small Coils for Stability.
Also to obtain stability
it is necessary to design
the coil as small as possible, and this is often an
advantage particularly in
cages where there are a number of tuning
inductances and band-pass tuning is
employed, for, by winding the coil on a
small diameter, it is much easier to adjust
the coil by removing a number of turns of
wire so that they are correctly matched,
whereas if the coil is of large diameter,
removing one turn would appreciably PRACTICAL HINTS ON WINDING COILS
Undoubtedly the best material for
affect the inductance of the coil, and make
winding inductances, particularly those
it much more difficult to balance.
While a small diameter coil may not for the medium wave, is paxolin tube. Next
be so efficient as one a little larger, nevertheless, when a number of coils are used
together and they are correctly matched,
the overall efficiency may be greater.
On the other hand, where there is only one
tuning inductance to consider, we may
design the coil to be as efficient as possible,
and, owing to the fact that it is not
necessary to screen one coil, a larger dia==-•
meter may he used with advantage.
EARTH -4 -4There is, nowever, a limit to the diameter
to which we should go, and also a limit Fig. 4.—SUITABLE WAVE CHANGE SWITCH FOR
SINGLE-CIRCUIT TUNERS.
to the length of the coil. The losses in a
This has the desired effect of transferring the
large coil can be considerably due to the aerial to the lower portions of the coil when
self-capacity and also leakage effects.
the switch is turned to the long-wave position.
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to this is ribbed ebonite or bakelite. All
these three materials have good mechanical
strength and electrical properties. Never
attempt to use cardboard tubes, as even
when these are impregnated with wax, they
are most unsatisfactory and the loss is
extremely high.
Wire Covering.
For the covering of the wire, silk is the
best, and for all-round results, double silkcovered wire meets most requirements.
Enamelled wire is perfectly satisfactory,
provided it can be slightly spaced, for
when the turns are wound close together,
the self-capacity of these turns is greatly
increased due to the small thickness of
covering. Double cotton-covered wire is
also satisfactory, but in this case, due to
the thickness of insulation, the coil has to
be made much longer than is necessary.
Also, owing to the nature of cotton it is
necessary that it should be impregnated.
This further leads to dielectric losses,
but in the case of silk covered wire, no
treatment is necessary unless, of course,
the coil has to be used in a situation in
which dampness is prevalent.
Winding Long-wave Coils.
The long-wave coils may be wound in
multi-layer coils, in the form of slot
winding or the honeycomb pattern.
The most important point is that they
should be of such a design that the first and
last turns are set as far apart as possible.
This may be achieved by winding in the
form of the honeycomb pattern, but this
method, of course, requires a special
machine. A simpler way is by winding
sub-divided coils, which may conveniently
be split into four sections in narrow slots.
This will ensure that the top and bottom

REA

-=--.
Fig. 6.--CIRCUIT FOR COILS IN WHICH TWO
REACTION WINDINGS ARE USED, ONE FOR THE
MEDIUM WAVES AND ONE FOR THE LONG WAVES
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turns are far apart, and
the sections reduce selfcapacity.
TYPES OF TUNERS.
Aerial Tuning Inductances.
The first tuner in the
receiver is the aerial
tuning inductance. This
may be a single coil,
either with two windings or a band-pass
tuning. It it is a single Fig. 5. - CIRCUIT
coil it is usual to tap the FOR
COILS DEaerial near the bottom SIGNED WITH ONE
of the coil. The posi- REACTION WINDING TO ANSWER
tion of this tap depends FOR
BOTH MEDIUM
upon the selectivity AND
LONG WAVES.
required. If it is of the
two-circuit type, the aerial coupling coil
is arranged at the earth end of the medium
wave tuning inductance and consists of
a small number of turns according to the
selectivity required. As a rough guide
usually 4 to I is perfectly satisfactory.
This also applies to the position of the
tap on the single coil.
In the case of a single coil, we can have
more than one tap so that the aerial may
be adjusted to suit the conditions.
Band-pass Tuners.
Band-pass tuners are really two circuit
tuners in which both circuits are tuned
and coupled together by mutual inductance
or capacity, and in the case of the mixed
circuit, both inductance and capacity.
For this type of tuner the diameter of the
coils should be small so they may be
accurately matched to ensure the ganged
condensers correctly tuning over the
whole range. This is fairly easy on the
medium wave but when we come to the
longer wave it is a little more difficult,
for unless these windings are also accurately matched, slight variation will
cause a tremendous difference in the
condenser setting of one of the circuits.
Wave-changing Switches.
In all types of tuners some methods
of wave-change switching is adopted.
This is the most difficult part of the tuner
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for we have various problems to consider.
The first is that of obtaining an equally
efficient inductance both on the long and
on the short waves with simple wavechange fittings. The more complicated
the switches, the more difficulties we come
up against. This particularly refers to
the aerial tapping. On many tuners,
when the switch is turned to the long
wave position, the aerial, instead of being
tapped at the bottom of the tuner, is now
at the top end of the inductance, as
Fig. 3. The aerial now imposes a heavy
load upon the inductance and, therefore,
throws the coils out of balance.
Arrangement for Single-circuit Tuners.
In the case of single-circuit tuners,
the load of the aerial now being at the
top end of the coil broadens the tuning
considerably. To overcome this difficulty,
the circuit in Fig. 4 is suggested, and is a
system which the writer has found to
be very satisfactory indeed, for not only
is the switching still kept simple but it
has the desired effect of transferring the
aerial to the lower portions of the coil.
The small coupling coil used for the
medium wave does not have a very great
effect upon the long wave and in the case
of band-pass tuning, has been found to be
quite reliable in regard to the matching
of the coils, but the coils should be at
right angles to one another.
Reaction Coils.
Many receivers make use of reaction.
This may be added either to aerial coils
where there is no H.F. stage or in the case
where there are H.F. stages to the last
coil, in front of the detector.
The number of turns for this reaction
winding is very important, but it cannot
be arrived at by calculations. It depends
on the value of the reaction condenser
and also upon the efficiency of the valve.
If there are too many turns for a certainsized condenser, over-reaction will occur
and this may not have the effect of setting
up violent oscillations, but of damping
the whole signal. The number of turns
for the reaction winding must be found
experimentally, to obtain the most efficient
reaction ; from the writer's experience
about one-third of the number of turns

of the inductance, placed at the lower end
of the coil and controlled by a suitable
sized condenser, gives the best results.
Arrangements for Reaction Winding.
It is easier to vary the size of the condenser than to alter the winding. Some
coils are designed with one reaction
winding to answer for both the medium
and long waves, as shown in Fig. 5.
This is perfectly satisfactory provided
that care is taken in placing both the
medium and long wave coils at the correct
distance from the reaction winding. It
obviously follows that the reaction winding
will be nearer to the long-wave coil and the
space between the reaction winding and the
medium wave.
The writer, however, uses another
method in which two reaction windings
are used, one for the long wave and one
for the medium wave, as in Fig. 6. This
method is covered by a patent of the writer,
and is extremely useful in the case where
the medium wave and the long wave coils
are set at angles to one another, for then
the reaction can be made constant over
both the medium and the long waves
without any difficulty, and no switch is
necessary on the reaction winding.
Turns and Diameters for Different Types of
Inductances.
As a guide in the design of coils, the
number of turns and diameters of various
types of inductances are given below.
If any adjustment is found necessary, a turn
or two more or less will rectify matters.
MEDIUM WAVE WINDINGS.
Diameter of
former.

Length of
Winding.
I a"
2 Yi-T"
2"
I 1; „

21"

",
IA"

3"
3r
4"

Gauge and
coy ering of wire.
3o D.S C.
28 D S C.
26 D S C.
26 D S C.
24 D.S C.
24 D S.C.
22 D.S.C.

LONG WAVE SLOT WOUND.
Turns
Diameter
(mean). approximately.
Ii

3
4

190
180

160
140
120

J Allowance is made
for medium wax e
winding.
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HOW POWER STATION FREQUENCY
IS CONTROLLED
By A. T. DOVER, M.I.E E.
This subject is becoming of increasing importance to electrical engineers, first on account of the grid transmission system which is
now being developed all over the country, and secondly on account of
the possibilities it offers for the use of mains driven clocks which
depend for accuracy on the correct periodicity of the supply being
maintained.

Fig. I.—THE CONTROL ROOM AT CROYDON CORPORATION'S POWER STATION SHOWING EARLY TYPE,
OF WARREN MASTER FREQUENCY METER. (Everett Edgcumbe.)
The clock is driven by weights and is wound automatically by a Warren synchronous motor.
The time hand of the frequency meter (upper dial) is driven directly by the clock, and the frequency
hand is driven by a Warren motor.

The Advantages of a Controlled Frequency.
HE maintenance of the frequency
of an A.C. supply system at a
standard mean value is of considerable advantage in practice. Thus
(I) large generating stations in which the

T

frequency is rigidly controlled can operate
satisfactorily in parallel, and can share or
interchange load so as to obtain the most
economical operation ; (2) timing devices
such as clocks, graphic instruments,
time switches, traffic control signals, etc.—
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fully recognised the importance and the
necessity of an accurately controlled
frequency for time service, and for the
interconnection (i.e., parallel operation)
of large power stations.
A more recent paper dealing with
" Synchronous Electric Time Service "
was presented to the A.I.E.E. on January
25th, 1932.

Fig. 2.—ARRANGEMENT OF MAGNETIC CIRCUIT OF
WARREN SELF-STARTING SYNCHRONOUS MOTOR.
This type is made by Everett Edgcumbe and
is used in their " Synclocks " and master frequency meters. A, armature of hardened steel ;
B, laminated field magnet with divided pole
faces ; C, exciting winding ; D, short-circuited
copper bands (" shading coils ") encircling one
half of each pole face.

may be operated from the supply mains,
and accurate functioning of these devices
is assured with the minimum of attention
and maintenance ; (3) industries operating continuously (e.g., textile, paper
making, flour milling) are assured of a
constant rate of output when their
machines are driven by synchronous or
induction motors.
How the Idea of a Controlled Standard
Frequency Originated.
The idea of controlling the frequency
with the object of supplying time service
from the supply mains originated in
Germany in about 1909, but could not be
successfully carried out in practice because,
at that time, no suitable self-starting
synchronous motor was available. The
idea remained undeveloped until about
1916, when the Warren self-starting
synchronous motor was produced in the
United States of America.
Warren's
classic paper on " Utilising the time
characteristics of alternating current "
was presented to the American Institute
of Electrical Engineers on May 7th, 1919.
This paper gave practical details of a
successful miniature synchronous motor
(which developed about one-millionth of a
horse-power) and its application to frequency control and time service. Warren

The Warren Synchronous Motor.
This motor is built as a single-phase,
bipolar motor with shaded poles, and the
arrangement of its parts is shown in Fig. 2.
The magnetic circuit consists of laminations B and is excited by the single coil C.
Each pole piece is divided into two portions,
one of which is encircled by a shortcircuited copper band D, called a " shading coil." The eddy currents induced in
these coils by the alternations of the main
flux produce a magnetic reaction which
causes a time phase difference between the
fluxes in the two portions of the pole face,
the flux in the " shaded " perticn lagging
by about 5o' relatively to that in the unshaded portion. Thus, an irregular rotating
field is produced in the air gap.
The armature or rotor A is constructed
of hardened steel, either as a single disc
or a pair of discs, according to the output
required. Each disc is in the form of an
annulus with a diametrical crosspiece as
shown in Fig. 2. When two or more discs
are used the crosspieces are set in line.
The spindle is directly connected to a
built-on speed reducing gear which is
immersed in oil.
How the Synchronous Motor Operates.
The motor is self-starting on load
and runs up to synchronous speed in a
fraction of a second. The starting torque
is due to magnetic attraction between the
pole faces of the field magnets and the
induced poles in the armature. On account
of magnetic hysteresis in the hard steel
armature disc a brief time lag exists
between the induced poles in the core
and the inducing flux at the pole faces.
Hence, the magnetic pull between these
poles is tangential to the armature core
and produces torque. At low speeds there
is a progressive shifting of the induced
poles through the mass of the disc, but at
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synchronous speed the induced poles remain in step
with the rotating field.
The starting torque is
more than 5o per cent. of
the maximum running
torque and is maintained
up to synchronous speed,
thus giving rapid acceleration.
The synchronous operation of the motor is unaffected by considerable
changes in the supply voltage, e.g., a 5o per cent.
variation of voltage will not
interfere with the running
of the motor.
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The gearing is so arranged
that at the normal supply
frequency both hands complete one revolution in five
minutes. Thus, if the
frequency is maintained
rigidly at its correct value,
both hands will rotate at
exactly the same speed, and
will, therefore, show no
relative change of position.
Small momentary variations in the frequency will
not perceptibly affect the
relative position of the
hands, and as these fluctuations are equally likely to
be positive and negative,
only the cumulative error
The Master Frequency Meter.
will be shown by a change
To ensure that the frein the relative positions of
quency at all the power
the hands. But any steady
stations is maintainedrigidly
or gradual change of freat a constant average value,
quency from the mean value
a master frequency meter is
will cause one hand to gain
used at each station to
upon the other, so that the
indicate the average frerelative positions of the
quency. This meter meahands will show a gradual
sures the frequency by a
change.
direct reference to a time
Obviously, this is the
standard, e.g., a pendulumonly error in the frequency
type standard clock, the
which should be corrected
time-keeping of which can
by the engineer in charge,
be accurately controlled to
because the governors of
within a fraction of a
the turbines will take care
second a day.
of the momentary fluctuations.
The Warren Master FreThe two lower dials
quency Meter.
Fig. 3.—LATEST TYPE OF EVEIn the master frequency RETT EDGCUMBE ALL-ELECTRIC shown in Fig. i are ordinary
" MASTER FREclock dials, one of which
meter originally developed " SYNCLOCK
QUENCY METER.
(on the right) is driven by
by Warren, two hands or
With impulse driven standard the pendulum and the other
pointers are arranged conclock.
centrically over a common
The lower left-hand clock dial (on the left) is driven by
dial, which is the upper dial is driven by a synchronous an independent Warren
in Fig. i. One hand is motor and the right-hand clock synchronous motor. The
dial is an electromagnetic left-hand dial is intended
driven by the pendulum impulse
type clock movement.
as a check on the frequency
of the standard clock and
meter and acts as a stand-by
the other is driven through
in the unlikely event of
gearing from a Warren
synchronous motor connected to the failure of the supply to the motor driving
supply mains.
the frequency meter.
The hand driven by the standard clock
is enamelled black and that driven by the Latest Type of Master Frequency Meter.
synchronous motor is enamelled red or
The latest type of Everett Edgcumbe
master frequency meter is illustrated in
some other distinctive colour.
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meter) possesses several advantages over
the ordinary escapement type. Thus it is
much cheaper to manufacture owing to its
simpler construction ; its time-keeping is
better because of the reduced friction
losses owing to the elimination of the
escapement mechanism; the frame can be
built lighter owing to the elimination of
the heavy driving weights required for the
escapement type of clock ; no winding is
necessary ; any number of clock dials
giving " standard time " may be driven
without affecting the time-keeping. These
dials are simple electromagnetic impulse
movements.
The Frequency Disc.
The frequency disc is shown in detail in
Figs. 4 and 5. It has a red hand or pointer
painted in a definite position on the dial,
and the latter has i8o graduations representing seconds. The concentric " time "
dial is similarly graduated.
Fig. 4.—MASTER FREQUENCY METER AND CLOCK
DIALS FOR OPERATION FROM STANDARD TIME
SYSTEM OPERATED By IMPULSE-TYPE MASTER
CLOCK. (Everett Edgcumbe.)

This type of master frequency meter is used
when a standard time (impulse) system is already
available or when duplication of the indications of
an impulse-driven clock type master frequency
meter (Fig. 3) is required.

Fig. 3. Although in principle it is essentially the same as the earlier type there
are important differences. Thus, the
" time " hand of the frequency meter
(upper dial) rotates with an even, steady
movement, instead of jumping forward in
half-seconds beats ; the time of one revolution of the - time " hand is three minutes
instead of five minutes ; the " frequency "
hand is shorter in length and is painted on
a concentric graduated " frequency " disc
which rotates synchronously with the
" time " hand ; the standard clock is of
the electric impulse type instead of the
weight-driven escapement type, i.e., the
pendulum derives its energy from impulses
supplied to it by an electromagnet.
•
The Advantages of the Impulse-driven
Standard Clock.
This type of clock (which is now used in
the Everett Edgcumbe master frequency

How the Frequency Disc and Time Hand
are Driven.
The frequency disc and the time hand
are both driven by a Warren synchronous

Fig. 5.—MASTER

FREQUENCY METER WITHOUT
(Everett Edgcumbe.)
CLOCK DIALS.

This type of master frequency meter is
operated from a standard time (impulse)
system, and is used for duplicating the indications of a clock type master frequency meter
(Fig. 3) at the switchboard or at the turbine
controls.
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motor. The f ormer is rigidly
Slipping Clutch Moto, re I
connected to the
Star
Wheel
driving sleeve
(which is geared
Striker
to the motor),
and the spindle
of the time hand
is driven from
this
sleeve
through a friction
clutch as shown
diagrammatica 1 Terminals for Auxiliary ti
Dials •f any
ly in the upper
part of Fig. 6.
The spindle carCentre Disc (Frequency Time)
ries a star wheel
having six VOuter Dial (Standard Tone)
shaped depressions and a roller
Latch
Inamtairtirt9 Arm
is forced into
Gathering
Step
Doan
Pawl
one of these Transformer
depressions
every 3o seconds
Persaulurn
by an electromagnetically
To
Gathering
A C Mains
operated striker.
Wheel
The gear ratio
and the number
of depressions in
the star wheel
are such that if
the frequency is
correct the roller
will exactly fit
into the appropriate depression Fig. 6.--GENERAL ARRANGEMENT OF EVERETT EDGCUMBE MASTER FREQUENCY METER WITH IMPULSE-DRIVEN CLOCK (FIG. 3).
and no slipping
Duplicate motors with a change-over switch are provided for driving the
of the clutch will frequency
disc and time hand.
occur. But if
The impulse electromagnets are supplied with direct current (at about
the frequency is 12 volts), which is obtained from a rectifier and a step-down transformer.
high or low
the roller will
engage with the star wheel and force the the type commonly used in electric imlatter into its correct position thereby pulse-driven clocks. The seconds invar
causing the clutch to slip.
pendulum (which is accurately compenThus the clock is used only to regulate, sated for temperature) is supported on
and not to drive, the time hand. More- knife edges so as to swing freely. The lower
over, this regulation is effected without end of the pendulum is fitted with a
adding any friction or other load to the pointer which moves over a graduated
pendulum.
scale, so that the arc of swing can be
observed, and just above the bob is a
The Mechanism of the Impulse-driven platform upon which weights can be
Standard Clock.
placed for adjusting the time-keeping.
This mechanism is very simple and is of At the upper part of the pendulum a light
To
Motor
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" gathering pawl " is fitted, which engages with the teeth of a gathering wheel
in the manner shown in Fig. 6. Hence at
each swing of the pendulum from left to
right the pawl moves the gathering wheel
through a definite arc.

the effective centre of gravity of the bob,
calibrated weights being added or subtracted on a platform above the bob while the
pendulum is in motion. Each weight is
marked with the number of seconds by
which it will alter the daily rate.

How an Impulse is Imparted to the
Pendulum.
At a predetermined point in the
revolution of the gathering wheel a
latch is tripped which releases the
" maintaining arm " (or striking lever),
and causes a roller attached to the latter
to impart an impulse to the pendulum.

How the Time-keeping of the Standard
Clock is Checked.
The checking of the time-keeping of the
standard clock is a very simple matter
nowadays owing to the wireless transmission
of time signals at definite times throughout the day from Greenwich and other
Observatories. Thus all that is necessary
is to install a wireless receiving set in the
control room, and to check the clock
against the wireless time signals. The set
can be operated automatically by a time
switch, which switches the set on a few
seconds before the signal time and switches
it off a few seconds later The time switch
is driven by a synchronous motor instead
of the ordinary clock spring and gearing.
Such an arrangement is in use at a number
of power stations.

1,0'5
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5 epte 77 ber
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Fig. 7.—DAILY VARIATION OF MEAN FREQUENCY
ON LARGE POWER SYSTEM EMPLOYING INDICATING TYPE OF FREQUENCY METER.
When this system was changed over to
frequency control on the Warren system the
variation of mean frequency was zero.

Automatic Replacement of Maintaining
Arm.
When the maintaining arm reaches its
lowest position, a contact is closed and the
circuit of an electromagnet is completed.
The operation of this electromagnet automatically replaces the maintaining arm
on the latch.
How the Time-keeping of the Standard
Clock is Controlled.
The time-keeping is controlled by two
methods. Initial adjustments are made by
slight alterations to the effective length
of the pendulum (e.g., by changing slightly
the position of the bob on the pendulum).
Final or service adjustments are made
by slight alterations to the position of

Why the Ordinary Type of Indicating
Frequency Meter cannot be used as a
Master Frequency Meter.
The ordinary indicating frequency meter
shows only the instantaneous value of the
frequency, which may be, and usually is,
fluctuating momentarily above and below
the average value. When the control
engineer observes the reading of the meter
from time to time, the indication at a
particular instant only tells him the
frequency at that instant, and he is
entirely unaware of whether the average
frequency during the interval from the
previous reading is above or below the
frequency indicated by the meter. If,
therefore, he makes an adjustment of the
frequency according to the reading of the
meter, the average frequency may be
affected either adversely, or favourably,
relatively to the standard frequency. The
more frequently these adjustments are
made the more necessary they apparently
become. Hence, the average frequency
over a period of 24 hours may differ
appreciably from the standard value, and
with such control the supply system would
be useless for time service.
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Moreover, the indications of the meter
may not be accurate due to (I) slight
inaccuracies in calibration ; (2) change of
calibration with use ; (3) variation of
temperature and voltage.
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conditions. The adjustments are effected
electrically by operating small switches
in the control desk or switchboard, each
of which controls a small reversible motor
coupled to the governor mechanism of the
appropriate turbine. The operation of this
motor alters the setting of the governor.
By these means the speed is raised or
lowered slightly from the control room,
and the governor maintains the speed
constant (within the usual momentary
limits) at the new value.
In stations where the speed is controlled

Actual Variations of Average Frequency
in Practice.
That relatively large variations in
average frequency actually occur in practice when an indicating frequency meter
is used is shown by the reproduction in
Fig. 7 of a record of the average daily
frequency for a large generating
BOW
station in which first-class indi- WILLESDEN GROVE ROAD
cating frequency meters were
Su b-Alaster FrequencyMeter
used and in which the operating
@ Standard Time
staff endeavoured to maintain
the frequency at the standard
value, as indicated by the meter.
The actual record of the average
frequency was obtained by
Alasterfi-equericyMeteldividing the total number of
FrequencyTime 0 0 Stendarcil Vine
cycles during each day (as
measured by a counter and
CONTROL ROOM
synchronous motor) by the
WESTMINSTER
number of seconds. Incidentally,
it is of interest to note that the
it
variation of the average frequencyfrom the standard value is due
almost entirely to variations of
temperature in the frequency
meters.
O
On the other hand, when the
BATTERSEA
DEPTFORD
frequency is controlled by the
master clock method, the variation
Fig. 8.—LAYOUT OF LONDON POWER CO.'S FREQUENCY
of the average frequency from
CONTROL SYSTEM
the standard value depends only
The clock type master frequency meter is installed in
upon the accuracy of the clock, the central control room at Westminster, and electrically
and if the latter varies to the operated repeaters are installed in each of the generating
stations
extent of a second a day
(24 hours), the mean error in the average by hand, the frequency disc and time dial
frequency will be less than — 010 0 of one shown in Fig. 5 are installed on the turbine
per cent.
instrument panel. The mechanism of this
instrument is similar to that of the clock
How the Frequency is Maintained at the type master frequency meter (Fig. 3), the
Required Value.
time hand being synchronised at halfIn a large power station the master fre- minute intervals by impulses controlled by
quency is installed in the control room in the clock mechanism.
view of the control engineers. The meter
In practice with large interconnected
is observed at frequent intervals, and if stations the average frequency over conthe " frequency " (red) hand is gaining or siderable time intervals, such as 3o minutes,
losing relatively to the " time " (black) remains sensibly constant, due, to a large
hand, the speeds of the turbines are extent, to the flywheel action of the
adjusted slightly so as to restore normal generating plant and load. Hence rela-
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tively few adjustments of the frequency
are necessary compared with those which
would be necessary if an indicating frequency meter were used.

master clock. The dials of the submaster
frequency meters, therefore, give
at all times an exact replica
of the frequency dial and the standardtime dial of the master frequency meter in
the control room, so that each generating
station has full information of the mean
frequency of the system as well as of
" standard time."

Applications to the Super-power Stations
of the National Grid.
All the large power stations of the
" National Grid " will have their frequency controlled on the Warren system.
In some cases the master frequency meter How the Manchester Corporation Controls
the Frequency of its Interconnected
is of the type illustrated in Fig. r, but the
Generating Stations.
more recent stations have the latest type
At Manchester a standard time system
of meter which is illustrated in Fig. 3.
In some of the older stations which were (operated by an electric impulse standard
already provided with a standard time clock) was in use prior to frequency control,
system, the master frequency meter is of and this time system is utilised to provide
the type illustrated in Fig. 4, which con- the " standard time " for the master
sists of the three dials of the clock-type frequency meter. As the standard clock
master frequency meter (Fig. 3) without sends out current impulses at half-minute
intervals, these impulses cannot be directly
the pendulum.
utilised for driving the " time " hand of
How the London Power Company Controls the master frequency meter owing to the
the Frequency of its Interconnected jerky movement which would result.
Generating Stations.
When frequency control was first adopted
The London Power Company has a the half-minute impulses were converted
central control room at Westminster, into one-second impulses, and these imfrom which the frequency of the present pulses were used for driving the " time "
four generating stations, viz., Grove Road, hand of the master frequency meter, the
Bow, Deptford and Willesden, is controlled. " frequency " hand of which was driven
When the new station at Battersea is put by a Warren synchronous motor.
In the Barton station the Everett
into service, its frequency will also be
controlled from this room. Fig. 8 is a Edgcumbe frequency disc type of master
diagram of the layout of the frequency frequency meter illustrated in Figs. 4 and
5 is used, the time hand being synchronised
control system.
The master frequency meter is installed at half-minute intervals by impulses
in the control room, and is of the clock received from the standard time system.
type. A submaster frequency meter is
installed in each of the generating stations, Acknowledgment.
Acknowledgment is due to Messrs.
and the clock of each of these meters is
operated electrically from the standard Everett Edgcumbe for their kindness in
clock in the control room ; the latter send- supplying blocks and details of their new
ing out, through special pilot wires, a type of master frequency meter illustrated
current impulse every second to each sub- in Figs. 3, 4, 5, 6.
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HOW TO DESIGN SMALL POWER
TRANSFORMERS
By H. E. J. BUTLER

T

HE design of small power transformers of outputs ranging from
10 to i,000 volt-amperes is simplified here so that the essential data of any
particular size of transformer is quickly
found by reference to the tables given.

The First Consideration.
The first consideration in the design of
any transformer is the output. The
output is stated in so many volt-amperes,
because in alternating current apparatus
it is not usual to speak of an output in
watts. This is because the volts multiplied
by the amperes, in an alternating circuit,
do not always give the true watts. For
most purposes, however, the watts
output of a small transformer will
be the product
of the volts and
amperes.
Estimating t h e
Output of a
Transformer.
To estimate
the output of a
transformer consider a practical
example. A
battery charger
is to have a
rectifying valve
requiring 45 volts
at 3 amperes, and
a filament winding of 1.8 volts
at 5.5 amperes.
The transformer
is to be connected to a
23o-volt, 5o-cycle
supply. The out-

put of this transformer is found as
follows :45 X 3 ----,-- 135 volt-amperes
T.8 X 5.5 = io volt-amperes
145 volt-amperes.
Thus the output is determined by
multiplying the volts by the amperes,
and, where there is more than one output
winding, the total output is found by
adding together the separate outputs.
It will be seen from the example given
that the nature of the supply does not
enter into the calculation of the output.

Core Section.
When the total output of the transformer has been determined, the next
consideration is the sectional area of the
core. The core
of a transformer
BOBB I N is that part of
the iron on which
the coils are
wound. The
AWNINWL\WOM\NNW•WZWN.•
yoke of the
transformer, or
that part of the
iron outside the
coils, must have
a total crosssectional area at
least equal to the
area of the core.
A simple rectangular core has
a uniform section,
the coils being
wound on one
side of the rectFig. I —A TRANSFORMER CORE BUILT UP FROM STRIPS angle. In the
OF STALLOY.
more usual
Each succeeding layer of strips is arranged to bridge
the previous layer. The product of 1 and b gives the arrangement of
T —U stampings
gross winding area of the transformer.
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the core section is twice the area of the
yokes since there are two paths for the
magnetic flux from the ends of the core.
Figs. i and 2 show the difference between
the two types of cores.
A Trouble Saving Table.
The mathematical determination of the
optimum area of the core is extremely
complicated and the best average values
are given for outputs of io-r,000 voltamperes in Table I. It will be seen from
Table I that the sectional area depends
on two factors, the output and the frequency of the supply mains. To continue
with the design of the practical example,
where an output of 145 volt-amperes is
required, refer to Table I and choose the
next largest output, which is 150 voltamperes. If the frequency of the supply
is 5o cycles, the core section will be 1.75
square inches of stalloy transformer steel.
The area of the core, for a given output, is
inversely proportional to the frequency
of the supply. Thus the area of the core
is doubled at 25 cycles, that is, 3.5 square
inches for an output of 150 volt-amperes.
TABLE

I.

SHOWING BEST AVERAGE VALUES OF CORE AREA FOR OUTPUTS
OF 10-1,000 VOLT-AMPERES.

Output
(voltamperes).
to
15
20
25

Core Section square inches)
Stal oy.

Approx.
Winding
Area
25
5o
6o
40
(square
Cycles. Cycles. Cycles. Cycles. inches).
.6
.8
1.0

.4
•5
.6

a core section of 1.75 and then across on
this line to column 4. This gives a
figure of 4 turns per volt. That is to say,
that for every volt across a winding on
this particular transformer there must be
four turns. Take the primary winding
first. This is to be connected to a 230volt main, therefore the number of turns
will be 4 x 23o = 92o.
When estimating the number of secondary turns an allowance of 5 per cent.
extra turns is made to compensate for
the drop in volts due to the current in the
windings. The 45-volt secondary winding
will have, therefore, 45 X 4 X 1.05 = 189
turns. Similarly, the 1.8-volt winding has
1.8 X 4 X 1.05 = 71• turns.
Where extreme accuracy in the voltage
output is required, the resistance of the
windings must be predetermined and the
number of turns necessary to compensate
for the drop in volts on load, or the regulation as it is called, must be calculated.
An easier and more certain method is to
adjust the number of secondary turns
until an A.C. voltmeter gives the desired
reading when connected across the winding
loaded at the normal current.

.3
.4
.5
.6

5o
75
too

1.25
2.0

.75
1.25

2.5
3.o

1.5
1.75

125

3.25

150

3.5

1 75

200

4.0
4.0

2.0
2.25
2.5
2.5

25o

5.o

3.o

300

5.0

3.25

1.75
2.0
2.0
2.5
2.5

350
400
450
500
750
;am

6.o
6.o
6.5
7.0
8.o
9.o

3.5
3.75
4.0
4.5
5.o
6.o

3.o
3.0
3.25
3.5
4.0
4.5

1.0

1.25
2.5
2.75

.25
.3
.4
s

i
f
i
i

.8

.

1.25

Ii-

2.0

If

1.5

i4

1.5
1.75

II

1.75
2.0
2.5
2.5
2.5

2.75
2.75
3.5
3.75

If
xi
2
2}
21

3
3}
4
5
51

How Many Turns ?
When the area of the core has been
found from Table I, the number of turns
on the various windings is estimated
from Table II. To continue with the
example design, look down column i for

The Gauge of Wire.
Table III gives the wire sizes and their
current-carrying capacity at 1,500 amperes
per square inch, which is a satisfactory
value for continuous working. Where the
current shown in column 1, Table III, does
not exactly correspond with tile output
current, the next highest value is taken.
Thus, in the practical example, the 45volt, 3-ampere winding is wound with
17 S.W.G. D.S.C. wire, and the 1.8-volt,
5.5-ampere coil is wound with 15 S.W.G.
D. S. C. wire.
Wire Covering.
The wire covering specified in Table III
gives the smallest, and consequently the
most efficient, coil, consistent with good
insulation. It is not generally safe to
wind enamel covered wire thicker than
19 S.W.G., so that double silk covering
is used for the heavier sizes. Double
cotton covered wire is also suitable and
may be used when the necessary extra
winding space is available.
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TABLE II.
Giving Sizes and Quantities of Stampings for Various Core Sections.
Sectional
Area of
Core
(square
inch).
.25
•3
.4
.5
.6
.7
.8
.9
I0

1.25
1.5
1.75

Turns per Volt.
25 Cycles.
23 4

140
11.7

27.5

10.0

8.35

12.5

2 4.0

8.75
7.0

2.25
2 5
2 75
30

6.2
5.6
5.1
4.7
4.3
4.0
3.74
3.5
3.1
2.8
2.54
2.34
2.15

5.85
5.0
4.37
39
35
3.2
2.9
2.7
2.5
2 34
2.2
I 95

1.75
1.59
1.46
-

7.0

20

-

7.5
8.o
9.0

1.97
1.75
1.56

-

23.3

6o Cycles.

17.5
14.6

22.0

11.0
9.75

11.2
9.3
8.o

5o Cycles.

23.3
19.5
14 6
11.7
9 75

20.0

7.0

35
3.75
40
45
5o
55
6.o
65

-

17.5
15.6

2.0

3.25

40 Cycles.

8.75

7.8
7.0
5.6
4.65
4.0
3.5
3.1
2.8
2.5
2.33
2.16

7.3
6.5
5.85
4.7
3.9
3.34
2.92
2.6
2.34
2.13
1.95
1.8

20

1.67

1.86

1.56

1.75

1.46

1.55
-

-

___

Actual Size
of Core
(inches x
inches).

4X
tX
iX

Stampings.
Width
of Tongue
(inches).

is
-19-6-

i.

4
4X 4
4X 4
4 X 4458- X 41

IF
4
4

1 x1
I x ii.
14 x I-4
i4 x i*
i4 x 149-614 X 14
Ift x 14
rl- X Ifr2 X if
14 x Ii
2 X 14

-8'

IR
16
1
I
ri
i4
II
ii1.gi,
TiIi
2

2

2 X2
2 X 24
2 X 24
24 X 24
24 X 24
24 X 24
24 X 24
24 X 24
24 X 24
24 x 3

24.
21
21
2-1

3 X3
31 )< 31

3
3i

2
2
2+
24

21

Quantity
.014 inch
thick.
36
36
48
48
56
56
6o
64
71
71
88
roo
96
104
112
112
120
120

128
136
144
144
16o
i6o
176

176
184
192
192
213

It must be remembered that when
enamel insulated wire is used for coils
consisting of more than two or three layers,
paper insulation between the layers is
necessary. This is because enamel insulation provides no resilience which is
necessary to allow the winding to expand
as it warms up on load.

so that the primary current would actually
be .63 x 1.09 = .69 amperes. It would
be permissible to use 23 S.W.G. wire for
this current, since the extra, .oi
ampere, is too small to matter. The
efficiency of the transformers dealt with
here would range from 8o per cent. in the
smallest sizes to 96 per cent. in the largest.

Primary Current.
Before the gauge of wire for the primary
or mains winding can be settled, it is
necessary to calculate the primary current
for full load. This is found by dividing
the mains voltage into the output watts or
volt-amperes. In the example under
consideration the primary current is
= .63 ampere, at zoo per cent. efficiency. A transformer of this size would
have an efficiency of about 92 per cent.,

Winding Area.
When the number of turns and the
gauges of the wires to be used have been
found, the next step is to calculate the
area of the opening, or window, in the
stampings which the winding will occupy.
The values of winding area given in
Table I may be taken as a rough guide.
Since the winding area varies considerably
with the gauges of wires used in the coils
it is not possible to fix a definite value
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BOBBIN

Fig
2 —A TRANSFORMER CORE WITH
BOBBIN IN POSITION BUILT FROM STANDARD
T-U STAMPINGS.
In the example discussed in the article,
l-=-21Y and b =1". The product of 1 and
b gives the winding area for this type of
core.

for each size of transformer. It is advisable, therefore, to check the value given
in Table I to ensure that it is not too small.
How to Check the Winding Area.
For the transformer which is being considered as an example, this is done as
follows :—
The primary winding has 920 turns of
23 S.W.G. enamel covered wire. From
Table III it is seen that this gauge of wire
winds 1,510 turns per square inch. The
area occupied by the primary is therefore :
920
= .61 square inch.
1510
Similarly, the 45-volt winding, which
has 189 turns of 17 S.W.G. double silk
covered wire, has a winding area of :189
= .7 square inch.
272
The 1.8 volt winding, which will occupy
less than one layer will take up about
.09 square inch if the length of the winding
space is i inch. The total winding area is
now :—
.6r + .7
.09 = 1.4 square inches.
It is now necessary to add about
20 per cent, allowance for the insulation
between the layers, the space occupied

POWER TRANSFORMERS

by the bobbin and insulation between the
windings. The area now becomes :1.4 X 1.2 = 1.68 square inches.
The Size of Stampings.
When the area of the core has been found
from Table I and the winding area has
been calculated as in the previous paragraph, it is now possible to determine
the size of stampings.
The best shape for the core would be
cylindrical, but as this is not practicable
with flat stampings, the next best shape,
square, is used whenever possible. Table II
gives the sizes and quantities of stampings
for various core sections within the range
of transformers under consideration.
It is not always possible to find standard
stampings which will give a square ccre
for any particular area, so that one of
two alternatives are adopted.
The first is to make the core from strips
of stalloy of the width shown in column 7,
Table II. The other way is to make the
core section rectangular by using stampings
with a narrower tongue than is specified.
Suppose for the example transformer it
is decided to use the stampings shown in
Fig. 2 as these are a standard product
TABLE III.
SHORING WIRE SIZES AND THEIR CURRENT-CARRYING CAPACITY
AT 1,500 AMPERES PER nQ IN.
Current
Amperes.

Wire Size
S.W.G.

Wire
CON ering.

Turns per
Square Inch

19 3
158
7
99
75
6.1
4.8
3.7
2.7
1.9
1.5
1.2
.92
.68
•57
•47
.38
.32
.26
.22
.18
.158
.137
.118
.roo
.083
.068
.054
.042
.032
.027

ro
II
12
13
14
15
16
17
x8
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

Double Silk
„
,,

57
69
85
108
139
172
213
272
376
56o
68o
865
1,110
1,510
1,775
2,120
2 ,560
3,120
3,760
4,390
5,380

12

„
Enamel
„
,
„

"
„
„
„

11

PP
PP

6,060

6,890
7,900
9,610
11,250
1 3,450
16,400

20,400
28,250
32,450
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DIMENSIONS OF TYPICAL " STALLOY " LAMINATIONS FOR TRANSFORMERS
AND CHOKES.
(The Standard Thickness of " Stalloy" is .191-4".)

3'a

s/s2 Dia

2%;

--r

3/3

2/6

O

O

-- — — — 3k47
f,
3/8

3/8

le--

3/4k

7/6;
2j1E7

3°

— 39s

234

1
3 %Z

V2
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DIMENSIONS OF " STALLOY " LA1VDNATIONS—(continued).

4Y-; — --

-- --H

T—
;•;

.- 122
3
33/4;

6/8

1

H
5'

T
The laminations
shown on these
two pages are
selected from

- 34;

— 17; —
3';

the large range
of sizes stocked
Joseph
by
Sankey & Sons,
Ltd., Bilston.

/4

3

_-1

6,4

L
-Y.
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easily obtainable. The width of the core
is 4-2 inch and the thickness of the stampings is .014 inch, so that the quantity of
the stampings is given by :—
A
— x 71.4
where A is the area of the core and w the
width of the tongue of the stampings.
This works out at 133 stampings in the
present example.
The thickness occupied by the stampings
is found from :—
A
— X I.=
This gives a thickness of 2.07 inches
for the example under consideration.
The actual size of the core is therefore
H inch X 2.07 inches. A bobbin with a
hole i inch x 21 inches would be quite
suitable to accommodate this.
Centre-tapped Windings.
A full wave valve rectifier requires a
centre-tapped winding of approximately
twice the total voltage of the rectifier
output voltage. A 500-volt D.C. rectified
output from a valve rectifier would require
a 1,000-volt centre-tapped H.T. winding
on the transformer. This winding, however, does not carry the full current.
Each half of the winding carries half the
value of the current output of the rectifier.
Suppose a rectifier is to have an output
of 500 volts, 100 milliamperes. The
H.T. winding on the transformer is then
wound for 1,000 volts, 5o milliamperes,
with a centre-tapping.
Useful Formula.
The following formula are useful in
connection with the design of power
transformers :—
If v = Voltage of winding
f = Frequency of supply mains
T = Total turns of winding
A = Area of core transformer in square
inches
B = Maximum flux in core (lines per
square inch),
then :—
v = 4.44f T A B
108
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A satisfactory value for B, when stalloy
is used, is 65,000 lines per square inch.
If t = turns per volt, the above formula
may be simplified to :—
14 for 25 cycles.
t =—
A
8 .7 5
t = -74for 40 cycles.
t
t

7 for 5o cycles.
—
A
5.85
for 6o cycles.

If t = turns per volt
v I = output in volt-amperes,
then the approximate winding area is
given by :—
Winding area = tv I X .00254 sq. in.,
or :—
(output) = Winding area x 394
vI
From the last formula it is possible to
estimate the approximate output obtainable from a particular assembly of
stampings.
Calculating Resistance of a Transformer
Winding.
The resistance of a transformer winding
is calculated from the following formula :—
If t = Length of mean turn inches.
T = Total turns of winding.
r = Resistance of wire per yard in
ohms.
R = Resistance of coil in ohms, then
txTxr
R=
36
Finding the Length of the Mean Turn.
The length of the mean turn may be
found in two ways. The first is to set out
the section of the winding to scale and
measure it. A quicker way is to measure
the length of a turn in the first layer before
commencing the winding, then wind on
the calculated number of turns. Now
measure the length of a turn in the final
layer. Half the sum of the two values
obtained gives the length of the mean turn.
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By A. T. DOVER, M.I.E.E.
How Alternating Currents and E.M.F.'s
differ from Direct Currents and
E.M.F.'s.
LTERNATING e.m.f.'s and currents
are periodic quantities, i.e., their
values change, both in magnitude
and direction (or sign), from instant to
instant according to a definite law, and
any particular value is repeated at regular
intervals. In practice one complete set
of changes of e.m.f. or current occurs
during ,.]-(F second. Thus, the e.m.f. or
current flows in one direction for TI ff second,
during which time its value changes from
zero to a maximum and again to zero ;
the e.m.f. or current then flows in the
opposite direction for the next Tjkj second
and the pre \ ious set of changes are repeated in the reverse direction.

A

Cycle, Period and Frequency.
The complete set of changes between
two corresponding successive values in
the same direction (e.g., two successive
positive maximum values) is called a
cycle, and the time during which these
changes occur is called a Period. The
number of cycles per second is called the
frequency. Hence in the above case the
frequency is 5o cycles
per second.
How Alternating
E.M.F.'s and
Currents are
Represented
Graphically.
In ordinary calculations of alternatingcurrent circuits the
e.m.f. and current are
considered to vary
according to a sine
law, and are represented graphically by
sine curves as shown
in Fig. i. The period

Can
O'SX Radians

—which in Fig. I is
second—is considered as equivalent to 36o° [or 2 7: (i.e., 6.28)
radians] and the number of degrees,
or radians, corresponding to a given
instant in the period is called the time
angle.
How Sine Quantities are Calculated.
With quantities varying according to
a sine law the value of the quantity at
any instant is proportional to the sine of
the corresponding time-angle ; the sine
of an angle being the trigonometrical
ratio (height,/hypotenuse) of a right-angled
triangle constructed with this angle at
the base. Numerical values of the sines
of certain angles are given in Table I.
Thus the e.m.f. represented by the sine
curve in Fig. i is zero when the time-angle
is o°, 180°, 36o°, etc., the corresponding
times in seconds (measured from zero
A, etc. The positive
time) being o,
maximum value of the e.m.f. occurs when
the time-angle is 9o° (the corresponding
time being 4-,-u second) and the negative
maximum value occurs when the time
angle is 270° (the corresponding time being
second). Subsequent positive maximum values occur when the time-angle
is 450°, 81o°, etc., and
subsequent negative
maximum values
Current
occur when the timeangle is 6303, 990°,
etc.

7r
90 Degrees 180

211"

360

Fig I.—GRAPHIC REPRESENTATION OF ALTERNATING CURRENT AND E.M.F. VARYING ACCORDING TO A SINE LAW, AND HAVING A PHASE
DIFFERENCE 4'.
The horizontal axis represents the time-angle,
and is proportional to time.

How the Instantaneous Value of the
E.M.F. is Calculated.
If we wish to know
the value of the e.m.f.
at any particular
instant, we calculate
the corresponding
time-angle and obtain
the value of the sine
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TABLE I.—VALUES OF SINES OF ANGLES.

Sine.
Degrees.

0

15
3o
45
6o
75
90

Radians.

0
0.262
0.524
0.785
1.047
1.309
1.57

0

+0.259
+0.5
+0.707
+0 866
+0.966
+1.0

Degrees.

Radians

go
105
120
135
15o
165
18o

1.57
1.83
2.09
2.35
2.62
2 88
3.14

ANGLE.

ANGLE.
Sine.

—

Sine.
Degrees.

+ 1.0
+0.966
+0 866
+0.707
+0.5
+ 0.259
0

from Table I or a complete table of sines.
This quantity will then represent the value
of the e.m.f. in terms of its maximum value.
For example, if the particular instant is
rbir,r, second, the time angle is --17,16
- -0- X
(36o ±V,) =i8°, and the sine of this angle
(obtained from a table of sines) is +0.309.
Hence at T-61,-"- second the e.m.f. is 0.309
of its positive maximum value. Again,
if the value of the e.m.f. is required at the
instant 0.012 second, the time angle is
0.012 X (360-i-7,1-T)=216°, and the sine of
this angle (obtained from a table of sines)
is — 0.573. Hence at this instant the
e.m.f. is 0.573 of its negative maximum
value.
Root-Mean-Square (R.M.S.) Value.
The root-mean-square value of an
alternating e.m.f. or current is the square
root of the mean value of the squared
ordinates over half a period. For example,
in Fig. 2, curve A is a sine curve and curve
B has ordinates which are proportional to
the squares of the corresponding ordinates
of curve A, i.e., at the instant t, when the
ordinate of curve A is represented by e,
the ordinate of curve B is represented
by O. If now a rectangle is drawn with
the base equal to the half-period and its
area is equal to the area enclosed by a
half-period of curve B, then the height of
the rectangle will represent the mean
height or the mean value of curve B.
Hence the square root of the height of the
rectangle will represent the R.M.S. value
of the sine curve A.
Why R.M.S. Values are Used in Practice.
R.M.S. values of alternating e.m.f.'s and
currents are used in all calculations
because the quantitative effect (electric
stress, magnetic, heating) produced by an

18o
195
210
225
240
255
270

Radians.

3.14
3.4
3.66
3.92
4.19
4.45
. 4.71

Sine.
Degrees.

0
—0.259
—0 5
—0 707
—0 866
—.0 966
—I o

270
285
300
315
33o
345
36o

Radians.

os ch.
t
'c'io 2Os'

ANGLE.

ANGLE.

—I o
—0.966
—0 866
—0.707
—0 5
— G 259
0

e.m.f. or current of given R.M.S. value is
the same as that produced by a direct or
steady e.m.f. or current of this value.
Thus an alternating current of ro amperes
R.M.S. value produces the same heating
effect in a given resistance as a direct
current of ro amperes. Hence hot-wire
ammeters and voltmeters calibrated on a
direct-current circuit will read R.M.S.
values of alternating currents and e.m.f.'s.
Similar results are obtained with modern
electromagnetic (moving-iron) ammeters
and voltmeters, and also with electrostatic
voltmeters.
R.M.S. Value of Sine Curve.
The R.M.S. value of a sine curve is
equal to
maximum value+ s,/ 2
(r)
=0.707 x maximum value
This result can be deduced from Fig 2,
for the height of the rectangle is one-half of
the maximum height of curve B, since the
four shaded areas C are equal to one
another.
Phase Difference.
When two sine quantities of the same
frequency are not "in step " with each
other (i.e., their zero or maximum values
do not occur at the same instant), the time
angle between their zero values is called
phase difference. This quantity is usually
denoted by the Greek letter p (phi). Phase
difference is a relative term, and to avoid
ambiguity, one of the alternating quantities
must be regarded as a reference quantity.
The phase difference between this quantity
(e.g., an e.m.f.) and a second quantity
(e.g., a current) is then leading or lagging
according to whether the zero value of the
second quantity (e.g., current) occurs
before or after the corresponding zero value
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of the reference quantity (e.g., e.m.f.).
With sine quantities of the same frequency, the phase difference is constant.
How Vectors are Used to Represent Alternating Quantities.
In the calculation of A.C. circuits we
are chiefly concerned with the R.M.S.
values and phase differences of the e.m.f.'s
and currents.
The R.M.S. values of sine quantities
of the same frequency may be represented
graphically by straight lines (called vectors)
drawn, in the same plane, from a given
point or origin. The length of each vector
represents the magnitude (R. M. S. value)
of the e.m.f. or current to a particular
scale.
The phase differences are represented bythe angles between each vector and a
reference vector. An angle measured in
the counter-clockwise direction denotes
a leading phase difference, and an angle
measured in the clockwise direction denotes
a lagging phase difference. Fig. 3 shows
how lagging and leading currents are represented by vectors.

AA
AllErvneanheighel
olCurve B

0
0

t Seconds 00
7r
Radians

50

Z7r

Fig. 2 —SHOWING How THE R 31 S. VALUE OF
AN ALTERNATING E AI F (A) IS OBTAINED.
The curve B Is drawn w ith ordinates proportional to the squat es of the corresponding
ordinates OI A. The rectangle encloses an area
equal to that enclosed by B The four shaded
areas C are equal to one another.

The closing line of the polygonthen
represents the sum of the vectors.
Thus in Fig. 5 three vectors are represented by 0 A, 0 B, 0 C, lagging by the
angles Pi, oh, p3, respectively. The polygon O A D F is constructed on the vector
O A, the sides A D, D F being drawn
equal to and parallel to the vectors 0 B,
0 C, respectively. The closing side 0 F
represents the sum of the vectors 0 A,
0 B, 0 C ; and the angle cc, between 0 E
and the reference axis is the phase difference.

Addition of Vectors.
Two vectors not in the same straight line
are added geometrically by constructing a
parallelogram on the vectors and drawing
the diagonal from the origin. Then the
length of this diagonal represents the sum
Application of Vectors to the Calculation
of the vectors.
of Parallel Circuits.
For example, in Fig. 4 the two vectors
Problems relating to currents in parallel
are represented by 0 A and 0 B, lagging
by the angles (P1., P2' respectively. To circuits are easily solved by parallelogram
obtain their sum,complete and polygon of vectors. Thus if the
E
E the parallelogram 0 ACB currents in the branch circuits are given,
by drawing A C parallel the supply or line current is obtained by
to 0 B, and B C parallel determining the vector sum of the branchto 0 A. Join 0 and C. circuit currents. For example, in Fig. 4
Then the length of 0 C the vectors 0 A, 0 B may be considered
measured to the same to represent the currents in two branches
scale as 0 A and 0 B of a simple parallel circuit, the reference
represents the sum of the axis containing the vector (0 E) repre0
0 vectors 0 A and 0 B.
senting the line voltage. Hence the
When three or more vector 0 C represents the line current,
Fag. 3.—Snowand the angle p represents the phase
ING HOW A vectors are to be dealt
LAGGING (LEFT) with we construct a difference between this current and the
AND A LEADING polygon, the several sides supply voltage.
(RIGHT) CUR- of which are equal and
To obtain an accurate result the diagram
RENT ARE REPRESENTED BY parallel to the several must be drawn to a large scale and the
vectors taken in order. vectors must be set out carefully.
VECTORS.
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Numerical
Examples on
Scale
Currents in
Parallel Circuits.
(1) A parallel circuit
consists of two
branches. The
current in one
branch (A) is
0
Fig 4 —SHOWING How THE 5 amperes and
SUM OF Two CURRENTS IS its phase diffOBTAINED.
erence is 30°
A parallelogram is conrestructed and the diagonal is (lagging)
lative to the
drawn through the origin.
supply voltage.
The current in the other branch (B) is 8
amperes and its phase difference is 6o°
(lagging) relative to the supply voltage.
What is the supply current and its phase
difference ?
Solution.—This problem is easily solved
graphically by vectors. A sheet of paper
(about io-in. X8-in. minimum), a sharppointed pencil, a scale (divided into inches
and tenths, or centimetres and millimetres), and a protractor are required.
Proceed as follows : Near one edge of
the paper draw a line to represent the
reference axis, 0 E, Fig. 4. Select a
convenient scale for the current vectors,
e.g., o.5 inch (or I centimetre, if a metric
scale is used) to represent i ampere.
Draw 0 A and 0 B to represent the
currents in the branches A and B. 0 A
is X5=21 in. long, and is drawn at
an angle of 3o° (in the clockwise direction)
to the reference axis. 0 B is X 8 =4 in.
long, and is drawn at an angle of 6o°
(in the clockwise direction) to the reference axis. From A draw A C parallel to
O B, and from B draw B C parallel to
0 A. These lines intersect at C. Join
O C and measure carefully its length
(which should be 6.3 in.) and inclination
to the reference axis (which should be
48°). Hence, supply current
length of 0 C
scale (i.e. inches per ampere)
6. 3
= - = 12.6 amp.
0.5
Phase difference = 48° (lagging).
(2) A parallel circuit consists of two
0 1 2 3

4 5 Amp.

til

1563

branches A, B. The current in A is
10 amperes and its phase difference relative
to the supply voltage is 300 (lagging). The
supply current is 25 amperes and its phase
difference is 48' (lagging). What is the
current in branch B ?
Solution.—This problem is solved graphically as follows :—
Draw the reference vector 0 E, and the
vectors 0 A and 0 C to represent the
currents in the branch A and the supply
respectively. A suitable scale would be
.1 in. to represent i ampere. Join A and
C. From 0 draw 0 B parallel to A C,
and from C draw C B parallel to 0 A,
these lines intersecting at B. Then 0 B
represents the current in the branch B.
Fig. 4 shows the completed vector diagram.
By measurement, 0 B = 4 in., and its
inclination to the reference axis is 60'.
Hence, current in branch B
4
16 amp.
0.25
Phase difference =60' (lagging).
Resistance of Conductors Carrying
Alternating Currents.
When the current is uniformly distributed over the cross section of the conductors the resistance of an A.C. circuit
is calculated in the same manner as that
of a D.C. circuit. But with large conductors carrying heavy currents, or with
magnetic conductors, the magnetic effect
of the current causes a concentration of
the current to the outer portions of the
conductors. This is called the skin effect.
In these cases the conductors offer a
greater resistance to alternating currents
than to direct currents. The increased
resistance due to the non-uniform distribution of the current is difficult to calculate, as it depends upon the frequency,
the cross section and the permeability of
the conductor. Tables and formula are
given in the larger electrical engineering
pocket books. For the conductors used
in ordinary electric lighting and power
circuits the skin effect is negligible, and
the resistance of these circuits is calculated
in the usual manner.
Reactance of an A.C. Circuit.
When a circuit contains coils or other
apparatus in which the current produces
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an alternating flux which links with the
conductors, the self-induced e.m.f. due
to this linkage has the effect of causing
the current in the circuit to be smaller
than that calculated by simply dividing
the supply voltage by the resistance of the
circuit. This additional opposition to
the current (which is not due to resistance)
is called reactance, and is calculated by the
formula :—
Reactance = 2 iv X frequency x inductance (henries).
or
X = 6.28 xf x L
(2)
where f is the frequency and L is the
inductance. For 5o cycles
X = 314 L
(3)
The inductance (L) is a physical property
of the circuit, and its value depends upon
the dimensions of the coils, the square of
the number of turns, and the permeability.
It is, therefore, difficult to calculate.
What Occurs when a Condenser is Connected to an Alternating E.M.F.
When a condenser is connected to an
A.C. supply it is continually being charged
and discharged. A charge and discharge
take place at each half-cycle of the e.m.f.
Hence with a 5o-cycle supply the condenser
is charged Too times a second and is discharged the same number of times.
This rapid charging and discharging produce an alternating current in the supply
system. This current is called the charging
current of the condenser.
The charging current does not pass
through the dielectric, as does the leakage
current (due to an imperfect dielectric).
Moreover, the charging current has a
phase difference of 9o° (leading) with
respect to the supply voltage, whereas the
leakage current is in phase with the supply
voltage and is, of course, calculated by
Ohm's Law.
The charging current is calculated from
the formula :—
Charging current
=2 r x frequency x capacity (farads) x
supply voltage,
(4)
I, = 6.28 xf x C x E
or
Condensive or Capacitive Reactance.
From formula ( 4) we obtain
6.28 xfxC

(5)

Fig 5.—SHOWING How THE SUAI OF THREE
CURRENTS IS OBTAINED
In this case a polygon is constructed.

This quantity-1/(6.28 f C)—is called
the reactance of the condenser.
Usually the capacity is expressed in
microfarad = one - mil microfarads
lionth of a farad). Hence if C is expressed
in microfarads, the formula for condensive
reactance is
000 000
10 6
. . . . (6)
Xc
=
6.28 f C
6.28 f C
or for 5o-cycle supply
1o 6
X, —
(7)
314 C
Impedance of an A.C. Circuit.
The ratio (applied volts/amperes) in an
A.C. circuit is called impedance, and is
denoted by Z.
In general impedance is a compound
quantity, comprising resistance and reactance (which may be inductive or
condensive, or a combination of each).
The resistance and reactance of a simple
series circuit must be added geometrically
to obtain the impedance, because in a
simple series circuit containing resistance,
inductance and capacity the line voltage
is distributed across the several parts of
the circuit in the following manner :—
Voltage across resistance :—
R I, in phase with the current ;
Voltage across inductance :6.28 f L I, phase difference 9o' (leading)
with respect to the current ;
Voltage across condenser :—
I x '0 6/(6.28 f C), phase difference 6o°
(lagging) with respect to the current.
These voltag es, together with the line
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voltage and the current, are shown in the
vector diagram of Fig. 6, the current
vector being the vector of reference.
Hence the impedance may be represented graphically by the hypotenuse of
a right-angled triangle, as shown in Fig. 7,
of which the two sides containing the
right angle represent the resistance and
resultant reactance.
Formula for Impedance.
The following formula are used in

E

XI

Xc

I
RI

Fig. 6 .—VECTO R DIAGRAM FOR A SERIES
CIRCUIT CONTAINING RESISTANCE, INDUCTANCE
AND CAPACITANCE.
calculating the impedance of series circuits :—
(I) Resistance and inductance :—
Z-= ✓ (R2+ X2)
(8)
or Z= ✓ [R2 4-(6.28 f L) 2]
( 9)
(2) Resistance and capacitance :—
Z= ✓ (R 2 4- Xe2)
(io)
or Z= ✓ [R2+(10 6/6.28 f C) 2]
(3) Resistance, inductance and capacity:—
Z.= ✓ [R2+(X—X,)2]
(12)
or Z=/[R2-{—( 6.28f L

supply voltage and current is obtained by
first calculating cos p from formula (i5),
and then determining 4 from a table of
cosines.
Thus :—
cos pp = resistance/impedance

= Z

(15)

Numerical Examples on Simple Series
Circuits.

(1) A series circuit has a resistance of
3o ohms and an inductance of 0.15 henry.

What will be the current and its phase
difference when the circuit is connected to
230-volt 5o frequency supply mains?
Solution.—The reactance is calculated
by using formula (3). Thus :—
X = 314 X 0.15 = 47.1 ohms.

C

0
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io\21
8
6.28 f C
(13)

Calculation of Current in a Simple Series
Circuit.
The current in a simple series circuit or
one of the branches of a parallel circuit is
calculated by first calculating the impedance, using the appropriate formula (8),
(io), or (12), and then dividing this impedance into the supply voltage, i.e. :—
Current =supply voltage/impedance,
or
/
E/Z
(14)
in all cases.
The phase difference (?) between the

The impedance is calculated by using
formula (8). Thus :—
Z = (3o2 + 47.12) = 55.8 ohms.
Whence, from formula (14), the current
is :—
I = 230/55.8 = 4.12 amp.,
and from formula (i5) :—
cos = 3o/55.8 = 0.538.
Referring to a table of cosines, we
obtain ID =
Hence the phase difference is 70.2°
(lagging).
(2) Calculate the charging current of a

5-microfarad condenser when it is connected
to a 230-volt 5o-cycle supply.
Solution.—From formula (4) the charg-

-

ing current is :
=314 x 5 x 230
c

1,000,000

=

0.362 amp.

(3) If the condenser in example (2)
has a dielectric of low insulation resistance,
say 5,000 ohms, what is the leakage current,
and what is the current taken from the
supply ?
Solution,.—The leakage current is calculated by Ohm's Law. Thus :—
230
= 0.046 amp.
/d =
5,000
This current is in phase with the supply
voltage, and the charging current leads
the supply voltage by 90°, i.e., the two
currents have a phase difference of 900.
Hence the current taken from the supply
is :—
Ic 2 + id2‘
(0.362 2 +0.0462)
I
) =
0.365 amp.
=
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The phase difference of this current is
obtained by calculating cos 9 from the
formula :—
leakage current
/d
cos
supply current — I

_ 0.046_0.0126.

0.365
Whence, from a table of cosines,
9 = 89.3° (leading).

(4) A series circuit consists of a noninductive resistance of Too ohms and a
condenser of 15 microfarads. The supply
voltage is 230, and the frequency is 5o cycles
per second. What is the supply current,
its phase difference, the voltages across the
resistance and condenser ?
Solution.—The reactance of the condenser is calculated from formula (7).
Thus :—
Xe

10 6

212 ohms.
314 x 15
Therefore the impedance of the circuit,
calculated from formula (10), is :—
Z = (Toot + 2122) = 234.5 ohms.
Whence, from formula (14), the current
is :—
I = 230/2345 = 0.981 amp.,
and from formula (i5)
cos 9 = 100/234.5 = 0.426.
Referring to a table of cosines, we
obtain p = 64.8'.
Hence the phase difference is 64.8°
(leading).
The voltage across the resistance is
equal to :—
IR = 0.981 X 100 = 98.1 volts,
and is in phase with the current.
The voltage across the condenser is
equal to :—
/X, = 0.981 X 212 = 208 volts,
and lags 90° relatively to the current.
As a check on the calculations, the
square root of the sum of the squares of
these voltages should equal the supply
voltage. Thus :—
A! (98.12 + 2082) = 23o.

(5) A series circuit consists of an
inductive resistance (R = 25 ohms,
L = 0.2 henry) and a condenser of 3o
microfarads. The supply voltage is ioo
and the frequency is 5o. Calculate the
current, its phase difference and the voltage
across the condenser.
Solution.—The equivalent reactance of

the circuit is equal to : (inductive reactance — condensive reactance), i.e.,
6
= 62.8 — 105.4
314 X 0.2
314io
X 30
= — 42.6 ohms.
Hence the impedance of the circuit
1 (252 + 42.62) = 49.4 ohms.
Therefore, the current
100/49.4 = 2.02 amp.,
25
cos
—
= 0.506.
and
49.4
Whence p = 59.6°.
The voltage across the condenser
= /X, = 2.02 X 105.4 = 213 volts.
Observe that this voltage is over twice
the supply voltage. The reason for this
high voltage is that the supply voltage
is equal to the vector sum of the voltages
across the
C
resistance, inductance and
V
capacity ; the
two latter
voltages have A
Resistance B
a phase diff7 —IMPEDANCE TRIFi
erence of 18o°
FOR A SERIES CIRCUIT.
relatively to ANGLE
This is obtained from the
each other and triangle 0 D E, Fig. 6, by a
phase differ- change of scale (e.g , by
ences of 90° dividing throughout by the
(leading and current).
lagging)
relatively to the voltage across the resistance,
as is shown in Fig. 6.
In general, the voltage across the condenser will be less than, equal to, or greater
than the supply voltage according to
whether the condensive reactance is less
than, equal to, or greater than the impedance of the circuit. In fact, the voltage
across the condenser is given simply by
the expression :—
Supply voltage X condensive reactance
impedance
Hence, with a circuit of high condensive
reactance and low impedance, the voltage
across the condenser may be several times
the supply voltage.
Calculation of Currents in Parallel Circuits.
The current in each branch is calculated
separately by considering each branch as a
simple circuit. The branch currents are
then added vectorially to obtain the supply
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current. This process may be carried
out graphically as already explained, but
in some cases a graphical solution is
difficult or impracticable. In these cases
the supply current is calculated by the
following method :—
Resolve each branch-current vector
into components along perpendicular axes ;
one axis containing the vector of the supply
e.m.f., as shown in Fig. 8. This axis is
called the in-phase axis ; the other

E
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calculate directly the equivalent resistance
and obtain the line current as explained
on p. 1385. But with an A.C. circuit we
cannot proceed in this simple manner
because impedances must be treated
vectorially instead of arithmetically. It is,
therefore, more straightforward and usually
simpler to proceed by calculating the
branch-circuit currents separately and
adding these currents vectorially as
already explained. If the equivalent impedance of the circuit is required this is
obtained by dividing the line current into
the line voltage.

Numerical Example on Parallel Circuits.
One branch (A) of a parallel circuit has
a resistance of 2 ohms and an inductive
reactance of 3 ohms. The other branch (B)
has a resistance of 2 ohms and an inductivg
reactance of 1.5 ohms. Calculate (i) the
current taken from a ioo-volt, 50-cycle
supply, (2) the joint impedance of the circuit.
d
Solution.—The impedances of the
0 644.9cirature
branches A, B, are calculated from
Fz 8 -SHOWING HOW CURREN IS ARE RE- formula (8). Thus :—
SOLVED INTO QUADRATURE AND IN-PHASE
COMPONENTS FOR THE PURPOSE OF DETERMINING
ZA = ‘, (22 + 32) = 3.6 ohms.
THE VECTOR SUM.
ZB = ti (22 ± 1.52) = 2.5 ohms.
Hence the branch-circuit currents are :(perpendicular) axis is called the quadrature
/A = 100/3.6 = 27.8 amp.
axis Then the supply current is equal to
/B = 100/2.5 = 40 amp.
To calculate the in-phase and quadra(sum of in-phase components) 2 +
ture
components of these currents, we
(sum of quadrature components) 2
require
cos CP A, sin CP A, cos pB, sin 9B.
and
These quantities are easily obtained if we
sum of in-phase components
remember that generally :—cos cp = resistcos ? —
supply current
ance impedance, sin = reactance/imThus if I, 1,, . . denote the branch- pedance.
circuit currents, ?i, P2, . . . their phase Hence cos
= 0.555 ;
PA = 2/3.6
differences, the in-phase components are
sin PA = 3/3.6 = 0.833 ;
I,, cos pi, I, cos ?2, etc., and the quadracos (Ps = 2/2.5 = o.8 ;
ture components are I, sin ?i, 1, sin p2,
sin cpB = 1.5/2.5 = o.6.
etc. Hence the line or supply current is
The in-phase components are, therefore,
cos P2 -H IZ cos cp,+. . . ) 21 I
A cos PA ± 1.13 COS CPB = 27.8 X 0.555 +
+(II sin p i ± /2 sin ?2 +...)2_1
4o x o.8 = 50.45 amp.,
(i6) and the quadrature components are
I, cos P i /2 cos P2+. • •
I„ sin PA -+- ./13 sin pB = 27.8 X 0.833 +
(17)
and cos ? =
I
40 X o.6 = 47.2 amp.
Therefore, the line current is
Why the A.C. Parallel Circuit Cannot be
Calculated by the Method Used for a
I = (50.452 + 47.22) = 6g amp.
D.C. Circuit.
The phase difference (?) of this current
In calculating a D.C. parallel circuit we is calculated from formula (17). Thus:—

[
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in-phase components
line current
50. 45
= 0.732,
69
and p = 42.9°.
The joint impedance of the circuit is
100/ I = 100/69 = 1.45 ohms.
If the equivalent resistance and reactance of this impedance were required, they
would be calculated by the aid of formula
(i5), (8). Thus :—
Resistance = Impedance x cos p
= 1.45 X 0.732 = 1.06 ohms.
Reactance
-= [(impedance)— (resist ance) 2]
= v (1.452 — 1.062) = 0.985 ohm.
cos cp

Calculation of Current in a Series-parallel
Circuit.
The first step is to calculate the joint
impedance of the parallel portion of the
circuit. The easiest way of doing this is
to calculate the branch currents, the joint
impedance, and the equivalent resistance
and reactance exactly as for a simple
parallel circuit, following the method
given in the preceding example. The
calculations can be made without a knowledge of the voltage across the parallel
portion of the circuit (which, of course,
is unknown at the present stage). The
method of procedure is best shown by a
numerical example (2) which follows.
(r) If an inductive resistance (R = o.8
ohm, X = 1.0 ohm) is connected in series

with the parallel circuit of the preceding
example, what will be the line current if
the supply voltage is 23o volts ?
Solution.—Using the results of the
preceding example, the parallel portion
of the circuit is equivalent to a single
inductive resistance having R=1.06 ohms,
X = 0.985 ohm.
Having obtained the joint impedance of
the parallel portion of the circuit, this is
added vectorially to the series impedance
to obtain the joint impedance of the whole
circuit. Whence the current is readily
obtained in the usual manner.
To obtain the joint impedance of the
complete circuit we add the joint impedance of the parallel portion to that of
he series portion of the circuit. Thus
the resistance term of the joint impedance

is equal to the sum of the resistance terms
of the separate impedances, i.e., 1.06 + o.8
= 1.86 ohms. Similarly, the reactance
term is equal to the sum of the reactance
terms of the separate impedances, i.e.,
1.985 ohms. Hence the
0.985 4- 1.0
joint impedance of the series-parallel
circuit is
(1.862 + 1.9852) = 2.72 ohms.
Whence the line current = 230/2.72 =
o.845 amp.
(2) A series-

parallel circuit
consists of an inductive resistance
(R = 10 ohms,
L = 0.05 henry)
in series with two
parallel branches
A, B. Branch A
consists of an
inductive r e si stance (R = 5o
ohms, L = 0.15
henry). Branch
B consists of a
0
non-inductive
Fig. 9.—VECTOR DIAresistance (R = GRAM FOR A SIMPLE
1 0 ohms) in TRANSMISSION LINE,
series with a 40- SHOWING HOW THE VOLTmicrofarad con- AGE AT THE GENERATOR
END IS DETERMINED.
denser. Calculate
The actual voltage drop
the line current is given approximately by
and the joint im- Vc, which is smaller than
pedance of the the voltage drop due to
impedance (represented by
circuit when it is the line Joining V and E).
connected to a 230volt, 5o-cycle supply.
Solution.—First calculate the separate
impedances of the branch circuits. Thus
=11 [50 2 + (314 x 0.15) 2]
(502 + 47.12) = 68.8 ohms.
cos PA = 5o/68.8 = 0.727.
sin PA = 47.1 /68.8 = 0.687.
Zg

z

2]

ICI 6
B

11002+ (
314 X40

I

= 1002+79.62) = 127.7 ohms.
0.783.
PB =
sin cpB = — 0.622 (the minus sign is
added to denote that cpB is leading).
Next calculate the branch circuit currents
and their in-phase and quadrature components. These currents and their
cos
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components are expressed in terms of the
voltage across the branch circuits, which,
although unknown in magnitude, is denoted
by V. Thus
Ig
= V '68.8.
V
V
— x .05.
IA cos ?A
= 68.8 X '3'727 = zoo
V
1.0.
IA sin 9A = 68.8 X 0.687 =
100 X
= V/127.7.
IB
V
v
-=-- — x 0.612.
1-.8 cos 9B =-12 7.7 x0.783
roo
X (-0.622)
V
x o 487.
100
The joint impedance of the parallel
circuit is next calculated by first calculating the line current (in terms of V)
and dividing this into the voltage V.
Thus from formula (r6)
I
IB sin goB

127.7

=

—
Ioo

,

(1.05 ± 0.612) 2

9
V
loo X 1.74.
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Calculation of Three-phase Circuits.
Three-phase circuits are calculated by
considering each phase separately, and
calculating the phase currents from the
phase voltages and impedances in the same
manner as for single-phase circuits. In
practice, three-phase systems are symmetrical and the loads are usually balanced,
in which cases the calculations are simple
and straightforward. For the methods of
calculating when the loads are unbalanced
or the system is unsymmetrical reference
should be made to the larger text-books
(such as Theory and Practice of Alternating
Currents, by A. T. Dover).
Having calculated the phase currents,
the line currents are obtained from the
following simple rules :—
With a star connected system—
line current = phase current ;
(18)
line voltage = 1.73 X phase voltage (19)
With a delta-connected system—
line current = 1.73 x phase current ; (2o)
line voltage = phase voltage
(21)

(0.612 — 0.487)

Whence the joint impedance is
V V zoo
Z1 = I =
x —= 57.5 ohms.
v 1.74
This must be split up into resistance and
reactance. Thus if cpl is the phase difference,
1.05
0.612
cos 91 =
= 0.955,
1.74
0.612 — 0.487
sin (pi =
= 0.295,
1.74
whence
R1 = Z, cos cp1=57.5 X0.955=54.9 ohms.
X1=-- Z1 sin (pi =57.5 X0.295=16.95 ohms.
We now add this resistance and reactance to the resistance and reactance of the
series portion of the circuit, and calculate
the joint impedance of the whole circuit.
The resistance of the series portion of the
circuit is 10 ohms, and the reactance is
(314 x 0.05 =) 15.7 ohms.
Whence
joint impedance of whole circuit =
[(54.9 + 10) 2 + (16.95 + 15.7) 2]
= 72.7 ohms.
Hence, the line current
= 230/72.7 = 3.16 amps.

Power and Power Factor in Single-phase
Circuits.
In a single-phase circuit the power at
any instant is equal to the product of the
instantaneous values of the e.m.f. and
current at that instant. The power,
therefore, pulsates or alternates throughout each cycle of the current or e.m.f. as
shown by the curves of Fig. 32, p. 1310. The
mean power (i.e., the average rate at which
energy is supplied during a period) is
calculated from the formula :—
P = E I cos 9
(22)
where E and I are the R.M.S. values of
the supply e.m.f. and current, respectively,
and cp is the phase difference between
E and I when these are sine quantities.
The power factor is the ratio :—
(power/volt-amperes) or
(23)
and, in the case of sine quantities, is equal
to cos p.
Hence generally
Power = volts x amperes
X power factor
(24)
Power and Power Factor in Three-phase
Circuits.
In a symmetrical three-phase circuit
with balanced loads the power is constant
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from instant to instant, and is calculated
from the formula :—
P
3 V / cos p
(25)
= 1.73 V / cos cp.
where V and I denote line voltages and
currents respectively and cos p is the power
factor. With sine quantities p is the
phase difference between the phase voltage
and the phase current.

This formula is easily derived from the
vector diagram by projecting the points
a and E on to 0 V produced. Then the
voltage drop is approximately equal to
Vc which is equal to Vb (or Va cos cp)
=-RIcos cp) plusbc(oraEsincp=XI
sin p).

Calculation of Voltage Drop in Three-phase
Circuits and Transmission Lines.
Calculation of Voltage Drop in SingleThe voltage drop in- the system (i.e.,
phase Circuits and Transmission Lines. the arithmetical difference between the
The voltage drop in the system is the line voltages at the generator end and
arithmetical difference between the voltages load end of the line) is calculated by the
at the generator end and the load end of approximate formula :the line. This voltage drop is not generally
1'3 I (R cos cp ± X sin cp)
equal to the actual voltage lost in the line = 1.73 I (R cos ± X sin p)
(27)
conductors due to their impedance owing where I is the line current ; R, the
to the phase difference between the former resistance per line ; and X the reactance
and the latter. The conditions are repre- per line.sented in the vector diagram of Fig. g, in
[NOTE.—If the current is leading the
which the reference vector 0 V represents plus sign must be replaced by a minus
the voltage at the load ; 0 I the current sign.]
lagging p° with reference to 0 V (cos
being equal to the power factor of the Numerical Example on Voltage Drop in
load) ; 0 R, the voltage drop due to the
Three-phase Circuit.
resistance of the line conductors ; 0 X,
A three-phase motor is supplied from a
the voltage drop due to the reactance of transformer—some distance away—by overthe line conductors (0 X leads 0 I by head lines, each line having a resistance of
go') ; and 0 E the voltage at the generator 0.1 ohm and a reactance of 0.15 ohm. If
end of the line. 0 E is the vector sum the motor is taking a current of 8o amp. at
of 0 V, 0 R, and 0 X.
0.9 power factor, and the terminal voltage at
The arithmetical difference between 0 E the transformer is 415 volts, what is the
and 0 V may be determined graphically voltage at the motor ?
from the vector diagram, but it is usually
Solution.—In this case
more convenient to calculate it from the
cos p = 0.9 ; sin cp= \ (1-o.92) = 0.436.
approximate formula :Hence, from formula (27), the voltage
(26)
1 (R cos p + X sin p)
where R is the resistance and X the drop is
1.73 x 8o (0.1 x 0.9 ± 0.15 X 0.436)
reactance.
= 21.5 volts.
[NOTE.—If the current is leading the
plus sign must be replaced by a minus whence the voltage at motor
= 415 — 21.5 = 393.5 volts.
sign.]

1571

ARCHITECTURAL LIGHTING
By E. H. FREEMAN, M.I.E.E.

Fig. r.—A SPECIAL EXAMPLE OF ARCHITECTURAL LIGHTING.
This shows the lighting in toilet saloon at Messrs. Austin Reed's premises in Regent Street,
designed by Mr. P. J. Westwood. (Photo by Bedford Lemere Fr Co.)

HE methods of supplying artificial
illumination to buildings generally described as " architectural
lighting " provide an entirely new
phase in illumination design that scarcely
allows of exact calculation. The description is somewhat indefinite but may be
taken as including methods of illumination
in which the sources of light form a part
of the structure of the building. Pendants
hanging from ceilings and brackets projecting from walls are in general not
included, although such-light sources may
be used to supplement or contrast with
other built-in light sources. Cornice lighting ; concealed laylight fittings ; illumi-

T

nated wall panels and various kinds of
indirect lighting are all forms of what is
usually understood by architectural lighting, whilst there are occasional other special
examples which may be reasonably included, such as the toilet saloon at Messrs.
Austin Reed's premises in Regent Street—
see Fig.i.
Efficiency of Architectural Lighting.
As has already been mentioned in the
article on Hotel Lighting (see page 1468),
schemes of this character (cornice lighting
in particular being referred to in that
article) must be " inefficient " in the sense
of not providing the maximum number of
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foot candles for the lowest consumption in
watts. The need for efficiency in all commercial buildings has been the inevitable
result of high charges for current, but the
modern tendency to adopt a " two part
tariff " system of charging with a fixed
annual payment and a low charge for units
used, of the order of rd. per unit, is already
leading to a different conception of lighting values.
Comparative Costs for Current.
In the example given in Hotel Lighting
the extra annual cost of the scheme
adopted, taking 14,40o watts actually in
use, as compared with a strictly " efficient " scheme requiring 2,40o watts,
would be -L600 a year, with current at 6d. a

Fig.

2.—DIAGRAM SHOWING PRINCIPLE OF
CENTRAL CORNICE LIGHTING.

unit and allowing about 2,000 hours' use
a year—a not unreasonable time for a
hotel reception room. Such a charge
would be prohibitive, but if current is
reduced to id., plus a fixed sum irrespective of the units used, the extra cost
is only zoo a year, which is not sufficient
to justify spoiling the decorative scheme
for the building.
The commercial possibility of using
lighting schemes of this kind thus follows
directly as a result of low charges for
current, a's although there have been many
such installations in the past they have
been the exception rather than the rule,
due to the excessive cost for current.
Cornice Lighting.
The most common form of architectural
lighting in the past has been that known
as cornice lighting in which the lamps
are concealed, the light being reflected
from the ceiling.
This scheme of lighting, as has been
seen from the example at Claridge's Hotel,

can be designed to give most attractive
effects, but its limitations must be kept
fully in mind when considering its .application.
Unsuitable for Small Rooms.
In the first place cornice lighting is
quite unsuitable for small rooms. Even
allowing for a low efficiency it will be found
that it is not possible to distribute the
" wattage " round the walls evenly unless
very small lamps are used. Thus for a
room 15 ft. by 12 ft. the total watts
required might be about 500 watts, whilst
the length of wall is 54 ft. A lamp of
only to watts for every foot of cornice
would be required and such lamps are not
made for ordinary voltages.
Larger lamps at wider spacing would
give patches of alternate light and shade
on the ceiling and spoil the whole effect,
an essential feature of cornice lighting
being even distribution of the light on the
ceiling.
Also Unsuitable for Low Rooms.
For rooms that are low in proportion to
their size, cornice lighting is also unsuitable. The use of two or three cornices as
at Claridge's Hotel would not be practicable
in such a case.
In small rooms the size of cornice
required to conceal the lamps would be
out of proportion to the other dimensions
of the room and would look unsightly,
whilst the necessary breaks in the cornice
(or in the lighting) at windows would
cause unpleasant, dark patches on the
ceiling.
Difficulties in Larger Rooms.
Difficulties would also arise in larger
rooms of normal " commercial " height,
i.e. ro to 12 ft. from floor to ceiling. The
space between ceiling and cornice should
be not less than one-twelfth of the width of
the room for even lighting, so that tor a
room 30 ft. across—a reasonable width
for a shop area—the top of the cornice
must be 2 ft. 6 in. down and the bottom
about 3 ft. 6 in. down, which is quite
impracticable if the walls are occupied, as
they usually are in business premises, with
stock cabinets or display cases. If the
cornice is kept nearer the ceiling, the centre
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portion of the ceiling will be left badly lit
with an effect of dullness.
The general appearance with cornice
lighting is also apt to be dull and uninteresting and there is not the brightness
of effect that is an essential to good shop
lighting, unless very heavy consumption of
current is permissible.
Applications to Larger Rooms.
In large reception rooms and in such
places as theatres, cinemas, and so on,
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the length of cornice and reducing the
lamp size.
Effect of Decorations and Colour.
In the above examples it has been
assumed that white walls and ceilings—
particularly ceilings—are used and if this
is not the case the wattage required may
be greatly increased. Any definite colouring in the ceiling will have a marked effect,
as will be seen from the relative reflective

Fig. 3.—A SPECIAL APPLICATION OF CORNICE LIGHTING.
This shows the method employed in Messrs. Austin Reed's Tropical Room, designed by Mr.
P. J. Westwood. The lighting is from chain pendants and a concealed cornice is run round the
room about 3 ft. from the wall to give special lighting for the decor tied frieze. (Photo by B.edford
Lemere & Co.)

the objections mentioned do not apply to
the same extent. For example, a reception room 6o ft. by 3o ft. would require
about 5,000 watts corresponding to 25 to
3o watts per foot run of wall. The
cornice should be 2 ft. 6 in. down from
the ceiling and this will not be out of
keeping in such a room which might be
18 to 20 ft. high. The mass of the cornice
might also be disguised as at Claridge's
Hotel by using a double or triple cornice,
but this will have the effect of increasing

values for different colours given
below.
White paint, matt finish
77%
White paint, glossy finish
78%
Cream paint, matt finish
62 %
50%
Rose pink
..
Light green, matt finish
40%
French grey ..
38%
22%
Dark grey
. . IO %
Crimson ..
These figures are all very approximate
as one shade fades into another, but they will

ONIIHOYI
Fig. 4.—INTERIOR OF UNDERGROUND RAILWAY STATION WITH INDIRECT LIGHTING FROM STANDARDS
The lamps are concealed in bowls at the top of the standards and the light is partly reflected from the inverted cones fixed in the bowls
above the lamps and partly from the ceilings. (Fox Photo.)
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illustrate the immense differences in the
results obtained with coloured reflective
surfaces instead of white.
A further point to be noted in connection
with coloured ceilings is the effect of the
yellow light of the lamps on the colour.
This is particularly troublesome with blue
shades which, though clear and distinct by
daylight, change to unpleasant greys and
greens when the light from the concealed
lamps is thrown directly on to them.
Shadows on Ceiling.
Another frequent cause of failure of
cornice lighting is the existence of projecting features in the ceiling. These will
cast heavy shadows, if near the cornice,
with probably most unpleasing effects.
Central Cornice Lighting.
A variation from ordinary cornice
lighting round the walls has been proposed by Mr. Waldo Maitland of the
Lighting Service Bureau. This consists of
a central feature with a " cornice " somewhat as illustrated in Fig. 2. This would
provide the advantages of this form of
lighting with a much reduced length of
cornice in proportion to the size of the
room, thus allowing the use of larger and
more efficient lamp units.
With such a scheme the bottom of the
central panel might be illuminated or
might contain a heating element for
warming the room.
A special application of this proposal is
provided in Messrs. Austin Reed's Tropical Room at Regent Street, the concealed
lighting in that case (see Fig. 3) being
used primarily to illuminate the decorative frieze that runs round the upper
part of the walls.
Panel Lighting.
This form of lighting can also be used
in suitable conditions to give most
effective results, but it also must not be
used unless the conditions are suitable.
The principle involved is to illuminate the
room from large areas of glass that are lit
from behind. The glass areas may be in
the wall or the ceilings, but the principle
is the same in each case.
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Even Lighting Essential.
The results will not be satisfactory
unless the area of glass is evenly lit, and
this involves one or both of two conditions,
viz., the lamps must be a sufficient distance
back from the glass panel or the glass must
be very opaque and correspondingly
inefficient.
Much experimental work has been
carried cut in recent years with a -view to
finding forms of glass that will help to
overcome the difficulties imposed by these
conditions and great advances have been
made, but even now glass with a high
diffusing value (i.e., which will enable the
lamps to be placed reasonably close
without patchy effects) has a correspondingly low " transmission " efficiency.
Spacing Required for Even Lighting.
The following table gives the results of
experiments carried cut by the Lighting
Service Bureau and the differences in the
spacing required with different glasses
are very marked, ranging as will be seen
with lamps to in. back, from 3} in. with
frosted Stippolyte to 241 in. with acidetched flashed opal glass.
TYPE OF GLASS.
Distance
of Lamp
behind
Glass
"D"
Inches.

Frosted
Stippolyte.

Acidetched
Sheet.

Flashed
Opal.

Acidetched
Flashed
Opal.

Lamp Spacing " S " Inches.
4
6
8
Io

3
3
311
3±

3
31
4
5

51
12
17

6
91
15
1
-1

LA

C .L4.7.53

5.—SPACING REQUIRED FOR EVEN
LIGHTING.

Application of Above Results.
The effect of these experiments can be
seen if a scheme is worked out for panel
lighting in a room, say, 3o ft. x 13 ft.

"IXT2111,1,DaIIHDHV
Fig. 6.—INTERIOR OF EMPIRE ROOM AT TROCADERO RESTAURANT.
The lighting in this case is from ceiling trough lights, in which the lamps are placed behind a trough built up of horizontal glass tubes.
(Photo by courtesy of Lighting Service Bureau.)
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This might be lit from two ceiling panels and
allowing for 3o per cent. efficiency the
total wattage required would be about
1,5oo watts. With panels 4 ft. x 2 ft.
4 ins., it would thus be necessary to
distribute about 750 watts in each panel.
Using flashed opal glass the lamps could
be 15 ins. apart if they are 8 ins. back
from the glass-,-corresponding to a total
depth behind the panel of 12 ins.
The lamps might be arranged as Fig. 7
giving spacings of 14 ins. and 16 ins.
in the two directions, which should be
satisfactory. This would allow each panel
to be lit with six lamps of either zoo or
15o watts—according to whether rather
better or worse lighting is desired than
the calculated result.
On the other hand, if Stippolyte glass is
used, the lamps can only be ins. apart
and no fewer than 112 lamps must be
used, spaced about as in Fig. 8. Each
lamp will be only about 15 watts and the
efficiency of the scheme appreciably
reduced, as such lamps give little more
than half the number of lumens per watt
that are obtained from 15o-watt lamps.
Size of Lamp.
One result of the experiments referred
to below was very unexpected, viz., that
the spacing required for even illumination
was independent of the lamp size at
any rate within the limits of 15-watt and
zoo-watt lamps.
Transmission Values of Glass.
Another important range of experimental work has been carried out by
various authorities to ascertain the extent
to which various glasses transmit the
light, and the following figures are taken
++++++++++++
+++++++++++++ +
+ + + + + -F + + + + + + +
++++++++++++++
++++++++++++++
++++++++++++++
+ 1- 1- -F 1- + -h 1- + + +
+++++++-+ + 1- 1- + +
I- 4
OF SPACING OF LAMPS -USING
STIPPOLYTE GLASS AND I 5 -WATT LAMPS.

Fig. 8.—DIAGRAM
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R
I•
0•4
—DIAGRAM OF SPACING OF LAMPS USING
FLASHED OPAL GLASS OF I00-I50-WATT LAMPS.
Fig. 7

from the booklet issued by Messrs.
Chance Bros., dealing with this subject.
Clear plain sheet glass (15 oz.) 95%
Rolled plate (-1- inch) ..
.. 83%
Dewdrop
75-i%
Flashed opal (plain) ..
• • 66%
•
91%
Stippolyte
Plain sheet (acid obscured)
79%
Plain sheet (sand blasted)
74%
Dewdrop (sand blasted)
55%
Flashed opal (sand blasted) .. 47%
These figures are only approximate as
glass samples from different makers vary
widely whilst the effects of aciding and
sand blasting show still wider variations.
They are also for clean glass and it
would probably be necessary to allow for
a further loss of 20 per cent, or more for
average conditions with panel lighting to
cover the effects of even a very slight layer
of dust. It must be remembered that
glass panels such as would be used for
ceiling panel lighting are usually not
easily accessible so that frequent cleaning
may be difficult involving the necessity
for a substantial allowance for the effect
of dust on both the glass panel and on the
lamp.
Difficulty of Calculation.
The difficulty of designing this type of
installation will be appreciated from the
above figures, particularly when it is
remembered how difficult it is at the early
stages of a building scheme to obtain a
final decision on such points as the exact
colour of walls and ceiling ; the exact
kind of glass that will harmonize with
the decorative treatment and, what may
be worst of all, the possibility that slight
tinting of the glass may be found desirable.
C
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The only course is to allow a very ample
margin for all such contingencies on the
whole of the wiring scheme and to adjust
the lamp sizes and the spacing of the
lamps behind the panels at a comparatively late stage in the execution of
the work.
Other Special Methods of Lighting.
Many variations of the two main schemes
described above may be used and illustrations of several installations of this kind
are shown in Figs. 3, 4 and 6.
Fig. 4 shows a type of indirect lighting
unit at one of the Underground Railway
stations. The lamps are concealed in
the bowls at the tops of the standards and
the light is partly reflected from the
inverted cones fixed in the bowls above
the lamps and partly from the ceilings.
Fig. 6 shows the Empire Room at the
Trocadero Restaurant. The lamps are
placed behind a form of trough built up of
horizontal glass tubes, one such trough
being arranged in each of the large
recessed panels of the ceiling stretching
the whole width of the room. Supplementary lighting, mainly for contrasting
effects, is obtained from wall brackets at
the sides of the windows and doors
In a typical scheme of lighting
adopted at Lloyds Bank and designed by

Messrs. Sir John Burnet and Partners,
the lighting is obtained from standards
which carry large glass bowls which
enclose the lamps. The lighting is
obtained partly by reflection from the
ceiling and partly by transmission through
the glass bowls. Such a scheme provides
a method of lighting that should give verysatisfactory results but it is difficult to
arrange the fittings so that they are not
unduly obtrusive. Probably such a scheme
would be seen at its best if it could be
arranged with the light sources carried on
the tops of low partitions screening off
private offices.
General Applications.
At present these forms of lighting are
probably mainly suitable to special buildings such as cinemas, theatres, concert and
lecture halls, hotel reception rooms and in
a modified degree to banking and other
large commercial offices. It is but rarely
that they can be applied successfully to
smaller rooms and to domestic installations
but as the materials available are developed
and as the desirability of using light as a
form of decoration is recognised by
architects and their clients, so will such
methods of illumination be gradually
adopted for every class of building.

QUESTIONS AND ANSWERS
What are the approximate relative reflective values of some typical colours ?
White paint, matt finish
••
77 0:0
780
White paint, glossy finish
•.
0
Cream paint, matt finish
•.
62° 0
Rose pink
••
50°,
.•
Light green, matt finish
40%
380
French grey
u
Dark grey22 °, 0
Crimson ..
What is a frequent cause of failure of
cornice lighting ?
The existence of projecting features in
the ceiling. These will cast heavy shadows, if near the cornice, with probably
most unpleasing effects.

What is the principle involved in panel
lighting ?
To illuminate the room from large
areas of glass that are lit from behind.
The glass areas may be in the wall or the
ceilings. The lamps must be a sufficient
distance back from the glass panel or
the glass must be very opaque and
correspondingly inefficient.
What types of glass are most suitable and
least suitable for transmitting light ?
Clear plain sheet glass (15 ounce), 95
per cent., and Stippolyte, 91 per cent., are
most effective, while Dewdrop (sand
blasted), 55 per cent.. and Flashed Opal
(sand blasted), 47 per cent., are least
effective.
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LOAD TESTING OF D.C. AND A.C.
MACHINES
By H.

W. JOHNSON

E

LECTRICAL dynamos and motors
are given load tests before they
are placed into commission.
These tests are generally carried out on
the test beds of the constructors, but may,
under certain circumstances, be made
where the machines will be installed.
Large machines installed at generating
stations, for example, are often tested on
the site.
The Tests which are
Made.
The machines are
tested for output,
efficiency,
losses,
temperature rise
and insulation resistance.
They are
also given a high
voltage flash test
for one minute applied between the
windings and frame
of the machine.
The testing voltage
applied is L000
twice the rate voltage of the machine,
the minimum value
being 2,000 volts.
Induction motors
are also subjected
to a running-up
torque test.

tion will be given to the equipment of the
test beds and control panels which will
be used for testing standard type machines,
so as to reduce to a minimum the time
required for fitting these machines on the
beds and completing the tests.
The Test Beds.
The floor space will be divided into
sections, and each of the sections will be

•

Common Wire to all Test Panels
Plug Pane/

Vo/tageMppings-,
to N92
Test Pane/

0 o

z_ 4
0 t
2 0
Co) :9) as:
2_
I
-o- -o o o o
O; a, g,h :5;

Voltage Tappings
to /Y91
Test Pane/

0

To Low Tension
A.C,Sapp/

--

)

o

.3 -4 5

0

PLUG
Auto.
Transformer

iiiiiiiiiii
iiT

//

//

Fig. I.—THE PLUG BOARD TO GIVE A VARIABLE VOLTAGE L.T. A.C.
SUPPLY TO THE TEST PANELS.

The Testing Plant and Equipment.
In order to facilitate the testing of
various types of machines special testing
plant and equipment are installed by the
constructors. The scope and nature of
this plant and equipment will be governed
by the size and nature of the machines
made by the constructors. Special atten-

allotted for testing one particular type of
machine. The sections are fitted with
cast iron bed plates, which are bolted to
the floor. The bed plates are provided
with a number of parallel slots which are
spaced equidistant from each other.
These slots receive and hold the heads of
the fixing bolts required to bolt the machine
under test down to the bed.
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Fig. 2.—THETEST MACHINE BOLTED TO THE TEST BED.
The bolts are slid into position from the edge of the
bed.

The Panels.
Slate panels fitted to iron frames will
be provided for each testing bed. The
panels will be equipped with suitable
measuring instruments, control gear, and
switches.
A supply of current at various voltages
is given to each panel.
Cable Runs from the Panels to the Test
Beds.
These will be taken from the panels
through ducts under the floor and emerge
at various outlet pits on the test beds.
The Supply of Testing Current.
This is obtained from the public supply
company and distributed through a main
switchboard to the various testing panels
through insulated cables fixed in cleats.
These cleats are fitted on floor standards
fixed along the routes to the testing
panels.
The nature of the supply to a
panel will depend upon the type
of machines—D.C., A.C. or both
—which are to be tested on the
bed and controlled by that panel.

The stator of the alternator
will be specially constructed to
allow its windings to be connected
in various ways so as to give a
variable voltage ; the variable
frequency would be obtained by
the speed control of the driving
motor. A synchronising equipment is fitted to allow the supply
to be paralleled to alternators, and
synchronous motors under test.

Multiple D.C. Voltage Supply.
This supply would be required to test
D.C. machines whose normal voltages
may differ widely from that of the D.C.
supply.
A motor - driven booster set would be
able to give any desired change above,
or below, that of the supply voltage. A
reversible field rheostat for the booster
will change the direction of the " booster "
voltage as required.
Starting Switches for the Test Machines.
Various types of D.C. and A.C. starting
units are fitted on the test beds and may be
connected as desired to the machines
under test. The panels are thus free
from any bulky starting gear.
E.H.T. A.C. Supply for Flash Testing.
E.H.T. current for flash testing is
obtained by stepping up the L.T. A.C.
supply through suitable transformers.

Multiple A.C. Voltage L.T. Supply.
This may be obtained from a
centrally fixed auto-transformer
whose tappings are connected to
a plug switchboard. This switchboard may be connected to any
selected A.C. panel with plug
connectors.
Multiple A.C. Voltage H.T. Supply
at Variable Frequencies.
These would be given by a
special alternator coupled to a
variable speed motor fed from
the public supply mains.

Fig.

3.—CABLE RUN FROM A TEST PANEL TO THE TEST
BED.
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EFFICIENCY, OUTPUT AND TEMPERATURE TESTS.
A modification of the Hopkinson test is
used for all D.C. machines, excepting those
of very small output, say, below 3 k.w.
or 4 b.h.p.
The original Hopkinson test was first
used for testing the efficiencies of similar
D.C. shunt machines. The machines were
mechanically coupled together and connected electrically in opposition.
The machines were driven by a
belt. With the field currents
adjusted so that equal E.M.F.'s
were induced in the two armatures,
no current circulated between
the two armatures. When the
field of one machine was weakened,
the balance of E.M.F. was upset
and current circulated in the
armature circuit. The circulating
current may be increased by
gradually reducing the value of
the field current of one machine.
The machines were loaded up to
any desired value. The losses
due to friction, windage, iron,
copper, were measured by a dynamometer fitted to the belt drive.
A series of readings of armature
current, voltages and losses recorded by the dynamometer were
taken.
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of this machine. The effect is to cause the
machine to accelerate and act as a motor
driving the other machine which now
becomes a generator and supplies current
to the motor. The machine acting as a
generator can be loaded up by further
weakening the field of the motor.
Using this method of testing the total
power required from the supply mains is
only about to per cent. cf the full load
D.C. Supply Mains
+
1

The combined efficiency =
Generator output
Generator output + Losses recorded
by dynamometer
Efficiency of either machine =
-N Combined efficiency.

In practice the modification
of the Hopkinson test, by Dr.
Kapp, of supplying the losses
electrically is generally used.
Fzg

4.—CONNECTIONS FOR THE HOPKINSON TEST ON
TWO SIMILAR D C SHUNT MACHINES.

The Test.
Two similar shunt machines are
connected in parallel and run up to speed
through a single starter, having first
ascertained that they develop a starting
torque in the same direction.
The field of each machine is adjusted
so that each takes the same armature
current when run at the normal voltage
and speed.
The field rheostat of one machine is
adjusted so as to weaken the field current

output of large machines under test,
also the temperature rise test on full load
can be taken.
The Readings to be Taken.
Supply voltage.
Supply current.
Generator output current.
Generator field current.
Motor field current.
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Generator armature circuit resistance.
Motor armature circuit resistance.

Calculation of Efficiency and Losses.

Supply \ olts = 460.
Supply current = 20 amperes.
Generator armature circuit resistance = .09 ohm.
Generator output current = ioo amperes.
Motor armature circuit resistance = .1 ohm.
Generator field current = r.o ampere.
Motor field current = .8 ampere.
Motor armature circuitlosses (Copper)
(120) 2 >, .1 = 1440 watts.
Generator armatui e en cult losses (Copper)
= (roo) 2 x .09 = goo watts.
Total armature circuit losses (Copper)
= 2340 watts.
Reversible Booster
R eostat
Supply input power
= 400 N 20 = 9200 watts.
Friction, wmdgae iron, losses for both
machines = 9200 — 2340 = 6860 watts.
Do., per machine
= 686o, 2 = 343o watts.
Motor input = (Soo + 2o) > 460=55200 watts
Motor losses (total) = 343o + 1440 + (460 x .8)
= 5238 watts.
Motor output = 55200 — 5 238 = 49902 w atts.

The machines should run at
their normal speed during the test.
The run is continued until the
windings have reached a steady
temperature, and the resistance of
D.C.5up,oly Mains
1

49962
x Ioo = 90 5 per cent.
55200
Generator output = 46o > Ioo = 46cco watts.
Generator losses (total)
= 3430 goo (46o x I o)
4790 \ \ a t t s
Generator input== 4 600 0 . i 4790
= 50790 watts.
Genei ator efficiency
46000
X Ioo = go 5 per cent.
50790

Motor efficiency=

EFFICIENCY AND TEMPERATURE
TEST ON A SINGLE D.C. SHUNT
MACHINE.
Fig. 5 —CONNECTIONS OF MOTOR BOOSTER TO
GIVE A VARIABLE VOLTAGE D C. SUPPLY
REQUIRED FOR TESTING ?MACHINES
The boost is varied, by adjusting the excitation
of the booster.

the armature circuits of the machines
taken when the machines are shut
down. The resistance is obtained
by passing the full load current
through the armatures, and taking
the voltage drop across the terminals. The field windings should
be disconnected when making this
test.

The machine is run unloaded as a motor
at the not mal voltage and speed and the
armature and field current obtained.
It is now mechanically connected to a
suitable load. This load, except in the
case of very small machines, will consist of a
generator whose output is fed back into
the mains. A paralleling switch and
voltmeter will be necessary to perform
this operation.
The machine is run at its full rated
capacity until the temperature of the
windings, commutator, core plates, frame,
etc., have become constant. The machine
is now shut down, taking the precaution to
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open the paralleling switch of the loading
generator before opening the motor circuit.
The temperature of the various parts
and windings of the machine is taken
immediately, using a thermometer for
each part, so that all readings are taken
simultaneously. The thermometers
should have a bulb with a flat surface

Motor
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Calculation of Efficiency Readings.
Supply pressure = 600 volts.
Unloaded armature current = 5 amperes.
Field current = 1.o ampere.
Armature circuit resistance = oS ohm.
Rated output 5o B.H P.
Friction, windage and iron losses
= (600 X 5) — (52 x .oS) (negligible)
= 3,000 watts approximately.
Approximate armature current at full load
746
50 X
+ 5 = 67 amperes.
600
Armature losses (Copper) at full load
= 359 watts.
= 672 X
Field winding losses (Copper)
= 600 X
600 watts.
Total losses
3000
600 359 = 3959 atts.
Machine input
= (50 X 746) + 3959 = 41259 watts.
Machine output
= 5o X 746 = 37300 watts.
Efficiency = 37300
41259

= 90 4 per cent.

VARIABLE D.C. VOLTAGE SUPPLY OF
TESTING CURRENT.

Loading
Resistance
Fig. 6—CONNECTION'S FOR FIELD'S TEST OF
Two SIMILAR D.C. SERIES MOTORS.

so that a gocd heat ccntact may be obtained. A wad of cottcn wcol should be
placed over the part of the bulb nct in
contact with the part whose temperature
is to be taken.
The stand-still resistance of the armature is taken by obtaining the pressure
drop across the recorded full load current
passir g.

When testing motors which require a
voltage differing from that of the supply,
a motor booster set may be used. A
separately excited booster is coupled to a
motor which is supplied from the supply
mains.
The " boost " may be varied in either
direction, with the reversible field rheostat
to suit the desired voltage for the machine
to be tested.
If the machine is a dynamo it is driven
by the motor supplied from the mains,
and the booster armature connected in
series with the armature of the test
machine. The boost is varied in either
direction until the generatcr volts ± the
boost is that of the supply, and the
output may then be fed back again into
the mains supply.
Load Tests on Series Motors.
A special form of test known as Field's
test is used when testing series motors.
In this test two similar series motors
are mechanically coupled ; one of them
is run as a motcr which drives the other
as a dynamo. The cutput from the dynamo
is absorbed by a water or other form
of loading resistance. The special point
in this test is that the two fields are joined
in series, so that the excitation of the
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Readings.
Motor ammeter = 6o amperes.
Motor voltmeter = 500 volt,
Dynamo ammeter = 54 amperes
Dynamo oltmeter = 48o volts
Resistance motor armature = oS ohm.
Resistance motor field = 06 ohm
Resistance dynamo armature = oS ohm
Resistance ds namo field = .o6 ohm
Motor input 4- Loss in dynamo fields — Dynamo
output = Total losses
Moto: input — Dynamo output = Friction,
windage and iron losses for both machine, —
Copper losses in motor aim and field and dynamo
armature.
(60
48o) = Diction, windage,
500) — (54
( 1.1 ;- b02)
non losses for both machines
+ 1.05
542)
Friction, w inding, it on losses for both machines
= 3343.
Per machine = 3343 = 1671 watts.
2

The efficiency of each machine may now
be calculated J as indicated in tests cn
shunt machines.

Fig. 7 —ARRANGEMENT OF ROPE BRAKE ON
THE MOTOR PULLEY FOR B H P TESTS ON
SMALL MOTORS
The torque is obtained by taking th- differenc,between the weight and the spring balance
reading and multiplying it by the radius of
the pulley in feet.

two machines will be the same
during the test.
The Test.
The motor and dynamo switches
are closed and the motor gradually
run up to speed with the starting
resistance. At the same time the
value of the loading resistance in
the dynamo circuit is reduced in
order to prevent the motor speed
becoming excessive. Adjust the
voltage across the motor terminals to the normal value and
the dynamo is then loaded up
to any desired rating by adjustment of the loading resistance.
The resistances of the dynamo
armature and field, also that of
the motor field, are taken with a
voltage drop test.
A temperature test may bet aken
at the end of the run when the
temperature of the various windings has reached a constant value.

EFFICIENCY AND B.H.P. TESTS ON
SMALL D.C. MOTORS.
The output of the motor is measured
mechanically with a Prony or other form
of brake. Readings are taken of the
input current and supply voltage to the
motor at various loadings of the brake.
The speed of the motor and the reading
D.C.Supply

Alternator
Armature
Fig. 8 - CONNECTIONS FOR BACK TO BACK TEST ON Two
SIMILAR ALTERNATORS
Current is circulated between the alternator stators by
altering the field current of one of the machines.
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of the spring balance and value of the
weight used for each loading is also
recorded.
Torque exerted by the motor = (Value of fixed
weight — Spiing balance reading) ; Radius of
motor pulley in feet
B.H.P of the motor
Torque ' 27; > Revs. pei mm
33000
Input E H.P
Input current z Terminal \ oltage of motor
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The excitation of one alternator is
now adjusted to give a circulating current
between the two machines.
This current is adjusted to any desired
value. Reading, are obtained from the
wattmeter, the motor ammeter and voltmeter and the field ammeters of the
alternators.

746
BHP
Efficiency = E H P per cent

Readings.
Motor ammeter = IS ampere,.
Motor voltmeter = 200 N olts
Fixed weight = 5b lbSpring balance = 14
Speed = i000 I p m
Radius of pulley = 6 inches
.5 = 21 lb ft
Torque= (56 — 14)
21
6 28
I000
B H.P. —
= 4 appr ox
33 000
18—
E.H P. = 200
4.8
740
4
Efficiency = —
too = 83 per cent
4g

BACK-TO-BACK TEST OF TWO SIMILAR ALTERNATORS FOR EFFICIENCY.
The two alternators are mechanically
coupled so that an angle of 25 degrees
exists between their relative positions of
their armature coils and field poles.
The alternators are driven by a D.C.
motor of known efficiency and large
enough to supply power for the losses in
the alternators. The armature windings
are connected so as to be electrically
opposed to each other. An ammeter
and the current coil of a wattmeter are
connected in one of the lines which connect
the armatures together, the pressure
coil of the wattmeter and a voltmeter
being connected between one pair of
connecting lines.
The input to the driving motor is
recorded on an ammeter and voltmeter in
the motor circuit.
The Test.
The alternators are run at the normal
speed and their excitation currents
equalised and adjusted to give the normal
voltage.

9.—EFFICIENCY TEST ON A SINGLE ALTERNATOR.
The full load armature current is obtained by
short circuiting the armature at a low exciting
current.
Fig.

Calculating the Efficiency.
The power supplied to make up the alternator
losses = Input power to the motor at this input
— The motor losses which are known.
The losses for each alternator
Input to motor — Lo se in motor
+ Excitation copper losses.
Efficiency of an alternator
-Wattmeter reading
Wattmeter reading + Alternator losses
loo per cent

EFFICIENCY TEST ON A SINGLE ALTERNATOR WHEN A SUITABLE
PRIME MOVER AND LOAD MAY NOT
BE AVAILABLE.
Couple the alternator to a D.C. motor
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whose output is from 5 to 10 per cent. determined for any excitation current
of the alternator and whose efficiency is up to the normal value.
The speed of the motor and the exciting
known. Measure the input to the motor
with the alternator not excited.
current should be maintained constant
during the test.
This input power = The losses in both machines
for friction, winding and core + Copper losses in
The exciting current is now switched
the driving motor.
off and the armature is short circuited.
Switch on the exciting current to the The exciting current is again switched
on and the value is adjusted to give any
From AC.- L.T3upply
desired current up to the normal value
through the armature. The input to the
motor is again measured.
The difference between this input and
the input which was obtained with the
armature circuit open at the same excita2 90 9
tion will give the armature copper losses
6j 6
± a small iron loss, which may be neglected.
Mai
The excitation copper losses of the
Switch
alternator are obtained from the value
;IL
of the exciting current obtained from the
open circuit saturation curve of the
alternator, which gives the relation between
the excitation current and volts generated.

w

I

1 'A14-,
6
o 3-way Swi.

N' 7

Voltmeter
Switch

To Out/et Pit
on Test Bed

Readings.
(I) Motor ammeter and voltmeter with
alternatcr not excited V and A.
(2) Motor ammeter and voltmeter with
alternator excited V, and A. Field
current of alternator and from the open
circuit saturation curve of the alternator
obtain the armature volts for these values.
(3) Motor ammeter and voltmeter with
alternator excited V, and A 2, and
armature short circuited, taking readings
of alternator armature current A3 for
corresponding readings of the motor
input current and terminal voltage.
Calculation.

Fig.

A C. TEST PANEL FOR THREEPHASE INDUCTION MOTORS.
The ammeter may be connected in any
one of the three lines with the three-way
switch.

alternator and again measure the input
to the driving motor.
This input power = All the above-mentioned
Armature core loss due to the excitation
losses
current passing.

A series of readings with varying
exciting currents is now taken so that the
iron loss in the armature core may be

V1Al — VA =Iron loss in alternator armature.
V 2A2 — V1A1= Copper loss in alternator
armature.
VA — (Losses in driving motor) = Friction and
windage loss in alternator
(Exciting current) 2 x resistance of alt field
= Copper loss in alternator field
Alternator output = A3 x Alternator s olts from
saturation curse at the correct excitation.

Efficiency may now be obtained from
the above data. This test has the advantage that temperature rises may be obtained although the power actually developed by the alternator is only small.
The open circuit saturation curve should
be obtained previously by taking a series
of readings of armature volts and exciting
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current with the armature on open circuit
and running at normal speed.
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The input voltage of motor to start up
against varied loads fcr running-up
torque determination.
The output of the D.C. generator if an
electrical load is used.

INDUCTION MOTOR TESTS—
EFFICIENCY, POWER FACTOR, OUTPUT, SLIP, AND TORQUE.
The Method of Calculating the Results
Required.
The motor is run at the rated voltage
and is loaded with either a mechanical Input volts amperes
= Input volts \ Input amperes X \ 3.
brake, or a D.C. generator which is
paralleled back on the D.C. mains supply,
D.C. Supply
the efficiency of the generator being
known.
The input power and volt amperes to
the motor at various loads is recorded and
the output power measured at the brake,
or electrically on the output of the
generator.
The slip may be obtained in various
ways.
One method is to record exacth at the
same time the speed of the alternator
which is generating the A.C. supply
current to the motor, and the speed of the
motor, and observe the number of pairs
of poles on each of the machines. Another method, which is more convenient
where the frequency of the A.C. supply
cannot easily be obtained, is to place a
large search coil, the shunt coil of a
D.C. motor will do, in a favourable pcsition
near the induction motcr. A sensitive
galvanometer is connected across the
terminals of the search coil and the number
of kicks on the galvanometer in each
direction is observed over a certain time.
The speed of the motcr is also taken.
The running-up tcrque is obtained by
running the motor against various brake
A// Cables to Outlet
loads, these loads being not taken above
Pit on Test Bed
r?,
the capacity of the motor, and observing
the voltage at the terminals of the motor
necessary to start the motor against the Fzg. I I.—A D.C. TEST PANEL WITH ARRANGEload applied.
MENT FOR PARALLELING THE LOADING GENERATOR BACK TO THE MAINS SUPPLY.

The Readings Taken•
Input motor amm eter.
Input motor voltm eter.
The input wattmet ers.
The reading of the fixed weight and the
spring balance if a mechanical brake is
used.
The speed of the m otcr.
The observations previously indicated
for determination of the slip.

Input watts
= The sum of the two wattmeter readings.
Input watts
Power factor —
Input volt amperes
The output of the motor
Torque X 271- x Revs per min.
B.H.P.
33000
or = Output of loading generator — The
losses.
Input watts
Input E H.P. —
746
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A.C. Supply

Of

111

No of kicks of gale needle per min
Speed of motor in revs. per mm.
Too per cent.

Calculation for a 3-phase Induction
Motor.

May 6e
switched
in any
of the lines

Motor input voltmeter = 400 volts.
Motor input current = 24 amperes.
-Wattmeter readings = 7000 and 7000 watts.
Motor speed = T000 revs. per mm.
Galv needle kicks per mm. = 45
Generator output A oltmeter = 500 volts.
Generator output ammeter = 20 amperes.
Efficiency of generator at this output = go per
cent
Input A. olt amperes
400 ‘; 24 X
3 = 166oS watts.
Input watts = 7000
7000 = 14000 watts.
Power factor = 14,000
irll,6o8
500 X 20
Motor output =

X

4
I00

— Tim watts.

90

11111

= 14 9 B.H.P.
746
IIIII
Efficiency of motor =
Y. Too— So per cent.
14000
X T oo
Shp = 45
— 4 5 per cent.
T000

INSULATION RESISTANCE TESTS.
I2 —CONNECTIONS TO THREE-PHASE INFig
DUCTION MOTOR FOR EFFICIENCY AND POWER
FACTOR TEST.
The efficiency of the motor
B H.P.
Input E.H P
Output of loading gen — The losses
or
Input w atts
The slip =
Speed of motor
Speed of A C generator
No of pairs of poles
>, No of pairs of poles
Speed of A C. generator >, No. of pairs of poles
Too per cent

These are taken with a megger which
will give a D.C. voltage of about 500 volts,
and the resistance taken between the
windings and frame of the machine.
The test should be taken immediately
after the high voltage flash test.
The value of the insulation resistance in
megohms should not be less than :—
The rated volts
T,000 ± Rated output in Ii V.A. or B.H.P.
The value obtained in the test should
be taken when the needle of the megger
has become practically steady.

QUESTION AND ANSWER
What process is employed for a back-toback test of two similar alternators
for efficiency ?
The alternators are run at the normal
speed and their ' excitation currents
equalised and adjusted to give the normal
voltage. The excitation of one alternator

is now adjusted to give a circulating
current between the two machines. This
current is adjusted to any desired value.
Readings are obtained from the wattmeter, the motor ammeter and voltmeter and the field ammeters of the
alternators.
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SPECIAL TYPES & COMBINATIONS OF
ROTATING ELECTRICAL MACHINERY
By ROBERT RAWLINSON

Fig. I.—A TYPICAL D.C.-D.C. MOTOR GENERATOR SET.
This illustration is typical of most balancer and booster sets. It actually shows a battery booster
(non-automatic), and the split yokes, bearings and end brackets should be noted. These assist in
maintenance. Note also the fabricated steel bedplate which is stronger and more rigid than the
(Metropolitan-Vickers.)
old-fashioned cast iron bedplate construction which it has superseded.

ROM time to time, as industry
develops, the need arises for special
forms or combinations of generators and motors. To fill the demand
special machines are designed, and these,
together with their methods of construction and control, then become available
for purposes other than that for which
they were specifically developed.
In the following notes, we will deal with
such types and combinations of machines
as are commonly encountered in modern
ndustri al practice ; no attempt will be
made to present a full list of special
machines, neither will arrangements of
purely historic interest be considered, and
nu- notes will be confined to a descrip:ion of any special points of mechanical or
Aectrical design and construction, to;ether with a brief description of the basic

F

principles of the machines' operation. No
detailed operating instructions can be
usefully given, since various manufacturers' arrangements are so widely different
and for the same reason the circuit diagrams are not in full detail as regards
meters, switches, fuses and protective
circuits.
Balancers.
When considering the D.C. distribution
of electrical power it can be said, subject
to insulation and space considerations,
that the higher the voltage the lower the
capital outlay on cables. This is obvious
since the power transmitted is the product
of the voltage and current, while the
amount of copper in a cable, to maintain
a certain current density, is only proportional to the current. This considera-
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tion led supply authorities to adopt the
highest possible voltage for their D.C.
distribution systems and we thus have
46o, 480 and 50o volts circuits in common
use.
Why D.C. Power is Usually Distributed
on the 3-wire System.
These higher voltages are very satis-

M MN
GENERATOR.

FIELD RHEOSTAT

SBALanCERI

NEUTRAL

Fig. 2.—DIAGRAM OF CONNECTIONS OF
3-WIRE BALANCER.
The two balancer machines are coupled together
and mounted on a bedplate, as shown in Fig. I.
In this diagram the main generator field is not
shown. Observe the balancer field cross connections and the connections of the field rheostat

factory so far as power circuits are concerned, but when we consider lighting, we
find that about 25o volts is the limit, both
as regards satisfactory lamp manufacture
and safety in domestic use, and we therefore fmd that D.C. power is usually distributed on the 3-wire system.
This
method involves the use of three cables,
two " outers " and one " mid-wire " ;

the mid-wire (or neutral) is kept at a
potential half-way between the two outers
and it is usually earthed. For instance,
on a 500-volt 3-wire system the
potentials would be, considering negative as zero :—
Negative outer .. Zero.
.. 25o volts positive.
Mid-wire
Positive outer .. 2504-25o volts positi-ve=5oo volts.
If now the neutral is earthed, its
potential must be considered as zero and
the potential distribution becomes
Negative outer.. 25o volts negative.
Earthed mid-wire Zero.
Positive outer .. 25o volts positive.
Notice that the potential difference between the outers is still 500 Nolts, and that
they may therefore he used for power
supply, while lighting load may be taken
on a circuit between either outer and the
mid-wire.
Balancing the Load.
It is, of course, necessary to balance the
load on the two sides of a 3-wire
system, and the supply authorities endeavour to do this by connecting equal
numbers of houses, for instance, on both
positive and negative sides, but it will be
clear that under certain conditions the
load will not be equal and that a current
will flow in the mid-wire, back to the
generating station. This will result in a
greater voltage drop in the cables on the
highly loaded side, the voltage cf which
will thus tend to drop, while due to the
definite difference (of 50o volts in our
example) between outers, the voltage on
the lightly loaded side will tend to rise.
When this happens we lose the advantages of half voltage, which the three-wire
system gives us, and it is therefore necessary to ensure that the voltage difference
between the two sides shall not exceed a
certain definite amount when the loading
differences are the greatest that experience
has taught us may be expected.

A " 3-wire Balancer Set."
This function of voltage balancing on
the two sides is done by a " 3-wire
balancer set," which is designed with
regard to the maximum out of balance
current which the supply company con-
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siders it necessary to legislate for, and
which usually consists of two exactly
similar shunt or compound wound D.C.
machines, with their shafts coupled together, mounted on a bedplate. Each
machine is wound for the voltage which is
to be maintained between one outer and
the neutral, and the armatures are connected in series across the outer cables.
The mid-wire comes from the centre point
of the two series connected armatures,
and the fields are also connected in series
across the outers ; a field rheostat is
usually connected in the shunt circuit,
the tapping point being connected to the
mid-wire.
The diagram of connections will make
this clear, and it will be noted that the
fields are shown cross connected, i.e., the
field of the positive side machine is
connected across negative and mid-wire,
while the negative side machine has its
field circuit fed between positive outer
and neutral. This cross connection gives
better balancing. The action of the set is
as follows :—
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How the Unbalanced Power is Divided
Between the Two Sides of the System.
Now the two machines are coupled
together and cannot run at different
speeds, so that the total effect of the
varying voltages on the two sides is to
cause the negative side machine to run
as a motor and drive the positive side
machine as a generator, raising the voltage
THREE WIRE
GENERATOR

Tendency to Change Speed.
When there is no current in the mid-wire,
the two machines (being so connected)
will run as unloaded motors, each one
dropping half the total voltage and running at the same speed, since both are
identical and are wound for half voltage ;
the mid-wire is thus maintained accurately
at half potential between the outers.
Imagine now that a load comes on the
NEUTRAL
positive side ; as explained before, the
Fig. 3.—CONNECTIONS OF A STATIC BALANCER.
voltage on that side will tend to drop and
The 3-wire generator is similar to a
the voltage on the negative side will tend standard D.C. generator with the addition
to increase, and it follows that the positive of the sliprings for the static balancer conside balancer machine will tend to drop nections. The static balancer itself is simply a
coil with a centre tap for the neutral
in speed while the machine on the negative choking
connection.
side will tend to run at a higher speed.
This tendency to change speed is further on the more highly loaded positive side.
increased by the field cross connection In other words, the unbalanced power,
previously referred to ; the positive represented by the mid-wire current, is
machine's field being supplied from the used partly to drive the negative machine
higher voltage side is strengthened, tend- as a motor, the remainder of the unbalanced
ing to a lower speed, while the negative current being passed through the positive
machine's field is weakened by its connec- machine which is generating and supplytion on the lower voltage side, this field ing power to the more highly loaded side.
weakening tending towards a higher By this method the unbalanced power is
speed.
divided between the two sides of the
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system, and balance, with the mid-wire
potential within the correct limits, is
attained.
STATIC BALANCER.
Although this is not a rotating machine,
its use entails modifications to the normal
form of D.C. generator, and we will,
therefore, discuss its use briefly.
When a three-wire supply is required,

FIELD
RHEOSTAT

4.—THE REVERSIBLE BATTERY BOOSTER
This diagram shows the connections of a
non-automatic reversible battery booster. The
main generator field is not shown and the
booster motor is shown of the ordinary shunt
wound type. The amount of boost may be
varied by the field rheostat and the direction
of the booster generator E.M.F. may be altered
by means of the field change-over switch, so as
to assist the charging or discharging of the
battery.

and it is not desired to use a balancer
machine set such as has previously been
described, a static balancer may be used
in conjunction with a D.C. generator,

which is fitted with slip-rings for connection to the balancer. These slip-rings are
connected to points in the armature which
are one pole pitch apart, and they thus
have the full generated voltage between
them.
Wave Wound and Lap Wound Generators.
For the benefit of those readers who are
interested in armature winding, we may
say that with wave wound generators,
each ring is connected to one point only
in the armature winding, and the two
points are situated as nearly as possible
one pole pitch apart in the winding plan.
In cases where the generator armature is
lap wound, it is usual to connect each ring
as though it were an equaliser, i.e., each
ring is connected to as many points as
there are pairs of poles, and each point
must be situated two pole pitches away
from the next nearest point connected to
the same ring ; the second slip-ring is
connected to points displaced by one pole
pitch from those to which the first slipring is connected. Thus, in both cases,
the full voltage of the generator exists
between the slip-rings, and since the
current has not been commutated—having
passed from the winding via the slip-ring
—it is alternating as in an ordinary A.C.
circuit.
How the 3-wire Supply is Taken.
Across these slip-rings a choking coil
with a centre tap is connected, and the
3-wire supply is taken as follows :—
positive
Positive outer .. Generator
terminal.
.. Centre tap of chokMid-wire
ing coil.
Negative outer.. Generator negative
terminal.
The Choking Coil.
The choking coil, or static balancer,
consists of a coil surrounding an iron core;
the magnetic circuit is usually completed
as in a transformer, and the whole apparatus often bears a strong resemblance to a
transformer, since static balancers are
quite commonly oil immersed and enclosed in transformer tanks.
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Maintenance of a Static Balancer.
When considering the maintenance of
equipment of this type, care should be
taken to keep the slip-rings clean and the
balancer tank filled to the correct level
with good quality transformer oil, when
this detail is of the oil immersed type.
Note, also, that it is common practice to
connect half the interpoles in the positive
side, and half in the negative side, when
designing a 3-wire generator, and care
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BOOSTERS.
A booster is a special form of D.C.
generator which is used to increase, or
decrease, the voltage of a circuit. When the
voltage is increased, we say that the
booster generator is " boosting," but when
the circuit voltage is lowered by the
opposing booster generator e.m.f., it is
said to be " bucking." A booster set
usually consists of two machines, the
booster generator and its driving motor,

Fig. 5.—HEAVY CURRENT BOOSTER SET.
Observe the large commutator and heavy brushgear. The driving motor is of the A.C. type.
This sometimes obtains when the main supply is on the A.C. system while only a comparatively
small D.C. load is required ; for tramways, for instance. (Metropolitan-Vickers.)

should be taken to maintain the same
method of connection when the machine
is reassembled after an overhaul.
The use of a static balancer permits
reasonable balance to be maintained
between both sides of the system with as
much as 20 per cent. out of balance current, but above this amount a balancer
machine set is necessary. Moreover, the
use of the field rheostat on a balancer
machine set gives some control over the
degree of balancing, whereas there is no
such control when a static balancer is
used.

and these are commonly direct coupled to
each ether.
Applications of Boosters.
There are three principal applications
of boosters ; first to assist in the charging
and discharging of the batteries used on
constant potential D.C. circuits, and in
the maintenance of these batteries ;
secondly, to compensate for the voltage
drop in cables supplying outlying areas,
and thirdly, to keep the voltage drop in
the return rail of traction systems within
the limits prescribed by the Board of Trade.
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battery floating across the busbars for
Battery Boosters.
There are numerous types of battery assistance during heavy loads. The number
booster and many patents have been taken of cells in the battery will be calculated
out for these machines ; the following so that the total battery e.m.f. is 500 volts
with the lowest voltage per cell at which
brief notes may be of use.
In ordinary practice an accumulator it is considered advisable to work. If
battery is discharged until the voltage this is i.8 volts, we have
oo
per cell has fallen to about i.8 volts
No. of cells = 5 — =278.
(sometimes less), whereas to give a full
.8
charge to the same battery a voltage of at Now the voltage required to give a full
least 2.5 to 2.6 per cell must be applied. charge to a battery of 278 cells will
When a large battery is used, connected be approximately
permanently across the terminals of a
278 X 2.6=-Say 723 volts,
supply station, it is said to be " floating," and we therefore require an extra 223 volts
and under these conditions it functions to add to the station voltage in order that
somewhat in the manner of a reservoir, the battery may receive a full charge.
i.e., it is charged during periods of light
The battery booster generator will
load and it discharges during heavy load provide this extra 223 volts, and it will
peaks. In this manner it improves the usually consist of a shunt wound generator
"load factor " of the station generators. direct coupled to, and driven by, a shunt
wound motor which is supplied
from the 500-volt system. The
connections of the set are shown
diagramatically in Fig. 4, and it
is clear that, since the voltage of
the shunt wound booster generator can be varied by means of
the field rheostat, we have a
ready means of controlling the
amount of boost.
Fig. 6.—DIFFERENTIALLY WOUND REVERSIBLE BATTERY
BOOSTER.
In automatic reversible boosters of this type the series
and shunt fields oppose each other as described in the
text. No field regulation is shown here, but it is usual
to connect a field rheostat in the booster generator shunt
field circuit so as to provide adjustment of the load at
which the battery begins to discharge.

Reversible Battery Booster.
With the connections shown,
the booster generated voltage is
added to the supply voltage,
but, by reversing the booster
generator field, its voltage
Voltage Across Station Terminals must not will be applied in the same direction as
the battery voltage, i.e., in parallel
Vary.
It will be clear that the voltage across with the supply e.m.f., and the boothe station terminals must not vary from ster thus helps the battery to discharge,
the declared figure by more than the even though the total battery e.m.f. is
standard B.O.T. tolerance, and under less than the voltage across the mains A
these circumstances it is necessary to have booster set used in this way is termed a
reversible battery booster," and, since
some form of voltage variation in the
battery circuit so that the cells may be the reversal and control of the booster
fully charged and discharged. The voltage generator field current necessitates the
variation is carried out by means of a continual presence of a switchboard attendant, many attempts (successful and
battery booster.
otherwise) have been made to devise
An Example of Voltage Variation.
a combination of machines in which the
Let us take an example. Suppose that reversal and control are automatic.
we have a 500-volt D.C. system with a Such sets are termed :—

SPECIAL TYPES OF ELECTRICAL MACHINERY

Automatic Reversible Battery Boosters.
This class of apparatus is used when the
load fluctuations are sudden and violent,
so that the battery is being charged one
minute and discharging the next, levelling
up the load on the station generators and
thus reducing the maximum demand as
well as the wear and tear of same. Such
conditions as these obtain in D.C. traction
systems such as tramways and trains.
We will take two typical examples of
automatic reversible battery boosters as
follows :—
I. The differentially wound booster.
2. The Highfield booster.
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control and reversal of the booster generator is entirely automatic, although it
will be rather expensive since it has
two field windings, entailing twice as
much field copper as a normal machine.
To overcome this disadvantage, exciter
controlled boosters were evolved ; our
second example is of this type.
The Highfield Booster.
The connections for this arrangement
are shown in Fig. 7. The exciter is a small
shunt wound generator which has just
sufficient capacity to supply the booster
generator field current, and it is wound for
a voltage of about the same amount as
that of the battery. The connections are
so made that the battery and exciter

The Differentially Wound Booster.
This type of booster set consists of a
motor of standard construction,
driving a special form of booster
generator which is equipped with
two independent field windings.
One of these fields carries the
load current (or a fraction of
same), and is so connected as to
excite the booster generator so
that it tends to help the battery
to discharge, i.e., the battery
e.m.f. and booster generator
voltage are in the same direction ; the other field winding
is connected in shunt across the
Fig. 7.—THE HIGHFIELD BATTERY BOOSTER.
main generator terminals, and
The exciter is usually quite a small machine, either
is connected so as to oppose the shunt
wound as shown or Else with some compounding.
first (or series) winding ; that is Its E.M.F.
is balanced against that of the battery and by
to say, it tends to excite the boo- this means the reversal and control of the booster generator
ster generator in such a sense that is made automatic.
it will assist in charging the
battery. These two windings thus oppose voltages oppose each other, and the set
each other and their effects are so ad- is adjusted so that at a certain load there
justed that they balance out on a certain is no current flowing in the booster
load; regulation is provided to vary generator field windings, because the
exciter and battery voltages are equal and
the current at which balance is obtained.
It will be clear that at the balance opposite. When the load current increases,
current the booster generator will be the main generator voltage drops slightly
unexcited, since the two fields will cancel and the battery begins to discharge, taking
one another, and it will thus generate no some of the load ; as soon as the battery
e.m.f. ; at heavier loads, the series field starts discharging, its voltage falls, and
will be stronger and the battery will be since the battery and exciter voltages no
helped to discharge and take some of the longer balance out, current flows in the
load off the main generator, while at booster generator field. The connections
lighter loads the booster generator will are so made that this field current excites
assist in charging the battery ready for the booster generator in such a sense that
the next heavy load period. Thus the it assists the battery to discharge.
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OUT GOIN
FEEDEZS

ment when reconnection is undertaken ; it this is not done, windings
which should oppose each other
may be accidentally connected
so as to assist, with disastrous
results to the booster generator,
the battery, or both.

Milking Booster.
On some D.C. systems in which
a battery is used across the main
busbars, it is the practice to
Fig 8.—A FEEDER BOOSTER.
No regulating means are shown here, but it is usual regulate the battery voltage by
for a field rheostat to be connected in the motor shunt altering the number of cells in
circuit and for a diverter to control the series wound
use. During discharge the battery
booster generator field
voltage falls and from time to
On the other hand, when the load time an extra cell is connected in circuit
current drops, the main voltage increases to raise the total voltage back to its
by a small amount and a charging current first value. It will be clear that these
starts to flow through the battery. When " end-cells," as they are called, do not get
this occurs the battery terminal P.D. so much use as the main cells composing
rises, and the balance between battery and the battery, and it follows that they cannot
exciter is again upset (but in the opposite receive the same amount of charging as
sense to the previous case), and current either the main cells or each other withIt is, therefore,
flows in the booster generator field in out being damaged.
such a direction that the charging is necessary to make some provision for
charging these cells separately.
assisted.
In addition to this, it is sometimes
essential in accumulator maintenance to
Battery Boosters Generally.
give one cell a prolonged slow charge, the
On all automatic reversible battery charge being carried on until the cell is
boosters the entire field system is built up " gassing " freely. Both of these operaof laminations in a similar manner to the tions are carried out by the " milking
armature core ; if this is not done, the booster " which gets its name from the
booster voltage will not be able to follow milky appearance of the acid in the gassing
the load changes quickly enough because cell.
of the eddy currents which
a rapidly changing magnetic flux would generate
in a solid yoke and poles.
When cleaning any booster
generator, great care should
be taken to see that the
brush position is not altered.
since these machines have to
work under rather difficult
conditions as regards commutation, and even a small
brush movement may upset
a
their operation. If the
Fig 9 —CONNECTIONS OF A NEGATIVE BOOSTER.
machines have been disNo main generator field or regulating means are shown
The points A and C are at earth potential, but B is below
mantled, it must be speearth potential due to the resistance drop in the negative
cially observed that the
feeder. The booster generator is so connected as to provide
connections are not altered
the necessary E.M.F. to keep B at the correct negative
from their original arrangepotential.
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Fig. I0.--A THREE-MACHINE SET.
This small three-machine set shows the general appearance of exciter controlled booster sets.
Observe the flexible couplings and the drip-proof commutator covers. (Metropolitan- Vickers.)

How the Booster Generator is Excited.
This combination of machines comprises
a shunt wound driving motor which is
direct coupled to a booster generator
wound for a low voltage; about 4 to 6
volts is generally considered sufficient and
the booster generator current is chosen
with due regard to the normal and maximum charging currents of the accumulator
cells. The booster generator is generally
separately excited from the high voltage
D.C. supply, and a field rheostat is employed
to give voltage control during charging.

Maintenance of Milking Boosters.
The only points worthy of note regarding
the maintenance of milking boosters are as
follows : The booster generator is usually
fitted with copper-graphite mixture brushes
and the correct pressure for this type of
brush material on commutators is about
3 lb. per square inch. Care should be taken
that the pressures are as nearly as possible
equal on all brushes ; otherwise one brush
may " grab " most of the load with
consequent rapid wear and scoring of the
commutator face.
The brushgear should be carefully
watched when the machines are first put
into service and any tendency to rapid
brush wear, " grabbing," or the formation
of excessive dust, should receive immediate
attention. Milking booster sets are frequently of the portable type and as such
are exposed to acid spray and fumes when

they are used in the accumulator room ;
for this reason, the re-enamelling during
the annual overhaul should be very
thorough, and it should be specified when
ordering that the machines must have
acid resisting insulation.
Feeder Boosters.
When the load current flows through a
feeder cable there is a drop of voltage
along the cable due to its resistance, and
this results in the voltage at the receiving
end (or feeding point) being lower than
it is at the generator end. As has already
been mentioned, the voltage must be held
within certain limits at the consumers'
terminals, and it therefore follows that
the cable drop must be compensated.
Since the cable resistance may be taken
as constant, and as the voltage drop is
directly proportional to the product of
current and resistance, it is clear that the
amount of added voltage must be increased
as the load current increases and that it
must vary in proportion to the load. For
this reason a feeder booster generator is
usually of the series wound type, and is so
designed as to work on the straight portion
of its magnetisation characteristic, i.e.,
at relatively low magnetic densities. It
is thus arranged that the voltage boost,
which is generated by the series wound
booster generator, is approximately proportional to the current flowing in its field
coils, that is, to the main current.
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To provide regulation of the ratio of
boost to current a field rheostat may be
used to vary the speed of the shunt wound
driving motor, or a diverter may be
employed across the booster generator
field.

negative feeder it is usual to connect a
negative booster which provides the
voltage necessary to drive the current
through the negative feeder cable.
Let us take an example. The trolley wire
voltage is, say, Soo volts, and the rails are
earthed ; their potential must, therefore,
be taken as zero at the negative feeder
connection point. Now the voltage drop
along the negative feeder will mean that
the station end of it will be at below earth
potential, i.e., it will be negative, and the
negative booster is so connected as to
reduce the station end of the negative
feeder to below earth potential. If the
drop due to current in the negative feeder
in our example is 5o volts, then the
booster generator negative terminal will
be connected to the feeder and its positive
terminal to earth. The current is thus
caused to flow through cables of reasonable
proportions without the B.O.T. rules
being infringed as regards the voltage
between rail and earth.

Negative Boosters.
In a tramway system, the running rails
are usually employed as the return, or
negative, conductor, and they are usually
bonded or welded together for that purpose. It is clear that there will be a drop
of voltage along the rails due to the current
flowing in them, and it follows that there
will be a voltage difference between any
two points on the rail system. Now, under
these conditions, it is possible for current
to leak to earth and flow to the point of
lower potential via any path of lower
resistance than the rails themselves, and
there is a danger that the current may
choose to flow along some pipes or other
metal work of low resistance ; if this
happens, the current flow may result in
extensive damage due to electrolytic Construction and Maintenance.
action, and for this reason a Board of
Trade regulation limits the potential of
In construction, the negative booster is
rail to earth to not more than about similar to the feeder booster, being usually
4.2 volts, and the voltage between any series wound with a diverter for the field
two points on the rail system is not to circuit. A shunt wound driving motor is
exceed 7 volts (approx.).
usual. There is very little to say regarding
Because of the heavy currents in the maintenance ; brush position is important
rails it is difficult, in systems of any size, because of the heavy and rapidly fluctuatto comply with these figures, and for this ing currents, and the condition of comreason it is usual to install negative mutator and brushes must be watched for
feeders. These are insulated cables run the same reason. If a diverter resistance
to distant points on the rail system and is used its contacts should be kept in good
which convey the current from these condition since the current carried will be
points back to the power station. To each of a considerable value.
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HOW CURRENT REACHES THE
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By JOHN DUMMELOW, B.A. (Cantab.)
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Both single and double circuit lines are
The " grid " originated in the Electricity used. Each conductor has an overall
(Supply) Act, 1926, which divided Great diameter of .77 in. and consists of 3o
B:itain into ten areas, seven for England aluminium strands and 7 steel strands ;
and Wales and three for Scotland. For they are hung about 12 feet apart on
each area a scheme of interconnection chains of porcelain insulators of the capwas to be prepared by the Electricity and-pin type. Short branches and loops
Commissioners, and the Centi al Electricity will be provided by about 1,200 miles of
secondary lines at 33,000
Board—a body of eight
volts, with conductors
business men appointed
and towers similar to
by the Government—
those used on the
was set up to adopt the
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schemes after consideraa smaller scale.
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operating the " grid "
strip forming a hollow
system.
tube, which is kept filled
About 130 of the
with oil at constant
most efficient and best
pressure ; this prevents
placed of the existing
deterioration due to gas
power stations were
spaces in the insulation.
chosen to supply the
The diameter of the
" grid," together with
conductors ranges up to
eleven new stations,
.25 in. (on the 132,000which are being built
volt lines).
on the most economical
sites; the owners of the
selected stations are unTransforming Stations.
der statutory obligation
The supply underto operate their plant as
takings will take current
directed by the Central
(usually at ii,000 volts)
Electricity Board, and
from the "grid" netto sell to the Board all Fig. 2. —A 33,000-VOLT LATTICE STEEL work at transforming
" GRID " TRANSMISSION LINE.
the electricity so genera- TOWER
stations situated at con(Pirelli-General Cable Works, Ltd.)
ted.
venient points. All transforming stations are of the outdoor type,
How the Power Stations are Linked Up.
equipped with switchgear to control the
The selected stations are being linked circuits, transformers to reduce the voltage,
up by about 3,000 miles of 132,000-volt and meters to give the energy transfer,
primary transmission lines. Overhead maximum demand and power factor
conductors of steel-cored aluminium are readings that will be necessary to determine
used with goo ft. spans supported on the bulk price of electricity. The translattice steel towers 70-80 ft. high. For formers are air-cooled and range in
crossing large navigable rivers the longer capacity from 7,500 to 75,00o kVA. ; the
spans necessitate the height of the towers switchgear includes isolating switches and
being raised, in some cases to Soo feet. oil circuit-breakers, the latter having a

How the " Grid " System Originated.
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breaking capacity of 1,500,000 kVA. at
132,000 volts. Protection against electrical
faults such as overloads and leakage is
provided by means of relays and other
devices.
Central Control Room.
Operations in each area will be directed
and supervised from a central control room
by an elaborate system of telephones and
automatic signalling, and eventually the
actual switching operations at the distant
stations will be effected from the same point.
How Local Areas are Supplied.
The standard system of transmitting
current purchased from the " grid " to
rural areas is by high-tension lines at
r,000 volts, usually three-phase but often
single-phase for small villages and isolated
farms or residences. Distribution to consumers is carried out by low-tension lines
on the three-phase four-wire system with
400 volts between phases and 23o volts to
an earthed neutral, house services being
given at 230 volts single-phase. In large
rural areas and in towns where existing
apparatus has to be considered, other
Fig. 3—THREE-PHASE I1,000-VOLT HIGH TENSION
(Johnson & Phillips, Ltd.)
Note sloping cross-arms to keep off birds.

TRANSMISSION LINE.

ARRANGEMENT OF BONDING

GALV CI EARTH WIRE BOBBIN AN!
GALV. MS BOLT AND NUT

Fig. 4.—DIAGRAM OF STRAIGHT LINE WOOD
POLE FOR THREE-PHASE HIGH TENSION
TRANSMISSION.
(G.E.C.)
Showing continuous earth wire.

systems may be necessary, but for new
electrifications the standards given above
are almost always adopted.
Transmission and distribution of " grid "
current to the consumer may be
carried out either overhead or underground. Underground cables are much
the more expensive, but they may be
necessary for taking H.T. supplies into
otherwise inaccessible urban areas and
L.T. supplies where there are trees, high
banks, or other obstacles to overhead
construction.
In addition to the power lines themselves
substation apparatus must be provided.
At tapping points (i.e., where L.T. lines
branch off H.T. lines) transformers are
installed to reduce the voltage, and at
terminals and junction points switchgear
is fitted for controlling purposes. Protective equipment is necessary to
prevent apparatus being damaged by
electrical faults or by voltage surges due
to atmospheric disturbances (on overhead
lines).
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wire in a copper sheath), composite copper
and copperweld, copper-cored steel, or
galvanised steel may be used, the last
being the cheapest and most suitable
for spur lines where the current to be
carried is very small.
Particulars of some conductors in common use are given in the table below :—
Overall Breaking
Conductor.

7/12 S.W.G. Steel
7/I2 S.W.G. Copper-cored
steel .
.c25 sq. in. Equiv. Cadmium copper..
..
.035 sq. in. Equiv. Composite
.o5 sq. in. Equiv. Steelcored aluminium

Sag.
Ft.
6.86

312

5592

525

8.24

.243

2744

.276

4370

425
500

8.5

396

4106

450

20.04

9.22

All steel wires are of 45-ton quality.
The composite conductor in the table
consists of one strand
of extra high-tensile
copperweld surrounded by eleven strands
of H.D. copper. Conductors are almost
always stranded so as
to facilitate erection
and reduce the risk of
crystallisation.

Fig 5.— CROSS- ARM
AND INSULATORS FOR
H.T. TRANSMISSION
LINE.
(Pirelli-General.)

SECTION I.—
OVERHEAD
LINES. HIGH
TENSION TRANSMISSION.
Single circuit lines
are generally used.
Where continuity
of supply is very
important another
route may be selected for the second
circuit, and the two
connected together
to form a ring
main, thus extending the area supplied.

Diameter. Strength. Span.
Ins.
lb.
Ft.
.312
5990
534

ARRANGEMENT Of CHANNEL ADAPTORS
CARRYING DUPLICATE MN INSULATORS

Spans.
Spans between poles
should be as long as
possible to reduce
the initial cost due to
fewer poles and wayleaves being required,
the wayleave rentals,
and the possibility of
electrical faults. The
spans given in the

Fig. 6.—SINGLE POLE
FOR H.T.TRANSMISSION
LINE. (G.E.C.)
Showing details of
earth bar for guarding
at road-crossings.

Conductors.
The conductor size is generally determined by considerations of voltage drop.
Steel-cored aluminium is used for large
conductors and long spans without a continuous earth wire such as are common
in rural areas. For lighter loads in less
populated districts, electrical conductivity
becomes secondary to mechanical strength
and cadmium copper, copperweld (a steel

Fig. 7.—EARTH BAR AND DUP. INSULATORS.
(Pirelli-General Cable Works, Ltd.)
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at angles and terminals should be planted
6 ft. deep and fitted with stays, the vertical
load of which (except at wide angles) is
dealt with by a foot block placed under
the butt of the pole. Stays are placed
at 45 degrees slope. The stay wire is
attached by a bow tightener to a rod
7-9 ft. long, which terminates in a plate
on the far side of a stay block of creosoted
wood, planted 4-5 ft. deep.
The pole hole is dug somewhat like
a stepped trench and should be as narrow
as possible laterally so that there is
firm earth against the normal directicn
of load. When filling in, the earth
must be well rammed, and layers of
broken stone may be placed round the
pole at the butt and at about one-third
of the depth below the ground ; kicking
blocks are placed at the latter point.

Fig. 8.—METHOD OF BONDING TO EARTH WIRE.
(Pirelli-General Cable Works, Ltd.)

table are suitable for a three-phase singlecircuit single wood pole rural line without
continuous earth wire, and the corresponding sags allow a factor of safety
of two when complying with the Electricity
Commissioners' Regulations.
Poles.
Single-wood poles of winter-felled
Norwegian red fir are generally used.
The poles are 38-4oft. high and taper
slightly from a diameter of about 12 in.
at 5 ft. from the butt, to 8-io in. at the top.
At terminals and sharp angles and at
section points or sub-stations where switchgear or transformers are mounted on the
poles the conductors are tensioned off,
and " A " type, " H " type, or fourmember poles may be necessary. The
wood should be creosoted under pressure
to prevent rotting.
A straight line pole in ordinary soil
may be planted either 7 ft. deep or 6 ft.
deep with a kicking block. Single poles

Insulators.
For straight line and medium angle
poles the conductors are nearly always
carried on pin-type insulators, consisting of galvanised steel pins screwed into
threaded lead thimbles in brown glazed
porcelains about 5i-in. diameter. On
straight lines the conductor is laid in a
groove on the top of the insulator, and
at angles in the side groove.
At terminals, section poles, and angles
where the deviations are considerable, the
conductors must be anchored off by heavy
tension-type insulators (Figs. io and ii),
each consisting of a 7i-in. diameter
porcelain with a metal cap cemented on
to the apex and a pin screwed into the
interior. In industrial districts and near
the coast, io-in. units should be used to
reduce the effect of atmospheric depositS.
Electrical continuity at straining points
is provided by conductor tails or jumpers
from one section to another.
Cross-arms.
The three conductors are arranged in
triangular formation. All three pin insulators may be mounted on a single length
of channel iron (Fig. 5), shaped to give
the correct position of the conductors,
and clamped to the pole by bolts which
lie in the plane of the arms so that the
fitting can be mounted without lifting
the pole from the ground. Otherwise
the two outer insulators may be mounted
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on a vee-shaped cross-arm of angle iron,
and the third insulator on a ridge iron on
top of the pole (Fig. 3). In both cases the
arms are made sloping so as not to give
a foothold for birds.
At straining points, the tension insu-

spans or where the ground is unsatisfactory
for earthing.
A 7/12 S.W.G. galvanised steel wire
is used and is carried on iron bobbins
mounted either above the conductors on a
special bracket or below them direct c n
the pole.
With an under-running earth
wire a bond is clamped at one
end to one of the insulator pins
and at the other to the earth
wire (Fig. 8).
The earthing is effected
by means of a bare soft copper
wire which is clamped either to
one of the insulator pins or to
the under-running earth wire,
taken down the pole, and connected by a copper bond to a
cast-iron earth plate buried near
the pole butt ; the wire is protected up the pole by an 8 ft.
wooden casing.

Guarding.
For crossing public roads the
insulators must be duplicated and
earthing brackets, carrying a bar
about 7 ft. long, fitted (Fig. 6 & 7) ;
bridle lengths of conductor bridging the duplicate insulators are
sometimes added. Where the line
runs parallel to and within 5o ft.
of a public road, earthing brackets
are sufficient.
For crossing railway lines the
railway companies usually require
duplicate insulators and duplicate
conductors bonded together every
5 ft. ; the additional loading
necessitates shorter spans.
Fig. g.—"A" POLE AT STRAINING POINT ON HIGH TENSION
For crossing private or farm
TRANSMISSION LINE.
(Pirelli-General Cable Works, Ltd.)
roads or public footpaths and
where the transmission line runs
lator at the top is attached to eye bolts parallel to railways, no guarding is
and the two lower insulators to forged required. Where the line has to cross
eyes in the end of special cross-arms.
Post Office wires one or the other must
go underground.
Earthing.
The structural ironwork on each pole Erection.
must be earthed, either by means of a
Conductors are sent to site on a number
continuous wire carried on the poles and of identical drums each holding about
earthed every 4-mile, or by individual
mile ; standard lengths reduce the
earthing at each pole. Overhead earth number of scrap ends and are generally
wires are more expensive, except with short more economical.

HOW CURRENT REACHES THE CONSUMER
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The conductors should not be drawn
along roads or over stony ground. The
drum is mounted on a stand in direct
line with the poles and at a distance
from the foot of the first pole equal to
the height of the pole. It should be
provided with a brake to prevent overrunning and kinking the conductor.
A light flexible steel running line is
spliced to the end of each drum length and,
after running out and hauling up to
the cross-arms by a hemp line, is then laid
in the snatch blocks. At the free end
the winch or other pulling-up tackle is
attached to the running line, and the
conductor length is wound off. When
the whole of the conductor has been paid
out, the free end must be jointed to the
succeeding length or tensioned off at a
straining point.
Binds.
The conductors are held in place on
the insulators by means of binds. About
9-II ft. of 14/9 S.W.G. soft binding wire
of the same metal as the conductor is
generally used.
When binding in the top groove, two
equal lengths of binding wire may be laid

Fig. 11.-DETAILS OF AN H.T. TERMINAL POLE
SHOWING TENSION INSULATORS (G.E C.)

Fig. 10 -DETAILS OF SINGLE POLE AT STRAINING
POINT ON H.T. LINE. (G.E.C)

side by side with some inches of single
wire projecting at each end. The middle
of the double wire is placed opposite the
centre of the insulator, and the conductor
is bound for rather more than the length
of the insulator groove. The two wires
at one end are twisted together until each
can be passed round the neck of the
insulator in opposite directions ; they are
then twisted together again to reach the
conductor. The other end of the bind
is treated in the same way. The short
wire of each pair is taken round the
conductor for five or six turns, and the
long wires are crossed over the top of the
insulator and finished off with about eight
turns round the conductor.
When binding in the side groove, the
middle point of the binding wire is placed
opposite the centre of the insulator and
the conductor bound for a distance equal
to the diameter of the insulator neck.
Each end in turn is passed once round the
neck of the insulator, twice round the
conductor, and once round the insulator again ; it is then taken round
the conductor for about a dozen turns to
finish off.
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I 2.--TERMINAL POLE FOR Low TENSION
DISTRIBUTION.

This shows the method used for the threephase, four-wire system. Note the dividing
box for connection to underg-ound cable.
(Pirelli-General Cable Works, Ltd.)

For the long spans of rural work the
conductor, after wrapping with tape, may
be bound to the extensions of two stirrups,
which fit accurately into the side groove
of the insulator and extend along and
under the conductor in both directions.
The stirrups, tape, and binding wire are
made of copper, except for s.c.a. lines,
where they are of aluminium.
Joints.
For joints under mechanical load the
torsion type designed to withstand 95 per
cent. of the ultimate strength of the
conductor is recommended. The joints
should be approximately opposite one
another.
The two ends to be jointed are first
vaselined and slipped from opposite ends
into a seamless oval tube of copper (or
aluminium for s.c.a. lines). The tube
is then gripped at each end by a pair of

twisting tongs and given 4-5i complete
twists, the half-twist being necessary
to bring the two parts of the cable into a
straight line. For s.c.a. lines a double
length tube is used with twice the number
of twists. To ensure that the tube twists
evenly, one half should be dealt with
first, and care should be taken to turn it
in the direction of the stranding of the
conductor. The completed joint may
be filled with a suitable grease such as
graphitic paste (except on cadmium copper
lines) to keep out moisture.
Joints not under mechanical load can
be made by means of parallel groove
clamps of galvanised iron, brass, or
aluminium, according to the type of
conductor.
Parallel groove clamps consist of two
parts bolted together to grip the conductors in grooves one on each side of the
line of bolts.
To ensure a large contact surface and
low resistance at the joint, the clamp should
be at least six times the diameter of the
conductor, and the bolts should be large
and numerous enough to exert heavy
pressure when tightened.
Where the current is too heavy for a
galvanised clamp, steel or copper tappings
may be taken off s.c.a. lines by means
of bimetallic connectors with insulating
washers.

Fig. 13.—DETAILS OF STRAINING POINT POLE FOR
LOW TENSION DISTRIBUTION LINES.
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copper, .1 sq. in. for main runs and .05 sq.
Terminating.
At straining points (Figs. io and II) the in. for branches. Where the larger size
conductors are anchored off by means of is not sufficient it is often advisable to
tension clamps or thimbles (with the smaller develop an alternative route and form a
conductors and cadmium copper lines), ring main.
a tail being left for jointing to the next Cross-sectional Stranding. Overall diam. Breaking load.
area.
section. Conductors other than steel are
No. Ins.
Ins.
lb.
Sq. in.
7/.236
.408
5872
.r
protected from damage by binding them
.05
2924
3/•247
.317
with a layer of tape, aluminium for s.c.a.
lines and copper for conductors of other Spans.
materials.
Spans of 150 ft. are most satisfactory ;
Tension clamps are designed
longer spans are inconvenient
to take most of the load at a
as they may not provide suitradius round which the conable points for taking off
ductor is bent. The clamp is
service lines, the routes are
in two halves, usually of galseldom straight, and many
vanised malleable iron. The
pole positions are fixed by
conductor is strung up and
points where roads branch off.
fastened off temporarily, and
A sag of at least 2 ft. should
the clamp is fitted on with
be allowed to avoid trouble
the bolted part in line with
with the poles bending at
the conductor. It is then
angle positions.
attached to the tension insuPoles.
lator and the temporary fastSingle member poles of
ening loosened, when the
creosoted red fir or tubular
conductor will bend naturally
steel (at a higher cost) are
round the radius and the clamp
used. Wood poles are about
take up its proper position.
28 ft. long overall, and the
Thimbles or eyelets are
diam. measured 5 ft. from the
heart-shaped and made of
butt may be 71 in. for .1 sq. in.
galvanised iron. The conductor
and 7i in. for .05 sq. in. conis bent round the thimble, and
ductors. There should be a
the two sides of the loop are
clearance of 17 ft. between
bolted together by " U "-bolt
the lowest conductor and the
clamps, the " U " pressing on
ground, and at road crossings
the side that is not under
poles 3o ft. overall with slightly
tension.
increased diameters must be
Single-phase Lines.
Fig. I4.—DETAILS OF used giving a 19 ft. clearance.
The above description applies SINGLE WOOD POLE FOR
In ordinary soil the poles
to three-phase lines.
Low TENSION DISTRI- should be planted 5 ft. deep,
On single-phase lines the BUTION LINE. (G.E.C.) no kicking blocks being retwo conductors are usually of
quired. At small angles a larger
7/12 S.W.G. steel, arranged in the same pole, e.g., II in. diameter, can be used
way as the two lower conductors on with a kicking block. At wide angles
three-phase systems. The usual span it is necessary to use stays or, where this
for rural work is 52o ft. requiring is not possible, struts.
a pole 34 ft. long overall and
Stays are similar to those used on H.T.
io/- in. diameter at 5 ft. from the butt. lines. The stay wire should be fitted
The poles are planted 6 ft. 6 in. deep or with an insulator of ample dimensions
6 ft. where stays are used ; in normal and capable of withstanding the same
ground kicking blocks are not required. mechanical load as the stay.
Struts consist of wood poles, 2 ft.
LOW TENSION DISTRIBUTION.
shorter and 4 in. less in diameter than the
Conductors.
main pole, and placed at 3o degrees to the
Conductors are usually of stranded vertical. The bottom of the strut is
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A
COTTER B SPLIT PIN
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I

WET..LATOA
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AS INSTRUCTED DS CUSTOMER
WFOGE CONNECTORS
BARE COPPER NEUTRAL
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ens.,40,4

AT P

Urfa
stuu.

earth wires are
not required with
wood poles, but
all iron work
must be bonded
together by
means of a galvanised iron
wire. Steel poles
are provided
with a cast-iron
earth plate.

PIP

Area
N NNW

Guarding.
Guarding is
only necessary
for crossing P.O.
lines.
Where the
power line is
underneath,
a
Fir 15 —How AN OVERHEAD SERVICE TO A HOUSE IS TAKEN FROM Low 7 / 4 S . W . G .
TENSION DISTRIBUTION LINE. (Johnson & Phillips, Ltd)
steel - strand
guard
wire
fitted with a kicking block and the top should be erected above the conductors,
bolted to the pole at the centre of the supported on insulators and bonded to
conductor loading. A tie rod surrounded the neutral conductor.
by a distance tube is fitted horizontally
Where the power line is above the P.O.
between strut and pole about half way up. line the conductors should consist of
P.B. J. wire of stranded copper insulated
Insulators and Brackets.
with impregnated paper with a cotton
The conductors are usually arranged covering and a cotton braiding overall,
vertically at 12-in. centres with the neutral both impregnated with red lead compound.
After installation the red lead hardens
at the bottom.
Shackle-type porcelain insulators carried by oxidisation, providing a reliable covering
on " D " brackets of wrought
iron are generally used, the
\\\
porcelains being
fixed in the
brackets by cotters and split
INSULA'TED
pins or by nuts
PHASE
1411....
and bolts. The
brackets are
AlrwAiima
Iii
TEE BOX
fixed to wood
BARE
poles by bolts
NEUTRAL
CONN ECTO
INSULATOR
and to steel
PO 122CE LA N
poles
by
-roe E
wrought-iron
clips.
Earthing.
Continuous Fig. 16 —ARRANGEMENT FOR HOUSE-TO-HOUSE SERVICES UNDER THE EAVES.
Mr7
r...41Mi•l/A,

(Johnson 6- Phillips, Ltd.)
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of high enough resistance to prevent
danger to telephone operators if a telephone wire comes into contact with a
power wire.

Joints.
Joints under mechanical load may be
made with cone type clamps, but where
possible they should be arranged to occur
at straining points so that the conductors
can be terminated on each side of the
pole and the tails only jointed.
Joints not under mechanical load may
be made by parallel groove clamps or by
soldered sleeves. The latter are formed
by butting the two ends of the conductors
together in a split sleeve of tinned copper
and soldering to make a solid joint.
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running under the eaves " Sotonite "
compound-insulated cable or twin-core
" Anti-pluvius " cable (3/.036, 7/.029
or 7/.o44 in.) is recommended.
For leading in to the house two singlecore tcugh rubber sheathed cables are
used.

Spans.
Spans may vary frcm short lengths
up to 200 ft. For the longer distarces
intermediate poles may be necessary, the
line becoming practically a single phase
distribution line.

Terminating.
At straining points the conductor is
taken round the insulator and fastened
off by binding wire or " U " bolt clamps,
leaving a tail for connection to the next
section of line.

HOUSE SERVICES.
House services can be taken to single
houses by means of lightly insulated
conductors carried on porcelain insulators
and tensioned. Fully insulated cables
may also be used, either suspended from a
catenary wire (to single houses or from
house to house) or carried under the eaves
on porcelain insulators or cleats.
The cables leading into the house are
fully insulated and are carried through
the walls in a porcelain bell-mouthed
tube, cemented into the wall or taken
through the window frame. They are
terminated in two single-pole cut-outs
in cast-iron cases.

Conductors.
Services are usually taken off the distribution line by means of a P.B. J. phase
wire and a bare copper earthed neutral,
a convenient size being .0225 sq. in.
section and 7/.064-in. strand. A similar
cable insulated with varnished cambric
tape instead of paper is also used.
For catenary suspension rubberinsulated cables are used, the sizes varying
from .225 sq. in. and 7/.o64 in. strand to
.r sq. in. and 19/.o83 in. strand ; for

Fig. 17 —METHOD OF USING " TAPOFF " FUSE
INSULATOR FOR TAKING OFF HOUSE SERVICE
FROM Low TENSION DISTRIBUTION LINE.
(G.E.C.)

Insulators and Brackets.
Shackle type insulators may be arranged
vertically on the distribution pole or on a
" D " iron bolted to an iron bracket on
the wall. Another type, which can be
used at either end of the service line,
consists of a brown glazed porcelain with
a screw or a steel stud cemented into it
for fixing on wood or steel poles or on the
wall. A large hole is provided in the
porcelain allowing four or five services
to be taken from one insulator.
Cleats consist of two sections of white
porcelain provided with grooves to grip
the cable ; they may be bolted on to eye
spikes or screwed direct to the wall.
Alternatively, a " Tapoff " combined
insulator and fuse, consisting of a hollow
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SUBSTATIONS.
The substation equipment must
be weatherproof and, except when
large transformers are necessary,
can be mounted on one of the
transmission line poles, either on
a platform or slung from crossarms.
Transformers.
The maximum outputs of transformers for mounting on single,
" H " type or four-member poles
respectively are 25, 75 and 150
kVA. (three-phase) and 35, zoo
and 200 kVA. (single-phase).
Transformers are of the oilimmersed natural cooling type.
On pole-mounted sizes the terminals may consist of porcelain
bushings passing at an angle
through the side of the tank and
arranged to take cambric-covered
or bare copper connections (Fig.
21).
On the larger sizes cable
boxes may be fitted.

Fig. i8.—" H " POLE OUTDOOR SUBSTATION

(WITH

H.T. SWITCHGEAR AND TRANSFORMER).
Showing H.T. lines above and L.T. below.

(Pirelli-General Cable Works, Ltd.)

brown porcelain containing a withdrawable fuse, can be used. The distribution
wire is taken direct to one fuse contact,
and the service wire taken from the other
contact round a knob at the top of the
porcelain to the house.
Joints.
The service wires are connected to the
distribution line by wedge connectors and
to the lead-in wires by tubular brass
connectors with screws.
With house to house systems the leadin wires are taken off by brass " T" connectors. The phase wire connector is
enclosed in a cast-iron box with a removable
plug at the top for filling with compound.

Fig. 19.—" H' POLE SUBSTATION SHOWING
H.T. AIR-BREAK SWITCHES AND FUSES AND
(G.E.C.)
TRANSFORMER.
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Voltage regulation is given by
metallic bridges and tappings on the
H.T. windings at 2i and 5 per cent.
above and below the normal voltage.
Switch and Protective Gear.
General switching and protective
requirements can be met by handoperated switches and H.T. fuses,
which disconnect the transformers
from the H.T. line in the event of
faults and short circuits. Air break
switches and fuses are cheap and
effective. Oil switch-fuses are often
used, and automatic circuit-breakers,
though more expensive, are sometimes desirable. Air break switch
and protective gear is insulated by
mounting it on petticoat type porcelain insulators.
L.T. fuses protect the transformers
from faults in the distribution
system.

Air Break Switches and Fuses.
For isolation purposes single pole
knife switches (which are not suitable for breaking load currents)
can be used, operated • from the
ground by an insulated rod. For
breaking load currents or magnetising currents of large transformers
up to 30o kVA. a triple pole horn
break switch is used, mechanically
operated from ground level (Fig. 19).
The blades are fitted with arcing
horns which make contact before

Fig. 20.—ANOTHER TYPICAL OUTDOOR SWITCHGEAR AND
TRANSFORMER SUBSTATION FOR TAKING LOW TENSION
OFF HIGH TENSION LINE.
(G.E.C.)
' 1 and break contact after the main
3
blades, thus drawing out the arc.
., H.T. fuses are often mounted
Li on the same framework as the
.q switches to form air break switchI 33 fuses (Fig. 22).
3

Surge Protection.
To prevent damage from voltage
surges, due to switching or faults,
and from excessive potential rises,
due to atmospheric disturbances,
special precautions must be taken.
When a surge of high frequency
Fig. 21.—DETAILS OF POLE MOUNTING TRANSFORMER.
Showing method of connection for cables and mounting and steep wave front travels along
for transformer on cross-arm. (G.E.C.)
a line and encounters an inductive
PLAN MEM OF TERMINAL BOARD
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coil, which tends to hold up the disturbance until the arrester has operated.
Choke coils are usually of the air core type,
consisting of a continuous length of
copper rod. They should always be
connected between a line and any transformer or other apparatus, and when
transformers tap transmission lines direct
or at the end of short branches, arresters
are not necessary, the choke coils protecting the transformer and reflecting
surges back to be dealt with by the main
arresters at terminal points.

Fig. 22.-AIR BREAK SWITCHFUSE FOR SECTIONALISING RURAL DISTRIBUTION LINES. (G.E.C.)
winding (e.g., in a transformer), it instantaneously produces a high voltage between
the end turns and also to ground. The
insulation of the end turns (about 5 per
cent. of the total number of turns) is
therefore reinforced, and the line is often
connected to 50-100 ft. of paper-insulated
cable, which acts as a condenser.

SECTION II—UNDERGROUND
CABLES.
The routes of all underground cables
must be carefully chosen to save cost ; it
is cheaper and more convenient to lay
cable in pathways or grass borders than
in roadways.
In rural districts, cables are usually laid
direct in the ground. Under railways,
tramways or roads carrying very heavy
traffic they should be drawn through steel
or cast-iron pipes and in certain soils a
bitumen-filled trough (or a bitumensheathed cable) is necessary. For direct
laying the cables are armoured with
galvanized iron wire or steel tape ; they
should never be laid direct in ashes, as
these may damage the armouring.
In towns and where a large number of

Lightning Arresters.
Lightning arresters providing a discharge path to earth can also be used,
preferably in conjunction with choke coils.
The simple horn type has a narrow gap
adjusted so that a potential of 70-100 per
cent. above normal will discharge across
it to earth, the current being limited by a
series resistance connected on the line
side of the gap ; the arc is forced upwards
by electro-magnetic action until it breaks,
preventing the line current from following
the discharge to earth.
How Choke Coils are Connected.
Choke coils are connected in such a
manner that a surge travelling along the
line builds up a high E.M.F. across the

Fig.

23.-HORN LIGHTNING ARRESTER.

(G.E.C.)
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Fig. 24.—THE NORTON-ON-TEES 132,000-VOLT TRANSFORMING STATION.
This is the second largest transforming station on the " grid." (Photo : W. Parry & Son, Ltd.)

cables are involved, they should be drawn
into stoneware or fibre conduits so that
the capacity can be easily increased when
required ; concrete troughing may also
be used.
High Tension Transmission.
The shortest route should be adopted
unless an alternative means fewer obstructions and road crossings, less traffic or
easier excavation.
Three-core belted cables are generally
used, having stranded copper cores,
insulated with impregnated paper, lead
sheathed and jute covered. The size of
cable is determined by the size of the
overhead line to which it is connected ;
.0225 sq. in. cable is a size commonly
used.
Low Tension Distribution.
The route is usually decided by the
possible demands for services.
Three-core paper-insulated cables are
used, similar to those for H.T. lines, but
with smaller conductors and less thickness
of insulation. The conductors may be
circular or shaped, and the neutral is
sometimes smaller than the line conductors.
House Services.
Twin-core cables, paper-insulated and
lead-covered, are generally used.

CABLE LAYING.
Cables, except short lengths which are
wound in coils, are usually received from
the works in lengths from 25o to 440 yds.
on drums. The drums should be taken to
site on lorries or special drum carriages,
and not rolled. Cables should not be laid
in frosty weather, which hardens the
impregnating materials.
At junction points a certain amount of
slack should be left to save jointing in an
extra piece of cable if repairs are necessary.
Direct Laying.
Suitable depths are 3o ins. under roadways or grassland, 12-18 ins. (L.T.) and
24 ins. (H.T.) under pathways and 4 ft.
under railways.
The trenches should be made wide
enough to allow men to work freely
without injuring the cable. The bottom
must be smooth and free from stones,
and layers of sand are often placed under
and over the cables, except in clay soil,
where sand would collect water.
Where there are no obstructions the
drum carriage is rolled slowly and evenly
along the side of the trench while the
cable is drawn off. Where pipes, etc., cross
the trench above the cable level, the drum
carriage must be fixed at one point and the
cable drawn off by men spread cut alcng
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Drawing-in.
Conduit s
should be laid
deep enough not
to be injured by
Where
traffic.
the traffic is
stoneheavy,
ware and fibre
conduits should
be not less than
3 ft. and iron
pipes not less
than 2 ft. below
the ground surface.
They
should be laid
on a bed of
concrete with a
slight space between conduits.
Concrete is then
laid in the space
between the conduits and the
trench and a
concrete
thin
covering overall
to keep out
water. Changes
of direction
should occur at
draw-in boxes or
Fig. 25.—A STAGE IN LAYING OF H.T. UNDERGROUND CABLES IN CONDUITS.
manholes, which
(W. T. Henley's Telegraph Works, Co., Ltd.)
should be not
the trench, lifting it well off the ground. more than zoo yds. apart, and a drainage
The radius at bends should be at least fall should be provided from one box
twenty times the overall diameter of the to another.
cable. A long enough trench should be
In drawing-in the cable drum is jacked
opened to allow the whole length of cable up so that the cable can be taken with a
to be drawn off in one handling.
single sweep from the top of the drum
When it is necessary to draw off cables into the conduit. A drawing-in rope is
in both directions an " 8 " is formed by attached to the end of the cable, which is
drawing off one portion in one direction drawn in either by hand or by means of
and laying the remainder on the ground a small winch.
in a loop so that the other end is free for
drawing off in the opposite direction. Joints and Branches.
Where space is restricted the cable must
Joints must be dry and clean and made
be cut and jointed.
in fine weather. Joint boxes and " T "
In filling in, the cables are covered boxes (Fig. 27) are made of cast iron, and
with some inches of fine soil and a layer for use in damp earth they must be provided
of creosoted wood boards, tiles, bricks or with an inside lead sheath.
concrete slabs to warn anyone reopening
Straight-through joints are made by
the trench. The trench is finally filled in means of adjustable clamps or connecting
and the earth well pounded.
sockets fastened to the conductors and
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soldered
with
resin, no acid
being used. On
H.T. cables the
conductors are
insulated with
impregnated
paper and surrounded by a
lead sleeve ; two
halves of the
joint box are
then placed in
position and
bolted up. For
L.T. distribution
and service
joints the insulation generally
consists of oil
and cloth.
"T"
joints
should be of the
" married " type
or made by
means of special
claw connectors.
When the joint
is complete the
box or the lead
sleeve is filled
with an asphalt
compound ; care
should be taken
that air bubbles
are not formed
and that the Fig. 26.—ANOTHER VIEW
CABLES IN CONDUITS.
compound is
not overheated.
Service cables should be taken in pairs
out of one " T " joint box so as to save
joints and cable trenches. Alternatively a
number of buildings can be supplied by
connecting a three-core cable to two line
wires and neutral, taking it into one
house, looping into the service cut-out
and out again through the wall to the
next cut-out. One cut-out is connected
to each line wire and both to neutral.
Terminals.
Where the cable is joined to an overhead line (Fig. 12) it is protected up the pole
by an 8 ft. galvanised iron guard pipe and
terminated by a dividing box of cast iron
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SHOWING THE LAYING OF H.T. UNDERGROUND

( W. T. Henley's Telegraph Works, Co., Ltd.)

filled with insulating compound. The
cable enters 'at the bottom of the box
through glands, the conductors being
separated inside and brought out through
porcelain insulators to bare wire tails.
For indoor use, somewhat similar boxes
are employed, the connections being made
by rubber insulated tails.
SUBSTATIONS.
Substation equipment is housed in
cast iron or sheet steel kiosks or in brick
buildings where the supply is important
enough. The L.T. distribution system is
sectionalised for isolating purposes and
changing over the conductors by means

HOW CURRENT REACHES THE CONSUMER
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In kiosks the ordinary indoor
type transformers are used mounted on rollers and fitted with
porcelain bushings for connection
to the controlling switchgear
through vulcanised rubber insulated cables.

FILLING HOLES

LEAD BONDING STRIP
UNDER ARMOUR CLAMP

Switch and Protective Gear.
On the H.T. side, isolating
switches and oil circuit breakers
are used, both enclosed by inner
doors of sheet steel or expanded
metal, but separated from each
other for safety.
The L.T. switchgear consists of
porcelain handle fuses in the
phase circuits and links for the
neutral ; the fuses are mounted
on the unit principle to allow for
extensions.

80X FILLED WITH
TYPE 28. COMPOUND

POCKETS FILLED WITH
TYPE'N?4-COMPOUND
ARRIED .101

V O NT

s eROMMET

Feeder Pillars.
kPillars consist of cast iron boxes
containing units to which the cables
eaa be connected so that fuses or
removable disconnecting links can be inserted in the circuit as desired.

Fig. 27.—INTERIOR OF SERVICE JUNCTION Box.
(Pirelli-General Gable Works, Ltd.)

of feeder pillars or, where space is valuable,
by underground disconnecting boxes.
Kiosks.
Kiosks are built up of angle iron framework and sheet steel plates with a roof
of welded sheet steel. The foundation is
of light concrete or brickwork raised a
few inches above ground level. The
interior is divided into sections for the
transformer and switchgear.
Transformers.
Up to 200 kVA. transformers can be
mounted in kiosks, but larger sizes may
have to be erected in the open.

Disconnecting Boxes.
A disconnecting box consists of a box
and watertight cover, which can be
assembled in a built-up pit frame and
cover. On rural lines a multi-way ironclad fusebox, which must be weatherproof, is sometimes mounted on the last
overhead line pole for disconnecting
purposes.
A later section deals fully with the
practical methods employed in the erection
of high tension transmission lines and
the laying of underground cables.
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TABLE STANDARD LAMPS AND
SHADES
BY GILBERT E. TWINING

T

AN OAK JACOBEAN
STANDARD.
In Fig. z is given a
design for an oak
Jacobean standard
sixteen inches high,
built up of five independent pieces, each
turned with a dowel
and socket, the whole
then being glued
together, stained,
polished and wired for
electric light.

ALE ` of

Timber Required.
Timber yards it given lists
of quantities and sizes of
timber required, will prepare,
cut and deliver it.
For the
oak standard
shown in
Fig. i the
following
sizes will be
required :1 piece
2 ft. by 3 in.
1111111111' 1 I
sq. A, C and
D.
(A is 5 in.
long; C, to in.
long ; and D,
in. long.)
I piece
9 in. sq. by
2 in. thick
for E.
piece 41 in. sq. by
ir)
? in. thick for B.
After the timber
yard has delivered the
wood in the sizes
ordered, the lengths
should be cut into the
PLAN OF SHADE
pieces ready for
turning, When selecting the pieces for the
lathe. which are ultimately to be glued
together in one column,
see that all the grain
which runs in the
GILBERTE.TWINING. same direction
coincides
or
follows through,
Fig.i.—DESIGN FOR OAK j ACOBEAN JTANDARD.
This is 16 in. high and is built up of five as nearly as
possible ; this will
independent pieces.

HE rapid growth in
the use of electricity
in the home is leading to a great increase in
the demand
for table
standard
1 amps and
shades. The
cheaper class
of lamp is
well catered
for, but there
is a growing
demand for
really highclass articles
and the sale
of these
offers quite
a profitable
TABLE LAMP
sideline for
the electrical
IN OAK BUILT UP
dealer.
In
OF FIVE PIECES
this article
will be found detailed
instructions for making
four high-class table
lamps prepared by a
first-class designer.
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add greatly to the apTurning the Base.
pearance when finished.
This is a piece of oak
9 in. square by 2 in. thick.
Turning Tools, etc.
Plane one side true and
The operation of
determine the centre by
turning these pieces
drawing diagonal lines
should present no great
from corner to corner.
difficulty to anyone who
Now scribe the circle
is able to use a lathe, and
representing the diameter
almost all forms of turning
of the base. Cut off the
can be done, if necessary,
corners of the square to
with the gouge and side
within 1r in. of this scribed
chisel alone. The sizes
line and screw on to the
obtainable range from
face-plate with the planed
in.
wide,
but
in. to 2
side towards the plate ;
for general use a gouge
see Fig. 4. The screws
and side chisel s in. wide
should be placed as far
are suitable, although it
from the centre as possible
is advisable to have at
so that the holes they
least two different sizes
leave will be turned away
in these, large and small,
when the base is finished
the large one for quick
on
its reverse side. The
removal of wood and the
face which is outwards
small one for small work.
will be the underside of
The gouge should be held
the base of the lamp
at such an angle that its
standard.
It must first
cutting edge is making
be trued up across its
almost a tangent with
whole diameter in order
the curvature of the work,
to make it quite flat.
otherwise it will not cut
To
do this the hand-rest
but scrape. Although
of the lathe is brought
scraping is permissible in
up with the T of the
some cases and with some
rest parallel with the face
tools, their edges are far
of the work, as in Fig. 5.
more quickly destroyed
For the first roughing cut
than when they are
use the gouge, holding it
used for cutting cleanly
as in Fig. 6, but somein the correct manner.
what more steeply
These tools are shown
inclined. Begin
in Fig. 3.
cutting at the
Drawings.
outside and work
Set out actowards the
curately full size
centre.
on paper the Fig. 2.-DIAGRAM SHOWING SIZES OF WOOD REQUIRED
If the wood
FOR STANDARD SHOWN IN FIG. I.
outline of each
was fairly uniThe
piece.
form in thickness,
drawing so made
a light cut only
may then be laid
will be necessary
on the bed of the
to render it true.
lathe or hung
Stop the lathe and
within easy reach
test the surface
of the calipers
for flatness by
and dividers
laying a straightof the turner.
Flg. 3 -TOOLS REQUIRED FOR TURNING.
edge across it.
SIDE CHIS£L

ROUND-NOSE CHISEL
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Removing the
Marks of the
Gouge.
To remove the
marks of the
gouge, finish
with the chisel
after turning the
edge of the work
with the gouge
in the same way
as the face ; continue cutting
until the wood
becomes cylindrical and of the
correct diameter,
or nearly so.
Change to the
chisel and finish
by taking very
light cuts with
the heel of the
cutting edge. If
the edge towards
the point is
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Fig. 1..—TURNING THE BASE (i).
The corners of the square have been cut off and the piece of wood screwed
on to the faceplate with the planed side towards the plate.

allowed to touch
the wood it will
probably dig in.
The sharp
angle where the
cylindrical part
meets the flat
must be rounded
off, as in Fig. 5,
thus forming
one-half of the
beaded edge of
the base. This,
as well as the
annular groove
for the lead
weight, had been
turned when the
photograph (Fig.
5) was taken.

Turning the
Groove.
Fig. 5.—TURNING THE BASE (2).
Showing the hand-rest of the lathe brought up with the T of the rest
parallel with the face of the work. The sharp angle where the cylindrical part
meets the flat must be rounded off.

The turning of
the groove must
be done with the
point of the
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Fig. 6.—How THE BASE SHOULD LOOK WHEN FINISHED.
This shows the upper side of the base being shaped. This is done with a gouge, using the centre
of the rounded cutting edge. The convexed portion towards the centre is finished with the chisel.

• Fig. 7.—TURNING THE LOWEST SECTION OF THE SHAFT D.
The photograph shows the wood mounted between centres of the lathe, with the wood-turner
holding his tool on the rest, ready to begin cutting. Note not only the upward angle of the gouge,
but also the horizontal angle which it makes with the centre line of the work.

TABLE STANDARD LAMPS AND SHADES
chisel. Scraping instead of direct
cutting will have to be resorted to,
since the angle of the tool on the
rest cannot be very steeply inclined.
The groove is dovetail shaped in section,
so the tool is used with the point towards
the periphery of the disc when shaping
the larger diameter of the groove, and
turned over towards the centre when
shaping the smaller diameter. The whole
width of the groove should be turned
at one time, reversing the tool
constantly and
working inwards
until the full
depth is obtained.
Glasspaper t h e
outside of the
work and then
reverse it upon
the faceplate,
screwing it as
before.
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should then present the appearance given
in Fig. 6.

Turning the Lowest Section of the Shaft.
The turning of the lowest section D of
the shaft should next be undertaken.
This is shown in Fig. 7 mounted between
centres of the lathe, with the wood-turner
holding his tool on the rest, ready to
begin cutting. Note, not only the upward
angle of the gouge, but also the horizontal

Shaping the
Upper Side
of the Base.
This is done
with the gouge,
using the centre
of the rounded
cutting edge.
The convexed
portion towards
the centre should
be finished with
the chisel, but
Fig. 8.-FINISHING OFF THE ROUND CURVES WITH A CHISEL.
the hollow will
have to be
completed with the gouge, taking light cuts angle which it makes with the centre-line
and letting the tool travel in a fine spiral of the work. Whilst making this angle
direction from where the convex finishes and pointing in the direction shown, the
towards the periphery. Scraping will be tool must be moved to the right, otherwise
best at the very last stage, but care must it would dig in and possibly tear the work
be taken to make the hollow blend nicely. from the lathe. To cut from right to left
The little break on the outside of the the tool should point in the opposite
ogee curve is next cut in with the chisel, direction, i.e., towards the headstock.
using the point side of the cutting edge. The least carelessness may spoil the job
Then complete the bead, one-half of and endanger the operator.
Having turned the wood cylindrical,
which is already formed, and lastly bore
the socket to take the dowel or spigot on mark off upon it with pencil, whilst it is
the shaft, marked D in Fig. 2. Finish still revolving, the principal members of
all over with glasspaper and the base the moulded shape. Then, with a flat,
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The Top Piece.
Lastly the top
piece A is turned;
this has a dowel
long enough to
go through piece
B into C, as
shown in Fig. 2.
I t is turned
between centres
with the dowel
portion nearest
the prong centre
of the lathe; the
other end, which
will be the
extreme top of
the standard, can
then be recessed ;
that is to say,
made concave in
form.
There will be
a small project.
Fig. g.—TURNING THE CUP B.
This shows the wood being glasspapered.
ing piece of wood
still left by
round-nosed tool (not the gouge), proceed which the work is carried by the back
to cut into and form the hollows. Finish centre. With either the smallest side
these and then, with the chisel, complete chisel or a left-hand pointed chisel this
the round curves, in the manner indicated can be reduced to about in. or as
by Fig. 8. Lastly shoulder down at the small as safety will permit. The top
ends to form spigots, the lower one to is then removed from the lathe and this
fit the base and the upper to receive the central projection is cut away with an
portion of the column C (Fig. 2). This ordinary chisel, holding the job in the
is performed in exactly the same way as D. hands.

Turning the Cup.

Filling the Groove with Lead.

The next operation is turning the cup B,
When the base of the standard is turned
shown in the lathe in Fig. 9, and this is and drilled, the groove for the stabilising
executed on a smaller faceplate and held weight may be filled with lead. Pour
by the central screw of the screwed chuck. some molten lead into the turned groove
Like the base, it has to be turned first and quickly pass a piece of flat wood
on one side, reversed on the faceplate across the face of the base to level off any
and then on the other.
metal which may stand above the surface.
Before removal from the face plate it Keep the level rather below the surface,
should be bored to the diameter of the dowel otherwise it will need to be filed off afterwhich will be formed at the top piece A, wards or turned off in the lathe.
to within a sixty-fourth of an inch
from the other side. It is then
9"
glasspapered, unscrewed from the
X6 RIVET
faceplate and the centrepiece left
in boring removed on the bench
by a circular cut with knife or
Fig. I0.-METHOD OF LENGTHENING A DRILL.
gouge.

•
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Drilling the Separate Pieces.
The separate
pieces may now
be drilled. The
best form of drill
for the purpose
is a + in.-diameter engineer's
twist fluted drill,
having a sufficient length to
pass through the
longest of the
pieces down their
centre-line, b u t
no ordinary such
drill when purchased is long
Fig. 1 I .—THE FINISHED STANDARD IN THE LATHE AFTER BEING GLASSenough for every
PAPERED.
piece of the
It is now ready to be taken out for staining.
standard, and
must be lengthened by adding a piece of t in. bright, Glueing the Pieces Together.
round steel rod in the manner shown in
The pieces may now be glued together,
Fig. io. Good mechanical fitting is essential starting from the base. Wipe off all
where the forked end of the drill butts on surplus glue from around the joints. When
to the shoulders of the rod and the same these have set, the standard should be
applies to the tongue on the rod in the well rubbed down with No. o glasspaper.
drill, all such filed ends being dead If done in the lathe, the paper should
square. The joint is drilled and riveted be moved rapidly in a longitudinal
together, after which it can quite well be direction.
soldered.
In Fig. II the standard is shown in the
The pieces to be drilled can be held lathe glasspapered and finished ready to
either in the lathe or in a vice, but if a be taken out for staining.
lathe is used it will have to be pulled
round by hand. Care must be taken
when starting the drill for it is then that Staining.
the greatest strain comes on the joint
Vandyke Brown crystals, not powder,
between the rod and the drill. An make a very good stain when mixed with
excellent precaution against this straining ammonia and water, the proportions
is to place over the joint a piece of brass depending upon the depth of tone required.
tubing, two or three inches long, of The crystals can be obtained from any
such diameter as to make a push-on colour shop. If a water stain is to be
sliding fit over the rod. Keep this in used for colouring the oak, it is advisable
place until the drill has entered the first to raise the grain by means of a rag
wood up to this point, when it may be dipped in water and applied to the wood,
removed.
and when dry glasspapering down.
It is better to enter from both ends of
Whatever the colour or the stain used
the longest pieces of turned work and it is a good plan to experiment on a few
meet at the centre, as there is less likeli- similar pieces of wood until the required
hood of the drill running out of truth. result is obtained, always remembering
The drill should be withdrawn from the that two weak applications are more
wood several times and cleared.
effective than one strong one.
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Polishing.
After the oak standard is stained to
the reader's satisfaction it may be polished.
Several ways of polishing may be
resorted to, but waxing is by far the
easiest and certainly is a good finish for
oak. The ingredients for wax polish are
beeswax and turpentine. Thoroughly
melt the wax by heat and before it has
time to set pour the turpentine into it.
Allow to cool before using. It should be
about the consistency of ointment and
can be applied by means of a brush,
afterwards rubbed off and polished with a
soft cloth.

with it. The lamp-holder complete with
switch is a standard type which will be
familiar to all electricians. About 8 ft. of
flex is required with a lamp adapter wired
to the end.
After the lamp is wired a circular piece
of baize, art serge or fine velvet, having a
diameter a little less than that of the
base, is stuck to the underside to prevent
it from scratching polished surfaces.

SHADES.
How to Make Wire Frames.
The making of wire frames for covering
with silk or parchment is not a difficult
matter ; all that is necessary
is the ability to make the
simplest of soldered joints,
coupled with an eye for
correct balance of form and
proportion.
Tinned birdcage wire in 3 ft.
lengths, about No. 14 gauge,
should be used. First set out
full-size on paper the curvature
of one of the uprights or
vertical wires of the frame.
This is made to serve as a guide
for bending all the curved
uprights. Turn over the lower
ends of these to form loops to
receive the bottom ring, see
Fig. 12. This ring is in the
form of eight scallops, the wire
Fig. I2.-DETAILS FOR MAKING THE WIRE FRAME.
being continuous with only
one butt joint. All rings are
The screwed brass collar, one-half of jointed with a thin tin or copper ferrule
which screws into the bottom part of the wrapped to cover the joint and secured
lamp-holder, should then be fitted. A with solder.
hole is drilled in the top of the standard
having a diameter a little less than that Setting Out the Scallops on Paper.
Draw two straight, parallel lines a
of the collar and to a depth a little more
distance
apart equal to the depth of the
than half its length ; the collar will form
its own thread as it is screwed into the scallops : divide the top line into eight
oak and, with the help of glue, should equal parts, each division equalling in
hold firmly in place. The lamp-holder length the width of the panels A to B in
may then be screwed on to the projecting the shade. See Fig. 12. With a compass
draw an arc cutting through A and B and
half of this collar.
touching the bottom line. Do this for
Wiring the Standard.
each of the eight divisions.
When wiring the standard with flex, a
Now lay the wire on the paper and
wire should be passed through the hole beginning at one end make a sharp bend
bored up the centre of the column and the or kink at the first dividing mark. This
flex attached to the end ; the wire, when kink can be that at B, Fig. 12. From
pulled through. will then bring the flex this point bend the wire downwards in a
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gentle curve, letting it follow the compass- from any destructive action which the
drawn line and touch the lower line on the metal may have upon it and provides a
paper, then continuing the curve upwards means of attaching the cambric to the
make another kink at the next mark, frame by sewing.
which will be C in Fig. 12. Do this at all
the marks until the eighth mark is reached, Fitting the Cambric.
which will be A in the illustration. The
Three pieces of cambric only will be
two ends between A and B have now to be required, one for every two of the panels
bent to curves so that they will meet and of the wire frame, as shown in Fig. 13.
produce a scallop like the other seven.
Stretch the material as tightly as possible
Now make a further bend at each of the over the space to be covered, on a line
kinks but at right-angles to the first, each drawn from A to B, and secure it with
of these second bends being made to such pins as indicated. A gore will have to be
an angle that when all are made the two cut on the centre line over the wire
ends of the wire meet at the ends where between the two panels, both at the top
the ferrule is placed. Care must be taken and bottom, marked C and D, respectively,
to make all angles equal and see that the in the diagram. Take care not to cut
scallops then stand vertically or
in line with the main ribs of the
frame. Now clench the lower
eyes in the ribs over the bottom INNER RING
wire at each of the kinks and SOLDERED
UPRIGHTS
solder all these joints together
with the ferrule.
The middle ring is soldered on
to the inner side of the uprights,
whilst the top ends of these
uprights are not looped but
soldered on to a thin disc of tin,
as shown in Fig. 13. The gimbal
may next be soldered in place;
this is a manufactured article
and can be purchased, if not
Fig. 13.-FITTING THE CAMBRIC ON TO THE FRAME.
already in stock. Its position is
determined by the shape and size
of the frame. See that the ring which away very much of the material : merely
screws on to the lamp holder is approxi- slit it up. Then, dealing with the bottom
mately level with the bottom edge of the gore first, turn in one of the edges undershade.
neath.
Having got a distinct crease in the
How to Cover the Frame.
cambric to come exactly on the wire,
The following materials are required for turn it back and trim off the superfluous
material with scissors. Now treat the
shade shown in Fig. z :—
/ yd. of fine white cambric, such as other side of the gore in exactly the same
Dorcas, 36 in. width ; a number of glass, way. With a fine cotton in the needle,
say No. 6o, draw these turned-in edges
wooden or china beads as preferred.
together so that one very slightly overlaps
the other.
Taping the Frame.
The wire frame must be well bound
with white tape of about 4 in. width,
wound upon the wires spirally, as shown
in Fig. 12, the ends secured in place by
stitching. The purpose served by this
tape is twofold ; it protects the cambric

Top of the Shade.
The same procedure is followed at the
top of the shade, finishing off at the centre
of the crown. Now turn in the outside
edges of the panels on the lines A and B ;
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trim off the unwanted cambric
and stitch down
to the wires,
taking care to
pull out all
fullness without
distorting the
frame. Finally,
the material will
need drawing in
to the angle
around what has
been referred to
as the crown.
Three or four
tiny stitches
placed at equal
intervals in each
panel, as at E,
will be sufficient TABLE LAMP
to pull the camIN WALNUT
bric down to the
taped wire ring.
The Bottom Edge.
Lastly, de al
with the bottom
escalloped edge
PLAN OF SHADE
at F in the same
way as the sides
of the panels,
except for the
fact that the
hem must be
carried round to,
and the stitching
-zp
done on, the
T
GILI3ERTETVINING
inside of the
shade so as to
avoid showing
Fig. 14.-DESIGN FOR WALNUT STANDARD
the taping from
OF WILLIAM AND MARY PERIOD.
the outside. This
is necessary
because this shade is without fringe or
braid. Cover the other two pairs of
panels in the same manner.
The Beads.
The beads which form the pendants at
all the angles should be added after the
painting is completed. These should be
threaded on strong double thread, the
15.-METHOD OF
first bead of each pendant being secured FORMING BOTTOM
by tying. If wooden beads are used,
RING OF FRAME.

they may be
painted to match
the design on the
cambric.
Preparing the
Material ready
for Painting.
The material
must be treated
with a strong
solution of
starch, made with
boiling water in
the usual way,
the consistency
of ordinary running cream.
Apply this by
means of a flat
artist's brush and
allow to dry.
This enables the
cambric to be
painted upon
with watercolours and also
has the effect of
shrinking the
material and
rendering it taut.
Painting.
The colour is
used rather drier

TABLE STANDARD LAMPS AND SHADES

than is usual when
painting on paper.
Lightly draw the outline to be painted on
the shade with a
pencil, afterwards
going over with the
brush and filling in
where necessary, care
being taken not to
apply too much colour
in one place, as it
might have a tendency
to spread. The shade
in Fig. I is outlined
with Prussian blue,
the portions in black
in the drawing representing solid blue.
Good tube colours and
first-class sable brushes
should be used.
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I piece 3 in. square
by in. thick to cut
piece F.
A is 5i in. long ;
C is 49 in. long ; E is
8?
1
, in. long ; and G is
in. long.
All the operations of
making drawings of
the separate pieces,
turning, drilling and
glueing together, etc.
of this standard are
similar to those of the
preceding oak one.

Staining.
As regards the
staining and polishing
of the walnut, if the
natural colour is nct
considered dark
enough, a weaker
WALNUT STANDARD
solution of the VanOF WILLIAM AND
dyke Brown and
MARY PERIOD.
ammonia stain is quite
This standard (Fig.
suitable, although it
14) is twenty inches
is not absolutely
high, built up of eight
necessary to use the
pieces, and is fashioned
ammonia; it will, howafter the shape of the
ever, help to carry the
leg commonly found
stain into the grain of
14'
in furniture of this
the wood.
period. The square
One or more coats
portion, as shown in
may be given, accord2"
Fig. 16, is cross-banded
SQUARE
ing to tone required.
CROSS BANDED
with walnut veneer on
ON SIDES
It should be applied
BUJLP ON TOP
all its four edges, with
with
a brush, afterL
burr walnut on top.
wards being rubbed
well in with a piece of
List of Sizes.
rag. Very pleasing
The following
light and dark
is a list of sizes
effects may be
for ordering :—
obtained in this
LEAD RING CASP IN
I piece 22 in.
way. The stanby 21- in. square
16.—DIMENSIONS OF WOOD FOR STANDARD SHOWN dard can then be
IN FIG. 14.
to cut pieces A,
waxed or French
C, G, E.
polished. If a
piece 62 in. by 4 in. square to cut fairly light finish is required and
pieces D.
the walnut has some nicely marked
I piece 9 in. square by it in. thick to strong grain in it, all that is necessary
cut piece H.
is to wax polish without staining, or
piece 5 in. square by in. thick to cut instead of waxing, polish with white
piece B.
polish.
Pi
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5/ yds. gold
braid.
24 yds. of
tinsel, silk or
bead fringe, in
either gold cr a
colour to match
the furnishing of
the room for
which the shade
is required.
A number of
beads, which can
also be the choice
of the reader.
The white
cambric is used
for the lining as
a means of reflecting the light
downwards.

THE SHADE.

Wire Frame.
Tinned iron
wire as described
previously,
namely, 14 gauge,
is used. Fig. 15
shows the method
of forming the
bottom ring of
this frame and
shows it set out
on paper with
brads at the
angles to guide
the wire when
bending.
The
top ring is made
by bending a
piece of wire
around any circular object of
the right diameter, with a
copper
ferrule
wrapped to cover
the butt joint
and soldered.
The vertical wires
should be set out
on paper as
before and bent
to the shape;
they are then
equally spaced
around the top
ring, the loops
clenched over
and soldered.
The separate
pieces of ;the
bottom soldered
in place to the
uprights and the
gimbal attached
in place as described.

TABLE LAMP
IN MAHOGANY

Taping the
Frame.

Tape the wire
frame as already
described. Next,
stretch the cambric as tightly
LT
4
as possible over
PL1N or SHADE
tl
a portion of
Uthe wire frame,
c.c
securing it with
pins, and mark
upon it with a
pencil the shape
of one of the
panels.
Cut
around the pencil
line, allowing
1 in. for turnings.
Use this as a
TVIM A
pattern from
which all the
pieces of cambric
Fig. 17.—MAHOGANY STANDARD OF CHIPPENDALE
and silk are cut.
DESIGN.
Take one of the
pieces of cambric
and pin it in place on the top side
How to Cover the Frame.
The materials, etc. required for shade of the frame. The material must be
stretched tightly and uniformly, particushown in Fig. 14 are :1 yd. of 36 in. width white European silk. larly from top to bottom, taking
yd. of 36 in. width white Dorcas great care not to distort the shape of the
frame.
Cambric.

TABLE STANDARD LAMPS AND SHADES

Sew this all round,
beginning with the decorative portion at the
bottom first ; then pin on
the next panel. Each
piece must be finished off
before the adjoining one
is begun. Should it be
found when all the panels
but one are on that there
are slight wrinkles cr
fullness in some of them,
the last piece of cambric
to be put on should be
sewn with sufficient
tension to pull these out.
When the frame is
completely lined, sew on
the silk in exactly the
same manner. The silk
must then be treated
with a starch solution,
as previously described.

1629

to allow the tops of the
pendants to come level
with the bottom edge of
the fringe.
MAHOGANY STANDARD
OF CHIPPENDALE
DESIGN.
The standard shown in
Fig. 17 is the same height
as the walnut standard,
but only requires five
independent pieces for
its construction. These
are shown with their
dowels and sockets in
Fig. 18.
Sizes of Timber Required.
piece 14 in. by 2t in.
square to cut pieces A
and D Fig. 18.
piece 9,
1,- in. by 2 in.
square to cut piece C.
i piece 41 in. square
by 3 in. thick to cut
piece B.
piece 9 in. square
by 2 in. thick to cut
piece E.
Size of A is 31in. long ;
size of D is rol in. long.
Set out the pieces cn
paper and proceed with
the turning, beginning
with the base ; the different operations will then
follow on as before.
When the column is
assembled and has been
well glasspapered it
should be damped down,
as previously
directed for the
oak standard,
and then given
a coat of stain.

Painting.
The painting of this
shade can be carried out
either in transparent
artists' oil colours cr
artists' water - colours,
whichever the reader
prefers.
The flowers are in deep
rose madder, with leaves
and stems of green on a
background of sepia,
surrounded by a band of
brilliant
When the painting is
completed, sew on the
fringe. After this is
done, stitch on the gold
braid to cover
the centre of each
of the downward
seams and then 1.4
over the top edge
of the fringe
OF WOOD FOR STANDARD
Suitable Stain for
around the Fig. I8.-DIMENSIONS
SHOWN IN FIG. 17.
Mahogany.
bottom and also
the small opening
Probably one
at the top. The beads should be threaded of the best stains for mahogany is
on fine strong silk cord to match the bichromate of potash dissolved in water
colour of the fringe, of sufficient length and applied with a brush or rag wiping
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yd. of shot blue
off all surplus from
and green taffeta
the surface. The
silk, 36 in. width.
grain should then
i yd. of fine white
be filled with wood
Dorcas Cambric.
filler, or plaster of
7 yds. gold braid.
Paris and water can
2/ yds. either
be used, but it is
gold, tinsel or silk
advisable that any
fringe.
white fillers be
A number of
tinted to correspond
beads for pendants.
with the colour of
Tape the wire
the mahogany,
frame as described
therefore a little
for Fig. i and when
rose pink must be
this is done, cover
mixed with it. A
the top part of the
damp rag is dipped
TABLE LAMP
frame with both
into the plaster and
IN
the cambric and
well rubbed into the
WHITEWOOD
silk in exactly the
grain of the wood ;
same manner as
care must be taken
referred to in cononly to have the
nection with Fig. 14,
rag just damp and
with the exception
not to apply too
that in this instance
much plaster.
it is advisable to
When this is dry,
begin stitching
the work may be
PLAN OF SHADE
the material at the
glasspapered down
top first. The
and dusted. Mabottom panels can
hogany is usually
either be put on
French polished
separately, in pairs,
with shellac disi.e., one piece of
solved in methylGILBERTETIVINING
cambric for every
ated spirit. Be sure
?
I
.lif
two of the panels,
the wood is
or in one long piece
thoroughly dry
S CALE of I NCHE .5
only. Whichever
before beginning to
I9.-JAPANESE
DESIGN
FOR
STANDARD
Fig.
polish , otherwise
method is adopted
IN WHITEWOOD.
the material must
the shellac will go
be stretched tightly
milky.
over the wire frame, uniformly and evenly,
THE SHADE.
without distorting the shape of the frame.
Making the Wire Frame.
These
bottom panels must also be treated
This frame is built up in the same
manner as before, tinned iron wire being with a starch solution as already explained
used. A drawing should be made out- to enable the material to be painted upon.
lining the curve of one vertical member
of the frame as before, a top and bottom Painting.
ring made and jointed, the intermediate
In the case of this shade it would be
ring being soldered on to the inside of the better to set out the design full size cn
uprights. When the frame is finished paper first to act as a guide for lightly
drawing in the outline on the cambric.
the gimbal may be soldered in place.
The panel containing the peacock is in
How to Cover the Frame.
natural colours, the bird is green with a
The materials, etc. required for shade yellow breast, blue wing and tail feathers.
The tree has a sepia brown trunk. The
shown in Fig. 17 are :—

11
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pieces and finished in
surround of the panel
colour, afterwards
is painted in crimson
being French polished.
lake with the prunus
rE—
blossom left white.
Selecting the Timber.
The other alternate
When selecting
panels are in yellow
American whitewood
with cross lines of
the yellow variety
green ; the small panel
should be chosen, as
containing the inscripit is considered the
tions is left white with
best ; it will be less
a border of crimson,
likely to twist or warp
the Chinese inscripticn
and also it cuts much
being blue. The border
cleaner. If it is of a
surrounding all the
decided white colour
panels is yellow.
it can be assumed that
All the colouring
it is sap wood and it
and designs in these
will not work or turn
shades have been taken
well.
from old Chinese porcelain and may thereList of Sizes.
fore be varied by the
piece II in. by
reader copying from
2/ in. for A, Fig. 20.
other pieces of such
I piece 41 in. by
porcelain.
in. thick for B.
When the painting
The next operations
is completed, sew cn
are turning, drilling
the tinsel or silk fringe
and glueing together,
around the bottcm
and sandpapering.
edge. Next apply the
gold braid to cover
Finishing.
the centre of each cf
The grain must be
the vertical seams,
well filled with size
from top to bottom cf
and whitening mixed
the shade, then crossIand applied with a
ing these the horizontal
brush. Give two
braids around the top,
coats, smoothing down
around the middle and
with glasspaper
over the upper edge et
between each. Allow
the fringe around the
to dry.
bottom.
Any colour, greens,
4"
There remains now
only the attaching of Fig. 20.-DIMENSIONS OF WOOD FOR STAN- blues and reds, etc.,
may be made up by
bead pendants. AdDARD SHOWN IN FIG. 19.
using different coloured
ditional length must be
finely ground piggiven to these by
threading on tiny glass beads sufficient ments ; for white use finely crushed flake
in number to make the pendant equal in white.
Mix a quantity of the p'gment in
length to the depth of the fringe as
indicated in Fig. 17. Eight such pendants bleached shellac ; this should be
will be required, one for each corner of strained off and several coats given
with a soft camel-hair brush, allowing
the octagon.
each coat to dry before applying
JAPANESE DESIGN IN WHITEWOOD. another. Build up with coat after coat
This standard (Fig. 19) is turned in two until a solid body of colour appears,

J
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rubbing down with fine glasspaper when
necessary.
The last two coats are a mixture of some
of the body colour and a varnish made with
about equal parts of polish and good
transparent spirit varnish, when dry
rubbed down and French polished.
When rubbing down great care must be
taken not to rub thrcug'i the colour,
especially at the edges.
The colouring of the standard shown is
deep vermilion for the ground, picked out
with gold, green and black.
To reproduce the raised figure, etc.,
on lacquer work, the parts should be
modelled up on the surface either with
plaster of paris and glue or worked with
gesso ; roughen the surface to be so
covered with a knife to ensure the medium
adhering and apply with a small camelhair bruit!.
The Wire Frame.
This frame (see Fig. 12) is very similar
to the first frame described excepting
that it has no intermediate ring, but has
an opening at the top ; the curved vertical
uprights should be turned over at each end
to form a loop to receive this top, as well
as the bottom ring, and when in place
they may be soldered. The bottom
scalloped ring is made in exactly the same
way as described for Fig. 12.
How to Cover the Frame.
The materials required for shade shown
in Fig. 19 are :—
I imperial size sheet of parchment ;
3 yards gold braid ;

A number of beads, either glass, wooden
or china, as preferred.
Tape the wire frame in the usual way
before beginning the making of the shade.
A pattern of the frame will be required
for use as a template in cutting the parchment ; this can be made by pinning a
piece of strong, smooth brown paper upcn
the outside of a portion of the frame and
marking with a pencil the shape of one of
the segments or panels. Cut around the
pencil line and this will serve as a pattern
from which all the parchment panels can
be cut. Take one of the pieces of parchment, pin it in place on the frame and sew
this all round by means of tacking stitches ;
each panel should be finished off befcre
the adjoining one is commenced.
Painting.
The painting of parchment actually
takes the form of dyes or stains, either
aniline dyes dissolved in spirits or
draughtsman's waterproof coloured inks
may be used. The main colours in the
shade given in Fig. 19 are red, black,
gold and green to match the standard,
the red predominating. Apply one or two
coats, after which certain of the larger
masses of colour may be picked out with a
thin coat of varnish ; this imparts a very
nice gloss to the finish.
When the whole of the parchment is
painted, make and attach the bead
pendants. There then only remains the
addition of the gold braid to complete the
shade. Sew this on first down over the
centre of each join in the parchment and
then around the bottom edge and the
opening at the top.
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TRANSFORMER THEORY AND
CONSTRUCTION
FOR LOW AND HIGH FREQUENCIES
By H. W. JOHNSON

T

HE transmission and distribution
of electrical energy on a large scale
over large areas is now an
accomplished fact. This has been made
possible by the aid of the modern transformer.

wound over the core. These windings are
electrically insulated from the core and
from each other ; the only exception being
the windings of an auto transformer, in
which case the primary and secondary
windings are connected in series with
each other.
Electro Magnetic Induction.
When an A.C. supply is switched on to
In 1831 Michael Faraday discovered the primary winding, the periodic variathat currents can be induced in a closed tions of the current through the winding
circuit by moving magnets near it, or by produces corresponding variations in the
moving the circuit across the magnetic magnetic field which is set up. Because
field. He followed up this discovery by the windings are both under the influence
finding that a current whose strength is of this varying magnetic field an E.M.F.
changing may induce a secondary current is induced in each of them. The E.M.F.
in a closed circuit near it. Such currents, which is induced in the secondary winding
whether generated by magnets or by is the secondary voltage of the transformer,
other currents, are known as induction and the E.M.F. which is induced in the
currents. The action of the magnet or primar3, winding this is at any instant in
current in producopposition to the
ing such induced
supply E.M.F., or
currents is termed
primary voltage of
electro magnetic
the transformer.
induction, or
In a well designed
Two- Phase
simply induction.
transformer t h e
Upon this disvalue of the incovery is based the
duced E.M.F. in
principle of the
the primary windaction of the
ing is nearly equal
modern transto the primary
former.
voltage when the
secondary winding
The Action of a
circuit is open.
Transformer.
Consequently
only
3-Phase
3-Phase
3-Phase
A transformer
a very small
Star-Star
Star-Delta
Deltaconsists of a
current will flow
Star
laminated core of
through
the
iron stampings
primary winding
which form a
Neutral
when the secondPoint
magnetic circuit.
ary circuit is open.
Two sets of windThis small current
ings, namely the
is called the magprimary and Fig. I.--DIAGRAMMkTIC TRANSFORMER CONNECTIONS. netising current,
secondary, are
(See also Fig. 2.)
and the primary
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winding is merely acting as a choking
coil.
Effect of Closing the Secondary Winding
Circuit.
When the secondary circuit is closed
a current will now pass the secondary
winding, which sets up a magnetic field.
This magnetic field will neutralise some
of the magnetic field produced by the
current flowing through the primary
winding, and therefore the induced E.M.F.
in the primary winding is reduced. This
reduction in the induced E.M.F. in the

called a step-up transformer and one
used for reducing the pressure, a stepdown transformer. An alternator whose
current is to supply a system of E.H.T.
transmission lines would be connected to
them through a step-up transformer.
A low voltage appliance which requires
a supply of current from the E.H.T. lines
would be connected to them through_a
step-down transformer.

CONSTRUCTION OF A MODERN
THREE-PHASE POWER TRANSFORMER
The Core.
The imbricated core
is the one most comSc -tt Method of Phase
Transformer for
monly used, this type
Transformation
3-Wire System
of core having low flux
leakages. The laminations of the core ale
built up of iron, which
will work at the required flux density
within the limits of the
guaranteed iron loss ;
Primary
Primary Terminals
the laminations are
Terminals
pressed together with
Balancing
Single -Phase
core
bolts passing
Transformer
Auto. Transform "
through the centre.
The bolts are insulated
from the core to prevent excess eddy
Secondary
Secondary Terminals
currents and heating
Terminals
when the transformer
Fig. 2.—MORE DIAGRAMMATIC TRANSFORMER CONNECTIONS.
is in operation. The
core is left unlaced,
primary winding will allow more current i.e., the legs open at the top, and taken
through the primary winding. It will be to the coil winding shop.
seen then that the lower the resistance of
the secondary circuit, the greater will be The Windings.
the current passing through the secondary
The low voltage winding is wound in
winding and automatically the current spiral form to the length of the leg and
taken by the primary winding will be passed over it, resting on the insulation
increased.
which has been placed on the bottom yoke.
The ends of the winding are uppermost in
The Transformation Ratio.
readiness for connection to the terminal
The ratio of the voltage at the terminals board. A layer of insulation is now placed
of the primary to the voltage at the round the low voltage winding, and the
terminals of the secondary winding is high voltage winding placed in position
called the transformation ratio and is over it. When the pressure does not
proportional to the ratio of the number exceed 2,000 volts this windmg is in one
of turns on the primary winding to the coil. When the pressure exceeds 2,000
number of the turns on the secondary volts, the winding is divided into a
winding. A transformer which is used number of coils which are joined in series,
for increasing the pressure of a circuit is so that the total turns will give the
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correct voltage ratio with the turns on the plus row between the high voltage
low voltage winding.
winding and the low voltage winding and
Suitable insulation is now placed over earth.
the high voltage winding and the building
(2) Apply twice the normal voltage
of the core is completed. End plates are plus moo between the low voltage winding
placed on each side, top and bottom of the and earth.
core and the whole clamped up. A downward pressure is exerted on the high Special Switching-in Test.
voltage winding with stay bolts passing
Apply normal voltage to low voltage
between the top and bottom end plates. winding with high voltage winding on
It the low voltage winding current is open circuit, and note the maximum surge
heavy, stay bolts made
of manganese bronze are
used instead of steel.
High Voltage
Steel bolts would be
Winding with
heated up. The terminal
boards are now fitted and 6
all connections m ade .
5
High voltage connections 4
to one side of the board
and low voltage to the
3
other.
2
1
THE TESTS.
Voltage Regulation
Ratio of the turns
Taps
checked,tolerance allowed
0.5 per cent.
Iron Loss.
Fig. 3.—CONNECTIONS OF A SINGLE-PHASE TRANSFORMER.
The low voltage winding is in two equal coils, which may be
Apply normal voltage
connected in series or in parallel to give double the voltage and
to low voltage winding half
the output current of the parallel connection. The high
and measure input watts voltage winding is provided with tappings to obtain a reduction of
with the high voltage voltage in steps of 21 per cent. Links are used to join the numbered
winding on open circuit, leads together to obtain the desired voltage.
ro per cent. tolerance
allowed, magnetising current should not current when switched in and out 12 times.
If all the tests are satisfactory the
exceed io per cent. of the full load current
transformer is dried out in a heater until
to the low voltage winding.
the insulation resistance between the
Copper Loss.
windings and earth is not less than moo
Short the low voltage winding and pa3s megohms.
full load current through the high voltage
Transformers whose ratings are
winding, measure input watts and 5000 KVA. and upwards are placed in a
impedance voltage across the winding. heated vacuum tank and oil forced into
Tolerance of io per cent. allowed for the tank whilst the vacuum is maintained,
copper loss in watts and voltage amperes thus impregnating the windings with oil.
above guarantees at 750 Centigrade.
High voltage transformers are placed
in
a tank of oil for iron loss, over-potential
Over Potential Test.
Apply twice normal voltage to low and flash tests.
voltage winding at twice the rated fre- Cores for Single-phase Transformers.
quency for one minute, with the high
The cores of single-phase transformers
voltage winding on open circuit.
are generally of the shell type. The
windings are subdivided, and between each
FLASH TESTS.
(r) Apply twice the normal voltage winding is placed a sheet of insulation
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23 456

oil volume for the maximum

Star Point or
temperature rise of 5o° Centigrade.
Neutral Terminal

High Voltage
Windings
123 456

Low Voltage
Windings

23 456

Fig. 4.—CONNECTIONS OF A THREE-PHASE DELTA STAR
TRANSFORMER WITH VOLTAGE REGULATION TAPS ON THE
HIGH VOLTAGE WINDING.
Tappings 3 and 4 connected on each of the H.V. windings
give the full voltage on the H.V. windings. The voltage
is reduced as required by cutting out the turns on the
H.V. windings between the tappings, with a rotary switch
or with plugs.

COOLING ARRANGEMENTS.
Several methods are adopted for
cooling.
Small transformers may be air
cooled, oil cooled without radiator
tubes or oil cooled with radiator
tubes having a flat surface to
give a greater cooling surface.
Large transformers are always
oil cooled. The oil is pumped out
of the tank through a water cooled
chamber and back to the tank.
The latest practice is to cool the
oil in the radiator tubes by an air
draught created by a fan. The air
is forced through small holes in the
air circulating tubes on to the fins
of the oil radiator tubes.
Conservators are sometimes
fitted above the oil tank. The
tank is filled completely with oil,
the conservator is fixed above
the tank and connected to it with
a tube. When the conservator is
partly filled with oil a head of oil
is assured and no air can enter the
tank.
High Voltage Lines

which is corrugated to allow of free oil
circulation between the windings. The
whole of the windings are built up in the
form of a box with a hole through the
centre. The core is then built up through
the hole and all round the box. The tests
applied are similar to those for the threephase transformers.
Current Density of Transformer Windings.
A current density of about i,600
amperes per square inch is adopted as a
working standard, and a rise in temperature
of 5o° Centigrade, when measured by
thermometer, and 55° Centigrade when
measured by the electrical resistance
Low Voltage Lim
method.
Allowance should be made for increase Fig. 5.—CONNECTIONS OF A THREE-PHASE DELTA T
of the volume of the oil in the tank due to STAR
TRANSFORMER WITH Low VOLTAGE WINDINC
the temperature rise. This allowance
Arranged for series and parallel connection, an<
should be about 7 per cent. of the cold voltage regulation Laps on the high oltage winding
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Extra Precautions Taken to Prevent Damp
Air Entering the Oil Tank.
An attachment called a " breather " rs
attached to the side of the tank and
connected to the top of the conservator
with a pipe.
The " breather " is a metal box fitted
with a number of trays on which is placed
calcium chloride. Any air which passes
into the conservator must pass over the
calcium chloride and consequently any
moisture in it is absorbed by the calcium
chloride. The calcium chloride should be
renewed every year.
Insulation of the End Turns on the High
Voltage Winding of Transformers.
The end turns of the high voltage winding are insulated to a greater extent than
the rest of the winding, in order to resist
the disruptive effect of a surge on the line
circuit of the transformer. Paper covered
wire is used for the insulation of the high
voltage coils, and the coils, when wound,
are oil impregnated and dipped in insulating varnish.

0
High Voltage
Winding3
4
rt
2
3
2

4

1

Low
Voltage
Winding

with Voltage
Regulation Taps

High Voltage Lines

1011:

N93 T.

Low Voltage Lines

Fig. 7.--CONNECTIONS OF BANK OF THREE
SINGLE-PHASE TRANSFORMERS Co NNECTED IN
STAR DEI.TA.
High voltage winding provided with taps to
give + 21 per cent. voltage regulation. The
impedance voltage of each unit is approximately
the same.

3-Phase
High Voltage Lines

13

Star Point
or Neutral
Terminal

Star Point
or Neutral
Terminal
Fig.

3-Phase
Low Voltage
Lines

6.—CONNECTIONS OF

A THREE-PHAS,,,
STAR TO STAR TRANSFORMER.

This has an arrangement to connect each of
the two halves of the high voltage windings in
series or in parallel with links or a rotating
switch. Leads 2 and 3 connected in each of the
H.V. windings will give the series connections.
Leads 2 and 4 and I and 3 connected in each of
the H.V. windings will give the parallel connection. Series connection will give double
the voltage and half the output current of the
parallel connection.

Voltage Variation on Transformers.
Most transformers are required to give
a voltage variation of ± z to 5 per cent.
This is effected by adding or cutting out
some of the turns on the high voltage
winding. Tappings are taken from the
turns of the winding which are to be
added or cut out, to suitable radial contacts
operated by a rotating switch blade, or to
suitable terminal blocks which may be
connected by links or plugs.
TYPES OF TRANSFORMERS.
Instrument Transformers.
Electrical measuring instruments for
E.H.T. circuits are generally connected to
the circuit through an instrument transformer. The use of this transformer
insulates the instrument from the high
pressure circuit and allows a less costly
instrument to be used.
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2-Phase High Voltage
Input Lines

Neutral or
(Star Point

Low
Voltage
Windings

Each pair of transformers
so made are balanced and are
tested together to ensure this.
A pair are placed over a
heavy copper bar and connected together in opposition,
a milliammeter being connected in the circuit. A.C.
current is passed through
the copper bar and the outof-balance current measured
on the milliammeter. Turns
are taken off from one or the
other until there is no current
registered on the milliammeter .
Each pair, which comprises
a unit, is then taped up and
flash tested with a pressure
of 2000 volts for one minute.

Auto Transformers.
These are used for starting
polyphase induction motors
and in cases where it is
desired to reduce the pressure
of a low-tension circuit to
that suitable for the
appliances which require a
supply of current. The pri3-Phase Low Voltage
mary and secondary windings
Oqtput Lines
are connected in series and
may in some cases consist of
8.—CONNECTIONS OF TWO/THREE-PHASE SCOTT TRANSFORMER.
one single winding having
Two identical transformers are connected together. The
suitable tappings taken off
H V. supply to them is two-phase and the output is threefor connection to the circuit.
phase low voltage current. The pressure of the low voltage
Auto transformer starting
three-phase supply is altered by varying the turns on the
H.V. winding at the tapping lead connections.
switches are equipped with
a switch which, on the
starting position, will give a certain
Current Instrument Transformers.
The primary winding consists of few fraction of the supply circuit pressure to
turns connected in series with the line the motor, by connecting the secondary
and carrying the line current. Inside the tappings to the motor circuit. When the
primary is placed the secondary winding, switch is changed over into the running
consisting of many turns. The ratio of the position, the motor is connected directly
turns on the two windings is almost equal across the supply mains and the auto
to the current ratio required, a small transformer is cut out of circuit.
compensation allowance of 0.5 per cent.
being made. Iron of a special quality Booster Transformers.
Booster transformers are used to regulate
and suitable for low flux density is used
the alternating current pressure supplied to
for the core.
a rotary converter. In a rotary converter
Merz Price Balanced Current Transformers. the ratio between the A.C. pressure
A heavy core is made up of circular supplied to and D.C. pressure obtained
slotted core plates, and a coil of few turns from the armature is constant whatever
is wound on each protuberance of the may be the excitation. The only means
core. The coils are connected in series.
of regulating this D.C. pressure is to vary
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the pressure of the A.C. current
supplied.
The booster is a transformer
with a movable secondary
winding. In construction it
resembles an induction motor,
the primary winding being
wound on the stator and supplied by the A.C. curent, so as
to produce a rotating field.
The secondary winding is
wound on the rotor and connected to the slip rings of the
converter. The rotor, however,
is not allowed to rotate, but
the phase relationship of the
primary to the secondary is
determined by the relative posi_
tions of the stator and rotor.
The position of the rotor is
capable of adjustment with
a worm and wheel gearing.

Primary Winding
in the Line

--0MA.A.M0
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Secondary
Winding' with
Voltage Tappings

H.V 3-Phase Transmission
"Lines

Scott Transformer.
An interesting application
of transformers is the conversion of a two-phase into a
three-phase system, and vice
3-Phase Low
versa, and was invented by Mr.
Voltage Supply
C. F. Scott.
The two-phase supply gives Fig. 9 --CONNECTIONS OF THREE SINGLE-PHASE SERIES
TRANSFORMERS.
current to the primaries of two
The primary winding of each transformer consists of a
transformers. The end of one few turns, and is connected in series with one of the lines.
of the secondary windings is The secondary windings of the transformers have voltage
connected to the mid point of taps, so that the low voltage three-phase supply given
them may be adjusted to a constant value when the
the secondary of the other from
primary currents supplied from the H.V. transmission
transformer. The three phase lines vary.
output is then obtained from the
free end of the first secondary and two ends of the other secondary winding.

DC
Output

OltOr

Booster
Transformer

J-Phase
L Tbnes

Fig.

tor

I0.—BOOSTER TRANSFORMER CONNECTED
TO ROTARY CONVERTER.

The rotor winding is given an angular displacement relative to the stator winding for
adjustment of D.C. output voltage.

Balancing Transformers.
These are used to maintain the balance
on a three-wire system of distribution,
either A.C. or D.C.
In a D.C. system fed from a rotary
converter the ends of the winding are
connected to the slip rings on the A.C.
side, and the centre tap to the middle
wire of the system.
They may also be used for subdividing
a supply pressure between a number of
circuits.
SAFETY DEVICES.
It is an essential condition that the
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Low
Voltage
Circuit

High
Voltage
Circuit

Aluminiu7`
Foil
Earth
Fig. I I .—CARDEWS SAFETY DEVICE.
When the potential between the plate connected to the
secondary winding and the aluminium foil is increased
beyond the safety limit, the foil is brought into contact
with the plate by electrostatic attraction and the secondary circuit is earthed.

insulation between the primary and
the secondary windings be perfect.
If this condition be not satisfied the
use of transformers becomes dangerous as a transfer of pressure from a
high voltage transmission line to a
low voltage circuit through defective
insulation would probably be attended with serious results.
Safety devices are therefore fitted
to transformers to prevent such an
occurrence.

attraction between a metal plate
connected to the secondary
winding of the transformer and
an aluminium foil lying on a
plate which is connected to earth.
Provision is made to adjust the
distance between the plate and
the aluminium foil. The foil is
permanently at zero potential,
while the plate has, under ordinary
conditions, a potential not exceeding the secondary voltage. The
electrostatic attraction corresponding to this potential difference
between the plate and the foil is
insufficient to raise the foil. When
the potential of the plate, however,
is raised, due to a fault which
will introduce the pressure of
the high voltage primary circuit
to the secondary circuit, the
potential difference between the
Alternator
Merz-Price

/ Current

Transformers

Metal Dividing Sheet.
The simplest safety device is that
of a metal dividing sheet, which is
earthed and placed between the
primary and secondary windings of
the transformer. This device ensures
safety only in so far as a leak from
one winding to the other, but it is
useless against a leak in any other
part of the transformer, e.g., the
lead-in wires or between the terminals
of the two circuits.

Another Safety Device.
A safety device was invented by
Major Cardew which is reliable and
gives adequate protection against the
introduction of high pressure in the
low voltage circuit. In this device
the action depends on the electrostatic

Relay Circuit
to Supply

Alternator
Output

Fig. I2.—ALTERNATOR WINDING PROTECTION AGAINST
INSULATION FAULTS WITH MERZ-PRICE BALANCED
CURRENT TRANSFORMERS.
The mid-points of a pair of M=7-Price balanced
current transformers are connected to a relay coil.
Under normal working conditions when no fault exists
in the insulation of the windings, the same current
flows through the primaries of the current transformers
and therefore the secondary windings contribute
equally towards the current which flows towards the
mid-points. The mid-points will therefore be at equal
potential and no current will flow through the relay coil.
When a fault occurs in the insulation of the alternator
windings which allows current to pass to earth, the
current in the primaries of the transformers will no
longer be equal and the mid-points will not be at the
same potential, a current now flows through the relay
coil, which will cause the relay circuit to close and the
trip coil will be energised, causing the oil switch in the
alternator circuit to be opened.
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plate and the foil is raised and the
electrostatic attraction is now sufficient
to raise the foil and bring it into contact
with the plate, thereby earthing the
secondary winding. The apparatus is
sensitive and can be set to come into
action if the potential of the secondary
rises to 40o volts.
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The method adopted for charging the
condenser will depend on the supply of current available. If D.C. current is available,
a large induction coil may be used ; if A.C.
current, a step-up low frequency transformer is used. The secondary winding
of this transformer should be capable of
giving a high voltage.

HIGH FREQUENCY TRANSFORMERS.
The transformers which have been
described are those suitable for commercial
frequencies of A.C. supplies. Commercial
frequencies may be termed as frequencies
not exceeding ioo cycles per second and
alternating currents supplied at frequencies
not exceeding this limit are low frequency
currents, and the transformers which are
used, low frequency transformers. The
frequencies of high frequency A.C. which
are used to operate Geissler tubes,
violet ray apparatus and for experimental
work requiring extremely high voltage,
also for radio, may run into hundreds of
thousands of cycles per second, and, in
some cases, into millions.
Essential Difference between H.F. and
L.F. Transformers.
A special type of transformer, known
as a high frequency transformer, must be
used in circuits supplied with high frequency current. This transformer has no
iron core, and only a comparatively small
amount of wire on its windings. The
insulation of the windings is, however, of
very great importance and special means
are taken to ensure good insulation. A
low frequency transformer would not
operate to any useful degree if it had no
iron core : also unless a large amount of
wire is used on the windings.
The Nature and Inductive Effect of H.F.
Currents.
The H.F. current is called an electrical
oscillation, and is conveniently produced
by discharging a condenser, which has
been charged to a high potential, through
the primary coil of a H.F. transformer.
The discharge takes the form of a spark
which jumps across a spark gap connected
in the primary circuit of the transformer.

Fig. 13 —THE FRIA ARY WINDING OF A HIGH
FREQUENCY TRANSFORMER.
This is wound on a notched ebonite tube
former, the turns being separated from each other.

The inductive effect of a H.F. current is
enormous owing to the rapid growth and
decay of the current. A potential difference of thousands of volts may easily be
produced at the ends of a loop of wire a
few feet in diameter, due to the passage of
a H.F. current through it. Only a few
lines of magnetic force may be produced
by the passage of the current, but owing
to the enormous frequency of the current,
the induced E.M.F. will be very high.
From the above it will be seen that the
induced E.M.F.'s in the windings of H.F.
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in the notches, thus each turn is
separated.
The Secondary Winding.
35o turns of No. 26 silk-covered
wile
are wound as a single layer
Ebonite
in notches cut in spiral fashion
Screwed
Rod
on the outer surface of an ebonite
tube 12 in. in diameter The
secondary winding on the tube
is placed inside the tube on
which the primary is wound, and
both tubes supported concentrically. Ebonite rods and nuts are
used for the support, the rods
being passed through the ends
Secondary
of the tubes and the nuts screwed
Tube
on the rods.
Former
The transformer is immersed
in an ebonite box which is filled
with boiled linseed oil. The
transformer is held in position
by securing the ends of the
ebonite supporting rods to
brackets fitted inside the box.
The ends of the windings are
brought out of the box through
glass tubes. The secondary
winding is connected to a
pair of spark balls, and the
primary windings to suitable well
insulated terminals.
Primary Tube Former
The primary winding of this
Fig. 14.-METHOD OF SUPPORTING THE PRIMARY AND
transformer may be supplied
SECONDARY TUBE FORMERS AND WINDINGS OF A HIGH
from a suitable spark coil if D.C.
FREQUENCY TRANFORMER.
is available, or through a conThese are supported concentrically with ebonite screwed
bolts and nuts.
denser and spark gap if the
supply is A.C. ; the condenser will
transformers are extremely high, and be charged from the H.V. winding of a
consequently special attention is given suitable L.F. transformer.
to the method of winding and the insulation.
Violet Ray Apparatus.
Construction of H.F. Transformers.
This apparatus produces H.F. currents
A transformer which will operate Geissler which are passed through a vacuum tube.
tubes and high voltage discharge tubes, The passage of the current through the
when supplied with H.F. current, may be tube causes it to glow with a characteristic
made as follows.
violet colour. The contact of the tube
with the parts of the body under treatment
The Primary Winding.
is considered to be beneficial. The
Eight turns of No. 4 bare copper wire apparatus is generally fixed in a suitable
is wound on an ebonite tube to form a containing box and consists of a suitable
coil I2 in. long. The tube is i6 in. in means of transforming the mains current :
diameter and its outer surface is notched in if D.C., an induction coil is used ; if A.C.,
spiral fashion to allow the wire to lay a small L.F. transformer. The high
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voltage output from the induction
coil, or L.F. transformer, is used
to charge up a condenser which
can discharge through a H.F.
transformer. The H.F. current
produced is sent through the
violet ray tubes and 'electrodes,
which are of various shapes to
suit the particular purpose they
are intended for. The regulation
of the voltage of the H.F. current
may be obtained by placing a
variable inductance in the primary
circuit of the induction coil or
transformer.

Step-up L.F.
Transformer

Condenser
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F
Transformer
Secondary
H.F. Output

Low frequency
A . Supply

of
Transformer
Quenching
Inductance

Fg

I5.—CIRCUIT CONNECTIONS FOR PRODUCTION OF
H.F. CURRENTS FROM A C. L F. SUPPLY.
Induct/on
Cod

Condenser
H.F.
Transformer
Secondary
FOutput
of
Transformer

D.C.
Supply

Transformers for X-Ray Apparatus.
An X-ray tube requires a
FIg. 16.—CIRCUIT CONNECTIONS FOR PRODUCTION OF
supply of high voltage uniH.F. CURRENTS FROM A D.C. SUPPLY.
directional current. When a
supply of D.C. is available, a
large induction spark coil will supply the rectified current suitable for the operation
necessary current. A disadvantage of of an X-ray tube is obtained. The
using an induction coil is that the inter- primary winding of the transformer is
rupter, or make-and-break device, may be supplied from the A.C. mains.
This transformer is of the L.F. type
troublesome to maintain. A better method
is to use a step-up transformer whose and would be oil immersed. The conH.V. windings will give from 2 to 3 struction of this transformer has been
hundred kilovolts. The output is rectified described in the earlier part of this
by passing it through a valve ; thus a article.

QUESTIONS AND ANSWERS
What happens when an A.C. supply is
switched on to the primary winding of a
transformer ?
The periodic variations of the current
through the winding produces corresponding variations in the magnetic field which
is set up. Because both the primary and
secondary windings are under the influence
of this varying magnetic field an E.M.F
is induced in each of them.
What methods of cooling are generally
adopted for transformers ?
Small transformers may be air cooled,
oil cooled without radiator tubes or oil
cooled with radiator tubes having a flat
surface to give a greater cooling surface.
Large transformers are always oil cooled.

What is the latest practice for cooling
large transformers ?
The latest practice is to cool the oil in
the radiator tubes by an air draught
created by a fan. The air is forced through
small holes in the air circulating tubes on
to the fins of the oil radiator tubes.
What is the transformation ratio and how
is it calculated ?
The transformation ratio is the ratio
of the voltage at the terminals of the
primary to the voltage at the terminals of
the secondary winding. It is proportional
to the ratio of the number of turns on the
primary winding to the number of turns
on the secondary winding.
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SIMPLIFIED CALCULATIONS
RELATING TO ELECTROMAGNETS
By A. T. DOVER, M.I.E.E.
face is a north pole. This rule is easily
HEN an electric current passes remembered if arrowheads are placed at
through a straight conductor a the free ends of the letters N and S, as
magnetic field is produced in shown in Fig. I.
the surrounding space and also in the
interior of the conductor. If the con- Types of Electromagnets.
Numerous types of electromagnets are
ductor is isolated from the influence of
other current-carrying conductors the used in practice, but they can all be
magnetic lines of force are concentric classified into five types, viz. : (f) straight ;
circles with respect to the axis of the (2) horse-shoe ; (3) attracted armature ;
conductor. But if the conductor is coiled (4) plunger ; (5) multipolar.
into a close spiral the
lines of force due to the
Tractive Force.
currents in the several
The tractive force or
turns combine, and the
pull, P, on the armature
majority pass from end
of an electromagnet is
to end of the interior of
proportional to the
the coil, completing their
product of the area, A,
paths outside the coil.
of the pole faces and
The coil, therefore, has
the square of the flux
Fig.
I.—AN EASILY REMEMBERED
magnetic polarity.
density, B, at the pole
RULE
FOR
DETERMINING
THE
POLARITY
If an iron core be
faces. Expressed as a
OF AN ELECTROMAGNET.
placed inside the coil the
The current circulates in the direc- formula we have :—
lines of force in the tions
represented by the arrowheads on
Pull (P, pounds) =
interior of the coil will the extremities of the letters N S,
B2 A x 9
concentrate into the core, denoting the polarities.
. . (f)
00,000,000
and the latter will become
magnetised and exhibit the properties of In this formula B must be expressed
a bar magnet. This combination of an in lines per square centimetre, and A,
iron core and a magnetising coil is called the total pole face area, in square centimetres.
an electromagnet.
If the pole face area is expressed in
The polarity depends upon the direction
in which the current circulates in the square inches ( A') formula (r) becomes :—
P = B2 A' x 5.75/10,000,cm .... (2)
coil.
Alternatively, the pressure (in pounds
Rule for Polarity.
per square inch) between the armature
Several rules for determining the pola- and pole faces, when the former is in
rity are available, but the simplest is contact with the latter, is :—
the following :—
B2 x 5.75
Pressure (lb. per sq. in.)
(3)
Looking at one end or pole face, deterxo,000,000
mine the direction (clockwise or counterclockwise) in which the current circulates Flux Density Required to Obtain a Given
Pull.
in the coil. If clockwise, the pole face is
The flux density (lines per square centi a south pole ; if counter-clockwise, the pole

Principle Utilised in Electromagnets.

W
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metre) required to obtain a given pull
with a given pole face area is determined
by rearranging formulae (I) and (2).
Thus from formula (I) :—
100,000,000 X P
B2 =
9x A
whence B = 1,000

Substituting in formula (5), we obtain :—
B = L000

— 1 ,000 V I° x 5o
5.75 X F23

zoo P
9 A

From formula (2) :—
ro P
B = 1,000
5'75 A'

(4)

(5)

Numerical Examples.
(I) A horse-shoe electromagnet has
circular pole faces each 2 centimetres in
diameter. Find the pull on the armature
if the flux density at the pole faces is
10,000 lines per square centimetre.
Solution.—The area of each pole face
is 0.785 X 2 2 = 3-14 sq. cm. [Note.—
The area of a circle = 0.785 X diameter 2.]
Hence the total pole face area =2 X 3-14
= 6.28 sq. cm.
Substituting in formula (I) we obtain :—
000 x628 x 9
P=
=. 102
- 56.4 lb.
100,000,000
(2) Find the flux density necessary to
give a pull of 30 lb. with a horse-shoe
magnet having circular pole faces each
r5 centimetres in diameter.
Solution.—The total pole face area
= 2 X 0'785 X 1'52 = 3.53 sq. cm.
By substituting in formula (4), we
obtain :—
100 P =
30 x 100
B = 1,000
i,000,
9 A
9 X 3.53
= r,000V 95-5 = 9,770 lines per sq. cm.
(3) Find the flux density necessary
to give a pull of 50 lb. with a plunger type
electromagnet, the diameter of the plunger
being if inches.
Solution.—In a plunger type electromagnet there is only one pole face, viz.,
that at the face of the plunger. Hence
the pole face area in the above problem
is 0.785 X x252 = r23 sq. in.

rip P
5'75 A'

V

= 1 ,000 70.6 X 8,400 lines per sq. cm.
(4) Find the pole face area of a horseshoe magnet which is to give a pull of
15 lb. with a flux density of 5,000 lines
per square centimetre.
Solution.—In this case formula (i) is
rearranged to give :—
P x 100,000,000
A—
(6)
B2 X9

Hence, substituting values for P and
B
15 X 100,000,000
= 6.67 sq. cm.
5,000 x 5,000 x9
If the pole faces are circular the diameter of each must be equal to :—
A=

i x 6-67

V

0-

785 = 2.06 cm., or

2'06/2.54 =0.8i in.
Note.—To convert centimetres into
inches divide by 2.54. To convert square
centimetres into square inches divide by
6.45. To convert inches into centimetres
multiply by 2.54. To convert square
inches into square centimetres multiply by
6.45.
(5) Find the pressure between one of
the magnetic track brakes on a tramcar
(see page 355) and the rail if the flux
density at the pole faces is 13,000 lines
per square centimetre.
Solution.—Formula (3) gives the pressure directly. Substituting the above
value for B in this formula we have :13,0002 x 5'75
Pressure 10,000,000
= 97.6 lb. per sq. in.
The Magnetic Circuit.
A fundamental law of magnetism is
that magnetic lines of force are closed
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curves, i.e., they are continuous.
Moreover, lines of force do not
cross one another.
The path taken by the majority
of the lines of force is called
the magnetic circuit, just as the
path taken by an electric current
is called the electric circuit.

20000
Scale B
CAST & MILD STEEI

Isom
Scale A

Sca e

woo
Law of the Magnetic Circuit.
yj
In a magnetic circuit the total
\
CAST IRON
number of magnetic lines passing
through the circuit is called the
cafe 4
flux ; the force required to 4. 5000
produce this flux is called
magneto-motive force ; and the
magnetic opposition to the flux
is called reluctance.
These
0
quantities are analogous to the
10
ce ¢ I
20
30
40
50
too Scale je
ISO
200
quantities current, e.m.f. and
Ampere-turns per cent/metre
resistance in the electric circuit. Fig. 2.—MAGNETISATION CURVES FOR CAST IRON, CAST
STEEL AND MILD STEEL.
Just as the three quantities
From these curves the ampere-turns per centimetre
in the electric circuit are related length
of iron path are obtained directly for any given
by Ohm's Law, so also the three flux density.
quantities in the magnetic circuit
Two horizontal scales are used in order that the ampereare related by a similar law. turns for low flux densities may be easily determined.
Thus :-Magneto-motive force (or m.m.f.) magnetic circuit are wound with 50o turns,
Flux =
and the current is 5 amperes, the
Reluctance
or, in symbols, D = F/S
m.m.f. = 1.25 X 5 X 500 = 3,125.
(7)
[Note.-0 is the Greek capital letter
phi, and is the international symbol for Reluctance.
The reluctance of a magnetic circuit is
flux.)
calculated from the dimensions of the
Magneto-motive Force.
circuit and the magnetic characteristic
The magneto-motive force is due to the (called the permeability) of the material
current in the turns of the magnetising of the circuit. Thus :—
coils. It cannot be measured directly,
Length of magnetic circuit
as in the case with e.m.f. in an electric Reluctance = Cross section x 'permeability
circuit, but is calculated from the product or, in symbols,
of current and number of turns on the
magnetic circuit. Thus :—
S—
(9)
ax
m.m.f. = O 4a x current (amperes) x turns
The length, 1, of the magnetic circuit
= 1.25 X amperes X turns
must
be expressed in centimetres and the
or, in symbols,
cross section, a, must be expressed in
F = 1•25 I N
(8) square centimetres.
The constant o•zirc, or r25, is due to the
fundamental units adopted for, and the Permeability.
definition of, magnetic force. IN is
Permeability (v., the Greek letter mu) is
usually considered as a single quantity, the specific magnetic conductivity of a
and is called the ampere-turns. For material for magnetic flux, and is analogous
example, if the magnetising coils on a to the reciprocal of specific resistance in
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the electric circuit. Thus the higher
the permeability the larger is the flux
which can pass through the material with
a given m.m.f. Permeability is a number
which is obtained by dividing the flux
density (lines per sq. cm.) by the m.m.f.
per centimetre length of the material.
The permeability of all non-magnetic
materials is unity, and that of magnetic
materials depends upon the flux density
and the hardness, chemical composition,
etc. Typical values are given in Table I.
TABLE I.-PERMEABILITIES OF CAST STEEL (MILD STEEL)
STALLOY LAMINATIONS AND CAST IRON.
Cast Steel.
MildSteel
Flux
density
(lines
per sq.
cm.).
3,000
4,000

5,00o
6,000
7,000
8,000
9,000
r0,000
rr,000
12,000
13,000
14,000
15,000
I6,000

17,000
18,000
29,000

Stalloy
Laminations.

Permeability.

Flux
density
(lines
per sq.
cm.).

1,970
1,880
1,790
1,700
r,58o
0,480
0,350
2,230
r,roo
96o
800
64o

12,000
13,000
14,000

470
325
220
2 40

05,000
x6,000
17,000
18mo

3,000
4,000

5,000
6,000
7,000
8,000
9,000
ro,000
/2,000

Permeability.
4,65o
4,800
4,750
4,500
4,20o
3,875
3,550
3,125
2,375
1,65o
1,015
65o
375

produce a given flux. Having calculated
the m.m.f. as above, we have :Ampere-turns = m.m.f./1•25, and
current = ampere-turns/number of turns.

lc.

Cast Iron.
Flux
density
(lines
per sq.
cm.).
1,000
2,000
3,000
4,000

5,000
6,000
7,000
8,000
9,000
10,000

Permeability.
450
420
37o
340
26o
195
140
105
83
7o

200
125

8o

at-fay.t.t-at-.•tvi

f dia.
,„

Fig. 3.-SKETCH OF THE ELECTROMAGNET FOR
A LARGE ELECTRIC BELL (6-INCH GONG).
Calculations for this electromagnet are given
in the text.
The heavy dotted lines indicate the paths of
the flux and the " magnetic lengths " in the
calculations.
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Note.-Much higher maximum permeabilities-of the order
of r2,000-can be obtained with chemically pure iron melted
in a vacuum furnace. High maximum permeabilities-up
to r2o,000 with very weak magnetising forces-may be obtained
with certain specially treated nickel-iron alloys (e.g., Mumetal,
Radiometal). Such materials, however, are expensive compared
with ordinary iron and steel.

It should be noted that the permeability
of a magnetic material can only be
obtained from tests on a sample of the
material, just in the same manner as the
specific resistance of a conductor can
only be obtained from tests.
Calculation of M.M.F. to Produce a Given
Flux.
From the law of the magnetic circuit,
i.e., flux = m.m.f./reluctance, we have
m.m.f. = flux x reluctance.
Calculation of Ampere-turns.
In practice we may require to know
what current must be passed through the
coil of an electromagnet in order to

Series Magnetic Circuit.
With many electromagnets the magnetic circuit consists of different materials
(e.g., cast iron, mild steel and air gaps)
which are magnetically in series, i.e., the
same flux passes through all. In this
case the joint reluctance is calculated in a
similar manner to the joint resistance of
the corresponding electric circuit, i.e.,
the reluctances of the several parts are
calculated separately and added together.
Magnetic Leakage.
The magnetic circuit differs in one
important feature from the electric circuit,
viz., that no magnetic insulators are
available, and in consequence leakage of
magnetic lines occur at all parts of the
magnetic circuit. Whereas with electric
circuits the leakage currents can usually
be ignored in calculations, such is not
possible with the magnetic circuit. The
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large leakage paths in a magnetic circuit
seriously increase the difficulties of the
calculations, and, in fact, extremely
accurate calculations are impossible.
Sufficient accuracy for practical purposes
can, however, be obtained by making
appropriate approximations.
Leakage Coefficient.
This is defined as the ratio :Useful flux/total flux produced by the
magnetising coils.
Its value depends not only upon the
arrangement of the circuit, materials and
magnetising coils, but also upon the
m.m.f. produced by these coils and the
permeabilities of the materials.
The value of the leakage coefficient for a
horse-shoe electromagnet may vary from
1'2 to 2 or more according to the design.
The approximate calculation of the
leakage coefficient involves the determination of the reluctances of the leakage
paths-a problem which is very difficult
because these paths are not known with
exactness and because they are not of
simple geometric form (e.g., the leakage
lines usually take curved paths of various
shapes and forms).
Hence, when designing an electromagnet, the leakage coefficient is assumed
at a value between 1.2 and 2, according
to the designer's discretion.
Calculation of Ampere-turns for a Series
Magnetic Circuit.
In practice this type of problem is
solved, not by calculating the reluctances,
etc., but by (r) calculating the flux
densities in the several parts of the circuit ;
(2) obtaining from appropriate curves the
ampere-turns per centimetre (or inch)
length required for each of the materials
at the appropriate flux densities ; (3)
determining the mean length of the magnetic paths ; (4) adding the products of
(2) and (3) to obtain the total ampereturns.
Representative magnetisation curves for
cast steel, mild steel and cast iron are
given in Fig. 2, and numerical data for
these and non-magnetic materials are
given in Table II.
By means of the curves in Fig. 4 the

ampere-turns per centimetre length of
iron path are obtained directly for any
given flux density in the material. The
curves are obtained from tests on samples,
but the data of non-magnetic materials
is calculated by means of formulae (7),
(8), (9).
TABLE II.-MAGNETISATION DATA OF CAST STEEL, MILD STEEL
CAST IRON, AIR AND NON-MAGNETIC MATERIALS.
Ampere-turns per centimetre length of
material.
Flux density
(lines per sq.
centimetre).
1,000
2,000
3,000
4,000
5,000
6,000
7,000
8,000
9,00o
ro,000
11,000
12,000
13,000
14,000
15,000
16,000
17,000
18,000
19,000

Cast Steel.
Mild Steel.
0.6
r.o
1.4
1.8
2.4
3.o
3.6
4.3
5.2
6.3

7.8
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12.8
17.2
26.0
40
70
105
155

Cast Iron.
1.9
3.8
6.4
10
15.4
26
40
6o
86
118
155
200

Air and
Non-magnetic
materials.
800
1,600
2,400
3,200
4,000
4,800
5,600
6,400
7,200
8,00o
8,800
9, 600
10,400
11,200
12,000
12,800
13,600
14,400
13,200

EXAMPLES OF CALCULATIONS FOR
ELECTROMAGNET OF ELECTRIC
BELL.
The sketch in Fig. 3 gives the dimensions of a built-up horse-shoe electromagnet for a large electric bell. The
armature is biassed to the position shown
(i.e., 0.1 inch from the pole faces) by a
spring, and the pull to be exerted on the
armature in this position is Z lb. Calculate the ampere-turns to be supplied by
the magnetising coils.

Solution.-With the short air gap of
o•1 in. the effective area of the pole faces
to be used in formula (1) may be considered equal to the actual area of the
pole faces, i.e., 2 X 0.785 x (I) 2 X 6'45 =
sq. cm. Hence, substituting in
1.42
formula (4), the flux density in the air
gaps =
..../roo x
= 2,800 lines per sq. cm.
1,000
9 X 1.42
The flux in each of the air gaps =
2,800 X 2 x 1.42 = 1,985 lines.
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Flux Densities in Iron Portions.
The flux of 1,985 lines passes through
the armature, the cross section of which -Axix 6.45 = 0-5 sq. cm. Hence the
flux density in the armature = 1,985 '0.5
= 3,970 lines per sq. cm.
To obtain the flux densities in the pole
cores and yoke we assume the leakage
coefficient as 1.2, and consider the whole
of the leakage flux to be concentrated
between points in the pole cores in.
from the pole faces (i.e., approximately
one-third of the length of a pole core).
Actually the leakage flux is distributed,
and extends over the whole length of the
pole cores.
Hence the flux density in the portions C
of the pole cores (the cross section of
which = 0-785 X (1) 2 x 6.45 = 0.71 sq.
cm.) = 1.2 X 1,985/0.71 = 3,35o lines per
sq. cm.

8000

we determine from the magnetisation
curves (Fig. 2) of the materials (mild
steel and cast iron) the ampere-turns
per cm. length corresponding to the above
densities, multiply the values so obtained
by the appropriate magnetic lengths and
add the results to the ampere-turns
required for the air gap. The last item
is calculated by means of formula (7),
(8), (9). Thus, since the permeability
of air is unity, the reluctance of an air
gap = length/cross section. Hence, ampere-turns for air gap
Flux x length
=_1.25 X cross section
Flux density x length.
=_I.25

The calculations are best carried out in
tabular form, as shown in Table III.
TABLE III.—CALCULATION OF AMPERE-TURNS.

Part.

0..

Flux
density
(lines per
sq. cm.).

7000
Armature (A)
Pole cores (B)
Pole cores (C)
Yoke (D) ..
Air gaps
..

41 6000
4.

1

5000

1000
1200
1400
Total Ampere turns

1600

Fog. 4.—PLOT OF RESULTS OF CALCULATIONS

GIVEN IN TABLE.
Showing how the flux density at the air gap
of the electromagnet illustrated in Fig. 3 is
obtained when the exciting ampere-turns are
fixed at a definite value.

The flux density in the yoke (the
cross section of which =
x x 6.45 =1-26 sq. cm.) = I•2 x 1,985/1•26 = 1,890
lines per sq. cm.
Summary of flux densities :—
Lines per
sq. cm.
Air gaps ..
..
.. 2,800
Armature (A)
..
.. 3,970
Pole cores (B)
..
.. 2,80o
Pole cores (C)
..
.. 3,350
Yoke (D) ..
..
.. 1,890
Ampere-turns.
To obtain the ampere-turns required

3,970

z,800
3,35o
1,890
2,80o

Approx.

ampere- Magnetic Ampereturns
length
turns
per cm.
(cm.).
for part.
(from Fig.
2).
2
1.2

1.5
4
2,240*

7.6
3.5
o.5o8

6
5
II
14
1,135

Total

1,171

3.2
3.8

* Ampere turns per cm. for air gap = flux density (lines
per sq. cm.) ÷. 1.25.

Calculation of Pull on Armature in
" Close Up " Position for Given
Number of Ampere-turns.
This calculation cannot be carried out
directly as the flux densities are not
known. The method is to calculate the
magnetisation curve (i.e., a curve showing
the ampere-turns and flux density at the
air gaps) for the complete magnetic
circuit and obtain from this curve the
flux density corresponding to the given
ampere-turns. The calculation is carried
out in tabular form as shown in the
following example.
Numerical Example.
In the " close up " position of the
armature of the electromagnet in Fig. 3
there is an air gap of A in. between the
armature and each pole face (this gap
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TABLE IV.-CALCULATIONS FOR MAGNETIC CIRCUIT OF ELECTRIC BELL ELECTROMAGNET WITH
ARMATURE IN " CLOSE-UP " POSITION.

B gap = 6,000
Magnetic
cross
section
(square
cm.).

Part.

B gap = 8,000

B gap = 7,000
-

MagApprox.
netic
Flux
amp.- Amp.length density turns
turns
(cm.).
(lines
per
for
per
cm.
part.
square (from
cm.). Fig. 2).

-Approx.
Approx.
Flux
amp.- Amp.Flux
amp.- Amp.turns density turns
turns
density turns
for
for
per
(lines
per
(lines
per
cm.
part.
part.
per
cm.
square (from
square (from
cm.). Fig. 2).
cm.). Fig. 2).

1.42

0.259

6,000

4,800

760

7,000

5,600

887

8,000

Armature (A)

0.5

3.2

8,500

4.7

15

9,940

6

19

11,300

Pole
(B)

0.71

3.8

6,00o

3

2I

7,000

3.6

24

8,000

Airgaps

..

cores
..

Assumed leakage coefficient
Pole
(C)

1.3

1.35

cores
..

0.72

7.6

7,800

4

30

9,450

Yoke (D) ..

1.26

3.5

4,400

6o

220

5,340

Totals

1,020

9.2

29

4

25

1.4

5.6
90

1,026

6,400

42

11,200

8

61

315

6,300

150

525
1,650

2,277

TABLE V.-SPACE FACTORS OF COIL WINDINGS AND DATA OF COPPER WIRES.

Bare Wire.
Gauge
S.W.G.

18
20
21
22
23
24
25
26
27

28
29
30
32
32
33
34
35
36

Diameter
(inch).

0.048
0.036
0.032
0.028
0.024
0.022
0.02
0.028
0.0164
0.0148
0.0136
0.0124
0.0216
0.0108
0.01
0.0092
0.0084
0.0076

Cross
section
(square
inch)

0.00181
0.001018
0.000804
0.000616
0.000452
0.00038
0.000314
0.000254
0.000211
0.000272
0.000145
0.000128
0.0001057
0.0000926
0.0000785
0.0000665
0.0000554
0.0000454

Approximate number of
Conductors (or Turns)
per square inch of Cross
Section of Winding.

Resis- Current
Space Factor of Coil
tance rating at
Winding.
per roo
2,000
feet at amp. per Single
Single
Enamel60° C.
square
cottonsilkco(ohms).
inch
covered covered
vered
(amps.).
wire.
wire.
wire.

S.C.C.
wire.

S.S.C.
wire.

Enamelcovered
wire.

0.536
0.926
1.28
1.53
2.08
2.48
2.99
3.72
4.45
5.48
6.49
7.8
8.9
10.3
12.0
24.2
17.0
20.8

342
610
746
942
1,240
1,435
1,665
2,970
2,270
2,715
3,030
3,350
3,790
4,200
4,620
5,110
5,68o
6,280

398
693
865
1,100
1,480
1,740
2,070
2,520
2,980
3, 600
4,240
4,600
5,400
6,120
6,88o
7,900
9,100
10,600

728
908
1,170
1,590
1,875
2,260
2,790
3,340
4,080
4,830
5,460
6,600
7,550
8,800
10,300
12,150
14,550

3.62
2.04
1.62
1.23
0.9
0.76
0.63
0.5
0.42
0.34
0.3
0.24
0.21
0.183
0.157
0.135
0.111
0.091

0.62
0.62
o.6
0.58
0.56
0.545
0.523
0.5
0.48
0.467
0.44
0.428
0.4
0.385
0.363
0.34
0.3/5
0.285

0.72
0.705
0.695
0.68
0.667
0.66
0.65
0.64
0.63
0.62
0.6
0.59
0.57
0.56
0.54
0.525
0.505
0.48

0.74
0.73
0.722
0.716
0.712
0.71
0.708
0.705
0.703
0.701
0.7
0.697
0.692
0.69
0.682
0.675
o.66

Note.-The above values of space factors and numbers of conductors refer to machine-wound coils with
tight windings. Lower values (20 to 25 per cent.) should be used for hand-wound coils.
The usual radial thicknesses of single cotton and single silk coverings are as follows :Cotton.-o.o03 inch for 18-31 S.W.G. ; 0.0025 inch for 32-34 S.W.G. ; 0.002 inch for 35-36 S.W.G.
Silk.-o.00i inch for 28-23 S.W.G. ; 0.000875 inch for 24-29 S.W.G. ; 0.00075 inch for 30-36 S.W.G.
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being provided to prevent " sticking "
and to obtain a quick release). Calculate
the pull on the armature.
Solution.—We assume three flux densities, viz., 6,000, 7,000 and 8,000 at the
air gaps, and calculate the ampere-turns
for the magnetic circuit as in the preceding example. The calculations are
given in Table IV. The results are
plotted on squared paper and the flux
density (at the air gaps) corresponding
to 1,171 ampere-turns is found to be
6,600 lines per sq. cm. (see Fig. 4).
The pull on the armature is calculated
from formula (I). Thus :—

P

6,600 2 x 1.42 x
Ioo,000,000

9

Resistance of Coil.
The resistance R of a coil is :—
turns x mean length of turn
X specific resistance
R=
Cross section of conductor
N x M.L.T. x p
(1o)
a
Multiplying this resistance by the
current I we obtain the voltage V
across the coil, i.e. :—
IN x M.L.T. x p
V = IR —
a
1-s,

= 5.6 lb.

CALCULATION OF SIZE OF WIRE AND
NUMBER OF TURNS FOR MAGNETISING COILS.
The problem is to determine the size
of wire which will give to the magnetising
coils such resistance that the required
ampere-turns are produced when a given
voltage is applied to the coils, and at the
same time the temperature of the coils is
within permissible limits. Several factors
are involved, viz.: (1) the ampere-turns
to be supplied ; (2) the voltage applied
to the coils ; (3) the internal and external
diameters of the coils ; (4) the axial length
of the coils ; (5) the " space factor " of
the winding ; (6) the specific resistance of
the conductor; (7) the watts which may be
dissipated per square inch of surface of
the coil for the specified temperature
rise. Of these factors the ampere-turns,
voltage, internal diameter and axial length
of the coils, and specific resistance are
obviously known. The " space factor "
of the winding (which depends upon the
size of conductor, class and thickness of
insulation), and the watts per square
inch are known from previous experience
with similar coils or from published data
(Tables V and VI).
Relationships between the above seven
quantities can be easily deduced by
straightforward reasoning and the application of Ohm's Law and other laws of
the electric circuit.

7-I6 /
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Fig. 5.—SPACE FACTORS OF COVERED WIRES
USED FOR WINDING THE COILS OF ELECTROMAGNETS.
The space factor is the ratio of the total
copper cross section to the cross section of the
winding space of the coil.
In the diagram the horizontal scale represents
(square inches of cross section x L000). Thus
for a wire o 0006 square inch cross section, the
space factors are read at the o.6 ordinate.
Cross Section Required for Conductor.
This is determined by rearranging
formula (II). Thus :—
IN x M.L.T. x p
(12)
a—
V
In this formula IN must be regarded
as a single quantity, viz., the ampereturns. The mean length of turn (M.L.T.)
is equal to 3.14 x mean diameter of coil
= 1.57 (d i + d 2), where d 1 and d 2 denote
the inside and outside diameters, respectively, of the coil.
Space Factor of Winding.
The cross section of the space occupied
by the winding is equal to : length of coil X
radial depth of the winding Occupying
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this space there are N wires each of cross
section a.
Total cross section of conductors
in winding space
The ratio
Cross section of winding space
is called the " space factor " of the winding (s). Its value depends upon the size
of conductor, class and thickness of insulation, tightness and regularity of the
turns. Average values are given in
Table V and Fig. 5.
Power Expended in Coil.
The power, in watts, expended in the
coil is equal to V I, and is obtained by
multiplying equation (ii) throughout by
I. Thus :—
INx I x M.L.T. p
V I = PR=
x (13)
a
Watts per Square Inch of Cooling Surface.
This quantity (W) is obtained by
dividing the power expended by the cooling
surface of the coil, which for electromagnets is equal to the outer cylindrical
surface of the coil, the end surfaces not
being considered as cooling from these
surfaces is usually restricted by the flanges
of the bobbin. If L is the axial length
of the winding, the cooling surface is
equal to L x 3.1442. Hence :—
VI
L x 3.14d,

w

IN x I x M.L.T. x p
axLx 3.14d2

(I4)

We now substitute for a in terms of the
space factor, cross section of winding
space and number of turns. Thus from
the definition of space factor we have :—
Na
(d 2 — d1)
Whence :—
sxLX
a—

s —

(15)

L x

d1)

(i6)

Substituting this value in formula (i4),
we obtain :—
W=

(di + d 2)
p
( / N) 2
x x
d, (d, — d i) . • • ' (17)
s
L

Temperature Rise and Permissible Watts
per Square Inch.
With cotton, silk and enamel insulated
wires the maximum operating temperature
in the hottest part of a coil should not
exceed 80° C., otherwise the insulation
will deteriorate. In practice, with normal
air temperatures, the ultimate temperature
rise as measured by a thermometer on
the outside of the coil should not exceed
40° C. (72° F.). This value is adopted as
standard by all British manufacturers.
The ultimate temperature rise for a
given coil is proportional to the watts
per square inch of cooling surface. Hence,
for a given temperature rise with a given
coil the watts per square inch must not
exceed a certain value, which may lie
between o•35 and o•75 according to the
type of coil and radial depth of winding.
Coils having windings of small radial
depth with enamel or thin insulation
on the conductors and without external
taping over the winding may be worked
at the higher value, and coils having deep
windings must be worked at a lower
value.
Procedure in Calculating the Winding
for a Coil.
As the space factor of the winding
depends upon the size of the wire, and
the watts per square inch depend to
some extent on the radial depth of the
winding, we cannot substitute these values
into formula (i7) and obtain the only
unknown quantity—d2. Instead, we must
proceed as follows :—
(1) Assume a value for the radial depth
of the winding and calculate d 2.
(2) Calculate a from formula (12).
[Note.—The value to be used for p is
0.00000078, if a is to be in square inches
and M.L.T. is expressed in inches.]
(3) Determine from wire tables, or from
Table V, the nearest standard size of
wire, say a'.
(4) Determine the space factor, s, from
Table V.
(5) Calculate the number of turns, N,
from the formula :
(d,— d1)
(i8)
N—
a'
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(6) Calculate the actual watts expended
in the coil from the formula :
V2
V2 X a'
(19)
N x M.L.T. x P
R'
V2
(20)
N x M.L.T. x r
where r is the resistance per unit
length of wire corresponding to the
units in which M.L.T. is expressed.
Values of r are given in Table V.
(7) Calculate the watts per square inch by
dividing the actual watts by the
cooling surface [= L X 3.14 X c12]
with the permissible watts per square
inch (obtained from Table VI). If the
calculated value is much lower than
the permissible value, another set of
calculations should be made using a
smaller radial depth of winding. If
the calculated value is higher than
the permissible value, another set of
calculations must be made using a
larger radial depth of winding.
TABLE VI —APPROXIMATE WATTS PER SQU4RE INCH FOR
MAGNET COILS CONTINUOUSLY EXCITED. 40° C. RISE BY
THERMOMETER ON OUTSIDE SURFACE. AIR TEMPERATURE
200 C.

Type of Coil.
Small coils, machine-wound
with enamelled wire. Untaped
..
.
Medium coils, wound with
cotton or silk-covered wire.
Outside of coil untaped
Do., do. Outside of coil
taped
..
Do., do. Outside of coil
covered with pressboard
and taped ..
Larger coils wound with
cotton or silk-covered wire.
Outside of coil taped
Do., do. Outside of coil
covered with pressboard
and taped ..

Radial depth
of winding
(inches)

tog
i

Watts per
square inch.

o8 to o fig
07 to o6

}to{0.5 to 055
/ to

0.45 to 0 4

and over

04

/ and over

0 35

Numerical Example.
Calculate the coil winding for the
electromagnet sketched in Fig. 3. The
normal voltage across the coils (which are
connected in series) is 6 volts. Each
coil is to supply 2 X 1,170 = 585 ampereturns. The internal diameter of each
coil is 0.7 inch, and the length of the
winding space is 2 inches.
Solution.—We assume a radial depth of
winding equal to
inch, and calculate

according to the preceding paragraph.
Thus :
d i = 0.7 in. ;
d2 = 0.7 ± 2 x = 0.95 in. ;
M.L.T. = 1.57 (0.7 + 0.95) = 2.6 in. ;
L = 2 in. ;
I N = 585 ;
V =3;
p = 0.00000078.
Substituting appropriate values in formula (12) we have : —
I N x M.L.T. X p
a=
V
585 x 2.6 x 0.00000078
3
= 0.000395 sq. in.
Referring to Table V, we find that the
nearest standard size of wire is No. 24,
for which a' = 0.00038 sq. in.
For these coils we should use enamelcovered wire, and from Table V we obtain
the space factor as 0.712.
Whence from formula (18) the number
of turns are :—
sxIx (cl—c11)
N
al
0.712 x2 x z x0.25
— 468.
0.00038
The watts expended in each coil are
calculated from formula (19). Thus :—
V2
V 2 X a'
x
M.L.T.
xp
R' N
0.00038
3X3 X
468 x 2.6 x 0.00000078 = 3.6.
Hence the watts per square inch of
cooling surface
3.6
= 0.604.
2 X 3'14 X 0.95
This value is satisfactory.
Finally, we check the actual ampereturns supplied by the coil. Thus, the
current = watts/volts = 3.6/3 = 1'2
amperes. Hence the actual ampere-turns
= P2 X 468 = 562, which is sufficiently
near the required value. We could, if
necessary, obtain the required number of
ampere-turns (585) by winding 20 additional turns on the coil.
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THE ELECTRICAL CONTRACTORS'
ASSOCIATION
By L. C. PENWILL (Secretary of the Association)
the
Electrical
HE o;ganContractors'
isation commonly reAssociation caters
ferred to as " The
for the interests
of electrical
Electrical Conin
contractors
tractors'
every sphere, and
Association " is
endeavours to
really a trinity
co-ordinate such
calculated as a
in
whole to protect
interests
collaboration
and promote the
with all other
interest of electrical contractors.
sections of the
Formed in
electrical industry. Its objects
1901 as " The
can be briefly
National Elecsummarised as
tricalContractors'
follows :—
Association," it
(a) To promote
secured a charter
of incorporation
and protect the
trade of electrical
in 1904 Its aims
installation enand objects were,
of course, caregineering, and to
promote the confully defined by
sideration and
its articles of
discussion of all
association, and
questions affectin 1916 the
ing it.
N.E.C.T.A. Limi(b) To improve
ted and The
and elevate the
National Fedetechnical and
rated Electrical
Fig. 1.—MR. W. R. RAWLINGS.
Association came
general knowinto being. The
President and Founder of the Electrical Contrac- ledge of persons
tors' Association.
constiengaged in the
former
electrical installatutes the second
of the trinity, which concerns itself with tion trade.
(c) To promote excellence in electrical
trading negotiations on behalf of its
members, and the latter is a trade union work and just and honourable practice in
within the meaning of the Trade Unions the conduct of business, and to suppress
malpractice.
Act of 1913.
(d) To arrange and promote the adoption
How Electrical Contractors are Helped.
of equitable forms of contract, and to
It can be said with safety that apart encourage the settlement of disputes by
from these two well-defined activities arbitration.
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(e) To promote greater uniformity of
consists of 59 sections and branches
practice, sizes and measurements, in the throughout the country. Its membership
construction and erection of electrical now numbers approximately 1,30o, and in
all its main centres throughout the country
appliances and fittings.
These objects have been persistently regular monthly meetings are held of those
pursued and a considerable measure of members in the respective adjacent terrifulfilment has been attained.
tory. It is impossible in this brief space
to indicate in detail the progress which
QUALIFICATIONS FOR MEMBERSHIP. has been made under the various headings
Generally speaking, every legitimate referred to previously, but the following
electrical contractor is eligible and welcome provides useful indications.
as a member. It will be realised that the
electrical contracting industry is open to Training of Apprentices.
attack by a large army of men who have
The Association has concerned itself
no commercial electrical training or with the adequate training of apprentices
business experience whatsoever, and it with a view to ensuring the maintenance
is one of the objects of the Association to of a high standard of technical ability for
differentiate between the legitimate the future. In conjunction with the City
installation engineer and the person whose and Guilds of London Institute it has
main interest seems to make inroads into prepared a syllabus which is being adopted
their business with no responsibility at centres of technical education throughwhatsoever to the industry or to the out the country, and suitable awards a-e
made to encourage apprentices to qualify
public.
Briefly, qualifications for membership in the examinations which ensue.
can be summarised as follows : —
(a) That the applicant shall be engaged Co-operation with Other Sections of the
Industry.
in carrying on business in the United
Co-operation with all sections of the
Kingdom as an electrical contractor and
employing qualified workmen and pro- electrical industry has been atta'ned, and
viding both labour and materials.
the following are examples : —
(b) That he shall satisfy the Council
(a) Definite representation on the Wiring
that the applicant has been in practice or Rules Committee of the Institution of
carrying on business as an electrical Electrical Engineers, which Committee is
contractor for a period of not less than charged with formulating the reccgnised
three years.
standard of practice for electrical instala(c) Notwithstanding the foregoing, the tion work.
Council shall be the sole judge as to
(b) Representation on the British
whether the practice and experience in Standards Institute, whose work can be
any particular case is sufficient to qualify. summarised as standardisation in all its
(d) As an alternative, membership is aspects.
available to those who, not having fulfilled
(c) Negotiations with municipal and
the qualifications under the above clause company supply authorities throughout
(b), have been employed as principal the entire country with a view to ensuring
assistant to an electrical contractor for a adequate and equitable protection of
similar period.
members' interests.
(e) Briefly, the applicant must satisfy
(d) Participation with the association
the Council that he has had such training representing the interests of municipal
and experience as will technically fit him supply authorities on the subject of
to carry out work with efficiency, and electrical legislation.
be of such financial stability as is necessary
(e) Negotiations with government deto carry out his legitimate obligations partments and all authorities where the
to the industry and the public.
interests of electrical contractors are
involved.
Present Membership.
(f) The Association has, on numerous
At the present moment the organisation occasions, conducted negotiations with

1656

THE ELECTRICAL CONTRACTORS' ASSOCIATION

government departments and others who
are responsible for giving out electrical
work. It has concerned itself with the
deletion of unfair conditions in tenders and
contracts, and sought to arrive at equitable
solutions which are mutually acceptable
to the department concerned and electrical
contractors alike.
After careful consideration, conditions
of tender and agreements applicable to
various classes of
work have been
drawn up, and in
instances
certain
these now constitute
standard practice
among members of
the Association.
(g) The Association affords its members free legal advice
in matters affecting
the interests of the
industry generally,
and places itself at
the disposal of any
aggrieved parties in
the matter of alleged
excessive prices,
faulty workmanship, etc.

contract and certified and paid accordingly.
Unless otherwise stated all tenders are
prepared on the assumption that :—
(a) We include provision, at the standard
rate, for suitable living accommodation
in the vicinity of the site. If for any reason
such accommodation is not available, the
additional cost of time and fares in travelling to and from work will be charged at
cost plus 15 per cent.
(b) We provide
the requisite labour
during ordinary
working hours for
the erection of plant,
machinery and
wiring as specified
therein, and for
completing the contract in a workmanlike manner.
(c) We do not
provide for work of
other trades, lubricant, fuel oil or
current for temporary lighting or
testing.
(d) We shall be
provided with
adequate facilities
for the economic
CONDITIONS OF
execution of the conTENDER AND
tract, and the free
CONTRACT FOR
use of a lock-up
ELECTRICAL
stores and such
WORK ISSUED BY
ladders orscaffolding
THE ELECTRICAL
as may be erected.
CONTRACTORS'
We retain a lien
ASSOCIATION
Fig. 2.—MR L. C. PENWILL.
upon all materials,
(INCORPORATED).
Secretary of the Electrical Contractors'
plant and machinery
1. General.
Association.
even though inAll tenders are
stalled or delivered
without engagement and are subject to on site, for the whole of any unpaid
confirmation at the time of order.
balance of the purchase money due to us.
The acceptance of a tender includes
the acceptance of the following terms and 2. Terms of Payment.
conditions, except in so far as they may
If progress payments are not applied for,
be varied by other terms and conditions payment shall become due within 3o days
accepted by us in writing.
of the date of the invoice.
Expenses and losses incurred by us and
Progress payment, if applied for, shall
arising out of delay in completion of the be made within 14 days of the application
contract due to causes beyond our control in the billowing manner :—
shall be accepted as an extra to the
Eighty per cent. of the value of the work
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done and material delivered to site from
time to time until the retention amounts
to ro per cent. of the agreed contract
(less any provisional sums), after which
payments are to be made in full. Fifty
per cent. of the retention money shall be
paid when the installation is ready to be
put into beneficial use and the balance
within three months of that date, provided
that all defects covered by the guarantee
and brought to our notice have been
made good to the reasonable satisfaction
of the employer or his representative.
In the event of the employer failing
to make payment in accordance with the
terms stated, we shall have the right on
giving seven days' notice in writing, to
stop all operations and the expense
incurred by such stoppage and the subsequent resumption of work shall be paid
for by the employer as an extra to the
contract price. Such interruption of the
work shall be good ground for extension
of time for the completion of the contract.
Such action shall not prejudice our right
to recover from the employer payment for
all work executed and material delivered
and for any loss we may sustain upon any
plant or material supplied or purchased or
prepared for the purpose of the contract.
The final completion of the building as
a whole or of the work of any other trade
shall not affect or delay the payment for
this contract.

The installation work will be tested
during progress and upon completion for
insulation resistance, earthing and continuity. Such tests to comply with the
I.E.E. Regulations for the Electrical
Equipment of Buildings. Any other tests
required by the employer will be charged
for as extra to the contract price unless
such tests are definitely specified and
included in the Tender.

3. Conduit and Cable Runs.

8. Completion.

These shall be by the shortest routes,
having due regard for any decorations,
and shall be laid out in accordance with
the usual practice of the trade.

The time for completion of the contract
is subject to all instructions necessary
for the proper progress of the work being
received as required, and to compliance
with the terms of Clause 2. We shall not
be liable for delay due to strikes, lock-outs,
fires, accidents or other causes beyond our
control.

4. Variations.
Positions of lighting points, switches,
plant, etc., are to be determined before
work is commenced, or sufficient instructions given from time to time so as not to
impede the progress of the work. Any
alterations may be made, provided the
original cost is not thereby increased.

5. Drawings.
This tender includes for the work
involved in marking up points on prints
supplied to us, and for the preparation
of standard engine or motor foundation

plans. If special drawings are required
by the employer, they will be charged for
at cost.

6. Provisional Sums and Additions to
Contract.
In any case where the tender includes a
provisional sum to be provided by the
contractor for meeting the expense of
extra work or for work to be done or
materials to be supplied, such sum shall be
expended or used either wholly or in part,
or be not used, at the discretion of the
employer and entirely as he may desire
or direct.
Expenditure of provisional sums and
charges for additions to Contract shall
in the absence of supplementary estimates
be invoiced at standard daywork rates
for contract additions in accordance with
the schedule issued by the Electrical
Contractors' Association.

7. Tests.

9. Guarantee.
We guarantee all cables, conduits and
installation accessories supplied and fixed
under this contract for a period of 12
months from the date on which they are
ready for beneficial use, and we undertake
to repair, free of cost, any defects which
are found to be due to faulty material
and/or workmanship within that period.
For all other apparatus supplied and
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fixed by us the employer shall have the 12. Arbitration.
benefit of any guarantee given by the
If at any time any question, dispute or
makers.
difference shall arise between the employer
The guarantee does not include the or his representative and ourselves in conrepair of defects due to fair wear and tear, nection with this contract, such question,
excessive condensation, corrosion or causes dispute or difference shall be referred to
beyond our control, nor the replacement the arbitration of a person to be mutually
of lamps and fuses.
agreed upon, or failing agreement, to some
The guarantee becomes null and void person appointed by the President for the
should any work be carried out on the time being of the Institution of Electrical
installation by any other than our Engineers.
employees.
The award of such arbitration shall be
final and binding on both parties.
10. Liability for Accidents or Damage.
Work under the
We undertake to insure against damage contract shall, if
by fire, the works and unfixed materials on reasonably possible,
At!aidillicAk
or about the site covered by this agreement. continue during the ELECTRICAL
We shall effect insurance in respect of arbitration proceed- CONTRACTOR S
our liability at common law under the ings, and no payments
Fatal Accidents Act, 1846, the Employers' due or payable by the
Liability Act, 188o, and the Workmen's employer shall be
Compensation Act, 1925, to any person in withheld on account of such proceedings.
our employ engaged upon work in conThe above conditions are embodied in the
nection with the contract and shall Memorandum of Agreement, copies of
indemnify the employer in respect of which can be obtained from the Electrical
claims arising in accordance with Sub- Contractors' Association (Incorporated).
Section 2 of Section 6 of the Workmen's
CREATING PUBLIC INTEREST IN THE
Compensation Act, 1925.
USE OF ELECTRICITY.
We shall so far as reasonably practicable
The Association has endeavoured to
effect insurance in respect of any injury
to persons not in our employ or damage increase the public appreciation of the
to property caused by the negligence of uses of electricity and has issued many
ourselves or any one in our direct employ publications calculated to indicate to the
or due to defects in our plant arising out public a suitable understanding as to the
of and during the work in connection need for proper technical skill to be
applied to their electrical installations
with the contract.
Should any claim be preferred against and to the innumerable current-consuming
the employer in respect of which we have devices which are in daily use.
agreed to indemnify him we shall be Advice on Installation Work.
entitled to take absolute control of all
An educational effort has been initiated,
proceedings in relation to such claim directed towards architects and others
and the employer shall not admit any responsible for the placing of electrical
liability or make any payment in con- work ; the publication " Electrical
nection therewith without our authority.
Security—Installation Work, Good and
We will on request by the employer at Bad " is directed to indicate to its
any time produce the policy or policies recipients the difference between various
of insurance and receipts for premiums classes of installations and the need for
relating to the risks aforesaid for his discretion to be exercised in the quality
inspection.
and quantity of the work, rather than
judgment being passed upon the question
11. Consequential Loss or Damage.
of price alone.
We shall not be responsible for any
consequential damage or loss arising out Connection with the British Electrical
Development Association.
of the performance of this Contract,
except as undertaken in Clause io above.
The Electrical Contractors' Associaticn

THE ELECTRICAL CONT RACTORS' ASSOCIATION
is a founder member of the British
Electrical Development Association. The
latter was formed in 1919 to act as the
advertising medium of the electrical
industry as a whole, and to replace the
isolated spasmodic advertising which preceded it. The E.C.A. has continued to
take an active part in the work of this
Association, and has substantially participated in the many campaigns which
have been carried out to stimulate and
promote the public interest in the uses of
electricity.

How Trading Difficulties are Dealt With.
I have already made a brief reference to
the second part of the trinity, the
N.E.C.T.A., Limited (The National
Electrical Contractors' Trading Association, Limited). The electrical industry as
a whole can, I think, lay claim to a
multitude of trading interests perhaps
unequalled in any other industry. The
comprehensive use of electricity and the
divers ways in which it serves the industrial
business and domestic community is
perhaps its justification.
The N.E.C.T.A. has, for many years,
and with a considerable measure of
success, acted as the medium by which
all trading difficulties are dealt with.
It has concerned itself with the establishment and realisation of the basic fundamentals of fair trading. It is in continual
session with all sections of the industry
representing trading interests, ensuring
that standardisation of practice, wherever
possible, shall be an accomplished fact
in no less a degree than the need for
standardisation in the technical sphere
undertaken by the Electrical Contractors'
Association.

Fair Trading.
The activities of this particular part of
the organisation are tremendous ; the
N.E.C.T.A. seeks to make agreements with
various bodies of manufacturers, first of
all to establish the principles of fair
trading, and secondly to seek some
definite advantage to its members.
Affiliated to the National Chamber of
Trade, it has allied itself with many
objects which apply to industry as a whole,
and for many years has been pursuing the
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policy of fair trading. The Associaticn
aims at obtaining control of the electrical
retail trade sufficient to ensure that
regulation of the conditions of retail
trading are carried out in collaboration
and with the consent of the Association.

Increasing the Turnover of the Industry.
It has, as an object, the reduction of
cost to the user, with a view to increasing
the total turnover of the industry. It
holds that the intervention of the middleman between the manufacturer and the
electrical contractor or retailer must be
eliminated, except in the case of such
wholesalers as do genuinely reduce distributing costs by carrying a substantial
stock, and supporting the manufacturer
by large contract buying.
The Association considers that it is in
the interests of the industry that a
manufacturer and wholesaler shall not
trespass upon the business of supplying
direct to the user, as such a practice
serves to discourage and limit the efforts
of the retailer.

Campaign against " Cut Price " Retailers.
After careful consideration the
N.E.C.T.A. has decided to support any
moderate scheme of price maintenance,
on the basis that this tends toward
stabilisation, security of tenure and the
best possible service to the public. In
pursuance of its policy the Association
has strenuously opposed the granting of
trade discounts to any but those legitimately engaged in the trade, and has
recently conducted a campaign to thwart
the activities of a large number of recently
introduced buying agents who endeavour
to purchase upon rock-bottom terms,
and to allow the major portion of the
trade discounts to their clientele. The
activities of such concerns tend to reduce
sales by legitimate retailers, who are
thereby impoverished to the detriment
of the industry as a whole.

Wages and Working Conditions.
The National Federated Electrical
Association constitutes the third part of
the trinity. It is really the employers'
counterpart of the operatives' trade union.
It has, in conjunction with the Electrical
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Trades Union, constituted a National
Joint Industrial Council under the Whitley
Scheme, and various district joint industrial
councils exist throughout all parts of the
country. Once again, the object and
work of this particular Association has
been to secure standardisation in the
particular sphere of wages and working
conditions. Generally speaking, wages
and the conditions of working are the
subjects of national agreements which
apply all over the country, each local
district, through the medium of its joint
industrial council, being charged with the
duty of formulating working conditions
applicable exclusively to that particular
locality.
The wages paid in the London area
include an allowance for travelling time
and the remainder of the country is
divided into three categories, carrying
with them varying rates of wages. Grade
" A " is confined to London ; grade " B "
applies generally to large industrial towns
such as Birmingham, Manchester, Liverpool, Cardiff, etc., etc. ; grade " C " rate
to smaller towns of relatively less industrial
importance ; and grade " D " to the
remaining parts of the country.
Standard practice has been arrived at
on the subject of hours of work, overtime,

etc., and once again it is left to the district,
concerned to deal with, and settle, any
disputes which may arise.
The objects of the joint industrial
councils set up under the Whitley Scheme
are too well known to call for particular
reference in this statement.
Ensuring Industrial Peace.
Remembering that the outlet for a
very large section of the electrical industry
is through the medium of the electrical
installation engineering trade, the part
played by the National Federated Electrical
Association in ensuring a considerable
measure of industrial peace cannot be
over-emphasised. To-day, more than
ever before, electricity represents such a
factor in the industrial and domestic
life of the community as to make it
eminently desirable that an adequate
measure of peace should be maintained,
thereby obviating not only the strife
itself, but its consequential damage
throughout the country.
Address.
The address of the Electrical Contractors' Association is 23, Bedford Square,
London, W.C. I.

A NOTE ON THE CAR CUT-OUT
T is sometimes thought that the motorcar cut-out is intended to switch off
the battery when the battery is
fully charged, but this is a mistake.
The expression " cut-out " refers to the
action of the switch in disconnecting the
battery whenever the battery would
otherwise discharge itself through the
dynamo harmfully.
The function of the cut-out is to switch
the dynamo into connection with the
battery whenever the dynamo is able to
charge the battery, and to switch it off
again whenever it ceases to be able to charge

I

the battery, so that the battery would
otherwise discharge through the dynamo.
Actually, a small reverse (discharge)
current is used to bring about the disconnecting of the battery.
In one way the cut-out acts like a nonreturn valve ; allowing electricity to flow
into the battery, but not allowing it to
flow out to any appreciable extent.
When any undesirable reverse current
flows the cut-out disconnects the battery.
Hence the other term by which the cut-out
is known, namely, the reverse-current
relay.
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TRANSMISSION AND DISTRIBUTION
LINES AND CABLES
By R. F. MARKHAM
URING the last few years the
number of overhead lines erected
in this country has increased very
rapidly and while there are now available
several excellent textbooks dealing with
the theory of the electrical and mechanical
designs of overhead lines, very little has
been written on the practical side. The

D

(b) Distribution lines at low pressure.

A very large mileage has been erected
in this country during the last three years
for use at A pressure of 132,000 volts, but
the bulk of the work with which the
reader will be concerned will be for
pressures up to 33,000 volts and my

Fig. I.—SURVEYING THE LINE.
The centre peg marks of the pole or tower position and the fore and aft pegs are to facilitate
squaring the tower to the line. (Johnson and Phillips, Ltd.)

following remarks deal with the subject remarks are therefore confined to this
from the point of view of the electrical range.
In the same way in regard to underengineer and the linesman who have to
erect the line and just sufficient theory ground cables, these notes have been
will be given to enable them to see the written from the point of view of the
" reason why " and so avoid mistakes superintending engineer and the cable
and to enable them to decide on what to jointer, and will be limited to pressures
use for the various conditions which have "up to 33,000 volts. The actual design and
to be met. The subject may first of all be the manufacture of cables will not be
divided into two sections :—
dealt with, but information will be given
(a) Transmission lines at pressures up to enable a choice as regards type to be
to 33,000 volts ; and
made.
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be made for future
growth.
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Calculation of Voltage Drop.
The voltage drop
on an overhead line
is greater than that
on an underground
cable of the same
cross section and is
given for a threephase line by the
formula :—
Ed = -\/3 1 (I R cos

ill

500

ol,

520 540

or for a single-phase
line :—
Ed =.1 / (I R cos 0
Where :— ± I X sin 0).

SPAN IN FEET

Ed =V ol tage drop
across phases.
1 = Route length in
miles.
I = Current in amperes.
R = Resistance of conductor per mile, in ohms.
X = Reactance of conductor per mile, in ohms.
= Phase angle.

Fig. 2.—ECONOMIC SPANS FOR E.H.T. SINGLE-CIRCUIT LINES ON SINGLETYPE WOOD POLES WITHOUT CONTINUOUS EARTH WIRE.
Conductor sizes are copper equivalent in square inches excepting S W.G.
sizes, which are actual. (Johnson and Phillips, Ltd)

E.H.T. TRANSMISSION LINES.
Voltage.
Two voltages are in general use for
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various tables and values for X are also
sometimes given, but if not they can be
calculated from the formula :—
2 IC/ L
X—

I, 000
where f = The frequency in cycles per second
and L = The inductance per mile in millihenrys and is equal to 0.7411
0.102 for a seven-strand

logio

non-magnetic conductor of radius
r inches and with spacing s inches.
If the conductors are not in the
form of an equilateral triangle, s
must be taken as equal to the
cube root of the three spacings
multiplied together thus :—
s = 3 Ai(ab c) where a b and c are
the spacings between the three
conductors.

i

4 miles if o.i sq. in. 7/.136 in. stranded

copper conductors are used at 4 ft.
triangular spacing ?
Current on three-phase circuit =Power transmitted in watts
1.73 x Voltage x Power factor
95o x 1,000
= 62.5 amperes.
1.73 x 11,000 x o.8

I

R from tables = 0.4345 ohms per mile.
,
L = 0.7411 log

48
0.204

+

0.102

= 1.8599 millihenrys per mile.
X — f L
1,000

2 X 3.1416 X 50 X 1.8599
1,000
= 0.5843

ohms per mile.

33' 9'

3r a'
10

rSAG

20' 0"monimuni

160'

9.4(

Fig. 4.—DIAGRAM

REQUIRED FOR CALCULATING THE POLE SIZE.

Mark on the sag at 122° F., total up the pole length and round it out to the nearest standard above.
Then take bending moments about the ground line.

The calculation for voltage drop has
been given in rather more detail than
might at first sight appear necessary, but
in practice most conductor sizes are
determined by the consideration of voltage
drop and it is therefore essential that the
keen man should be able to make the
calculation. An example will perhaps be
of great assistance :—
Problem.—What will be the pressure
drop on a three-phase 5o-cycle ii,000 volt
single circuit overhead line transmitting
95o kw. at o.8 power factor, a distance of

Pressure drop
= N3 I (I R cos 49 + I X sin fp)
= 1.73 X 4.5 (62.5 X 0.4345 X 0 8 + 62 5
X 0.5843 x o.6)
= 1.73 X 4.5 (21.72
21.91)
= 339.7 volts
or 3.1% approximately.

A voltage drop of the order of 5 per cent.
of the transmission line voltage is genes ally
considered satisfactory. Closely approximate figures for the percentage voltage drop
on the more usual sizes of conductors are
given in the following table for a conductor
spacing of 4 to 5 ft.
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e

Fig. 5.—SHOWING USE OF " HOT " TEMPLET FOR FIXING
POLE POSITIONS,

TABLE I.
VOLTAGE DROP PER MILE AT 60° F. ON SINGLE
CIRCUIT I1,000-VOLT, 50-CYCLE OVERHEAD LINES,
PER I00 E.W. AT 0.85 POWER FACTOR.

Conductor.

0.1 square inch steel cored
aluminium
0.075 square inch steel cored
aluminium
o.o6 square inch steel cored
aluminium
o.o5 square inch steel cored
aluminium
0.025 square inch equivalent
cadmium copper ..
7/12 S.W.G. copper cored
..
steel
7/12 S.W.G. copper cored
steel
7/12 S.W.G. steel ..
7/12 S.W.G. steel ..

Per
No. of
cent.
Phases. Voltage
Drop.
Three

0.064
o 077
o 091
o 103
0.181
o 294

Single
Three
Single

o 588
0.65
1.30

TYPES OF CONDUCTORS.
Until six or seven years ago most of
the overhead lines erected in this country
consisted of copper conductors on comparatively short spans. Now, however, in

addition to copper, steel cored
aluminium is extensively used
and also steel or copper cored
steel for light lines or spurs. Steel
cored aluminium conductors are
very conveniently known by their
equivalent copper area and not
by their actual cross sectional
area. Thus a o.r sq. in. equivalent steel cored aluminium conductor means one whose conductivity is equal to that of a o.i
sq. in. copper conductor. It
would consist of a number of
aluminium strands around one or
more central strands of steel and
in calculations the conductivity
of the steel core is not taken into
account. The advantages of
using steel cored aluminium are
the much longer spans which can be
adopted and generally the lower
cost per mile of line which results.

Copper Cored Steel Conductors.
Copper cored steel conductors
consist of six strands of steel wire around
a central strand of copper. Special attention must be given to the galvanising
of the steel strands and the " Crapo " and
the " Silflex " processes can be recommended. In addition it is advisable to have
the conductors dipped in bitumastic solution before and after stranding. Steel conductors consist of seven strands of steel
wire, the only two sizes in use being
7/12 S.W.G. and 7/14 S.W.G., the former
being the more usual. These conductors
also require special galvanising and painting. Steel and copper cored steel conductors are employed where, on account
of small revenue, the capital cost of the
line must be kept as low as possible.
These conductors achieve this object by
means of, first of all their own low price
and secondly by means of the long spans
which can be used.
Smaller Sizes.
Cadmium copper conductors, which are
also known by their " equivalent " area,
are useful in the smaller sizes as they
permit longer spans to be used than with
other conductors and result in a lower
price per mile for the complete line.
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Spans and Pole Sizes.
Owing to the difficulty in obtaining
wayleaves, spans should be as long as
possible consistent with low price. If
the spans are too long, abnormal size poles
will be required and they will be expensive
and also difficult to obtain in large quantities. The writer recommends for lines
without a continuous earth wire, the spans
shown in Fig. 2. The poles required will
be single type, not longer than 40 ft.
overall nor greater than I2i in. in diameter
at 5 ft. from the butt. A few of the more
common sizes are given below :—
TABLE II.
POLE SIZES FOR II KV. LINES WITHOUT CON-

TINUOUS EARTH WIRE.
Conductors.
o.r square inch steel cored
..
aluminium
o.1 square inch copper
o.o6 square inch S.C.A.
o.o6 square inch copper ..
o.o5 square inch S.C.A.
o.o5 square inch copper ..
0.025 square inch S.C.A.
0.025 square inch copper ..
0.025 square inch cadmium
7112 .W.G. steel ..
7/12 S.W.G. steel ..
7/12 S.W.G. copper cored
.
..
steel
7/12 S.W.G. copper cored
..
steel

Fig. 6.—ASSEMBLING

Phases.

Span.

Pole Size.

Three

450'
460'
455'
455'
450'

36' x r21-'
39' x
38' x xtr
40' x x21'
40' X 121-

.2r

390'
365'

40' x

310

40' X III'
40' X II'

One

440'
535'
520'

40' X 12'
38' x
34 X I01'

Three

525'

38' x 121'

One

500'

34' x 2o}'

..r
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The steel cored aluminium and cadmium
copper sizes are " copper equivalent."

Lines with Continuous Earth Wires.
For lines with continuous earth wires
shorter spans must be used, as otherwise
the pole diameter becomes too large to be
economical. Table 3 shows the spans the
writer recommends for the more common
sizes of line when a continuous earth wire
is employed. TABLE III.
POLE SIZES FOR II KV. LINES WITH CONTINUOUS
EARTH WIRE.
Conductors.

Phases.

Span.

Pole Size.

0.1 square inch S.C.A
0.2 square inch copper
..
0.06 square inch S.C.A.
0.06 square inch copper ..
0.05 square inch S.C.A.
0.05 square inch copper ..
0.025 square inch S.C.A.
o 025 square inch copper ..
0.025 square inch cadmium

Three

405'
4I0'
410'
390'
405'
385'
355'
305'

35' X 121'
37' X Ill'
36' X 121'

7/12 S.W.G. steel ..
7/12 S.W.G.steel
7/12 S.W.G. copper cored
steel
'
"
'•
7/12 S.W.G. copper cored
steel
'•
'•
"

39'X 121'
Iz

40'X I2i"

40' X
40' X I14'

415'
475'

500'

39' x 121'
35' X II!'
34' x 22'

Three

445'

35' X 121'

One

500'

35' X 12'

One

The steel cored aluminium and cadmium
copper sizes are " copper equivalent."

CROSSARMS AND INSULATORS ON

H.T. POLE BEFORE LIFTING. (Johnson and

Phillips, Ltd.)
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Calculating Size of Pole Required.
It will often be necessary for the overhead line erector to calculate the size of
pole required. The following example will
show the method employed. First of all.
make a diagram of the pole, as in Fig. 4,
and fill in the sag of the conductor in still

length and by the height to the conductor
gives us the bending moment due to the
wind on the conductor. Adding together
the bending moment for each conductor
and the bending moment for the wind on
the pole itself, we obtain the total bending
moment on the pole: Multiplying by a
safety factor-of 3.5 and referring to a
table of ultimate strengths of poles, we
obtain the diameter of pole required.
As an example, let us work out the
size of pole for a three-phase 0.05 sq. in.
steel cored aluminium line using a span
of 45o ft. The pole diagram will be as
in Fig. 4 and from Table 5 the sag
10.04 ft. The total height of the pole
allowing 7 ft. in the ground will be 4o
ft. The wind pressure per foot of conductor =0.667 (0.396+0.75)=0.764 lb.
Bending moment due to top
conductor = 45o X 0.764
=11,603 lb.-ft.
X 33.75
Bending moment due to lower
conductors = 2 X 450 X 0.764
X 31
=21,316 „
Bending moment due to pole assuming an average diameter
33
Ioi „
of Dar = 33 x — x —xo= 3,811 „
12
Total moment =36,73o lb.
Ultimate strength of pole required
=3.5 x 36,73o =128,55o lbs.-ft.

which, by reference to a pole strength
table, requires a pole 14 in. diameter
at 5 ft. from the butt. The pole size
is therefore 40 ft. by 14 in.
A Useful Rule to Remember.
It often becomes necessary for the
erector to use a few poles somewhat
longer than the normal one for the
line, on account of obstructions,
humps in the ground, etc. Assuming
that the span has not been increased,
Fig. 7.—FIXING STAY WIRE ON H.T. POLE
BEFORE ERECTION.
a practical rule is to add I in. to the
The wire has been lapped twice around the
diameter for every 2 ft. increase in
pole and stapled and is now being made off in the
length. Thus, if the normal pole is
Post Office method.
36 ft. by 121 in. and a 40 ft. pole is
required at some position on account of
air at 122° F., which can be read from contour, the diameter of the 40 ft. pole
tables 4 and 5. Then calculate the wind should be 13 in. This rule will be found
pressure per foot of conductor, which, extremely useful in the field when setting
with the present regulations of 8 lbs. wind out a pole schedule.
pressure per sq. ft. and in. radial ice, is
equal to 0.667 (D+0.75) where D = Calculating Size of " A " or " H " Poles.
diameter of bare conductor. Multiplying
In the pole calculation given above a
the wind pressure per foot by the span single type pole has been considered, but,
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sometimes for example, on double circuit
lines it is preferable to use " A " or " H "
type poles. The method of calculating
the size is the same as for a single type pole
excepting that the bending moment due
to the wind on the pole itself has to be
multiplied by 1.5 so as to allow for wind
on the second leg and then the total
bending moment has to be divided by 4.5
if " A " poles are being used and 3.o if
" H " type, before referring to the pole
strength table. The strength of an " A "
type pole is taken as 4.5 times the strength
of a single pole of the same diameter as
one of the limbs of the
" A " pole. The strength
of an " H " type pole is
three times that of a
single pole of the same
diameter.
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In broken or hilly country the engineer
will also need to know the sag at 22° F.,
without ice and in still air, in order to
construct a " cold " templet so as to
ascertain whether uplift will occur on any
poles. The method will be explained in
a later paragraph and the sag required
can usually be obtained from the conductor
manufacturer if the engineer has not the
opportunity of going through the sag
calculation.
INSULATOR&
The choice of insulators to be used on a
line is a most important matter, as the
reliability of the line
will depend more upon
a correct decision in this
direction than on anything else. Insulators of
bad design or of poor
manufacture, or which
Sags.
are unsuited to the local
The calculation of the
conditions, will be a consags and tensions on overstant source of trouble,
head lines is a lengthy
irritation to consumers
process which we need
and loss of revenue.
not discuss in this work.
Experience, based on
Tables 4 and 5 give the
operating statistics, is
maximum sags at 122°F.
the best guide. In adin still air for the usual
dition the local condisizes of copper and steel
tions must be carefully
cored aluminium constudied in regard to the
ductors. These particular
possibilities of salt laden
sags are required in order
air, fogs, deposits from
to fix the pole height a3
factories in " dirty "
detailed in the last paradistricts, coal or cement
Fig. 8. — SHOWING STEPPED
POLE HOLE AND SKID PLANK
graph. They are also
dusts, etc. The general
FOR THE POLE BUTT TO SI,IDE
required for constructing
practice
in such areas is
DowN
a " hot " templet for
to use a larger insulator
setting out the line, as explained later than normally required but this does not
on. It frequently becomes necessary to really effect a cure. Certain special
know the sag at a span intermediate shapes and designs of insulators are now
between those given in the tables. This undergoing trials and it is hoped that
can easily be obtained within the necessary insulator troubles in " dirty " districts
practical limits of accuracy by taking the will at any rate be reduced.
sag for the nearest span in the- table, Three Main Types.
dividing it by that span squared and
Insulators are of three main types, pin,
multiplying it by the square of the new
span. For example, the sag for .05 sq. in. suspension and straining insulators.
steel cored aluminium conductor on 46o ft. Straining insulators are used at all terminal
positions and at large angles. Pin type
span would be :—
insulators are used at straight line and
(Sag for 4501 x 4602
small angle positions for both II,000 and
4502
10.04 x 4602
33,000 volt lines. While pin type insulators
10.49 ft.
have proved quite satisfactory for 33,000
4502
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volts, suspension insulators are frequently
used instead and are undoubtedly superior.
However, the cost is considerably more
and single type wood poles cannot then
be used. The more important 33,00o volt
lines employ suspension insulators on
steel towers.

contact with the porcelain. The shoulders
of insulator pins are flatted on two sides
so as to take a spanner. The pins should
be erected with the flats parallel to the
crossarm in order to develop the full
strength of the pin.

Pin Type Insulators.

Suspension insulators are of two main
types—cap and pin type and Hewlett type.
The cap and pin type has gained great
favour in recent years and is now almost
exclusively used. One unit 71 in. diameter
will give satisfactory service under normal
conditions for ii,000-volt lines. For
33,000 volts, two 10 in. diameter units in
series will give the required test figures,
but three units are more general practice.

Pin type insulators are available in two
standard strengths of pin having elastic
limits of 1,000 lbs. and 2,000 lbs. respectively. Allowing for the safety factor of 21
these correspond to working loads of
400 and 800 lbs. The 1,000 lb. pins are
used at straight line positions and in some
cases very small angles, while the 2,000 lb.
pins are used for slight and medium

Suspension Insulators.

Fig. 9.—H.T. POLE IN POSITION.
The linesman is plumbing and lining up the pole and the gin pole is being carried to the next
position.

angles. A slight angle pole is usually
defined as a pole fitted with one 2,000 lb.
pin per conductor and the deviation it
will take depends on the span, conductor
diameter and conductor tension. A
medium angle pole is a pole fitted with
two 2,000 lb. pins per conauctor, bothbeing
in line with the conductor, so that they
share the load. Insulator pins should be
fitted with a resilient thimble, or its
equivalent, so that the steel pin is not in

Suspension insulators are fitted with a
suspension clamp, the most recent design
of which is the trunnion clamp. This
clamp is attached to the insulator string
by means of pivots on alevel with the centre
line of the conductor and the bad effects of
conductor vibration are very much reduced.

Straining Insulators.
Straining insulator units are identical
with suspension insulators and the cap
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Fig. I0.—ERECTING E.H.T. POLE—FIRST STAGE.
Showing pole lifted on to trestle, gin pole erected and men ready to pull up.

Fig. II.—ERECTING E.H.T. POLE—SECOND STAGE.
The gin pole is being pulled down by the rope blocks and the H.T. pole consequently goes up.
Men on the side guys steady the pole laterally.

Fig. I2.—ERECTING THE E.H.T. POLE—THIRD STAGE.
The pole is now almost up and the gin pole has moved along and is merely_ floating on the
pulling rope.
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and pin type is in general use. As the
insulator string is used in a horizontal
position the fittings for attaching it to the
crossarm are different and, of course, the
clamp is different as it has to take the
full tension of the conductors. Plate type
clamps are generally employed but cone
type clamps and snail clamps, whilst
more expensive are being increasingly
used on account of their better qualities
from the point of view of vibration. The
number and diameter or units necessary
are the same as for suspension insulators,
although an additional unit is generally
a good investment. For 33,000 volts,

of porcelains can then be taken packed
to the pole position and it is not necessary
to cart or carry unpacked units at all.
This will save considerable labour in
handling and reduce the number of breakages to a minimum. The crossarm fittings
and the clamps will, of course, be packed
separately to the insulator units.
SURVEYING THE LINE.
Consider now the procedure to be
adopted when the engineer is instructed
to erect an E.H.T. overhead line. He
will be furnished with a plan showing the
approximate route of the line and the
terminal positions and often
certain angle
positions will be
definitely fixed
for him.

Using a
Theodolite.
The first thing
to do will be to
strike a line
across country
with a theodolite, driving in
wooden pegs at
suitable intervals
so that the route
can be located
later when the
time comes for
putting in the
pole pegs. The
pegs should be
about 3 ft. long
by 2 in. square.
Fig. I3.—RIVETING COPPER BOND ON TO EARTHPLATE BY MEANS OF DRIFT
PINS.
During this work
The bond has been sweated to the earth wire, which is stapled to the pole.
trees which will
need felling or
three 10 in. units are almost invariably cutting are painted with a cross and the
adopted.
owners' permission must later be sought.
Delivery of Suspension or Straining
Insulators.
Whenever suspension or straining
insulators consist of three or more units,
arrangements should be made for the
complete number of units forming a string
to be assembled, packed and despatched
in one open sided box. The complete set

Taking Levels.
The route is then walked through,
taking levels with a dumpy level so that
a profile plan can be made. Over flat
country this step can be omitted, but
over hilly or broken ground the profile
plan is practically a necessity, saving
considerable time and money and avoiding

TABLE IV.
SAGS AT 122° P. IN STILL AIR FOR E.H.T. COPPER CONDUCTORS WHEN COMPLYING WITH REGULATIONS EL. C. 53.

Strand.

Max.
Wkg.
Tension
lbs.

Sag in Feet at 122° F. for Spans of

150'

180'

210'

240'

300'

330'

350 '

375'

400'

450'

goo'

550'

600'

.025

3/.104

759

2.99

3.20

4.65

6.31

10.33

12.67

14.35

16.60

19.00

__

__

__

__

.04

7/.086

1,224

1.20

1.92

2.83

3.90

6.55

8./1

9.23

10.72

12.32

15.83

-

-

-

.05

3/.147

1,457

1.20

1.86

2.66

3.66

6.07

7.56

8 .58

9.95

11.35

14.56

18.16

__

--

.o6

3/.161

1,728

1.13

1.71

2.44

3.31

5.43

6.69

7.60

8.81

10.10

12.96

16.15

19.68

--

.075

3/.180

2,125

1.06

1.60

2.24

3.00

4.85

5.95

6.75

7.80

8.93

11.42

14.22

17.31

20.7

.10

7/.136

2,936

.92

1.34

1.84

2 .44

3.87

4.74

5.35

6.18

7.06

9.01

11.19

13.60

16.26

.125

7/.152

3,616

.91

1.32

1.80

2.35

3.68

4.46

5.02

5.77

6.56

8.32

10.28

12.45

14.83

.15

7/.166

4,263
_---

.92

1.31

1.78

2.31

3.58
__

4.31

4.84

5.54

6.29

7.93

9.75

11.77

13.97

.175

7/.180

4,969

.92

1.31

2.77

2.29

3.51

4.22

4.72

5.40

6.16

7.65

9.38

11.28

13.35

.20

7/.193

5,635

.94

1.33

1.78

2.29

3.49

4.17

4.65

5.31

6.00

7.49

9.15

10.97

12.96

.25

7/.215

6,897

.95

1 .34

1.78

2.28

3.45

4.11

4.58

--

--

--

.30

19/.144

8,687

.88

2,25

1.66

2.08

3.22

3 83

4.27

__

__

.40

19/.166

11,320

.91

1.27

1.69

2.16

--

-

-

- .

-

-

.50

19/.285

13,860

.93

1.30

1.72

__

-

___

__

.6o

37/.144

26,920

.87

1.22

1.62

.75

37/.162

21,080

.89

1 25

1.65

__
-

-

__

__

--
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Area
Sq. in.

H

TABLE V.
SAGS AT 122' F. IN STILL AIR FOR E.H.T. STEEL CORED ALUMINIUM CONDUCTORS WHEN COMPLYING WITH REGULATIONS EL. C. 53.

Maxm.
Stranding.

Area
Sq. in.

Working

Sag in Feet at 122° F. for Spans of

Tension.
Aluminium.

Steel.

lbs.

300'

35o'

375'

400'

450'

500'

55o'

600'

750'

900'

1,000'

__

.025

6/.0935

1/.0935

1,090

6.83

9.89

11.39

13.13

16.96

21.2

25.9

31.1

49.3

.04

6/.118

1/.118

1,704

4.34

6 .37

7.52

8.74

11.43

14.44

17.78

21.4

34.4

50.0

--

.05

6/.132

1/.132

2,053

3.86

5.62

6.62

7.69

20.04

12.68

15,59

18.79

30.1

43.9

54.4

.o6

6/.144

1 /.144

2,443

3.34

4.86

5.72

6.65

8.71

11.02

13.59

16 go

26.3

38.5

47.8

.075

6/.161

1/./61

2,937

3.16

4.51

5 27

6 10

7.92

9.97

12.24

14.74

23.6

34.4

42.7

.10

6/.186

7/.0620

3,693

2.81

3.96

4.62

5.32

6.89

8.65

10.62

12 78

20.4

29.8

37.0

.125

6/.208

7/. 0693

4,567

2.66

3.69

4.29

4.90

6.28

7. 84

9.56

11.46

18.17

26.4

32.7

.15

30/.102

7/.102

7,619

1.65

2.28

2.64

3.02

3.89

4.88

5.99

7.22

11.57

17.20

21.5

•175

30/.110

7/.110

8,861

1.62

2.23

2.57

2.93

3.76

4.68

5.72

6.87

10.99

16.11

,").1

.20

30/.118

7/.118

10,197

1.59

2.18

2.51

2.87

3. 65

4.54

5.53

6.61

10.49

15.28

18.89

.25

30/.132

7/•132

12,35o

1.67

2.28

2.6,

2.95

3.76

4.63

5.6o

6.66

10.39

14.93

18.42
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the wasteful use of materials. The
engineer with one chainman and a car to
get about with can survey a line and
prepare the profile plan at an average
rate of one mile per week in easy country.
Suitable scales for the profile plan are
horizontal 200 ft. = 1 in. and vertical
20 ft. = i in. Fig. 1 shows the engineer
setting out the line.
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any two points we like to select on the
curve. Draw a second curve called the
clearance curve 20 ft. (to scale) below the
conductor curve. Draw a third curve,
called the ground line curve, at a distance
below the first curve equal to the height
of the bottom conductor above ground
at the pole. This completes the " hot "
templet.

Hot and Cold
Templets.
The positions of
terminal and angle
poles are now
marked on the profile and a " hot "
templet on thin
tracing cloth to the
same scales as the
profile is made in
order to ascertain
the positions and
heights of the
intermediate poles.
To construct the
" hot "
templet,
write down a table
Fig. 14.—VIEW LOOKING INTO STAY HOLE.
of spans and sags
Showing channel cut in ground to take the stay rod. Notice that the
based on the normal
hole has been undercut and the block let in, so as to improve the resistance
span and sag for
to pulling out.
which the line has
been designed: Such a table for 0.05 sq. Using the "Hot Templet.
in. steel cored aluminium conductor for
To use it, place it over the profile plan
450 ft. normal span would be :—
with the ground line curve cutting the
profile at pole number 1. Move theSpan.
Sag.
templet until the clearance curve just
touches the profile but does not cut it,
1,000 ft.
49.58 ft.
still keeping the ground line curve on
800 „
31.73 „
600
pole number one. Then, where the
17.85 „
500
ground line curve cuts. the profile at a
12.40
second position, mark pole number 2.
10.04
450
400
This pole will be normal height. If for
7.93
300
some reason it is desirable to place pole
4.46
200
1.98 „
number two at any other position, the
increase or decrease in its height will be
The sag for the normal span of 45o ft. is equal to the space between the ground line
taken from Table 5 and the other sags are curve and the profile at the desired pole
proportional to the square of the span ; location, the templet being placed on the
profile in exactly the same position as
X 6002
thus the sag for 600 ft. — 10.04
already described. Fig. 5 shows the
4502
templet being used.
Plot these sags on thin tracing cloth and
we get a curve representing to scale the A " Cold" Templet.
position the conductor will assume between
If a pole is placed at a much lower
PI

IP
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Fig. 15.—WIRE DRUMS MOUNTED ON FRAMEWORK AND CONDUCTORS BEING PULLED OUT.
Note planks being used for braking to prevent drum over-running. (Johnson and Phillips, Ltd.)

level than the adjacent poles on each
side, there will be uplift on the low pole,
i.e., the conductors, if not restrained by
the insulators, would be some distance
above them. This point must be watched
as the poles are marked on the profile and
to check for uplift construct a " cold "
templet similar to the " hot " one, but
using the sags at 22° without ice or wind.
Only one curve need be drawn however.
Place the " cold " templet on the profile
so that it cuts the latter at both of the
high pole positions. If the templet is
below the profile at the low pole position,
there will be no uplift, but if it is above,
there will be an uplift equal to the difference. It will then be necessary either to
increase the low pole height by this
amount, find new positions for the poles
in that area or use straining insulators
and possibly stays on the low pole.
Preparing a Pole Schedule.

After all the poles have been located on
the profile the spans should be scaled and
the positions should be marked on the
route plan and a pole schedule prepared.
This pole schedule will prove very
valuable to the engineer for making out
requisitions for materials, for watching
progress and for a permanent record of
the work, and should be in the form of a
table, thus :—

role
No. Span.
I
408'
2

448'
3
450`
4

5
6

450
448'
45 1'

7
8

Type.

442'

Size.

Deviation. Stays.

..

38' x izr

—

2

Straight line

4o' x 12r.

—

—

Straight line
road crossing
..

4o' x 12r

—

—

Straight line
road crossing
..

40'

—

—

Slight

40' X

Terminal

angle

Straight line

X I2r
I2r

8°

20'

42' X 13

—

Straight line

40' x 12r

—

Straight line

4o'

—

*

X 121,

—

—

Pegging Out.

The next step is to walk through the
route, chaining off the spans from the pole
schedule and driving in a pole peg at each
position. The earlier pegs put in during
the survey should be removed at the
same time, but as it is easy to overlook
some, the new pegs should have a splash
of paint near the top so that no confusion
will arise later. It will be necessary to
modify some of the pole positions slightly
where local obstructions are found, such
as gates, farm tracks, hay stacks, etc.,
and the pole schedule and profile plan
should be amended to correspond.
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Fig. 16.-PULLING CONDUCTOR UP TO TENSION BY MEANS OF DYNAMOMETER AND ROPE BLOCKS.

POLE ERECTION.
The poles having arrived at the station,
four men will be needed .to transfer them
from the truck on to the lorry or timber
wagon. Whenever the site conditions
permit it, a six-wheeled 4o-cwt. lorry
should be used for preference, as it can
take the poles right up to the pegs. When
it is not possible to take the lorry right
through to the pole positions owing to
cultivation, soft or broken ground surface
or obstructions such as dykes or frequent
hedges, the poles must be unloaded at the
nearest hard road and man-handled to the
pegs. There are several methods of doing
this, but the most useful will be to use a
two-wheeled pole bogie with 4 in. wide
Delivery of Poles.
wheel flanges. The pole is placed in a
All poles should be deeply stamped on U-shaped bend in the axle and either
the butt with the pole number, so as to pulled by men on a rope or by a horse,
ensure they are correctly placed along the two or three additional men being necessary
route. It is essential that each consign- with large poles to balance and guide
ment is for a consecutive number of poles. the pole by means of short ropes. It is
so as to avoid expensive handling charges sometimes economical to employ a local
on site. Deliveries of poles will usually cartage contractor or the railway company
take three to four weeks and it should be to move the poles from the station to
arranged that steelwork, insulators, earth- the site, the engineer supplying the
plates and the small pole materials arrive necessary rough labour for loading and
at the same time. It is important unloading.
Excavating
that the poles
the Holes.
-.10amilt11111110,1
kw1111q111111/"0
be consigned to
4
"'
stations
railway
Get all the poles,
where there is a
which have been
crane to unload
delivered, on to the
2
11"‘
5\
them, if at all Fig. 17.-SPECIAL HIGH STRENGTH BIND FOR peg positions before
possible.
starting the actual
LONG-SPAN WIRES.
Wayleaves.
Small plans have now to be prepared for
each landowner along the route showing
the position of the line, poles and stays
on his property. These plans attached
to the wayleave agreement form must be
presented to the owners and a signature
obtained. It is assumed that enquiries
were made and provisional agreements to
grant wayleaves were obtained when the
line was first placed on the route plan
and before the survey work commenced.
When all wayleave agreements have been
signed and not before, requisitions for the
necessary materials have to be made out
and passed to the buying department.
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out, the eight men will be employed to erect the pole and
slide it into the hole. Move the
pole until its butt lies over the
hole and in order to prevent
the side of the hole falling in,
place a substantial plank vertically opposite the pole butt, as
in Fig. 8. Lift the pole top and
place a trestle underneath the
pole, and as the pole goes up
move this trestle nearer the
hole. By means of ladders push
the pole top higher, letting the
butt slide down the plank. At
,the same time, a man on each
of the two side guys will keep
the pole steady laterally and
two men on a third guy rope
will be pulling in line with the
pole and so assisting to get it
raised.
When the pole gets about
half-way up, these men will
become very effective and the
ladders of very little use. The
lifting of the pole from this
position gets easy and one of the
men from the ladders should take
Fig. 18.-STRAIGHT LINE ROAD CROSSING POLE ON
over the fourth guy rope, which
I I,000-VOLT LINE.
has been hanging loosely from
Showing guarding, comprising duplicate insulators,
bridles and- earthing bracket. (Johnson and Phillips,
the pole top. At this stage
Ltd.)
the men on the side guys must
be careful to keep them tight,
pole erection, so that the work can proceed so as to prevent the pole from falling
smoothlrand without frequently changing sideways.
the men from one job to another. Then
detail some of the men, the number de- Dropping the Pole in the Hole.
The pole will now readily drop into the
pending on the size of the job and the
progress speed required, to excavate the
holes. One man can get out one pole hole
per day, unless rocky ground is encountered, and as a guide to the number
of men to employ, six excavators will
enable an average speed of one mile of
line per week to be completely finished.
The holes should be marked out by the
foreman so as to avoid wasteful excavation.
Two more men will be detailed for fitting
up the poles with their steelwork, insulators and earthing wire, as in Figs. 6 and 7,
and putting on four temporary guy ropes.
Erecting the Pole.
When the poles are ready and the holes

Fig. 19.-MCINTYRE JOINTS ON 0.1 SQUARE
INCH EQUIVALENT STEEL CORED ALUMINIUM LINE.
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hole ; it mast be barred and
rocked into dead alignment with
the rest of the poles by sighting
through, see Fig. 9. Plumb the
pole upright and see that the
crossarm is exactly square to
the route, excepting at angle
positions, when the crossarm
should split the angle. Tighten
the temporary guy ropes and fill
in the hole. Terminals and
angle poles should be set with a
slight backward rake so as to
allow for the pole pulling over a
little when the conductors are
tensioned. Terminal poles will
have a much better appearance
if, when the line is complete,
they still have a backward
rake of about 4 in. in 4o ft.
Nothing looks so bad, or gives
such an appearance of weakness,
as an angle or terminal pole
leaning inwards.
Falling Gin Pole Method.
Another method of erecting
tne poles is to use a falling gin
pole, as shown in Figs. 10 to 12.
This method is particularly suited
to heavy poles. Lay out the
H.T. pole with the butt over the
hole. Erect the gin pole close
Fig. 20 ---E.H.T. POLE USED ON NORWICH RURAL ELECby and fix a guy between the
TRIFICATION SCHEME.
tops of the H.T. and the gin
Note the sloping crossarms so as to avoid bird faults.
poles. Fix four temporary stays
(Johnson and Phillips, Ltd.)
on the H.T. pole and a pulling
rope on the gin pole. Lift the H.T. pole temporarily guyed and remains standing.
on to a short trestle, as in Fig. 1o. By The pulling rope, instead of being fixed
pulling the gin pole over, the H.T. pole to the top of the gin pole, passes over it
will be lifted and Fig. II shows the second on a roller.
stage of the work, with the pole nearly
half-way up. The side guys must be kept Stability of the Pole.
taut during these operations. Fig. 12
The stability of the pole will depend on
shows the n6xt stage, when the pole is the way the backfilling is done and if
almost up, and it will be noticed that maintenance work in replumbing the pole
the gin pole is now doing no work and is to be avoided the backfilling must be
has moved away from the hole. When done very thoroughly and conscientiously.
the pole is up, the four temporary guys Two men punning to one shovelling will
support it, as in Fig. 9, and after lining assist in this direction. When the backup are tightened as before.
filling has been completed. the level of the
A further method can be used for disturbed soil should be four or five inches
erecting heavy poles which is generally higher than originally, in order to allow
similar to the above, excepting that the for settlement. See that the ground
gin pole is not pulled over. Instead it is slopes away from the pole itself, so as to
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Fig. 2I.—EXCAVATION FOR STRAIGHT LINE TOWER ON 33,000-VOLT LINE.
Notice that the surveyor's peg has not been disturbed.

ensure that water will not remain around
the pole. Replace any turf which has been
removed, so that the surface has its
original appearance as near as possible.
Spread or cart away all surplus soil and
be particularly careful to remove any
chalk which has been excavated, so as to
avoid complaints about spoiling the
countryside.

Foundation Details.
When the line was designed, foundation
details would have been specified, assuming
normal good ground. For medium size
poles, up to 40 ft. long overall, planting
6 ft. deep in the ground will be satisfactory. An extra 6 in. in depth should
be given for every 5 ft. increase in the
length of the pole. For stout and extra
stout poles up to 4o ft. long, the pole may
either be planted 6 ft. deep and fitted
with two kicking blocks, or else planted
7 ft. deep without kicking blocks. The
former arrargement is the superior one,
but is rather more expensive. However,
the writer has erected many hundreds of
miles of lines with the spans recommended
earlier with entire satisfaction when poles
have been planted 7 ft. deep.

Kicking Blocks.
When kicking blocks are used, the

usual arrangement is to fit a 2 ft. 6 in. by
8 in. by 4 in. block just above the pole
butt and a 4 ft. by 8 in. by 4 in. block
approximately half-way down the hole.

Replumbing.
It will sometimes be found necessary to
replumb a few of the poles if heavy gales
are experienced within three or four
months of the poles being erected, and it
must be realised that the ground will not
have consolidated until at least six months
have passed and a winter's rains have
fallen.
At terminal and sharp angle positions
a small base block, say 2 ft. 6 in. by 8 in.
by 4 in., should be placed beneath the
butt of the pole when using the higher
tensile strength conductors, so as to
provide sufficient bearing area to prevent
the pole sinking in the ground due to the
effect of the stays.

Foundation Blocks for Soft Ground.
If the ground is of a soft or marshy
nature, additional foundation blocks, or
else concrete, should be added to the pole.
In bog or peat, some form of bog shoe or
timber raft will be necessary. The raft
should be made of 2 in. creosoted timbers
battened together by 8 in. by 4 in. baulks
and bolted to the pole, say, 12 in. below
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33,000-VOLT LINE.
The stubs are guided by ropes at each corner.

22.—LIFTING STUBS FOR STRAIGHT LINE TOWER ON

the ground surface. The raft should be
braced to the pole butt by means of " V "
shaped angle irons. A typical size of raft
for a single circuit pole would be io ft. by
6 ft., but the size necessary depends on the
safe bearing pressure of the ground.
Cutting and Drilling.
All cutting and drilling of the poles
should be done before the pole is creosoted,
but it will generally be necessary in a few
cases to cut the pole on site for additional
foundation blocks or for additional line
fittings. When this has to be done, treat
the cut portion with a mixture of one
part of tar and two parts of creosote.
BORING POLE HOLES.
Under certain conditions considerable
economy and increase in speed can be
obtained by boring the pole holes with a
petrol boring machine, instead of digging
the holes by hand. A very suitable
machine which is used by at least -two of
the large .overhead line contractors is the
Buda borer. This machine comprises a
12 h.p. petrol engine, geared to a vertical
spindle fitted with a drilling helix at the
bottom. Various types of cutters can be
quickly bolted on, suitable for ordinary
soil, hard stony ground, chalk, root
cutting, etc. The helix has a shutter
which will pass stones up to 4 in. in size

and, if larger stones are encountered, they
are removed by a bar and spoon. Holes
can be drilled in almost any type of
ground, except rocky, and will not fall in,
Time Taken with Buda Borer.
The average time occupied in actual
drilling, excluding the time occupied in
pusitioning the machine, is not more than
five minutes for a 22 in. diameter hole
7 ft. deep, and two men only are needed
for the operation. The machine is mounted
on a frame on two large diameter iron
or rubber tyred wheels and two small
pivoted wheels. It can be towed along
behind a lorry for transport from site to
site. The weight is under a ton and on
hard ground and easy slopes one horse
can move the borer from hole to hole.
However, on heavy clay two or even three
horses are sometimes required in winter
and it may be cheaper to dig the holes by
hand.
Points to Consider.
Three other considerations affect the
question of whether to use a borer. If
the route is mostly over crops, objections
will be raised on account of the damage
done. If the country is broken up into
small fields by means of hedges or dykes,
the cost of moving from peg to peg will be
heavy. If the length of the line is small,
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the number of poles may not be sufficient
to stand the cost of transporting the borer
from the last area where it was used. If
the journey takes a day, a minimum of
about fifty poles will be required to make
it pay.

Average Rate of Progress.
Allowing for delays in moving the borer
from peg to peg, a reasonable average
progress will be to drill eight to ten holes
per day, but in favourable situations
fifteen to twenty holes per day can be
attained.
When using a boring machine the
survey work must be particularly accurate

to have a certain maximum diameter at
the butt. The butts must also be true
and central with the pole axis. When
erecting the poles into bored holes, a
curved sheet iron plate is used for the
pole butt to slide down, and the top of
the hole for about i8 in. deep is sloped
away on one side to give the pole a start.
The actual lifting of the pole can be
carried out exactly as already described
for hand excavated holes.

Ramming the Surplus Earth Back.

To complete the work the surplus earth
is put back in the hole a little at a time
and rammed by means of special rammers.
These rammers
consist of a in.
gas tube with an
i8 in. wooden
crosspiece at the
top for a handle
and fitted at the
bottom with a
crescent -shaped
iron block 6 in.
deep and tin.
maximum in
width.
Very
satisfactory results can be
obtained, and
as the amount
of earth to replace is exceedingly small the
time occupied is
very little. As
Fig. 23.—LEVELLING THE STUBS BY MEANS OF TEMPORARY LEVELLING RODS
ON THE STUB ANGLES.
with hand excavated holes,
Adjustment is made by ropes and turnbuckles from the grillage plates to
timbers across the corners of the hole.
the backfiffing
of the hole
because it will not be possible to move should be done in a very thorough manner
in order to avoid maintenance work at a
poles much in order to line them up.
later date. It may be said that foundaSize of Helix to Use.
tions using a bored hole are generally
The writer recommends using a helix superior to those obtained Dy hand exwith a diameter of 6 in. or 7 in. greater cavation, owing to the small amount of
than the nominal pole diameter ; the soil disturbed.
helix will drill a hole 2 in.' larger than its
EARTHING.
diameter and there will then be 4 in.
The Electricity Commissioners' regulaclearance all round to allow for alignment
and ramming. When it is intended to tions stipulate that a continuous earth
bore pole holes, curved earthplates must wire shall be run from pole to pole and
be used and the poles must be specified connected to an earthplate four times in
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every mile, or alternatively an earth plate
shall be installed at every pole. With
the long spans now used individual earthing
at each pole is cheaper by approximately
5 per cent, and for this reason it is adopted
whenever possible for lines where low
price is an important consideration.
Individual earthing cannot be adopted,
however, where good earths are difficult
to obtain, such as in rocky ground or
sandy soil. A continuous earthwire is of
great value in reducing the number of
lightning troubles, but it should be erected
above and not below the conductors.
In the right position it will reduce lightning
voltages on the
lines by approximately 5o
per cent.
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fitted to the plate in the stores during
bad weather. A creosoted wood guard is
fitted for a distance of 8 ft. up the pole
to protect the earth wire from theft or
damage. Wide rectangular staples are on
the market for fixing this guard and are
cheaper and quicker than using screws.
When a continuous earth wire is used, the
steelwork on poles, where earth plates are
not fitted, should be bonded together
and to the continuous earth wire by a
No. 8 S.W.G. galvanised iron or copper
wire. A Crosby clip is the usual method of
connecting the bonding wire to the earth
wire.

Galvanised Cast
Iron Plates.
Usual practice
in this country
is to employ
galvanised cast
iron plates i ft.
6 in. square by
in. thick for
earthing. Little
is gained by galvanising t h e
plates, and black
plates (not oiled
or painted) are
gradually coming into favour.
Special attenFig. 24.—SHOWING HOW ENCASING CONCRETE IS FIXED OVER THE STUB
tion is being
( Johnson
STEELWORK TO PROTECT IT FROM CORROSION NEAR GROUND LEVEL.
paid to the
and Phillips, Ltd.)
advantages of
STAYS.
in. to i in.
using earth pipes of
With the higher tensile strength condiameter by TO ft. long, driven into the
ground and the investigations indicate ductors now being used, the overhead line
that they are superior to the more popular engineer must give special attention to the
size and position of the stays required
earth plate.
at terminal and angle positions. These
Fitting the Earth Plate.
details will generally be stated when the
The earth plate should be fitted with a specification for the line is got out, but
double-ended copper bond with drift pins. if not, they can easily be calculated.
See Fig. 13. A bonding wire of No. 4 Wherever possible, and particularly at
S.W.G. soft copper should be sweated to terminals, the stays should be fitted at
the bond and connected to all the pole a slope of 45°.
steelwork. The bonding wires can be A Simple Formula.
Based on this slope and a safety factor
cut to length and sweated and the bond
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of 2.5, the ultimate strength, T, in lbs.
of the stays on a terminal pole is given
by the following simple formula :—
T=2.5 x 1.41.4 x P.
Where P=total maximum working tension in lbs. of all conductors and earth
wire (if any).
The maximum working tension of the
conductors is given in Tables IV and V
and the tension in the earth wire can be
taken for this purpose as equal to the
conductor tension. It is then necessary
to choose a number of stays of such
strength that their total strength is equal
to T. The engineer must be careful to
see that the stay rod is long enough to
allow the stay block to be planted at
sufficient depth to prevent it pulling out
of the ground. The weight of earth, which
the stay tends to pull up must, in fact,
equal the ultimate strength of the stay.
Stay rods are generally 16 in., lin. or in.
in diameter and the size of wire, length
of rod and depth of planting to permit
them to be used to their maximum strength
are given in Table VI below.

Calculating Number and Size of Stays.
To calculate the number and size of the
stays required tor an angle position, use
the above formula, but instead of P being
taken as the total working tension, it must
be taken as the sum of the wind loads and
the deviation loads of all the wires.
Fitting the Stays to the Poles.
Stays are fitted to the poles before the
latter are erected, the hole should be
carefully marked out and when at the
correct depth it should be undercut so
that the block will bear against undis-

Fig. 25.—ERECTING THE STEEL TOWER PIECE
BY PIECE IN A VERTICAL POSITION.
The bottom crossarm is shown being
hauled up.

TABLE VI.
ULTIMATE STRENGTHS OF STAYS.
Stay Rod.
Diameter. I

Length.

'

8' o"
9' o"
io' 6"

Stay Wire.
Size.
S.W.G.
. 7/9
7/7
7/7

Stay Block.

Quality
Tons/
square inch.

Size.

Depth in
Ground.

40
40
55

4' X 8' x 4"
4' x 8" X 4"
4' x 8" X 4"

4' 6"
5' 3"
6' Cr

Ultimate
Strength.
Lbs.
10,220
15,250
21,000
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turbed soil, as indicated in Fig. 14. A
narrow sloping trench is then cut to take
the stay rod and great care must be taken
to see that the rod is in a direct line with
the position of the stay wire on the pole.
The stay wire should have been cut to
length in the stores and made off on to the
bow at one end. This is another bad
weather job which will help to keep down
the costs of erection. Lap the
stay wire twice around the pole
as near to the centre of loading
as possible and staple it there to
prevent it slipping, as in Fig. 7.
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ber. Staple them to the wire and bow
and lash them top and bottom with four
turns of No. 8 S.W.G. galvanised iron
wire. Starting 8 ft. from the ground,
wrap barbed wire around the stay for a
distance of 4 ft., binding it top and bottom
and at two intermediate places. Paint the
cut ends of the stay wire with bitumastic
paint and the thread of the stay rod with a

How Stay Wires Are Made Off.
Stay wires are made off in two
ways. The first method is the
Post Office one, in which the
strands are wrapped around the
stay wire and the free end, each
strand being used up before the
next strand is started on. A
special stay tool should be used
for wrapping the strands and
this method gives a very neat
and strong finish. The second
method is to clamp off the wires
by means of galvanised Crosby
clips. Three clips are required
at each end and this methoa is
generally cheaper than the other.
With 55-ton quality wire it is
very difficult to use the Post
Office make-off as the wire is too
stiff and springy and Crosby clips
should therefore be used. Space
the clips 4 in. apart and as near
the pole as possible. Draw the
stay wire up taut by means of
the nut on the stay rod and the
stays can then be left until the
conductor work is in progress.

Adjustment.

Fig. 26.—FIXING CONDUCTOR CLAMPS ON STRAIN TYPE
STEEL TOWER.
Notice the blocks on which the conductors were run out.
(Johnson and Phillips, Ltd.)

During the tensioning of the
conductors, make any small adjustments
to the stays which may be necessary in
order to keep the poles plumb or
with a slight backward rake. When
the conductor work has been completed,
fit creosoted cattle guards over the
rod and bow of all stays, except those
in hedges. The guards should be 6 ft.
long by 6 in. diameter, half-round tim-

mixture of tar and tallow and the stay is
complete.
Using Two or More Stays.
When two or more stays are necessary
in one direction on a pole, spread them
slightly so as to get 7 ft. or 8 ft. spacing
at the ground line. If this is not done,
both stays will be pulling on the same
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piece of ground and the foundation will be
no stronger than a single stay. At sharp
angle poles fitted with straining insulators,
fit one stay called a line stay, in each
direction in line with the conductors and
one or two as necessary opposite the
resultant of the angle in the line. The
line stays are not absolutely necessary
on a completed line, but will hold the line
and limit the damage should any of the
conductors get broken. Line stays are,
however, absolutely necessary when erecting the conductors and if they are not to
he fitted, temporary stays must be fixed
during this work. The writer recommends
therefore that they be permanently
installed.
Conductor Drum Lengths.
When requisitioning, the engineer must
state the lengths in which he wishes the
conductors to be delivered. Conductors
may either be delivered in various lengths
corresponding to the section distances
between straining insulator poles, or they
may be delivered in standard manufacturing drum lengths in which case all
d - urns will be the same excepting the last
three, which will each contain a shorter
length in order to make up the total length
required for the line. The writer strongly
recommends the use of standard drum
lengths. If section lengths are used,
any alterations to the route (and some
generally occur in order to suit landowners
or tenants' wishes) may mean that three
or six drums of conductor will be too
short and new lengths will have to be
ordered. This will delay the conductor
work at that position and it will be
expensive to shift men back when the new
drums arrive.
Why Standard Drum Lengths Should be
Used.
Even if no alterations take place there
will be a short surplus length left over
from each drum and these lengths will be
u3eless. On the other hand, if standard
drum lengths are used, all surplus conductor will be in three lengths only, from
the last drums, and these lengths will be
suitable stock for maintenance purposes.
A further advantage of using standard
drum lengths is that slightly lower manu-

facturing costs result, as with section
lengths the manufacturer has to scrap
the difference between the standard and
the section lengths.
One further point : appreciably less
total length of conductor will need to be
ordered when using standard lengths.
The reason for this is that when deciding
on the lengths to be ordered, an allowance
has to be added to the route lengths to
cover sag, jointing and inaccuracies in
measurement. A much smaller allowance
can safely be worked to when using
standard lengths, as the inaccuracies will
balance out over a long route, any short
measuremcnts on one portion of the line
being balanced by overmeasurement at
other places. As the consequences of a
section length being too short are so
expensive a margin on this account has
to be added to each drum when section
lengths are used, but this is not necessary
with standard lengths.
The route lengths will he obtained from
the pole schedule previously mentioned
and 2 per cent. should be added if using
section lengths, or r per cent. if using
standard drums. For conductors up to
and including o.r sq. in. section, lengths
from one mile to 2,000 yards can easily
and economically be handled on wocd
pole lines.
Running Out the Conductors.
Considering now the erection of the
conductors, it will generally be necessary
to move the drums from the station to the
local stores until they are required. A
second cartage has then to be done to get
the drums on to the site. Unloading the
drums does not present any great difficulty,
as their diameter and weight are comparatively small. Erect behind the lorry
a runway of timber baulks and planks and
slowly let the drum move down by means
of a wire rope anchored to the front of
the lorry platform and passing under the
drum over the top and back again.
Arrange this work so that, if possible, the
drum will be in the position required
without further shifting.
Mounting the Drum on a Wooden Frame.
The next step is to mount the drum on a
substantial wooden frame ready for
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running out. Make the sides of the frame
sloping so that the drum can be easily
rolled up into position clear of the ground,
as shown in Fig. 15. Mount the other
drums alongside in a similar manner and
remove the battens. The actual conductor
erection may be divided into three sections
—running out, tensioning and binding or
clamping to the insulators. Before the
conductors are rim out, running blocks
must be fixed to each pole. These blocks
should have wood or wood-faced sides
and a lignum-vitae wheel, not less than
8 in. diameter, running on ball bearings.

Fig.
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is passed over the running block. This
is the usual method and can seldom be
improved upon. The drums shown in
Fig. 15 each contain 3,000 yards of o.1 sq.in.
equivalent steel-cored aluminium (special
conditions existed), and 24 men were able
to pull out this long length economically.
For shorter lengths or smaller conductors
the number of men required would be in
direct proportion. For very heavy conductors or when the country is not broken
up by frequent hedges and obstructions,
a horse can be satisfactorily used instead
of the large number of men.

27.—VIEW OF COMPLETED 33,000-VOLT STEEL TOWER LINE WITH 0.I SQUARE INCH EQUIVALENT
STEEL CORED ALUMINIUM CONDUCTORS ON 600 FEET SPANS.
(Johnson and Phillips, Ltd.)

The design of the block should receive
special attention, so that it can be easily
attached to the pole or crossarm and the
conductor quickly removed and transferred
to the insulator. Fix the blocks so that
the conductor will, if possible, be on the
same level as when attached to the
insulator, so as to avoid lifting when
transferring.

The Usual Method of Running Out.
Three methods may be used to run out
the conductors. They may be pulled out
by a number of men walking away from
the drum with a rope attached to the end
of the conductor. At each pole the rope

Using a Light Steel Pilot Wire.
The second method of running out
consists of walking through the route
with a light steel pilot wire, passing it over
each running block. When the pilot wire
is out, splice one end to the conductor and
attach the other end to the winch on a
motor lorry geared to its engine. By
winding the pilot wire on the winch the
conductor is pulled out into position.
Good progress can be obtained with this
method, but should anything go wrong,
such as the conductor come off a running
wheel and become wedged in the side of a
block, considerable damage will be done.
The third method can seldom be used in
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Fig. 28.—PERCENTAGE PRESSURE DROP ON THREE-PHASE 400/230-VOLT OVERHEAD LINES FOR
CONCENTRATED LOADS AT 1,000 YARDS.
For evenly distributed loads divide chart reading by two. Pressure drops for other lengths are
pro rata. For small loads, such as 5 kVA , take 5okV..k. and divide by so. The loads above the
horizontal line exceed the safe carrying capacity based on 54° F. temperature rise.

this country ; it is similar to the first,
except that instead of men pulling out
the conductor, the latter is attached by a
rope to the back of a lorry, which is then
driven along the route.
When the conductor is being run out,
use a plank (see Fig. 15) as a brake on the
drum so as to keep a small tension in the
conductor and to avoid overrunning. A
code of whistle and arm signals will be
necessary and men should be posted at
intervals to watch the conductor and signal forward if
anything goes wrong.
Tensioning the Conductors.
The conductors having been
run out, pull up two conductors
together, these two conductors
being on opposite sides of the
poles and on the same crossarm. If one conductor only
is pulled up, considerable
torque is put on the straining

poles and they will be damaged or move
in the ground. Draw up the conductors
approximately to correct tension by
means of the motor winch on the lorry
and then put the final tension on by
means of a dynamometer with pulley
blocks and ropes anchored to the lorry.
Fig. 16 shows this being done. If a motor
winch is not available, the conductors
can be pulled up ana given their correct
tension by rope blocks anchored to the
pole. A stringing table must be
provided showing the tensions
and the sags over a range cf
spans at, say, 40°, 50°, 6o°, 7o°
and 8o° temperature Fahrenheit. A table is better than a
number of curves, as mistakes
are likely to be made with
Fig. 29. — " JuNo "
PATENT BRACKET FOR
the latter in taking off readL T. LINES.
ings. Tensioning of conducThe conductor
tors can only be done
weight is taken by the
accurately in comparatively
porcelain and not by
still air.
the binding wire.
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Methods of Counteracting Sag.
Experience has shown that conductors stretch after they have been
erected a short time, with the result
that the sags will increase and ground
clearance may be adversely affected.
Two methods of getting over this
difficulty can be used : either the
conductors should be pulled up to half
their breaking strength, left for about
fifteen minutes and then let out to the
correct tension. This will take the
stretch out of the wire. Or else the
conductors should be pulled up and
clamped in slightly above the correct
tension, so that as the wire stretches
during the first few months the tension
and the sags will gradually decrease
and increase respectively to the desired
figures. This method is the least
expensive and the extra tension necessary is of the order of 8 per cent.
In many cases dynamometers need
not be employed and the conductors
are pulled up correctly by measuring
the sag instead of the tension. This
method is perfectly satisfactory ana
is used more frequently than the other.
Allowance must still be made for the
stretch in the wire.
Fig.

30.—TERMINAL POLE ON

L.T.

LINE.

Checking the Sag.
Showing tails ready for extending the line at a
later date.
The conductors having been tensioned
up correctly, attach the clamp of the
straining insulator and slowly release the sag on any span, mark off down each pole
tension, so that the insulator takes up from a point level with the conductor,
the load. Now proceed through the a distance equal to the sag required and
section tensioned, seeing that running sight from mark to mark. The conductor
blocks allow free movement of the con- should just touch this sight line when
ductor and checking the sag in each span sagged correctly. Having done one conbefore binding or clamping in to the pin ductor, the others can best be sagged
or suspension insulators. To check the by viewing them from a point opposite
the centre of the span.
If bolted or snail type clamps are used
for making off steel-cored aluminium
conductors, they must either be fitted with
liners or else the conductors must be
given a wrapping of soft aluminium tape.
Binding In.
Fig. 31.—" JUNO

UNIVERSAL " PATENT BRACKET FOR L.T. LINES.

One bracket is suitable for all positions on
the line. (Johnson and Phillips, Ltd.)

Excepting on angle poles, where the
side groove must be used, conductors
should preferably be placed in the top
groove of pin insulators, so that the bind
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round the otner
side groove and
thus putting
three turns on
the left of the
insulator. Now
pass each end
of the binding
wire back to its
original side of
the
insulator
and finish off
with sufficient
turns to
cover tin. to
3 in. of conductor.
All binding
work must be
done by hand,
and pliers must
not be used.
Instead of serving the conductor with the
binding wire, a
Fig. 32.—ERECTING L.T. POLE—FIRST STAGE.
wrapping of soft
Place the pole on the handcart and tip it up. Take the weight by means of
metal tape can
a pole fork and remove the handcart.
be used. This
has the advandoes not carry the dead weight of the tage of keeping the overall diameter of the
conductor.
conductor plus chafer smaller, which may be
At this stage a very simple check can important in regard to size of the insulator
be made to see that the crossarm is groove. For steel cored aluminium lines,
exactly square to the line. Hold a small No. 9 S.W.G. pure soft aluminium binding
sheet of mirrored glass with a right-angle wire should be used and 0.05 in. by o.3 in.
cross marked on it, so that the reflection soft aluminium tape. For all other lines,
of the crossarm coincides with one of the including steel lines, use No. iz S.W.G.
lines of the cross. The conductor reflection soft copper wire and 3/ 16 in. by 18 S.W.G.
should then coincide with the other line soft copper tape.
of the cross.
" Stirrup Bind."
" Chicken " Bind.
Fig. 17 shows an interesting bind known
The most common bind is known as the as the " stirrup bind," used by Johnson
" chicken " bind. To make this bind, and Phillips, Limited, on all their E.H.T.
closely serve the conductor with soft lines. This bind is extremely strong and
binding wire over a distance equal to the is specially suited to the long spans now
width of the insulator head. This is in use. The top bind consists of a pair of
known as the chafer. Take the left-hand hard-drawn stirrups of large section,
end of the wire and pass it around one of made accurately to fit the insulator head.
the side grooves and give it three turns A soft metal chafer is put on and extends
around the conductor on the right-hand about 3 in. beyond the largest insulator
side of the insulator, dose up to the shed. The conductor and the stirrups
original serving. Do the same with the are then bound together on each side,
other end of the binding wire, taking it the two ends of the binding wires on each
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side being finished off with three or four
twists. At angle positions, where the
conductor will be in the side groove, a
single stirrup of a modified shape is used.
When suspension insulators are used on
steel-cored aluminium lines, see that the
clamps are fitted with liners, or else put a
layer of aluminium tape on the conductor.
JOINTS AND CONNECTORS.
If the conductors are delivered in
standard manufacturing drum lengths,
the latter will need to be jointed together
in the field. These joints should not occur
close up to an insulator and they must
be approximately equal in strength to the
conductor itself. The most popular tension
joint is the McIntyre, shown in Fig. 19.
It consists of an oval seamless tube of
copper or aluminium' from 3o in. to 48 in.
long, depending on the strength and size
of the conductor. In order to make the
joint, fill the tube with graphite grease
and thread the two conductor ends, which
should be perfectly clean, through it.
The second end will be difficult to put
through, so cut away all its strands
except one for a length slightly greater
than the length of the tube, thread through
and pull the conductor into position.
The tube has now to be twisted up, taking
care that this is done in the correct
direction, as otherwise the strands will
open. Grip the tube in the twisting tongs
at the centre and at one end, and gradually
turn until 4jz to 31 complete twists have
been given. Repeat for the other half
of the tube so that the finished joint has
9 to II twists. McIntyre joints are
satisfactory for all sizes of copper, cadmium
copper and steel-cored aluminium up to
o.i sq. in. equivalent and for 7/12 S.W.G.
teel and copper-cored steel conductors.
Cone Joint.
Another type of tension joint_ is the
cone joint, of which there are several
patterns available. As their name indicate s
these joints consist of two or more cones
which grip the strands with a wedge
action. They can readily be designed to
develop the full strength of the conductor
and can be used up to the largest conductor cross sections likely to be required.
The making of these joints is very simple
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but generally careful and accurate marking
and cutting of the strands is necessary.
Fill cone joints by means of a grease gun
with graphite grease, Stablex or compound
when completed.
Connecting the Tails Together.
At straining insulator poles connect the
tails together by parallel groove clamps
of gunmetal, brass or pure aluminium.
Paint the exposed ends of steel-cored
aluminium with bitumastic. Instead of
parallel groove clamps, cone clamps similar
to the tension joints (but not designed for
taking the tension) can be used, so as to
avoid exposing the core of a steel-cored
aluminium conductor.
It is extremely important that no
copper or copper alloy be placed in contact
with aluminium, or else rapid corrosion
will occur. In fact, it may be said that
all fittings, clamps and connectors must be

Fig. 33.—ERECTING L.T. POLE—SECOND STAGE.
The pole is being pushed up by the fork and
steadied by the men at the pole hole.
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the aluminium conductor can be taken
direct to the box and a bi-metallic connector on the line avoided.
GUARDING.

In order to comply with the regulations,
guards must be fitted at all public road,
canal and railway crossings. At road
and canal crossings the best method is to
duplicate the insulators, fit bridles extending 4 ft. from the insulator and of the
same material as the conductor, and erect
an earthing bracket. Fig. i8 shows such
an arrangement. Clamp the bridles by
two Crosby clips at each end and tape
the bridle and conductor to prevent
damage by the clips. Connect the earthing
wire to the bracket by means of a flag
washer and a separate earthing bolt.

Fig. 34.—ERECTING A TRANSFORMER PLATFORM AND DRILLING HOLES FOR FIXING
SWITCEGEAR.
See that a safety belt is used whenever men
are up poles.

either pure aluminium or galvanised iron
or steel. Where a copper tapping has to
be taken off to a switch transformer or
cable box, use a bi-metallic T connector,
which is fitted with an insulating washer,
between the aluminium body and the
brass socket for the tail. When the load
on the tapping is a small current one,
galvanised parallel groove clamps can be
used to connect the copper tail to the
aluminium. Pole type cable dividing
boxes can be obtained with aluminium
stems and aluminium connectors, so that

Guards for Railway Crossings.
For railway crossings the companies
usually ask for the span to be reduced
as much as possible and for duplicate
insulators and duplicate conductors to be
fitted. Bind the duplicate conductor to
the main conductor every 5 ft., the bind
extending over i2 in. Erecting the duplicate conductor is an expensive operation
as it is not possible to drop the conductor
down on to the railway to make the binds.
The writer recommends that the main
conductor be pulled up to tension and the
position of the duplicate marked on it.
Then slacken out until the marked portion
is clear of the railway, let it down to the
ground, clamping a stop on the conductor
at the adjacent pole and bind on the
duplicate conductor. Lift up on to the
running blocks again, pull into position
and tension up. Clamp off the ends of the
duplicates as you would a bridle and the
guard is complete.
Guarding is also compulsory where lines
run alongside and within 5o ft. of a public
road. For these conditions the insulators
may be duplicated and bridles fitted, or
else an earthing bracket erected.
Crossing Post Office Lines.
Where Post Office lines are crossed the
Postmaster-General stipulates that special
precautions are to be taken and has issued
regulations accordingly. The guard usually
takes the form of a cradle or mat carried
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on four independent poles. In order to
obtain a good appearance and avoid
excessive sag on the cross lacings of the
cradle, the writer uses lacings of in.
galvanised gas tubing instead of stranded
or solid wire.
Bird Guards.
A considerable amount of work has to
be done before the line can be considered
as completed. Unless some form of sloping
crossarm, such as that used for the Norwich
Rural Demonstration Scheme illustrated
in Fig. 20, is adopted which will prevent
bird faults, bird guards must be fitted to
the crossarms. Semaphite guards will be
found particularly useful for this purpose
as, in addition to being. available in
various sizes to suit the cross-arms, they
can be supplied in sheets which can be
cut and bent on site to suit awkward
shapes, such as switchgear frameworks.
Finishing Off.
After the bird guards have been erected,
screw on the danger notice and number
plate about io to II feet above ground
level. Use fibre washers on top of enamelled plates to prevent damage and also
behind danger notices, so as to keep them
clear of the pole and prevent creosote
from draining over and spoiling the
appearance. The last work to be done on
the pole is to put on the anti-climbing
guard, which should consist of seven turns
of barbed wire spaced between 8 ft. and
10 ft. above ground.
Final Check.
It now only remains to walk through
the line carefully inspecting every detail
and checking each pole against the draft
for the permanent records which should
have been compiled as the work proceeded ;
make sure
th&t all
scrap ends
of wire,
bolts, etc.
have been
Fig. 36.—" WONPEACE " SER- removed;
VICE INSULATOR FOR SCREWING see that
INTO POLE OR WALL AND
fences and
SUITABLE FOR THREE OR FOUR
(Johnson and Phil- hedgeshave
SERVICES.
been satislips, Ltd.)

Fig. 35.—VIEW OF. L.T. POLE TOP, USING
" JUNO BRACKETS FOR THE LINE CONDUCTORS.

The two-wire services are shown terminated on
" Wonpeace " insulators.
factorily repaired and pressure test the line.
In the case of very short lines up to ii,000
volts, the pressure test may be an alternating current one carried out by means of a
testing transformer, but most testing
nowadays is done by means of one of the
three or four direct current testing sets
on the market. A detailed description
of the sets and how to make the test is
beyond the scope of this article.
STEEL TOWER LINES.
Much of the work already described for
E.H.T. wood pole lines will apply to steel
tower lines and the chief differences are
emphasised in the following remarks and
illustrations.
Surveying.
The survey work must be extremely
accurate as it is not possible to check the
alignment until the towers are erected,
and should any fault be found it will be
extremely difficult and, in some cases,
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impossible, to remove and replant the
stubs. When the tower peg is planted,
two additional pegs are placed about
20 feet fore and aft, so as to provide a
local sighting line. This enables the stub
positions to be marked out later square
to the line without further use of the
theodolite.

in alignment. Level the stub now in both
directions by using temporary bars fixed
to the stub drillings and adjusting the
turnbuckles, as in Fig. 23. Partially fill
in and ram and lay any encasing concrete
to protect the steelwork near the ground
level. This is usually done for 2 ft. below
and 6 in. above ground, as shown in Fig. 24.

Tower Erection.
Towers may be erected by two methods.
In the first method they are assembled
complete in a horizontal position and
attached to two
of the stub angles
by means of bolts
or hinges. They
HSI:7410'E f•t
TYPE r
are then pulled
33000 VOLTS ""-01,
,s8 33000 VOLTS
up by means of a
07. 0
0-)
COI
falling or standing gin pole,
generally similar
to the description
given for wood
poles.
The writer's
Fig. 37.—MODERN CABLE LORRY WITH WINCH AND LONG TAILBOARD FOR
UNLOADING HEAVY CABLE DRUMS.
experience shows
that the second
and arrange to disturb the ground as erection method is more economical
little as possible. Owing to the large and in addition it eliminates any possibility
excavation volumes considerable money of over-stressing the tower or foundation
can be saved if this work is done accurately. which might occur with the first method.
Fig. 21 illustrates this point and it will be The alternative is to build the tower up
noticed that the surveyor's centre peg piece by piece in a vertical direction.
has not been disturbed. This will enable Fig. 25 illustrates a tower being erected
the original accuracy of the setting out in this way and shows the bottom crossarm
to be retained.
being hauled up into position. All tower
Fig. 22 shows the method employed for joints should be given a coating of thick
placing the stub, which may weigh six paste, such as " Stablex," before bolting
hundredweights or more, in the hole up so as to seal the joints against moisture
already illustrated. Before lowering the and prevent rusting of hidden surfaces.
stub a layer of concrete is placed in each
The conductor and other work on a
corner to prevent the edges of the grillage steel tower line differs very little from
angles sinking into the ground when the that on a wood pole line, but Fig. 26 is of
tower and conductor loads are added later. interest, as it shows the running blocks on
When the stub is in position it has to be a heavy angle tower. The position of the
lined up and levelled. To do this, the straining clamps has been marked off
four corners of the stub are now tied by and they are being fixed prior to being
ropes with turnbuckles to four timbers attached to the straining insulators. Fig. 27
placed across the corners of the hole. illustrates a section of the completed line.
A cord is run between the studs on the
L.T. DISTRIBUTION LINES.
surveyor's three pegs and the stub moved
until the centre marks on the stub Voltage.
horizontals are underneath the cord. The
The Electricity Commissioners have
tower will thus be square to the line and decided upon 400/230 volts alternating

Excavation and Stubsetting.
The stubs should next be assembled
adjacent to the pegs. Mark out the hole
or holes by means of a wooden templet
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current at 5o cycles as the standard for
L.T. public supply in this country. Most
distribution work is carried out on the
three-phase four-wire system with 23o
volts from phase to neutral and 400 volts
across the phases. A fifth wire of smaller
section is sometimes erected for street
lighting.
Single phase two - wire
lines are used whenever possible for short
branch lines with little load, but provision
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This is, of course, impracticable, not only
from voltage drop point of view, but also
from the point of view of conductor
heating. The limit has been set at ioo kVA.
simply because it is a very convenient
figure for fractionating.
The chart can be used for determining
the voltage drop for any route length
simply by multiplying the percentage
voltage drop derived from the chart for

JOHNSONAPH1111
CABLE MAKERS&
CONTRACTORS
CHARLTON . SO. KENT

Fig. 38.—LAYING CABLE BY MEANS OF DRUM WHEELS.
As the drum is moved along the cable is dropped into the trench. This method can only be used
where there are no obstructions in the trench.
should almost always be made for conversion to four-wire if found necessary at a
later date.

the kVA. and conductor concerned, by the
ratio of the actual route length in yards
divided by 1,00o.

Pressure Drop.
Pressure drop on L.T. overhead lines is an
extremely important matter, as will be
seen from Fig. 28, which shows the percentage voltage drop on three-phase
four-wire lines when carrying various loads
or currents a distance of i,000 route yards.
The diagram is based on a concentrated
load at this distance. Should the load
be evenly distributed along the route,
instead of concentrated, the pressure drop
would be half that given by the diagram.
It will be noticed that the abscissa limit
of the chart is zoo kVA. which, for the
smallest conductor, gives a percentage
voltage drop of approximately 65 per cent.

Obtaining Percentage Voltage Drop.
It is also possible to obtain percentage
voltage drops accurately for quite small
loads, as exemplified by the following :-Suppose a load of 5 kVA. is to be transmitted i,000 yards over a 0.075 sq. in.
conductor. It an attempt be made to
read this direct from the chart from the
abscissa value of 5 kVA., it would be seen
that the resulting accuracy would not be
of a very high order. If, however, we
read the voltage drop corresponding to,
say, 5o kVA. and divide the value so
obtained by io, we get immediately the
required voltage drop for 5 kVA. much
more accurately. Alternatively, we could
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necessary to trace horizontally to the right
from the ordinate corresponding to the
specified voltage drop, and vertically
upwards from the abscissa corresponding
to the specified kVA. load, when the intersection of the two lines will lie on one
of the radial lines indicating conductor
sizes, or between two of them ; it then
being a matter of practical economics to
decide which conductor shall be used.

Fig.

39.—LAYING E.H.T. CABLE IN TRENCH,
USING ROLLERS FOR PULLING OUT.

take the voltage drop of Ioo kVA. and
divide by 20 to obtain it at 5 kVA.
It will, no doubt, be realised that the
chart is reversible ; that is to say, it is
easy to ascertain what size of conductor
should be used for a given voltage drop
and kVA. load. In this case it is only

Conductors.
Conductors are invariably of hard drawn
copper and they should be stranded in
preference to solid, as this will make for
easier erection, and it will not be necessary
to pull up so tightly to obtain a gccd
appearance. In view of the present rapid
development of cooking and heating loads,
the writer recommends o.i sq. in. section
should be used. Very little will be gained
by using a larger size and if 0.1 sq. in.
is not sufficient, other routes should be
developed so as to form a ring main, if
possible. Smaller sizes, excepting for
short spurs, will eventually lead to pressure
drop difficulties. For the same reason
the neutral should be the same sectional
area as the phase wires. Table VII gives
the mechanical and electrical characteristics of 0.05 and o.i sq. in. copper conductors ; the impedances are for 12 in.
vertical spacing, and the safe carrying
currents are for a temperature rise of
54° F. (30° C.) in still air.
On account of voltage drop it will be
very rare that a line can be worked up to
the safe carrying currents stated.
Spans and Pole Sizes.
Long spans cannot be used on L.T.
lines, as it is necessary to space poles at
close intervals in order to take off services.
In addition, routes are seldom straight,

TABLE VII.
CONDUCTOR CHARACTERISTICS.

Size.
Square
Inches.
0.05
0.1

Stranding.

Overall
Diameter.
Inches.

Weight.
Lbs. per
1,000 yards.

3/.147'
7/.136"

0.317
0.408

601
1,196

Breaking
Load.
Lbs.
•
2,914
5,872

Safe
Resistance. Impedance.
Carrying
Ohms.
Ohms.
Currents.
Amperes.
Per L000 yards.
0.4943
0.2469

0.569
0.362

120
200
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Fig. 40.—" FLAKING " CABLE IN THE FORM OF A FIGURE EIGHT.
Keep the-radius of all bends as large as possible.

poles have to be erected at branch roads
and Post Office wires will be encountered,
and these considerations render it difficult
to employ long spans. The popular span
is 150 ft. and the regulations allow a sag
of i ft. with either of the conductor sizes
being considered. However, if the conductors are tensioned to this small sag,
considerable difficulties will be experienced
with staying, poles bending and foundations
giving, unless these items are strengthened
up to correspond and this will be expensive.
The writer suggests that 2 ft. to 2 ft. 6 in.
sag be adopted for both sizes of conductors.
Single type poles only are employed,
mostly of creosoted red fir. The overall
lengths and diameters at 5 ft. from the
butt are as follows :—
TABLE VIII.
L.T. pole sizes for 150 ft. spans.
Conductors.
0.05 square inch four-wire
0.05 square inch five-wire
0.1 square inch four-wire
0.1 square inch five-wire

Pole Size.
28' x 74"
3o' x 8'
28' x 74"
3o' x 81'

These sizes are based on 17 ft. minimum
ground clearance and a 0 025 sq. in.
switch wire for the fifth wire. At road
crossings, 19 ft. clearance is necessary

and the pole length should be increased
by 2 ft. and the diameter by I in. The
poles should be planted 5 ft. deep in the
ground and foundation blocks are not
required, assuming normal ground.
Tubular steel poles are sometimes
adopted instead of wood, but as their cost
is higher their use is limited. The diameters
and thicknesses will vary with the particular manufacturer. If steel poles are
used, a continuous earth wire must be
erected, or else an earth plate installed at
each pole.
Stays.
The stays for angle and terminal poles
should comprise an 8 ft. by in. stay rod
with 4 ft. by 8 in. by 4 in. creosoted stay
block and 7/9 S.W.G. 4o-ton quality
steel stay wire. One stay of this size
should be used for terminals on the
0.05 sq. in. four-wire line and two for the
0.1 sq. in. One stay of a larger size could
be used on the 0.1 sq. in. line, but the
erecting engineer will find that there will
be considerable bending in the pole. It is
frequently impossible to erect a stay at
angle positions and if the deviation is
small, say, of the order of Io°, an II in.
diameter pole should be used instead.
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At larger angles struts or flying stays
should be used- if ordinary stays are not
sui table.
Excepting on steel pole lines, all stays
must have an insulator in the stay wire,
as shown in Fig. 3o. See that this insulator
is of the interlinked type, with a mechanical
strength at least equal to that of the
stay itself.
Pole Fittings.
The insulators for carrying the con-

4-40,21i
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and terminal, are drilled alike, therefore
amendments to the lay-out or future
alterations are easily made.
(e) The bracket is reversible so as to
suit left or right-handed deviations.
(f) A spanner is not required for holding
the pole bolt-head, which locks inside the
bracket.
(g) The design is much stronger than
pin insulators or swan-necks.
(h) The conductor is approximately on
the same centre line as the pole bolt,
thus eliminating undesirable
bending stresses.
The ultimate strength of this
bracket is over 6,000 lbs. in a
horizontal direction and averages
1,090 lbs. in a vertical direction.
The corresponding elastic limits
average 3,200 and 900 lbs. respectively. As the horizontal load
on a o.i sq. in. ice covered
conductor on r5o ft. span is only
78 lbs. and the vertical load 8i
lbs., the safety factor is extremely
satisfactory. An alternative form
of this bracket is shown in Fig.
31, and it will be seen that the
insulator can be fixed vertically
for straining positions, or inclined
to the right or left for straight
line or small angles.

Erection of an L.T. Line.
The erection of an L.T. line
is
much simpler than that of an
Fig. 4 I .—DRAWING CABLE INTO DUCT.
E.H.T. one. The methods, howSee that the cable leaves the top of the drum and
passes into the duct beneath the drum so as to avoid a
ever will be generally similar,
reverse bend.
excepting in certain details
mentioned hereafter.
ductors should be of brown glaze shackle
In the first place, it will be unnecessary
pattern fixed in " D " brackets bolted to to carry out any surveying or construct a
the pole. One of the latest types of profile. Occasionally a few levels will be
bracket is that patented by Johnson and required for positions where Post Office
Phillips and shown in Fig. 29, for wnich circuits have to be crossed.
the following claims are made :—
When ordering the poles it will not be
(a) The conductor weight is taken by necessary to have them numbered as
the porcelain and not by the binding wire. except for size all poles will be similar.
(b) The insulator can often be used as a Make sure, however, that the length is
roller for running out conductors, thus clearly stamped on the butt of all poles
speeding up and cheapening erection and longer than normal.
avoiding damage to the conductor.
When the poles arrive at the railway
(c) Only one type of insulator is station the carting will be a simple matter
necessary throughout a network.
as the weights to be handled will only be
(d) All poles, straight-line, angle, T of the order of six hundredweights_
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Fig. 42.—E.H.T.
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CABLES ERECTED ON REINFORCED CONCRETE POSTS FOR RAILWAY ELECTRIFICATION. (Johnson and Phillips, Ltd.)

Arrange for each pole to be unloaded
from the lorry at its correct position
and this will easily be arranged if the
design is such that all poles are drilled alike.
Using a Petrol Borer.
If the holes are excavated by hand, mark
•

out the hole so that the pole can bear
directly against two of its sides. Step
the hole so as to disturb as little ground as
possible. If a petrol driven boring machine
is available and the ground is not rocky,
considerable economies can be effected by
its use, as the time occupied in moving

Fig. 43.—METHOD OF LAYING CABLES ALONGSIDE RAILWAY.
The concrete posts are spaced 4 feet to 5 feet apart. (Johnson and Phillips, Ltd.)
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from pole to pole is relatively short. Two
to three men can easily move the borer
about on roadside L.T. work. The drill
will go through most types of surfaces
except, of course, flags, concrete, setts
or the like, which should removed by hand.
Erecting the Pole.
On account of the light weights and
short lengths, L.T. poles are erected by a
different method to E.H.T. poles. Figures
32 and 33 are almost self-explanatory.
Lift the pole on to the handcart, back it
over the hole and tip up the truck so that
the pole butt is against the board in the
hole. Take the weight by means of a pole
fork and remove the handcart. Two men
on the fork and two men steadying the
pole, as in Fig. 33, will be able to push it
up into position.
Running Out the Conductor.
The last two illustrations show a pole
inside a field, but generally L.T. poles will
be planted along footpaths or roadsides.
This will enable the conductor to be run
out, in cases where there are no Post Office
crossings in the way, by mounting the
drum on a lorry and driving along the
route. As the lorry moves forward the
conductor is lifted to the top of the poles
and kept under slight tension. Running
blocks should be used if possible, as for
E.H.T. conductors, but considerable saving
can be effected by using the porcelain
shown in Fig. 3o as a roller. Alternativelyto this, the insulator bolt, being inclined,
can be used and will enable tensioning and
sagging to be carried out more easily
and with greater accuracy than if no form
of roller be employed. If blocks or rollers
are not used, the conductors will be
damaged by dragging them over the
brackets.
At straining points, bind the conductors
for a length of 6 in. to 8 in. with No. 12
or No. 14 S.W.G. soft copper wire and
finish off at terminals with a neat tail,
which will be available for a jumper
should the line be extended. As an
alternative to binding off at straining
points, two galvanised wire rope clips can
be used on each conductor.
Guard Wire.
Where L.T. lines cross under Post Office

wires it is necessary to erect above the
power conductors a guard wire. Fix this
wire to insulators at each end and bond it
to the neutral conductor. The guard wire
is generally 7/14 S.W.G. steel strand.
Where L.T. lines cross over Post Office
wires put in a span of P.B. J. insulated
conductors, using a straining type pole
at each end. The neutral wire need not
be P.B.J., but can remain bare. The
P.B. J. conductor should receive the Post
Office approval and samples will generallybe requested. P.B. J. conductors are of
plain hard drawn copper, insulated with
impregnated paper or cambric and protected by a cotton covering impregnated
with a red lead compound. This, in turn,
is covered overall by a cotton braiding
also saturated with red lead. The red
lead compound--hardened through oxidisation under the action of the atmosphere
—provides a highly resistant and reliable
covering which, though its insulating
value is not large, is sufficient to prevent
danger to telephone operators should a
telephone wire come into accidental contact with it. P.B.J. can be finished in
yellow, green, red, chocolate or blue
colour and is paraffin waxed overall.
Use of Safety Belt.
Danger notices, number plates and anticlimbing guards are not usually required
on L.T. lines, but Fig. 34 shows an operation which will often be necessary. A
transformer platform is being fixed to an
E.H.T. pole, from which a L.T. line will
commence. Holes are also being drilled
for the switchgear to control the transformer. This illustration brings out a
point not previously mentioned ; it is
most important that men working up a
pole have and use a reliable and welldesigned safety belt. Many men have
been saved a serious fall of zo to 3o feet
by their safety belts, and a very strict
rule should be enforced.
Services.
Service wires must be made off on to
insulators at a pole, and it is not permissible to take them straight on to the
distributors at various points in the spans.
For the phase wires, P.B.J. conductors
are generally used, and for the neutral.
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Fig. 44.—LAYING E.H.T. CABLE ACROSS THE RIVER THAMES NEAR HENLEY. ( Johnson and
Phillips, Ltd.)

bare copper. Standardise a 0.0225 sq. in.
(7/.o6q. in.) section and use this stranding
as it will mean that much less tension
will be necessary to get a good appearance.
With solid service wires the engineer will
find that considerably more tension is
required to straighten them out. With
long services the tensions are likely to
cause difficulty with the poles pulling
over, and services should therefore be
arranged to balance each other as far as
possible. If the economics of the scheme
will stand it, the writer recommends using
poles i in. larger in diameter than the
minimum permissible and this will prove
of great value when services are added.
" Wonpeace " Service Insulator.
The conductors can be made off on to
the pole by adding shackle straps, insulators, bolts and nuts to the distributor
fittings. Similar equipment with the
addition of a wall spike or rag bolt will
be necessary for the house end of the
service. Many small variations can be
made using distance tubes and long bolts,
but one of the most useful designs is that
developed by Johnson and Phillips and
illustrated in Figs. 35 and 36. It is known

as the " Wonpeace " service insulator,
and all loose metalwork, bolts, nuts and
washers are eliminated. This service
insulator consists of a brown glazed, best
quality, high strength porcelain, suitably
shedded and fitted with a galvanised
coach screw for pole or wall fixing, or
alternatively fitted with a steel stud for
bracket fixing. The advantages of the
" Wonpeace " insulator are :—
(a) It is cheaper than any other method.
(b) No separate ironwork, screws or
bolts, etc. are required.
(c) Three or four services can easily be
taken from one fitting due to the large
diameter hole. This is not possible with
shackle insulators.
(d) It is not necessary to disturb the
existing line fittings in order to add
services.
(e) The coach screw is gimlet-pointed
for easy erection.
(f) Large creepage surface.
(g) Large savings in assembly and
erection costs.
(h) Wires can be erected immediately,
no waiting for cemented ragbolts to set.
The " Wonpeace " insulator is fixed
to a pole by drilling a i a in. by 4 in.
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diameter hole and screwing home by
hand, a tool not being necessary for this
purpose.
" Wonpeace " insulators may be
cemented inta walls, but the writer
recommends Rawlplug fixing, which not
only saves considerable time and is
extremely strong, but has the advantage
that service wires can be strung immediately. With cement fixings a second
visit must be made for erecting the wires,
owing to the necessity for the cement to
set. " Wonpeace " insulators save this
travelling time.
The stud pattern is supplied with a
2 in. diameter by in. thick Semaphite
washer to act as a cushion.

Tests on "Woupeace " Insulators.
Tests on the insulators give the following
average results for mechanical strength :—
Direct pull in line with screw or stud9oo lbs.
Lateral pull at right-angles-572 lbs.
As the tension of the average service wire
is between 10 and 4o lbs., it will be seen
that the factor of safety is a very high one.
Attach the service conductors
to the distributors by means of
small brass or gunmetal clamp
connectors. At the other end
attach them to the service cables
by small tubular connectors.
Carefully tape up and paint the
joint at this position so as to
prevent moisture entering the
cable. A tubular connector will
make this job easier and of better
appearance.
To conclude this description of
the practical side of overhead line
work, the author wishes to thank
Messrs. Johnson and Phillips,
Limited, for facilities to take
photographs and permission to
publish certain of their tables.

(b) Cables for drawing into ducts or
pipes.
(c) Cables for laying in troughing.
(d) Cables for laying on posts.
(e) Cables for laying under water.
The majority of cables come under the
first grouping and are either armoured
with steel tapes or iron wires, with a
hessian serving overall. There is a tendency at the present time to use unarmoured cables laid direct, on the score
of cheapness, the lead sheathing being
protected from chemical darnage.hy waterproofed tapes with or without a hessian
serving. The saving is comparatively
small and extreme care is necessary with
the trenching and filling in, in order to
avoid damage to the cable. Some supply
authorities use steel tape armouring on
L.T. cables and steel wire armouring on
E.H.T. cables, and this is an excellent
idea as it prevents accidentally cutting the
wrong cable when putting on services,
should there be two cables in one trench.
Wire armouring should be used whenever
there is any chance of ground subsidences.

UNDERGROUND POWER
CABLES.
Type of Cable.
Cables may be broadly classified
according to the conditions under
which they will be laid, as follows: —
(a) Cable for laying direct in the
ground.

45.—J

'

Fig.
HNSO N AND PHILLIPS SUBMARINE CABLES
REMOVED FROM WEYMOUTH HARBOUR TO NEW POSITION
ABOVE HIGH WATER LEVEL AFTER 25 YEARS IN SALINE
MUD.

The cables, armouring and serving were found to be
in perfect condition.
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Fig. 46.—L.T. STRAIGHT-THROUGH CABLE
JOINT—FIRST STAGE.
Showing armouring and lead sheath cut back.
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Fig. 47.—L.T. STRAIGHT-THROUGH CABLE
STAGE.
Showing core taped up.

JOINT—SECOND

Fig. 48.—L.T. STRAIGHT-THROUGH CABLE

Fig. 49 —L. T .

JOINT—THIRD STAGE
Showing taping of cores completed, cores
cut to length and ferrules in position.

JOINT—FOURTH STAGE.
Showing linen tape being applied to joint
ferrules.

STRAIGHT-THROUGH CABLE
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Cables Laid Direct in the Ground.
When cables are laid direct in the
ground, some form of marker is usually
laid 4 in. above so that future excavators
are warned. Markers may be creosoted
wood boards, preferably 2 in. thick and in
lengths of io to zo feet, interlocked tiles
9 in. long, or interlocked reinforced concrete slabs 3 ft. long. Creosoted wood
boards have the advantages of easy
handling, fewer joints and that they are
not likely to be disturbed by other excavators, but their life is sometimes comparatively short. Tiles are easily removed
and, inadvertently, may not be replaced
when trenches are opened by other
authorities. Concrete markers have the
disadvantage of heavy weight, but are
everlasting and not likely to be disturbed.
Tiles and concrete slabs can be
stamped " Electricity " or other suitable
wording.
Cables for Drawing into Ducts.
Cables for drawing into ducts are
generally plain lead covered. Sometimes
they are given a serving of hessian for
protection. There is comparatively little
of this cla,s of cable laying, but it sometimes happens that when a cable is being
laid direct, a duct is also laid in anticipation of an additional cable later. Cables
are often pulled into ducts or pipes for
crossing roads or railways, but in such
cases they form part of the main cable
run and are armoured, as it would be
expensive to manufacture and joint up a
short piece of cable, lead covered only.
Cables for Laying Solid in Troughing.
Cables for laying solid in troughing
are not used for ordinary pressures unless
the ground is chemically active. This
type of cable laying is expensive and a
modern development for these conditions
is to use a paper insulated. lead covered,
bitumen sheathed, armoured, served and
specially compounded cable, and lay it
direct in the ground. The bitumen
sheathing protects the cable from chemical
action and has been proved quite satisfactory. The cost is considerably less
than when using troughing, and the
laying is much simpler and quicker.

Cables for Laying on Posts.
Cables for laying on posts are mostly
used for railway work where there is little
risk of wilful damage. They may be
either lead covered and armoured or
lead covered and hessian served. On
account of the vibration to which these
cables are subjected, the lead sheathing
should consist of a special alloy.
Under Water Laying.
Cables for laying under water are
always lead covered and armoured with
two complete layers of galvanised wires
for mechanical strength. Specially waterproofed hessian tapes are placed under,
between and over the armouring wires.
Choosing Correct Size of Cable.
The choice of the correct size of cable
is a lengthy matter involving pressure
drop, maximum current carrying capacity,
prime cost, annual losses, cost of current
and estimated future demand, and is
beyond the scope of this article. The
conductor cores may be either round or
sector. Round conductors are slightly
easier to joint than sector shaped, but the
latter give a smaller diameter cable and are
somewhat cheaper. Table IX, giving the
impedances for underground cables up to
Ir,000 volts, will be useful for voltage drop
calculations.
Excavation.
When deciding on a cable run it is
important that careful consideration be
given to the excavation and the surface
reinstatement which will be encountered.
The excavation and reinstatement costs
are big items and are, for small cables,
even greater than the cost of the cable
itself. In the case of L.T. cables a choice
will seldom be possible, as the route will
generally be fixed by the services required.
For E.H.T. cables the shortest route
should be con-4dered first, but it will often
be found that, by using back streets and a
longer route, the total cost will be reduced,
due to easier excavations, cheaper reinstatement, fewer obstructions such as gas,
water and Post Office mains, less traffic
and fewer road crossings. Whenever
possible, cables should be laid in the
pathways or in the grass verge

0
H

TRANSMISSIONAND DISTRIBUTI ON LIN ESANDCABLES

•z6.o Jig sain2g asotp Sidgmut 'soicivp topas _Lod ,
gLiz'o zEczro ttzz'o zz9Evo9££17'0
ig5z'o zgszro g£9z'o zoof o Lctt • o
sgzPo 5.9£EI'o go£E*0 LzStx• o tz(t•o
goot'o g6L£I'o ogot'o 866ti otLL-1,- o
LLgt'o 660-61•0 919f'o Sz£gi'o ghst•o
696c'o gg9tvo 7009'0
igog'o
LL-17L'o 6ozgi'o sogPo ag9t'o z9zE'o
611'1 Itz9vo £zI'I Iz9Li'o 6o9g'o
855'1 ggoLvo 195.'1 tLggi'o zr6S'o
£66•1 tgsLvo g66'1 9ot6I'o UR).o

7RL1 . 0
L£zz'o
zL6z'o
I9LE'o
fgEt'o
9sLg'o
£z£L'o
6ovi
6fE'I
E86•1

£'0 £6o'/L£
Po £8o'/L£
F'o zLo'/L£

Ez'o
oz'o
cro
Ivo

1-90'/L£
01'0
£so'/6I
zLo'/61 ELo'o
1,9w/61
to'o
zgol61
tto'/6I
Co'o
E'o t9o7L gzzo'o

£'0
£'0
Po
£'o
co

'SEIOA 000`ii
69az'o LLtivo gLiz'o 5.LfzrotL6Po zgLvo
9zcz'o £tLivo gLEz'o t9Lzi'oE9017-0 L£zz'o
LozPo Loizvo ogzPo 09I£I'06git'o zL6z'o
796Po Htzvo L66Po gigEt'o£at'o I9LPo
9Egt- 0 89971'0 L9Et'o oLL£I'ogs£t'o tgEt'o
z£6g'o gziEvo 0965- o 99ztvoitEt'o 98LS'o
L-147L'o itgEt'o 69tL'o 8'4-P1'0 580'o £z£L'o
611'1 gt'Ett'o 011' I z6Egl'o£96t'o 601'1
f90Evo ggc't tL£9vozizg'o 6OS*1
166'1 £oLgi'o £66'1 890L I • 0 ££tg•o Sg6' I
600'£ 19L91'o 600'f giz81'o66LS'o Soo*£

07 . 0
oz'o
oz'o
oz'o
oz'o
oz'o
07'0
07 . 0
07'0
07 . 0
07'0

£6o'/L£
£go'/L£
zZolL
too'/LE

gz'o
oz'o
Evo
zvo
or'o
ztol6T cLo'o
1790161 90'0
7$016T to'o
£o'o
too' / L Ezzo'o
zgo./L gtio'o

£goz'o EgLoi'o ££Iz'o IzLII•o IEZ£'0
zeitz'o sg6ovo 9£gz'o Vt6tvo zog£'0
gLIE'o ttizIt'o gizPo azzro L6gPo
t£6£'0 EISII'o c96£'0 9Igzro tg6Po
gogf'o t6911. 0 9Vgt'o tazco 9tot'o
ol6S'o ogozi*o z£6E*0 17017£1' 0 ILIt'o
LztZ'o 6LEzro 9ttL'o ggKI • 0 fszt'o
LII'I tzo£co sIvtEoEt'o
o66'r gzitvo 166'1 C)cM • 0 R8g17.0
goo'£ 600gl'o 6ow£ ti£9vo £61E*0

Lavo1166o'oz6£ro £L.Lovo 6ztPo figgo'o
tLti'o6000i'ot£gro 6Lgovo £9t£'o zgoI*0
99L1'0 9c001 • 0 8181'0 o£6oi'o 6Lt£'0 zgtvo
IgOZ • 0 c9101. 0 960Z • o 6foivo LISP() zgZvo
Lgtz' o 79101'o cotz'o 9toIt'o 9IgPo L£zz'o
LttE•o £££ol'o 9LIE'o
gL5Po 7L6z'o
to6E'o Letol'o o£6£ 'o ortico z£9£'o I9LPo
istt'o £i9oi ' o togt'o 9£SII'o zt9E'o fgEt'o
40
.'0 1 tsoI ' o go6g'o tgZiro
98Lg.o
9otL'o z5oii'o 6itL'o £Iozvo tzs£'0 £z£L'o
gIT' I 081,II . 0 911'I gLtzi'o zL6E'o 601'1
£WI6Lg11'o fcc'l zi6zi'o oitt'o
6FE'l
896'1 Itzzro 686'1 goUvo EEzt'o
E86•1
Loo'£togzro goo'£ £86£1'o igtt'o Soo'C
66I'17 szt£co bort 96StT'o 9t9t•O
L6i't
7L7'001-WO ZLZ . 9 szt51•0 116t'o
ILz'y

0

oZ

IC

rn

E-71
o
r

a

VG

VG

2, 2

0,
5
00

0

cY,

Irilla 11')

0

t P27 's45 71ic17 puv uosutio )

ooro£or/19 oc'o
ooi'o £6o' /19 ot'o
o6o'o £ol'/ LC oPo
o6o'o £6o• /Z£
gz'o
07'0
ogo'o £go•/L£
ogo•o zZo' /LC
gro
08o ' o -1,9o'/L£
zro
oso' o £9o'/61 01'0
ogo'o zZo• /61 cto'o
oso o 1790'/61
to'o
ogo'o zco•/61
ogo'o -frto • / 61 £0.0
080 '0 V9o• / L Szzo'o
oRo• o zco• /Z, gtio'o
I0 • 0
ogo'o tto' / L
ogo•o ()Co' /1,
Loo'o

an

&9,

°

•

•Slo)aupuo)
acqoas

gz'o
oz'o
t vo zLoit£
gi'o
1,1'o t9o'/LE
71'0
-Fro Ego'/6t ovo
-Fro zZo'/6t gLo'o
tt'o f9o161
to'o
661'1 ti'o zEojor
gg6'r tt'o too'/L gzzo'o
goo'£ ti'o zgo'/L Etxo'o

.S.L'IaX 099

H

??,
m..)(111puoD

t ro 1 £60' /L£
-Fro Ego'/LE

SLIOA 00E'£

.S.VIOA 009'9
nN
g

zgLro
L£zz'o
7L67'0
I9LPo
tgEt'o
9gLE'o
£z£L'o

F-;

n

_Loins

.,)ogi (INV Sai)A0 Og iv SHIFIVD alIODIElflIV 70
'xi :triavi

6 ta
No
•S.10; ntpuo
111 1311)

? p Fj
p

o
)

0

98

01P.

CINV HONVIOVAll ‘-q0NVISISTZI

1704

TRANSMISSION AND DISTRIBUTION LINES AND CABLES

3o ft. length of cord, stretch it tightly
along the ground and twang it. The cord
will then leave a straight chalk line where
the trench has to be cut. Remove the
surface of the ground and carefully put
it on one side so as to be available for
finishing off the backfilling If the surface
is grass, cut it into sods and roll them.
If the surface is flagged, great care should
be exercised so as to avoid breakages or
flaking and the flags should be set aside
opposite their correct positions.
Excepting where, owing to the nature
of the route, it is certain that obstructions
will not be encountered, take out trial
holes a few yards in advance of the excavation gang. If this is not done, portions
of the trench may have to be filled in
where a diversion is found necessary.

Fig. 50.—L.T. STRAIGHT-THROUGH CABLE
JOINT—FIFTH STAGE.
Showing lead sleeve in position and
plumbed on to the sheath.

Depths at which Cable should be Laid.
It cannot be said that standard depths
exist at which cables should be laid, but
the minimum depths consistent with
safety are 3o in. in roadways, 24 in. in
grassland and 12 in. in footpaths and
grass verge. It will frequently be necessary
to increase these depths on account of
obstructions. E.H.T. cables in pathways
should preferably be laid 6 in. deeper for
greater safety and in order to avoid
confusion with L.T. cables. Under tramways and railways, L.T. and E.H.T. cables
should be laid 48 in. deep and be drawn
into iron pipes.
What to do before Beginning Excavation.
Before the excavation is begun, mark
out the edges of the trench, whenever
the ground surface permits, so as to save
digging and reinstatement costs and to
obtain a good appearance when the surface
has been reinstated. To do this, chalk a

Sumps for Bailing Out.
Keep the edge of the trench quite clear
of excavated material and arrange the
latter so, that it prevents surface water
from running into the trench. When the
trench is likely to be open during rainy
weather, dig small sumps about 10 in.
deep at intervals for baling or pumping
out. Support any pipes which are exposed
by means of chains or ropes from timbers
laid across the trench, and, if necessary,
consult the owner's representative.
Timbering.
Trenches in footpaths, at the shallow
depths generally used, will not require
timbering, but caution should be exercised
where trenches run close to the footings
of old walls or houses. Accidents and
expensive damage have resulted in cases
where temporary support has not been
given. Trenches alongside roadways
should always be timbered if it is not
possible to keep traffic well away from the
edge. Timbering, however, not only costs
money but delays the cable laying and it
should therefore be avoided if at all
possible with safety.
When sufficient length of trench has
been opened to take a drum of cable, see
that the bottom is level and reasonably
smooth and when the ground is of a
stony or rocky nature put in a layer of
riddled earth to form a bed for the cable.
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Filling Up the Trench.
When the cable has been laid, put in
more riddled earth and gradually fill up
the trench. See that the ground is
thoroughly punned while this is going on
and finish off by replacing the surface
materials. When not likely to cause
accidents, leave a slight crown on the
trench so as to allow for settlement.
The ground should be permanently reinstated about a fortnight after filling in.

Laying Cables Direct.
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method, which is illustrated in Fig. 38,
mount the cable drum on a pair of drum
wheels and move them along the route,
paying out the cable. This method is
very quick and about a dozen men only
will be required. It is only suitable,
however, when the trench is absolutely
free of obstructions and there are no side
roads. It cannot therefore often be used.
In the second method, which is the
more general, the drum is mounted on a
pair of drum jacks and the cable is drawn
off by hand. When rolling the drum into
position take care to roll in the same
direction as that marked on the drum, or
else the cable will loosen, sag and possibly

Cables can be manufactured in lengths
greater than those which can be conveniently handled on site. The best length
will depend on the weight of the
cable, the lay-out of the route and
the number of obstructions, such
as pipes and services. Usual
lengths range from 250 to 4.40
yards and the writer recommends
a maximum gross weight of about
three tons. Cables will generally
be delivered to site by the manufacturer's lorry, and unloading is
then a simple operation as the
lorry will be equipped specially to
deal with this task. Fig. 37 shows
one of a fleet of six and eightwheelers belonging to Johnson and
Fig. 51.—L.T. STRAIGHT-THROUGH CABLE JOINT.
Phillips, and capable of handling
Complete with C.I. box filled and armour grips
with ease the largest and heaviest bolted
on.
drums in use. These lorries are
fitted with a long, heavy tailboard
which can be used as a ramp and with a get damaged. Mount the drum on the
winch and wire rope for handling the drums. two jacks supported on timbers to spread
the load and see that the drum spindle is
Unloading.
level. If this is not done the drum will
If no special equipment exists for un- work to one side, with a risk of overturning.
loading, build up a ramp behind the lorry Place capable rollers in the trench 15 ft. to
of stout timber and roll the drum slowly 25 ft. apart, as shown in Fig. 39, and
down by means of wire ropes. Arrange station a man between each roller. Pay
a heap of soil for the drum to land on out the cable, passing it from man to man
and do not unload facing down a hill. and under any obstructions which may
Unload the drum as near as possible to exist. • Keep a brake on the drum by
where it will be used, and turn it so that means of a plank to avoid over-running
it is held by a kerb if available, as boys
This method of laying a cable direct in
have been known to remove chocks and the ground requires from 40 to 5o men,
set drums rolling.
depending on the weight and length of
the cable. If rollers are not available the
Methods of Laying Cables Direct in the cable should be drawn off the drum and
Ground.
carried by men spaced every 12 ft. to
Two methods are available for laying 20 ft. When the drum is empty lay the
cables direct in the ground. In the first cable into the trench, starting at one end
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and moving the men forward, so as to
take up the slack.
Flaking a Cable.
Sometimes it is not possible to complete
the laying of a cable length which has
been taken off a drum. In such a case
set out the remaining cable in the form
of a figure eight, as shown in Fig. 4o, and
as large as possible. Make each succeeding
layer of cable slightly larger than the last.
Occasionally, owing to difficult obstructions, it is desirable to mount the drum
in the middle of the length of trench,
instead of at one end, and pull half the
cable each way. Before the second half
of the cable can be laid it will be necessary
to remove it from the drum. If space
will allow, walk the men away with the
cable so that it forms a long " U," and,
if not, lay it out in a figure eight as above.
This operation is called flaking a cable
and requires careful watching to prevent
the cable being bent too sharply. As
regards the radius of any bends, the larger
the better, but a minimum of twenty
times the diameter of the cable is the
general rule.
What to Do When Cable has been Laid.
When the cable has been laid in the
trench, straighten it up and take records
of its depth and distance from buildings,
kerbs or other tying-in points. In crowded
positions and where deviations are made
to avoid obstructions, make sketches
so as to enable the cable to be located
easily should faults occur. When laying
L.T. and E.H.T. cables in one trench, lay
the L.T. nearest the houses so as to avoid
crossing the E.H.T. cable with every
service. Do not lay cables during very
cold weather as the impregnating oil
becomes stiff and the cable is difficult to
handle and likely to get damaged.
Drawing into Ducts, etc.
When cables have to be drawn into
ducts or pipes, the drum lengths are
usually of the order of 40o feet. If the
ducts were not laid with a wire through,
it is necessary to push rods through,
followed by a light rope. Pass a closely
fitting mandril from end to end to ascertain
that the duct is clean and free from

obstructions, and then draw in the heavy
rope for pulling the cable. Fig. 41 shows
the drum in position, and it will be noticed
that the cable comes from the top of the
drum and passes into the ducts underneath
the drum. The bending, therefore, is all
in one direction. For attaching the cable
to the pulling rope, the usual arrangement
is to use the well-known stocking grip,
unless the cable is a heavy one, when the
rope should be attached to the cable cores
themselves. If this is done, the cores must
be sweated up solid and the cable end
sealed up, so as to prevent damage by
moisture. Avoid this method wherever
possible. When pulling the cable in, coat
it liberally with petroleum jelly.
Cables in Troughing.
Very little need be said about laying
cables in troughing, because, as already
mentioned, this method is seldom used.
The troughs usually consist of rectangular,
or U-shaped, stoneware, although wood
is sometimes used, but cannot be recommended. Allow a clearance around the
cable of not less than in. when deciding
the size of the trough. Immediately
before laying the cable sweep out the
trough and place in the stoneware bridge
pieces every 18 in., set in bitumen. When
the cable has been laid, fill in solid with
hot bitumen or pitch. Finally, top up
heavily and, while soft, put on the covers.
Cables on Concrete Posts.
Figs. 42 and 43 show a large number of
cables erected by Johnson and Phillips on
reinforced concrete posts for the electrification of an important railway in this
country. The posts are spaced 4 ft. to 5 ft.
apart and the methods of laying are
generally similar to those for laying a
cable direct. It is frequently possible,
however, to mount the drum on a railway
truck and pay out the cable as the truck
is moved along.
Cables Under Water.
The laying of cables under water is a
problem which differs for each individual
situation, and such points as cable length
and weight, tide, depth of water, navigation and dredging operations must be
considered before a suitable method can
be decided upon. Fig. 44 shows a cable
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being laid across the River Thames near
Henley. It was placed in a trench dredged
in the river bed to a depth of 2 ft. 6 in
Guide stakes were driven into the river
bed on one side of the trench to ensure
correct laying of the cable Finally, the
trench was filled with gravel and firmly
rammed.
Cables, if properly designed and manufactured, have a remarkably long life
under water. Fig. 45 shows four Johnson
and Phillips cables, which were laid in
Weymouth Harbour in 1903. The photograph was taken recently, when they were
lifted and relaid in a new position. The
borough engineer's report stated that the
cables, armouring and serving were in
excellent condition, and there appeared to
be no reason why they should not
give another 25 years' uninterrupted
service.
Jointing.
As the majority of faults on underground cables are found, in reality, to be
faults in joint boxes, it would not be
proper to conclude this article without
some reference to jointing. However, a
full description of the various types of
joints would be extremely lengthy and the
writer proposes, therefore, to give a detail
of an L.T. joint and a few general notes
only, on the subject. Cable jointing is a
highly skilled operation and should not
be undertaken by anyone who has not
had a long and careful training.
Cleanliness is Important.
It may be said that, assuming that the
design and the materials are correct,
extreme cleanliness is the most important
thing. With this object in view, allow
plenty of space for the jointer to work in
and line the excavation with tarpaulins
to prevent dirt being knocked or blown
into the joint. See that all jointing
materials are left in their sealed tins until
the last moment and carefully clean the
lead sleeve and cast iron box of any
soil.
Do not carry out any jointing operations
in rainy weather and consider that even
damp days are unsuitable for E.H.T.
joints. See that it is impossible to interchange the box and sleeve compounds
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and if they are not easily distinguished by
sight have them delivered in different
shaped tins. Take care that the compounds are heated to and not beyond the
correct temperatures.
Fig. 46 shows the cable ends being
prepared for a straight through joint on a
five-core L.T. cable. The cable has been
marked off, the steel tape armouring cut
back and the lead sheath removed for the
required distance.
Taping Up the Insulation.
The next step is to tape up the insulation so as to protect it during the work
and to increase its thickness. This is
shown in Fig. 47. Cut off the cores to
exact length, bare them ana try the
jointing ferrules. The cores should be cut
so that the ferrules will be staggered.
Thoroughly clean and tin the cores and
also the ferrules, if they are not supplied
already tinned. Slip on the lead sleeve
and push it back out of the way. Fig. 48
shows this done and the ferrules in position.
Solder the ferrules, using a resin flux, and
see that they are completely filled. Remove
any surplus solder.
Fig. 49 shows the ferrules insulated
with tape to the necessary thickness.
Impregnated linen tape i in. wide is
usually used with in. overlap for L.T.
joints and impregnated paper tapes from
1- in. to i in. wide, butted together for
E.H.T. joints. On E.H.T. joints spreaders
should now be fitted to keep the cores
apart and to prevent them touching the
lead sleeve. Carefully inspect the joint
and the sleeve before moving the latter
into position. Tap down the ends of the
sleeve and plumb them on to the
cable sheathing, as shown in Fig. 5o.
Inspect the undersides by means of a
mirror.
Warm the sleeve and fill slowly with
compound. Close down the opening in
the top of the sleeve and seal it up. Place
the bottom half of the cast iron box in
position, warm it and slowly fill it and
the box joint with compound. Fix the
top half of the box with the filling plate
and vent plugs removed and complete the
filling. After topping up, screw in the
plate and plugs and clamp on the armour
grips, as shown in Fig. 51.
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HOW TO MAKE A MAGNETO
AND COIL TESTING SET
UTOMOBILE electrical engineers
have occasion from time to time to
test magneto armatures and ignition
coils. The testing set described in this
article will enable these tests to be made
with accuracy and convenience.
The general arrangement is given in
Fig. 4 and from this the position of the
various components can be scaled.
The base should be made of hard wood
and it is advisable to give it two coats of
varnish, after making the *inch hole and
inch deep
the 3finch diameter by
recess for the trembler coil unit.

A

Trembler Coil Unit.
Details of the trembler coil unit are
given in Figs. i and 3.
The spool is built up of tubing and sheet
metal, the flanges being soldered to the
tubing as well as the core retaining strip.
Special attention is drawn to the slotting
of the spool. It is important that this
slot is carried right through to the centre
of the tube.
Insulating with Cambric.
Wrap the tubing between the flanges
with V turns of varnished cambric, using
shellac varnish as an adhesive. The
inside faces of the flanges should also be
insulated with cambric, shellac varnish
being used to make the cambric washers
adhere to the surface.
The Winding.
A small hole should be drilled in the
bottom flange adjacent to the tube, through
which the beginning of the winding may
be passed. The start of the winding is
soldered to the outside face of the bottom
flange and then the 175 turns close wound
on the tube. This will take approximately
51 layers which will bring the end of the
winding about midway between theflanges.
Temporarily bind down the end of the

winding with cotton tape, taking care tc
leave a length of 6 inches free for connecting to the battery terminal on the
base. Treat the winding with shellac
varnish, allowing it to soak well into the
winding and dry. Bind the winding for
protection with -I-inch wide cotton taping
and give this a coat of shellac varnish.
Cut off soft-iron wire to lengths of
II inches and pack carefully and tightly in
the centre of the tubing, so that the ends
are flush. It is a great help in packing
the core if each wire is quite straight.
Securing the Coil Fixing Plate.
Next secure the coil fixing plate tc
the spool by means of three short 4BA
screws and fix the unit in the base will:
three No. 8 wood screws. Drill twc
No. 10 drill size holes in the base for the
two screws for fixing the trembler bridge
using the corresponding holes in the coil
fixing plate as a guide.
The trembler bridge is shown in Fig.
and is secured in position by two i
2BA screws. Two washers should be
threaded on one screw for the connection
wire to the condenser.
Assembling Contact Spring on Block.
Assemble the contact spring and blocl
and secure to the base with two No.
wood screws, taking care the block is clear
of the coil fixing plate. The contact foi
the spring may be made from a magnet(
contact by turning down the head anc
screw suitable for riveting over on the
spring. This riveting must be carefull,
done to avoid damaging the face of the
contact and also to ensure it is tight am
making good contact with the spring
Similarly the soft-iron tip should be
securely riveted.
If the adjustable contact screw (Fig. 3
is drilled and tapped at the end to receive
a standard magneto contact lever screw
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FIg I —DI, TAILS OF COMPONENTS OF MAGNETO ARMATURE TESTING SET.
From left to right (top), spool assembly ; coil fixing plate ; trembler contact spring ; (bottom), switch key ; contact spf mg block ; trembler
bridge. (See also Fig. 3 )
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replacement will, at any time,
be easy. The adjustable contact
screw should be fitted in the
bridge and the contact fitted.
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Spark Gap Stand.
5 Ty1n5 n• nsw4
i MM 1
.,
No difficulty should be presented
in making the spark gap stand
•
• 1 11M
11
mu ominj
11
shown in Fig. 3 ; the most imL
a
..
'/B DIA S. MON WIRE CORE
portant point being to take care
0
in marking out and drilling the
fixing holes and those for the
electrodes to ensure good align- Fzg. 2.—CONNECTION DIAGRAM FOR MAGNETO ARMATURE
TESTING SET.
ment of the latter.
The points of the electrodes are
made separate for replacement and prefer- Armature Clips.
ably should be made from 23 inch nickel
These are shown in Fig. 3 and can
rod. For testing armatures, the gap should readily be made from sheet phosphor
ba set to 7.5 mm. The adjustment of bronze. If spaced on the base as shown,
the third point as shown in the sketch they will be suitable for taking any
is important.
standard magneto armatures.
This is the same type of testing gap as
is used for checking the slow speed per- Slip Ring Clip and H.T. Cable.
formance of magnetos, the gap then
For the connection between the insulated
being set to 5.5 mm. By the aid of the terminal of the spark gap stand and the
drawing, a 4, 6 or even 8 gap stand for slip ring, a simple spring clip soldered to a
multi cylinder magnetos could be con- short length of plug cable is all that is
structed. The additional spark gaps necessary.
would be arranged above the gap shown
and spaced about 4-inch apart.
Battery Terminals.
Fix the test gap to the base with two
Any standard 2BA or 6BA terminals
No. 8 wood screws.
may be used for this purpose.
Condenser.
A condenser of at least 0.28 m.f. capacity
is required to be connected across the
trembler contacts to prevent flashing and
rapid wear. For this purpose, two standard magneto condensers of about 0.15 m.f.
could be used. They should be connected
in parallel and secured in any convenient
position on the underside of the base, by
wood screws.
Key Switch.
The details for this are shown in Figs. I
and 3. The press button is drilled and
tapped 4BA whilst the tip is provided
with a threaded shank for securing both
parts to the spring portion. A short 2BA
screw and washer is used to secure the
spring to the one terminal post. Assemble
as shown on the base.

L.T. Connection.
To make connection to the insulated
primary terminal of the magneto, a small
plug type of connector is necessary, or a
contact breaker fixing screw may be
used.
Wiring.
Copper wire such as employed for the
spool winding may be used for wiring up
the set, which should be connected as
shown in the general arrangement drawing.
Varnished cotton or silk tubing threaded
over the wire will prevent fraying of the
silk covering. Alternatively lighting flex
may be used, and this will certainly be
most suitable for the connection lead
passing through a hole in the base from
the trembler block to the armature L.T.
connection.
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Fig. 3.—MORE DETAILS OF COMPONENTS FOR MAGNETO ARMATURE TESTING SET.

(Top) Three-point spark-gap stand (Bottom) Switch terminals ; adjustable contact screw ;
armature clips.
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Connecting Up the Components.
Initially, it will be necessary to adjust
The
Connect up the components as and set the trembler contacts.
adjusting screw should be screwed down
follows :
(a) Free end of trembler winding to one until the spring blade ceases to vibrate
and then gradually unscrewed until the
battery terminal.
(b) Contact block to condenser terminal blade vibrates most rapidly and conand from this bring lead through the base sistently. Fix the adjusting screw in this
and attach the plug for connecting to the position by the locknut.
armature primary connection.
Testing Ignition Coils.
(c) The other condenser terminal is
Ignition coils may also be tested on this
connected by a
lead to one of
the trembler
bridge fixing
screws.
(d) Connect
one armature
clip to the anchoring post of
the key switch.
(e) Connect the
other key switch
terminal post to
the unconnected
battery terminal.
( f) Attach
H.T. cable to
insulated terminal of the
spark gap.
(g) The return
for the H.T.
current from the
spark gap is
made by connecting the other
spark gap terminal to one of
the armature
I . 'TREMBLER COIL . 2. SPARK GAP STAND. 3. CONDENSER.
clips.
4. Key SW/TCH
e4R/VP.477./RS CL/PS. 6.54/P RING CL/P.
Fig. 2 shows a
7. BATTERY T&RM/N.445. 8 L.T. CONNEC777R.
connection diagram.
Fig. 4 -GENERAL ARRANGEMENT OF MAGNETO ARMATURE TESTING SET.
Testing.
Place the
armature in position between the clips, set. Connect the coil H.T. terminal to
inserting the L.T. plug connector in the the spark gap and the base or fixing
primary terminal and fitting the spring bracket of the coil to the earthed side of
clip attached to the H.T. cable over the spark gap. One L.T. connection of
the slip ring. With a r2-volt battery the coil should be connected to the
connected to the battery terminals, the armature clip connected to the switch
armature should spark frequently and and the other coil terminal to the
rapidly across the 7.5 mm. gap when the lead from the contact block and
condenser.
key switch is depressed.
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PHOTO ELECTRIC CELLS
By NORMAN R. CAMPBELL, Sc.D.
Interest in Photo Electric Cells.
HE interest of practical electrical
engineers in photo electric cells
has begun only in the last few
years. Because their interest is so new,
engineers are apt to think that the cells
are new, that photo electricity is a subject
of very recent origin, still in a state of
rapid development, and that they have
only to wait patiently for the natural
growth of knowledge to perfect the
rudimentary instruments now at their
disposal. It must be made clear at the
outset that this is all wrong. Photoelectric cells are much older than thermionic
valves ; cells not markedly inferior to
those of to-day, in the qualities important
in most engineering uses, existed in 1895 ;
and when to these were added, in about
1915, the " hard " thermionic valve, all
the essential elements of the most modern
photo electric apparatus were available.
If they were not used, it was because their
possibilities were not realised outside a
very small circle.

T

Effect of " Talking Films " on Use of
Photo Electric Cells.
The mushroom growth of the " talking
film " was largely responsible for the
change. Cells were demanded in unprecedented quantities, and their manufacture passed from the hands of amateurs
and specialised instrument makers to
those of large firms in close touch with the
engineering world. Improvements in
quality followed, partly, but not entirely,
as a result of the change ; but many of
these improvements were important
only for the very specialised purposes
of talking-film reproduction and helped
little in the application of photo
electricity to more general engineering uses. Cells were more widely used
simply because the knowledge of their
potentialities became more widespread.
And the further extension of their use
must arise from the same cause. When
the ordinary working engineer comes to
regard the photo electric cell as one of the
normal tools of his craft, like the electioRectifier Photocell

Dry Plate Rectifier
COPPER PLATES
WASHERS-.
CUPROUS
OXIDE

A
INUMUNIIIIIIUM111111

COPPER PLATE
COPPER
GRID

DIRECT/ON OF INC/DENT
LIGHT

Fig. I.—DIAGRAM SHOWING PRINCIPLE OF RECTIFIER PHOTOCELL.
When light falls on the boundary between a metal and a semi-conductor of the kind which rectifies a
current, an electronic current is caused to flow from the semi-conductor to the metal, i e , in the threetion opposite to that of the rectified current.
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magnetic relay or the bimetallic strip,
and makes himself familiar with its powers
and limitations, then its use will spread
rapidly without any improvement in the
tool itself or any increase in our knowledge
of it. If, on the other hand, he waits to
use it until research produces some
revolutionary change, he will probably
wait for ever.
Why Amplifiers Will Always Be Necessary.
It may be well to enforce this general
statement by a particular example. One
of the properties of a photo electric cell
that immediately strikes the attention of
the engineer is its sensitivity, or the
amount of current that it will give under
the incidence of a given light. The
sensitivity at present seems to him very
small ; photo electric currents are generally reckoned in microamperes ; he dreams
of a time when sensitivities will be so
increased that he will have amperes to
play with. Such dreams are quite illusory.
It is almost certain that no cell will ever
give directly, with the amount of light
usually available, enough current to work
even a telephone relay. The photoelectric control of any kind of mechanism
will always require the use of amplifiers.
When once amplifiers are introduced, the
power available depends in practice far
more on the properties of the amplifier
than on the properties of the cell.

TYPES OF PHOTO ELECTRIC CELLS.
Now we will proceed to consider in turn
each of the types of photo electric cell.
Of these there are four. In order of
familiarity they are :—
The conductivity cell, of which the
selenium cell is the best known example.
The emission cell, often called a photoelectric cell to the exclusion of all others,
in which the light causes the emission of
electrons from a cathode. The old
Elster-Geitel cell and the modern
" caesium " cell are the best known
examples.
The voltaic cell.
The rectifier cell.
But the order of familiarity is not the
most convenient order for exposition, and
we will start with the last.
THE RECTIFIER CELL.
Three classes of photo cell have been
known for a generation or more, but the
rectifier is a product of the last few years.
The Germans, who have done most of the
development, but not the first discovery,
call it a Sperrschicht or " hinder-layer "
cell ; but since it consists of nothing but
a metal rectifier (of the type that the
Westinghouse Company have brought into
such prominence) with one semi-transparent electrode through which light can
enter, the term proposed here is more
likely to gain acceptance.

When Sensitivity is of Small Importance.
In one very important group of applica- Basic Principles.
tions, in which the cell is used to detect
The basic fact is that when light falls
the motion of some object by the interrup- on the boundary between a metal and a
tion of a beam of light, sensitivity is really semi-conductor of the kind which rectifies
a matter of very small importance ; a current, an electronic current is caused
enough light is usually available to make to flow from the semi-conductor to the
the least efficient cell provide all the metal, i.e., in the direction opposite to
current that is required to operate the that of the rectified current. The comamplifier. In another important group binations most studied so far are copperof applications, in which the cell is used cuprous oxide (as in the Westinghouse
to measure light and, thereby, the optical rectifier) and lead-selenium (as in the
properties of some material, the only rectifier of the Siid-Deutsch A.F.). Judged
quality demanded of the cell is that it by the ratio of the current produced to
should always give the same response to the light incident, these cells are about as
the same light. This quality is possessed sensitive as the best emission cells, but
in the fullest perfection by some of the much less sensitive than conductivity
oldest types of cell ; no improvement is cells. Their advantage over both is their
possible ; and later developments have great robustness, their cheapness (probbeen retrogression rather than progress.
ably) and the absence of any need for a
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battery to drive the current. Nothing
could be more attractive to the engineer ;
there is simply a metal plate bearing two
terminals between which a current flows
when light falls on the plate.

the two similar electrodes immersed in an.
electrolyte were illuminated, an E.M.F.
may be produced as in a voltaic cell. But
practical cells of this type have only been
produced in the last few years ; and the
Arcturus cell is still, we believe, the only
Advantages and Disadvantages.
commercial representative of the class.
But unfortunately they have a serious Over all but rectifier cells these cells have
defect for most engineering purposes ; the the advantage of cheapness, robustness
current cannot easily be amplified by, and of requiring no battery ; over rectifier
thermionic valves, because the cells have cells they have the advantage of greater
a low internal resistance, so that, while current-sensitivity. But they share with
they will generate current, they will not them the disadvantage of a low internal
generate the volts that the grid requires. resistance which makes them unsuited for
Accordingly at present their uses are amplification by thermionic valves ; and
limited to those in which an output of a
few microwatts will suffice. For comparatively rough measurements with the
simplest possible apparatus, they are
unrivalled ; a portable instrument is
already advertised whereby illumination
Glass
Window
can be measured as easily as volts with a
voltmeter. But where the light is required
Sensitive
to set some mechanism in operation or
Electrode
where a very small amount of light has
to produce a large effect, they are not
well suited.
Future Developments of Rectifier Cells.
It is difficult to predict how they will
develop under the intensive investigation
that is being directed on them. Methods
of use that will minimise their disadvantages will doubtless be found and the
extent of those disadvantages decreased.
But it seems unlikely at present that they
will replace emission cells in the fields
where they are at present employed most
widely. Their study is sure to continue,
because their theory is very interesting
and will probably provide the next great
success for wave-mechanics and the
modern theory of metallic conduction.
Both the rectifying and the photo electric
properties of the boundary between metal
and semi-metal arise from the ability of
electrons to leak through a barrier of
potential over which they cannot pass
without violating the principle of energy.
THE VOLTAIC CELL.
This, on the other hand, is in principle
the oldest photo electric effect of all.
Becquerch found in 1839 that, if one of

Fig. 2

— SECTION OF ELECTROLYTIC CELL.

they suffer, though in a less degree, from
the great disadvantage of conductivity
cells, namely, that their response is
determined by their past history and not
merely by the light acting at the moment.
Problems that have to be Solved.
At present there does not seem to be
any field in which photo voltaic cells
have an advantage on balance over other
types ; but their use has probably been
hampered by the too exuberant claims
that have been made for them, and they
certainly demand more notice than they
have received up to the present. Little
systematic research on this type appears
to be in progress. The theory is still
wholly obscure and debate still continues
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whether the underlying action is " photochemical " or " photo electric " ; the
truth is, of course, that the explanation
must be sought in the region where these
terms cease to be distinguishable. It is
not even certain whether all photo voltaic
cells are of the same kind, or whether
there is a difference between cells (such as
the Arcturus) in which the photo electric
1000
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THE CONDUCTIVITY CELL.
The best known example of this class
is the familiar selenium cell, which, in
spite of predictions and rumours of
decease, continues to play an active part
in photo electric engineering. Its merits
are, of course, its great current-sensitivity ;
its demerits its irregularity and the very
complicated relation between light and
response into which past history,
as well as temperature and secular
changes, enter so largely. The
practical problem is to diminish
the demerits without affecting the
merits ; and something has been
achieved in this direction during
the last few years by modifications
of the mechanical construction of
cells and the removal of inessential
causes of irregularity. But in
spite of claims that are made
from time to time, it seems
improbable that the defects that
render the cells useless for
measurement and unsatisfactory
for such purposes as television
and picture telegraphy will ever
be greatly reduced.

Substitutes for Selenium.
Renewed attention is being
paid to the substitutes for
selenium. The production of
200
"thalofide " (thallium-oxysulphide) cells has been further
investigated ; for, if some more
100
trustworthy process for producing
these cells could be discovered
they would undoubtedly have
0
800 900
advantages over selenium in its
350 400 500 600 700
Wave-length metres)
own particular sphere. They are
rather more sensitive and less
Fig. 3.—SENSITIVITY CURVES PRODUCED BY SENSITISING
irregular. Further, the subSODIUM IN DIFFERENT WAYS.
stitution for selenium of the
Curves reduced to give the same maximum value.
closely related element tellurium
or of a mixture of the two has
action seems to occur at the surface of the been shown to be advantageous for some
electrode and those (the subject of many purposes.
more published investigations) in which
All this research is still purely empirical ;
it seems to occur in the body of a fluore- our knowledge of the fundamental proscent electrolyte. There is here a field for cesses involved has hardly advanced
photo electric research that is nearly beyond the stage at which Gudden and
virgin for the application of modern Pohl showed how very complicated they
conceptions and technique.
must be.
300
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PHOTO EMISSION CELLS.

(a) The Sensitivity of the Cathode.
The properties of photo emission cells
are determined primarily by the nature
of the cathode, which emits electrons
under the incidence of the light. Here
there has been a revolution, both in
theory and practice, during the last few
years. We used to speak of " potassium,"
" caesium " or " cadmium " cells (or
cathodes), implying thereby that the
photo electric properties of the cathode
were determined by the nature of the
metal of which it was mainly composed.
It was known that the state of the surface
of the metal had some influence, and an
important process was known whereby
the sensitivity of a metal might be
increased greatly by a deliberate treatment
of its surface ; but it was not thought
that variations arising in such ways in the
properties of a single metal could obscure
the much greater differences between
different metals.
Difficulties of Defining Photo Electric
Properties.
To-day all this is changed. Photo
electric sensitivity to visible light still
seems to be possessed only by cathodes
of which the highly electro-positive metals
(and particularly the alkali metals) are a
constituent ; those metals may therefore
still be distinguished as " active " metals ;
but it is so profoundly modified by the
other constituents and by the relation
of the various constituents to each other,
that there is no important property
possessed by all cathodes containing one
of these elements that is not shared by
some cathodes containing another ; there
is no longer any sense in speaking of a
potassium or a caesium cell ; the photoelectric properties can only be defined
by some much more detailed specification.
Methods of Manufacture.
But we cannot yet specify a photoelectric cathode accurately by its constitution, we can only state its method
of manufacture ; the problem of determining what is the constitution produced
by a given method of manufacture is one
of the gravest of those that still await
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solution. But methods of manufacture
are becoming classified and standardised.
They fall into two groups.
Sensitisation Methods.
First there are methods of sensitisation
which may be regarded as developments
of the old Elster-Geitel process of subjecting a surface of an alkali metal to an
electric discharge in hydrogen. In these
the active metals are caused to undergo a
controlled reaction with some gas or
vapour, so that a film consisting partly
or wholly of a chemical compound is
formed on their surface ; on this film a
layer of the unsensitised metal may be
deposited ; this may be subjected to
another reaction. And so on—for many
variants and elaborations of the procedure
are possible. Olpin, who has been the
chief worker in this field—has studied
in great detail the sensitisation in this
manner of the alkali metals—and especially
sodium—by reaction with compounds
containing sulphur and oxygen, ranging
from SO, to complicated dyes containing
sulphite radicals.
Early Experiments.
At first he seemed to obtain evidence
that a photo electric cathode might be
sensitised by a dye in much the same wayas a photographic plate, acquiring the
power to absorb and utilise light within
the range of an absorption band identical
with, or closely related to, that of the dye.
But this idea has had to be abandoned.
Present-day Discoveries.
Most of the sensitised metals show
spectral selectivity ; that is to say the
sensitivity, measured by the current per
unit of energy in the incident light, is a
maximum for some wavelength and does
not increase steadily as the wavelength
decreases. But the position and height
of this maximum cannot be related simply
to the properties of the sensitising compound. Indeed, it appears possible now
that the action of all the great variety of
sensitising compounds investigated may be
fundamentally the same and that differences arise rather from the speed of the
reaction than from its nature ; it is even
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possible that the true sensitiser in all cases
is the same, either a radical or an impurity
common to all the reagents used.
Finding the Correct Combination.
Further, the processes are not easily
controlled, and it is not always possible
to reproduce the same sensitivity by
repeating the same process. However,
there is no doubt that a very great variety
of cathodes sensitive to different parts
of the visible spectrum can be produced
by these processes, including some having
a sensitivity to white light considerably
greater than any known until a few years
ago. The field does not seem to be
exhausted, and the trial of new combinations may produce yet more valuable
results.
Thin-film Method.
The other method of manufacture may
be regarded as arising out of Ives' work
on thin-films. Ives showed that a film
of an active metal, probably only one
atom thick, on the surface of an inactive
metal, conferred on it a photo electric
sensitivity which was not the same as that
of the active metal in bulk and depended
on the thickness of the film. Such films,
deposited on clean inactive metals, do not
appear to be practically useful ; but when
they are deposited on various chemical
compounds (sometimes mixed with metals)
a very valuable series of cathodes is
obtained, most of which possess spectrally
selective sensitivity in the visible region.
How Cathodes Can Be Prepared.
Cathodes of this kind can be prepared
by simply exposing a surface of the underlying compound (such as calcium fluoride)
to the vapour of the active metal (for all
the alkali metals have appreciable vapour
pressures at room temperature) and allowing a film to condense on the surface
spontaneously ; or a thick layer may be
deposited and the excess over the thin
layer which gives the best result distilled
off by heat. In a modification of this last
process the underlying compound is formed
and the film deposited on it in a single
operation. Thus a cathode of great
practical inportance is made by heating

an oxidised silver plate in the presence of
caesium vapour, whereby the silver is
reduced and caesium oxide produced, and
then distilling off the excess caesium,
leaving only the thin film adhering to the
compound surface thus formed.
Difficulties of Reproducing Cathodes.
The variety of cathodes that can be
produced by this process is probably no
less than that which can be produced by
the first. But again there is difficulty in
reproducing the same result by repeating
the process. Experiments on new combinations will doubtless proceed for some
time to come, and it is possible that
improvements in photo emission cells comparable with the replacement of the Elster
and Geitel cell by its modern substitutes
may still be in store for us.
The Uses of Cathodes.
But since it may appear that something
new and valuable must emerge from the
immense field of possibilities that now
presents itself, it may be well to observe
that our requirements are very limited.
So far as uses at present foreseeable are
concerned they are : (1) a cathode with
the greatest possible sensitivity to white
light, including in that term the radiation
from all ordinary illuminants ; (2) a
cathode whose sensitivity extends as far
as possible into the infra-red ; (3) a
cathode whose variation of sensitivity
with wave-length agrees as nearly as
possible with the " visibility " curve of the
normal eye ; (4) a cathode with a very
uniform sensitivity over a very wide range
of wavelengths ; (5) a cathode specially
sensitive to the ultra-violet radiation of
wavelength about 3000 A, which has
special biological significance.
Possible Developments.
(r) and (2) will probably be the same,
since most of the energy of artificial
" white " sources lies so far in the red
that it is not fully utilised at present.
The search for the best cell in this respect
has probably been prosecuted more energetically than any other, and the chance
of improvement on that which now holds
the field (the caesium-silver-oxygen cell
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mentioned above) is therefore least. But electro-positive metals might produce a
rumours of an advance are already in the selective sensitivity in the ultra-violet ;
air, though so far they are unsupported by but so far the considerable advances
evidence. An advance in the direction that have been made in this direction
of (3) is more probable ; for no cell pro- have come from simply trying metals
duced regularly at present approaches the that hitherto have not been investigated
ideal ; while some of Olpin's experimental at all, e.g., uranium and thorium. A
cathodes appear to come very near it. comparative study of all the metals in their
This requirement is important, of course, "normal " state ought to be undertaken.
in all photometric work in
which visual
judgment is
1000
the ultimate
criterion.
(4) is required
900
for spectrophotometric
work.
It is
800
highly unlikely
that any close
approximation to
700
the ideal will be
attained ; for in (1)
the visible spec- L. 600
trum strongly
selective sensi- ,U
tivity, with one .44
t- 500
or more marked
maxima, is c%)
characteristic of 0400
all cathodes ; the cz,
best that can be
300
hoped for is
several equal
maxima. But
200
real improvement in this
direction cannot
100
be expected until
consistency in
producing the
0
600 700 800 .900 1000 1100 1200
500
same properties
300
400
Wave-length (metres)
by the same
process is atFig. 4.—SENSITIVITY CURVES OF VARIOUS THIN FILM CATHODES.
tained ; for uniCurves reduced to give the same maximum value.
formity among
different cells is almost as important as Selective Sensitivity Not Yet Understood.
uniformity in the same cell.
For even if all practical problems were
(5) will probably not be provided by solved, photo electric emission would still
either of the new processes that have been be worthy of study. The theory of it,
described ; for the characteristic sensi- though of the greatest importance in pure
tivity of cathodes produced by them is in physics, is still very incompletely underthe visible spectrum. It is possible that stood. The action of the light is doubtless
the extension of the same process to less to give to the metallic electrons an energy

1720

PHOTO ELECTRIC CELLS

sufficient to enable them to emerge against
the opposing field at the surface ; but we
still do not understand why there should
be selective sensitivity and why a particular
wavelength should be more effective than
wavelengths either greater or smaller.
Classical theories had to seek the cause in
selective absorption of the light and to
hold that the electrons took energy at
one wavelength more readily than at
another. Wave-mechanics showed that
the cause might be selective emission ;
that electrons with a particular energy
might emerge more easily ; and that this
was most likely to happen when the
surface was built up of layers of different
materials, as are probably all the selectively
sensitive surfaces prepared by either of
the processes described.
But it seems possible that such a
structure might also give rise to selective
absorption of the light ; so that the
selective emission theory does not seem
necessary. A decision between the two
theories might be obtained if it could be
shown that selective sensitivity is always
associated with selective optical absorption ; for though the energy carried by
the emerging electrons is never more than a
small fraction of that lost by the light
when it falls on the surface, a maximum
in one would be expected to accompany a
maximum in the other if the theory of
selective absorption is true and that of
selective emission false.
(b) Gas-filling.

In gas-filled cells other problems besides
that of the cathode enter. The great
increase in the sensitivity of vacuum cells
that has been obtained by the substitution
of the newer for the older cathodes has
not been fully realised in gas-filled cells,
because less magnification can be obtained
by means of ionisation of the gas.
Degree of Magnification with Gas-filled
Cells.
In an old " potassium " cell the primary
current could be magnified 5o times and
yet be stable ; in a new " caesium-silver "
cell it can only be magnified 20 times for
the same stability.
" Time-lag " of Gas-filled Cells.
When this re-examination is made it

will probably throw light on an obscure
phenomenon of increasing practical
importance, namely the slight " timelag " of gas-filled cells, which prevents
them following accurately very rapid
fluctuations of light. The effects of this
time-lag are appreciable in the reproduction of talking-films and in picture telegraphy ; they become very serious in
television, which involves frequencies of
fluctuation up to Ioo,000 p.p.s. At
present gas-filled cells lose almost all their
superior sensitivity over vacuum cells at
such frequencies. Of course, it is not
certain that a better understanding of
time-lag will enable its effects to be
avoided ; but research in this direction
is urgently required on practical as well
as on theoretical grounds.
AMPLIFIERS.
Amplifiers ale so intimately involved in
most engineering applications of photo
electric cells that a word must be added
about two recent developments.
The Thyratron Relay.
The advent of the " thyratron " (or
gas-filled thermionic relay) enables the
current that can be controlled efficiently
by a photo electric cell to be increased
from a few milliamperes to many amperes.
Of course, the same increase can be
obtained by placing a mechanical relay
or contactor in series with an amplifying
valve of the older type, but in many
cases the thyratron has very definite
advantages, especially in being adapted
for A.C. supplies. The combination of
cell and thyratron will probably play a
large part in the engineering of the future.
Amplifier Valve for Photo Electric Work.
Another new kind of amplifier valve
specially adapted for photo electric work
is that in which grid current is almost
totally suppressed by using very low
anode potentials and taking especial care
about insulation. With such valves there
is practically no limit in principle to the
smallness of the photo electric current
that can be made to work a relay or a
robust measuring instrument, if only
sufficient time is allowed ; the field of
measurements commercially practicable is
considerably extended.
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SIMPLIFIED CALCULATIONS
RELATING TO D.C. AND A.C. MOTORS
AND DYNAMOS
By A. T. DOVER, M.I.E.E.
D.C. MOTORS.
Quantities Usually Involved with D.C.
Motors.
HE practical man may occasionally
require to calculate the following :
Resistances of windings, temperature rise, efficiency, current input at full
load, no load losses.
The tester must, in addition, be able to :
Correct test speed readings for variation
of supply voltage, machine temperature,
excitation, and load ; calculate speed,
torque and efficiency curves ; calculate
saturation curves from indirect tests ;
separate the losses in a machine into its
components.

T

Resistances of Windings.
To calculate the resistance of one of the
field coils of a motor we must know :
(r) the number of turns ; (2) the mean
length of turn (or alternatively, the inside
and outside diameters of the coil) ; (3)
the size of the wire ; (4) the specific
resistance. The total length of wire in the
coil is obtained by multiplying the number
of turns by the mean length of turn. The
resistance is then calculated from the
formula :—
length x specific resistance
Resistance =
cross section
The value to be used for the specific
resistance must be that corresponding
to the temperature of the conductor, and
may be obtained from Table I.

Alternatively, the resistance may be
obtained from Table V, p. 1049, when the
length of wire and the cross section are
known, but in this case, the result will be
correct only at a conductor temperature
of 6o° C.
Temperature Rise.
The average temperature rise of the
field and armature windings can be calculated when the hot and cold resistances
of the windings are known. The cold and
hot resistances are measured in the usual
way by means of an ammeter and a
voltmeter, but the air temperature at
which the cold resistance is measured must
be observed. The percentage change of
resistance, from cold to hot, is then calculated, and the temperature rise is obtained
by dividing this quantity by the coefficient
—given in Table II—corresponding to the
temperature at which the cold resistance
was measured. Expressed as a formula,
we have :—
(hot resis. — cold resis.)
temperature rise —
cold resis.
X Too =coefficient in Table II
(1)
For example, if the cold resistance is
zoo ohms at 6o° F. and the hot resistance
is 230 ohms, the percentage increase in
(230 — 200)
resistance is
X 100 = 15 per
200

cent.
From Table II the coefficient on the
Fahrenheit scale for 6o° F. is 0.222.

TABLE I.—VALUES OF SPECIFIC RESISTANCE OF ANNEALED COPPER AT VARIOUS TEMPERATURES.
Temperature °F.

..

..

..

..

32

6o

68

132

140

158

Temperature °C.

..

..

..

..

0

15.5

20

55.5

6o

70

0.77

o . 798

Specific resistance (microhms per in. cube)

o .614

0.667

0.68

0.76
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TABLE II.—RESISTANCE COEFFICIENT FOR TEMPERATURE RISE.
Temperature at which cold resistance
was measured (°F.)
..
..
..

32

40

5o

6o

7o

8o

0.237

0.232

0.227

0.222

0.217

0.213

Temperature at which cold resistance
was measured (°C.)
..
..
..

0

10

15

20

25

30

Percentage Coefficient for temperature
rise on Centigrade Scale
..
..

0.426

0.409

0.4

0.393

0.385

0.378

Percentage Coefficient for temperature
rise on Fahrenheit Scale
..
..

NOTE.—The values of the coefficients are based upon the observed fact that for each °C. difference of temperature from
20° C. the specific resistance of annealed copper changes by
of its value at 20° C. Similarly for each °F difference
2 54.5
of temperature from 6o° F. the specific resistance changes b y — of its value at 6o° F.
450

Hence the temperature rise—
0.222

= 67.6° F.

Numerical Examples on Resistance and
Temperature Rise.
(I) One of the shunt field coils of a motor
is wound with i800 turns of No. 23 S.W.G.
wire. The mean length of turn is i8 in.
What is the resistance of the coil at 6o° F ?
Solution.—The total length of wire on
the coil is 180o x 18=32400 in. The
Cross section of No. 23 S.W.G. is 0.000452
square in., and the specific resistance of
copper at 6o° F. is 0.000000667 ohm.
Hence the resistance=
32400 x0.000000667
— 47.9 ohms.
0.000452
(2) The armature of a two-pole motor
has 22 coils, and each coil consists of 9 turns
of two 0.044-in. wires wound in parallel.
The mean length of turn is 3o in. What is

the working resistance of the armature
(i.e., the resistance between the brushes) at
6o° C ?
Solution.—Two 0.044-in. wires in parallel
are equivalent to a single conductor
having a cross section 2 X0.785 X 0.044.2=
0.00304 sq. in.
With a two-pole armature winding there
are two parallel circuits between the
brushes, each circuit consisting of one
half of the total turns on the armature.
Hence in the present case the equivalent
length of wire in one half of the armature
winding is 1- X 22 X 9 x30=2970 in.
Hence the resistance of one half of
the winding is

297o x0.000000667
0.65 ohm,
0.00304
and as the two halves of the winding
work in parallel the working resistance of
the armature is 2 x 0.65=0.375 ohm.
(3) The cold resistance test on the field

winding of a motor gave a resistance of
68 ohms, the air temperature at the time of

the test being 15° C. After running on
load for several hours the hot resistance of the
winding was measured and found to be
8o ohms, the air temperature being i8° C.
Calculate the temperature rise by resistance
and the hot temperature of the field winding.
Solution.—Applying formula (1) to obtain the temperature rise with respect
to the temperature at which the cold
resistance was measured, we have
temperature rise (from 15° C.) =

(80 —68) x Ex) =0.4 = 44° C.

68
Hence, temperature rise from 18° C.=
44 (18 —15) =4I° C.
Whence, hot temperature of the field
winding =4I +18=59° C.
NOTE.The hot temperature is a mean
temperature. Certain parts of the winding
(e.g., the outer layers) will have a lower
temperature than the calculated value,
and other parts at the centre of the coil
will have a higher temperature.
Efficiency and Current Input at Full Load.
The efficiency of a machine is calculated
by dividing the output by the input,
both of these quantities being expressed
in the same units. When the output
and the losses corresponding to this output
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TABLE III.—AVERAGE FULL-LOAD EFFICIENCIES OF STANDARD D.C. MOTORS (HOT, 60° C.).
..

*

i

I

2

5

10

20

5o

Per cent. Efficiency..

6o

75

77

82

83

85

87

90

Rated h.p.

..

are known, the efficiency can be calculated
in the manner explained on page 1174.
In practice we often require to calculate
the full-load current of a motor, in which
case we must know the efficiency. If this
is not known for the particular machine
the approximate value may be obtained
from Table III, which gives the average
efficiencies of motors.
Hence, full-load current=
746 x h.p.
(2)
volts x efficiency
No-Load Losses.
In a shunt-wound motor these losses
comprise : (1) the shunt-field or excitation
loss ; (2) the armature core or iron loss ;
(3) the friction and windage losses. These
losses remain practically constant at all
loads. They may easily be determined by
measuring the current input to the motor
when running light at normal voltage ;
the product of these quantities being equal
to the no-load losses.
Efficiency and Current Input at Fractional
Loads.
When the no-load losses of a shuntwound motor and the resistance of the
armature are known, the efficiency at
inputs smaller than the full-load input
can easily be calculated. Thus, the total
losses consist of the no-load losses (which
remain constant at all loads) and the
armature PR losses (which can be calculated from the armature current and resistance).
For example, if the no-load losses of a
5 h.p., Ho-volt, shunt-wound motor are
415 watts (of which 18o watts is the excitation loss), and the armature resistance is
o. z8 ohm, the total losses when the current
input to the armature is 20 amp. (which is
one-half of the full-load armature current)
will be
415 +0.28 x 202 =527 watts.
The input to the motor =20 X II0 +180
= 2380 watts. Hence, the output

2380 —527 =1853 watts. Therefore, the
efficiency-1853/2380=0.778.
The calculation of the current input
corresponding to a definite output is not
quite so simple as the above calculation,
as the extraction of a square root is
involved. For example, if the current
input to the above 5 h.p. motor were
required when the output was 21 h.p. we
should have to proceed as follows :—
The power output = 2.5 x746 = 1865
watts, and the power input =1865 +
losses. Since the no-load losses are .415
watts, the total losses when the motor is
developing 21 h.p. are : (415 armature
I 2 R loss) =415 -1- I2 X 0.28, where I is the
current input to the armature. Hence
the power input =1865 + 415+ /2 x o.28.
But the power
is also equal to :—
(power input to armature + excitation
loss) = iio /+180. Hence 1865+415+
/2 x 0.28 =ilo /±18o which, when
solved for I, gives
1=20.1 amp.
Therefore, the current input to the
motor for an output of 21 h.p. is 20.1
+180/110=21.74 amp.
Numerical Examples on Input Current.
(1) What is the approximate full-load
current for a 3 h.p. 460-volt motor ?
Solution.—From Table III the full-load
efficiency is 82 per cent.
Whence, full-load current=
746 X 3
460 x o. o2 — 5.94 amp.
(2) The speed-torque characteristics of a
15 h.p. series-wound crane motor at 220
volts are as follows :—
Amperes ..
go
72
60
45
Torque (1b.-ft.)
252
102
287
148
Speed (r.p.m.)
•• 435 485 522 58o
Calculate the current input at full load.
Solution.—This problem is solved with
the aid of squared paper. The output
(h.p.) is calculated from the values of
torque and speed, using the formula :—
6.28 x torque (lb.-ft.) x speed (r.p.m.)
h.p. =33,000
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The results together with the current input
are plotted on squared paper. The current
input for an output of 15 h.p. is then
obtained directly from the curve. Thus,
the calculated results are :—
Amperes ..
Horse-power

..

90 72 60 45
11.26
9
17.3
14.7

20

Whence, from the curve, the full-load
current is 61.3 amp.

370. Whence, substituting in formula (3)
the speed at 46o volts is :—
n=800 x 430
— =020 r.p.m.
370
(2) In a test on a I05-volt shunt-wound
motor the supply voltage was ioo volts when
the current input was 20 amperes, the speed
being iloo r.p.m. What is the approximate speed at normal voltage ? Resistance
of armature 0.4 ohm.
Solution.—Substituting in formula (3)
we obtain the speed, at normal voltage, as
105 --20 X0.4

Correction of Test-Speed Readings for
Variation of Supply Voltage.
In testing motors it frequently happens
that readings of the speed and other
n=iioo X
100 —20 X 0.4
quantities have to be taken when the
=ii6o r.p.m.
supply voltage differs slightly from the
normal value. With series-wound motors Calculation of Flux.
the speed corresponding to normal voltage
The e.m.f. (E) generated in the armature
may easily be calculated as for a given of a direct-current machine (motor or
current, the flux and torque are indepen- generator) is given by the formula :—
dent of the supply voltage. The speed is
Fzn
E —P x
then directly proportional to the counter(4)
ioo,000,000
a
e.m.f. in the armature. Thus if the speed where p=number of poles, a=number of
n1 is observed at a terminal voltage V3 circuits in armature winding (usually two
when the current is I, the current speed n, in small motors, but equal to the number
at normal voltage V, for this current is of poles, p, in lap-wound armatures),
given by the formula :—
F= flux per pole, z=number of armature
conductors, n=speed of rotation in revs.
n—n, V — IR
•
•
(3)
V,— IR
per second.
where R is the resistance of the motor.
Whence, the flux is given by
With a shunt-wound or a compound100,000,000
wound motor an accurate correction of the
(5)
z n p/a
speed can only be made when the magneThe generated voltage, E, may be
tisation curve of the motor is available. measured when the machine is running as
If the difference between the test voltage an unloaded generator at a known speed n,
and normal voltage is small, the flux or alternatively, the speed n may be
corresponding to a given current may be determined when the machine is running as
assumed to be constant, and the correction a motor, and the counter-e.m.f. calculated.
is applied in the same manner as for a series
wound motor.
Calculation of Speed.
Formula (4) can be rearranged to give
Numerical Examples on Correction of the speed of a motor when the counterSpeed.
e.m.f. (E), the flux (F) and the other
(I) In a test on a series-wound motor quantities are known. Thus :—
the speed was 800 r.p.m. when the terminal
ioo,000,000 E ioo,000,000 (V— I R)
.. (6;
voltage was 400 volts and the current input n=
F z p/a
F z pia
20 amperes. What is the speed for the same
This formula gives the speed in revs. pei
current input when the terminal voltage is second.
460 volts ? Resistance of motor 1.5 ohms.
Solution.—The voltage drop in the motor Numerical Example on Calculation of Flux
at a current of 20 amperes is zo X 1.5=30
A 4-pole shunt-wound motor runs a
volts. Hence when the terminal voltage a speed of 1500 r.p.m. at no load when th
is 460 volts, the counter-e.m.f. is 460 —30=, terminal voltage is 230 volts. The armatur
43o volts, and when the terminal voltage has a wave (two-circuit) winding with go(
is 400 volts the counter-e.m.f. is 400 —30= conductors. Calculate the flux.
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Solution.—In this case the countere.m.f. in the armature is practically equal
to the terminal voltage. Also p/a=2 ;
z=900 ; n=1500/60=25. Whence, substituting in formula (5)
roo,000,000 x 230
F=
—510,000 lines.
—
900 x 25 X 2
Calculation of Torque.
The torque exerted by the armature
conductors can be calculated when the
flux, armature current, number of armature conductors, number of armature
circuits and number of poles are known.
The formula is :—
F z I
p
Torque (lb.-ft.)= xe
(7)
a 052,000,000
In this formula I is the current input
to the armature. The other symbols
denote the same quantities as in formula (4).
The torque calculated from formula (7)
is the gross torque, which is greater than
the torque available at the pulley by an
amount equal to the torque required to
supply the friction, windage and armature
core losses.
Numerical Example on Calculation of
Torque.
Calculate the torque developed by a 4-pole
motor when the current input to the armature
is 40 amp. The flux is 500,000 lines, and
the wave (two-circuit) armature winding has
45o conductors.
Solution.—In this case p/a==2, z=450,
I==40. Hence, substituting in formula (7)
500,000 x 450 x 40
—21.1 lb.-ft.
Torque= 2 X 0
852,000,000
Speed-Torque Characteristics.
The speed and torque may each be
calculated by means of formula (6),
(7), when the relationship between the flux
and the armature current is known. But
in practice we may be given the speedtorque curve of a motor and may require
to calculate another speed-torque curve
for different operating conditions, such as
a different voltage or a different excitation.
With a series-wound motor the speedtorque characteristics for a different voltage is easily obtained from the given
characteristic, as, for any given current,
the torque is independent of the voltage
and the speed is calculated from formula

(6). The calculation of the speed-torque
characteristic of a series-wound motor
corresponding to different conditions of
excitation (e.g., a reduction in the number
of turns in the field winding (tapped field)
or the shunting of the field winding by a
resistance) is also a straightforward
process, as the magnetisation characteristic of the motor can be calculated from
the speed curve. The method of procedure
is shown in the numerical example below.
With a shunt-wound motor the magnetisation characteristic, or alternatively the
relationship between the speed and excitation at constant load and voltage, must
be available before the new speed-torque
curve can be calculated.
Numerical Examples on Calculation of
Speed-Torque Characteristics.
The characteristics of a series-wound
crane motor at 220 volts are as follow :—
Current (amp.) ..
Speed (r p.m)
Torque (lb. ft)

.

90
435

.

252

72
485

6o
522

187

148

45
580
102

30
700
58

Deduce the characteristics when the terminal
voltage is 200 volts. Resistance of motor,
0.46 ohm.
Solution.—The torque corresponding to
a given current will be the same at both
voltages. The speed at 200 volts is
calculated by means of formula (3). The
calculations are best carried through in
tabular form. Thus :—
Current (amp.)
Voltage drop ..
Counter-e.m.f at 220 v.
Counter-e.m.f at zoo v.
Speed at 200 v. (r p.m.)
Torque at 2 00 v. (lb.-ft.)

90
41.4
278.6
258.6
387

72
33
287
167
433

252

187

60
45
30
23.8
27.6 20.7
292.4 199.3 206.2
172.4 179.3 186.2
526
632
467
148

102

58

(2) If in the motor of the preceding
example one-third of the turns of the field
winding are cut out of circuit, what will
be the new speed-torque characteristic at
220 volts ? Resistance of motor with tapped
field winding=o.4 ohm.
Solution.—The relationship between the
flux and excitation must first be calculated.
The actual value of the flux cannot be
obtained because data of the armature
winding are not available, but the proportional flux is all that is required for the
present calculation. This quantity (k F)
is easily calculated by means of formula (5).
For example, from the given characteristics the speed at 6o amp., 220 volts is
522 r.p.m. The counter-e.m.f. is 220—
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27.6=192.4 volts. Therefore, substituting in formula (5)
counter-e.m.f. 192.4
k
= -=o.368
speed
522
Carrying the steps through in tabular
form we have :—
Current (amp.)
go
72
60
45
30
Speed (r.p.m.)
580
700
522
485
435
Voltage drop
27.6
20.7
13.8
41.4
33
Counter-exa.f.at220v. 178.6 287 /92.4 199.3 206.2
kF
0.41 0.385 0.368 0.343 0 . 294
••

The values of k F and current are
plotted on squared paper, and a curve is
drawn through the points. This curve
represents the magnetisation characteristic
of the motor and is used in the following
manner to obtain the proportional fluxes
when the motor is operating with tapped
field.
With tapped-field operation (i.e., when
one-third of the field winding is cut out)
the excitation corresponding to a given
armature current is two-thirds of that for
full-field operation (i.e., when the whole
of the field winding is in circuit). Hence,
the proportional fluxes are obtained
directly from the magnetisation characteristic at currents two-thirds of the corresponding armature currents. For example
when the armature current is 6o amp. the
excitation is equivalent to x6o=4o
amp., for which the proportional flux is
0.329.
The speed corresponding to a given
armature current and supply voltage is
inversely proportional to the flux and
directly proportional to the counter-e.m.f.
Hence, " tapped-field" speed=" full-field "
full-field flux
speed x
tapped-field flux
tapped-field counter-e.m.f.
X
full-field counter-e.m.f.
The torque corresponding to a given
armature current is directly proportional
to the flux. Hence " tapped-field " torque
tapped-field flux
=" full-field " torque x
full-field flux
This relationship is strictly correct only
when gross torque (i.e., the torque exerted
by the armature conductors) is considered.
The calculations are completed in tabular
form, thus :—
Armature amp.
..
Proportional flux, full
held ..

90

72

6o

45

30

0.41 0.385 0.368 0.343 0 .294

Equivalent excitation,
30
20
tapped field (amp.)..
6o
48
40
Proportional
flux,
tapped field
0.368 0.348 0.33 0.294 0.23
Counter-e.m.f.,
full
field ..
178.6 187 192.4 199.3 206.2
Counter-en/I, tapped
field
184 191.2 196 202 208
Speed,fullfield(r.p.14
435 485 522 580 700
Speed, tapped field
(r.p.m.)
500 562 593 684 goo
Torque, full
field
(lb.-ft.)
252 187 146 102 52
Torque, tapped field
..
(lb.-ft)
226 169 132.7 87.4 40.7

Correction of Speed for Variation of
Machine Temperature.
In a test report of the performance of a
motor it is customary to give the speeds
for a standard machine temperature, e.g.,
6o° C. or 140° F. If the test speeds have
been obtained at another machine temperature they are corrected to the standard
temperature. The correction is easy with
a series motor, but is more difficult with
a shunt motor as in this case the magnetisation curve must be available.
Thus with a series motor the resistances
of the field and armature windings of
the motor at the time of the test are
measured together with the temperatures.
These are corrected to the standard
machine temperature, and the countere.m.f.'s are calculated. As the speed for
a given current is proportional to the
counter-e.m.f., the corrected speed is
easily obtained. Thus :—
speed at s't'd. temp. =test speed x
counter-e.m.f. at s't'd. temp.
(8)
counter-e.m.f. at test temp.
With a shunt motor the change of
resistance of the field winding causes a
change of flux. Hence the magnetisation
characteristic of the motor must be available if the change of flux corresponding to
the change of excitation is to be obtained.
The corrected speed for a given armature
current and normal voltage is then
obtained from the formula :—
speed at s't'd. temp. =test speed
counter-e.m.f. at s't'd. temp.
X
counter-e.m.f. at test temp.
flux at test temp.
X
flux at s't'd. temp.
Numerical Examples on Correction of Speed
for Temperature.
(I) The following readings were obtained
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on a series-wound motor at its normal
voltage (220 volts) :—
Amperes
..
90
72
6o
45
30
Speed (r.p.m.)

••

435

485

580

522

700

At the end of the test the resistance
of the field winding was 0.175 ohm and that
of the armature winding 0.285 ohm. The
corresponding temperatures of the windings
were 85° C. and 78° C. Deduce the speeds
for a machine temperature of 6o° C.
Solution.—The resistances at a temperature of 6o° C. are calculated from the test
resistances as follows :—
At a temperature of 85° C. the resistance
of annealed copper changes by -E-rig.-s
of its value at 85° C. for each ° C. difference
of temperature, and at a temperature of
78° C. the change is 3117.T, of the value at
78' C. for each ° C. difference of temperature.
Hence the resistance of the field winding
at 75° C. is :—
25
0.175 —0.175 x —
—0.0137
319.5
=0.1613 ohm
and the resistance of the armature winding
at 75° C. is :—
18
==0.285 —0.0164
0.285 —0.285 X
312.5
=0.2686 ohm.
Therefore, the resistance of the motor at
75° C.=0.1613+0.2686=0.43 ohm (approx.).

The counter-e.m.f.'s are next calculated
and the corrected speeds are obtained from
formula (3). Thus :—
go
Amperes
.•
••
Counter-e.m.f. (test) .. 178.6
181.3
Counter-e.m.f. (6o° C.)
Speed, 6o° C. (r.p.m.)..
442

72
/87
/89
490

6o
45
30
192.4 199.3 206.2
194.2 200.6 207.1
526
584
704

(2) The full-load speed of a 71shunt-wound motor when cold (20° C.)
is 1150 r.p.m., the input being 6o amp. at
110 volts. The cold resistances (at 20° C.)
of the armature and field windings are 0.12
ohm and 8o ohms, respectively. A test
taken with the motor cold at a constant
load of 6o amp. ilo volts input, and
varying excitation, gave the following results :
Excitation (amp)
Speed (r.p.m.)

••

x.375
.. 1150

••

/.2
1172

1.0

/205

Calculate the full-load speed when the
machine temperature is 6o° C.
Solution.—The hot resistances (6o° C.)
are calculated as follows :—
The percentage resistance coefficient
(from Table II) for 2o° C. is 0.393 per cent.
Hence the resistances at 6o° C. will be
(6o —2o) x0.393=15.7 per cent. greater
than the cold resistances. Therefore :—
Armature resistance (6o° C.) =1.157 X
0.12 =0.139 ohm.
Field resistance (6o° C.) =1.157 x 8o
=92.6 ohms.
Whence, the exciting current (hot) =
H0/92.6=1.19 amp.

TABLE IV.—AVERAGE VALUES OF EFFICIENCY AND POWER FACTOR FOR SMALL THREE-PHASE
50-CYCLE INDUCTION MOTORS (SQUIRREL-CAGE ROTORS).

Efficiency (per cent ).
Horsepower.

Synchronous Number
Speed.
of
(r p m)
poles.

Frame
size.

Full
load.

i
load.

3
3
5
5
5
10
10
to

1,500
1,000
1,500
1,000
1,500
1,000
2,500
2,000
1,500
1,000
75o
2,500
1,000
750

4
6
4
6
4
6
4
6
4
6
8
4
6
8

A
B
A
B
B
C
C
D
D
E
G
F
H
J

81
81
81
82
85
82
84
83
85
86
85
88.5
87
86

20

1,500

J

89.5

89 .5

20
20

1,000
75o

4

K
L

89
89

89
89

I
2
2
2

6
8

82
8o
81
82
85
82
84
83
35
86
85
88.5

87
86

Power Factor (per cent.)

1
load.

Full
load.

i
load.

f
load.

79
78
79
8o
83
8o
8z
82
83
84
83
87
86
84

79
70
So
71
83
78
87
8o
89
83
77
89
87
8o
91
88
85

72
62
74
62
77
7o
82
72
85
77
69
85
82
73
87
84
79

6o
47
61
48
65
56
71
58
76
65
56
76
72
6o
So
74
68

88
88

88
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TABLE V.—AVERAGE VALUES OF EFFICIENCY FOR SMALL THREE-PHASE 50-CYCLE INDUCTION
MOTORS (SLIP-RING ROTORS),
Efficiency (per cent.).
Horsepower.

2
3
3
5
5
5

io
io
ro

20
20
20

Synchronous Number
Speed
of
Frame
(r.p.m.).
poles.
Size.
1,000

1,500
1,000

1,500
1,000

750
1,50o
1,000

750
1,500
1,000

750

6
4
6
4
6
8
4
6
8
4
6
8

C
C
D
D
E
G
F
H

J
J
K
I.

Power Factor (per cent.)

Full
load.

i
load.

i
load.

Full
load.

i
load.

i
load.

75
81
8o
84
84
84
89
87
87
89
90
90

75
81
8o
84
84
84
89
87
87
89

73
8o
78
83
83
83
88
86
86
88
89
89

74
83
75
84
8o
72
84
82
75
88
83
79

67
78
68
79
73
65

52
68
53
69
62
53
7o
65
57
76
67
6o

If the cold-speed excitation characteristic is plotted, the cold speed corresponding to this excitation will be found to be
1173 r.p.m.
Hence the full-load speed hot
counter-e.m.f. (hot).
=I173 X
counter-e.m.f. (cold).
110 —58.8 x 0.139
=1173 X
110-58.6x0.12
=116o r.p.m.

A.C. MOTORS.
Quantities Usually Involved with A.C.
Motors.
The practical man is concerned chiefly
with the quantities relating to the performance of A.C. motors, such as : Resistances
of windings ; temperature rise ; efficiency ;
power factor ; current input ; speed ;
losses.
Resistances of Windings and Temperature
Rise.
These are calculated by the same
methods as explained in the section on
D.C. motors.
Efficiency, Power Factor and Current
Input.
The power input to an A.C. motor is
calculated by dividing the output by the
efficiency, just as for a D.C. motor. But
the calculation of the current input
requires a knowledge of the power factor;
which, like the efficiency, is a particular

go

90

So

76
69
84
78
72

quantity for every motor. The power
factor depends upon the design of the
motor, and for a given motor varies with
the load. Typical average values of
power factor and efficiency for small threephase induction motors are given in
Tables IV and V.
When the efficiency and power factor
are known, the calculation of the current
input corresponding to a given output
is a simple operation. Thus, for a singlephase motor :-Current input
power (watts) output
—
efficiencyx power factor aline voltage"' (9)
and, for a three-phase motor :—
line current input
power (watts) output
I.73Xefficiencyxpower factorxline voltage
....(to)
Current Input at Fractional Loads.
The current input at fractional loads
cannot be calculated from the output and
losses—as was the case with D.C. motors—
because in the present case the power
factor is involved, and this quantity varies
with the load. Hence an approximate
calculation of this current is only possible
by assuming a value for the power factor.
Speed.
In induction motors the speed is independent of the supply voltage: The
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TABU' VI.—SYNCHRONOUS SPEEDS FOR 50 CYCLES.
Number of poles ..
Synchronous Speed
..
(r.p.m.)

2
3,000

4
1,500

6
1,000

8

20

II

750

600

500

no-load or synchronous speed is calculated
from the formula :—
Synchronous speed (r.p.m.)
Supply frequency (cycles per second) x 6o
=_half number of poles
....(II)

Table VI gives the synchronous speeds
for different numbers of poles and a supply
frequency of 5o cycles per second.
The speed on load is slightly lower than
the synchronous speed, the drop in speed
being proportional to the load. The
percentage drop in speed from no load to
full load is called the percentage " slip."
With a rotor of normal resistance the slip
is about 5 per cent. for a 5 h.p. motor and
about 3.5 per cent. for a 20 h.p. motor.
Thus the full-load speed of a 5 h.p., 4-pole,
5o-cycle motor is about 1500 x (1 —0.05)
=1425 r.p.m., and the half-load speed
x 0.05) =1462 r.p.m.
is about 1500 x (1
Numerical Examples on Three-phase Induction Motors.
(1) Calculate the full-load current input
to a 5 h.p., 400-volt, 4-pole squirrel-cage
motor.
Solution.—From Table IV the full-load
efficiency is 85 per cent., and the full-load
power factor is 89 per cent.
Hence, from formula (io), the current is :
5 X 746
1.73 x 0.85 x 0.89 x 400 —7.14 amp.
(2) Calculate the full-load current input
to a ro h.p., 400-volt, 6-pole slip-ring motor.
Solution.—From Table V the full-load
efficiency is 87 per cent., and the full-load
power factor is 82 per cent.
Hence, from formula (Io), the current is :
10 x 746
=15.1 amp
1.73 xo.87 x0.82 x400
(3) The full-load " slip " of a 20 h.p.,
6-pole, 50-cycle motor is 3.5 per cent.
What is the full-load speed ? Also what
is the speed at half load ?
Solution.—The synchronous speed, from
Table VI, is moo r.p.m. Hence, the
full-load speed
=moo x —0.035) -=965 r.p.m.

The slip at half-load is 2 x3.5=1.75
per cent. Whence, the speed at half-load
=loon x —0.0175)=982 r.p.m.
Losses.
The losses in a three-phase induction
motor comprise : (1) the constant " noload " losses (consisting of the core loss,
and the friction and windage losses) ;
(2) the variable PR losses in the stator
and rotor windings.
The I 2 R losses can be calculated for
the stator and slip-ring rotor windings
when the resistances of these windings
are known. If both of these windings are
three-phase windings, and the resistances
are measured between any pair of stator
terminals or rotor slip rings, then the
total I 2R loss in the respective winding is
given by :-x (line current) 2 x measured resistance
between terminals.
On the other hand, if the resistance
per phase of the respective winding is
known, the total I 2 R loss is given by :3 x (phase current) 2 X resistance per phase.
Thus, in this case, a knowledge of the
internal connection (star or delta) of the
winding is required.
D.C. DYNAMOS.
Quantities Involved With D.C. Dynamos.
The quantities with which the practical
man is chiefly concerned and may wish
to calculate are : Resistances of windings ;
temperature rise. Other quantities such
as the flux, variation of voltage with load,
efficiency, etc., cannot be calculated unless
data of the machine are available. These
calculations are associated more with the
designing than the operating engineer.
Resistances of Windings and Temperature
Rise.
These are calculated by the same
methods as explained for D.C. motors.
Flux and Efficiency.
The flux is calculated by means of
formula (5).
The efficiency is calculated from the
output and losses in a manner similar to
the calculation for a D.C. motor. In a
dynamo the " no-load " losses are not
independent of the load, as the excitation
and iron losses increase with the load.
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ESTIMATING FOR WIRING
CONTRACTORS
By E. H. FREEMAN, M.I.E.E.

T

HE days when estimating the cost
of an electric lighting installation
consisted of a more or less caretul
inspection 01 a building or a set of plans
followed by a rule of thumb assessment of
the price " per point " are long past and
estimating is now recognised as essentially
a matter for careful measurement, to
ascertain quantities of material, with
equally careful weighing up of probable
labour costs. The latter item must be
based on experience, not only with similar
past work, but also with the class of labour
available and it is the wide differences in
these conditions that involve the most
difficult problems in deciding the probable
cost of any particular scheme.
Price Per Point.
It will be as well to emphasise the
extremely unsatisfactory features underlying the common habit of giving estimates
on the basis of a " price per point." In
the first place, there are wide divergences
as to what constitutes a " point." It may
be easy to define it when the " points "
are all one-lamp outlets of similar size,
each controlled by a separate switch, but
beyond this simple unit there is no uniformity. It has been claimed in Scotland
that a 5-light pendant is 5 " points," so
I hat the contractor may find himself in
the fortunate position of being paid for
5 points because a customer has decided
on a 5-light pendant with 20-watt candle
lamps, instead of a single unit fitting with
one zoo-watt lamp.
Common Variations.
This is an extreme case, but there are
very wide differences of opinion as to the
number of " points " for such common
variations from the " one light—one
switch " as the following :—

Light outlet controlled by two 2-way
switches.
Two I-light outlets, both controlled by
one switch.
Light outlet controlled by two 2-way
and an intermediate switch.
These are all common conditions even
in a small house and these three groups of
lights and switches might be considered by
different persons as equal together to anywhere between four and eight times
the wiring value of the " one light—
one switch" point.
Apart from this difficulty the material
and labour required for various " points"
may differ widely even in a small installation and whilst figures " per point " may
be used for very rough comparisons and
at times, in repetition work, even for
fairly reliable estimating, it would be, on
the whole, best to abolish entirely any
such method of comparison of one estimate
with another.
Preliminary Study of Conditions.
The first step in estimating the cost of
an installation is a careful study of the
conditions. The installation may be of
the contractor's own design, with no
specification whatever except his own
ideas as to what is required. This, of
course, leaves him free to arrange his
methods of wiring and all other details to
suit his own views, but even in such
conditions he will usually be obliged to
adopt some standard such as I.E.E. rules,
the local supply company's regulations
or an insurance company's requirements.
Except in small contracts such conditions rarely apply and usually the
contractor has to meet the more or less
loose requirements of an architect or
client, or the more or less fully defined
conditions of a consulting engineer's

ESTIMATING FOR WIRING CONTRACTORS

specification. Even if the contractor is
himself designing the scheme he will
almost certainly be called on to give a
fairly detailed description of his proposals
and to be prepared to answer questions
as to how he will meet this or that difficulty. Unless such problems have been
faced previous to estimating, he may find
himself unable to satisfy his customer, with
a risk of losing the job or, alternatively,
may find unexpected troubles in carrying
out the work, with consequent loss of
profit.
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desirable, to say the least, but if the
depth has been reduced to a minimum
the architect may prohibit it entirely
and then appreciable extra cost may be
incurred in arranging all runs of conduit,
either parallel with joists or close up to
the walls.

Past Experience.
The above examples are very minor
points, but they illustrate the need for
careful consideration of all details, and
this is particularly necessary in larger
schemes and
most of all in
installations to
be carried out to
a consulting engineer's specification. Every such
engineer, as well
as every contractor, must, in
the course of
years, accumulate a wide range
of information
and experience
as to what is the
right method of
carrying out a
particular kind of
Scow
cv- lkdrs
work, but the
opinions formed
Fig. 1.—PLAN OF TYPICAL OFFICE AREA.
may differ very
Layout of tubing for specification which allows tubes up to r inch diameter widely. A conin floor, bunching up to three circuits in one tube, traps in floors.
tractor, in preparing a scheme
Thickness of Screed as an Example.
and estimate will, without realising it, base
For example, failure to ascertain the both on the opinions thus formed and
thickness of the screeding on a fireproof much of the design and pricing up is
floor might be a serious matter. The carried out almost unconsciously.
estimator might assume he has ample
thickness and can use i in. conduit, only- Consulting Engineers' Specifications.
to find that he must confine his runs to
When he turns to a consulting engineer's
tubes not over 4 in., resulting in a possible scheme the details may be totally different
large increase in the cost of material and from his usual standards and unless the
labour.
specification is carefully studied serious
errors may occur. Such questions as the
Another Example—Depth of Wood Joists. grade of cable to be used ; the minimum
As another exiple the depth of the size of conduit permissible ; the number of
wood joists in an ordinary wood floor wires of various sizes allowed in a tube ;
may affect the cost. Notching of joists the current that may be carried by any
near the centre of a span is always un- particular section, and so on, all constitute
20
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items that may affect the whole design
of the scheme and its cost. Careless
reading of the specification may result in
a paragraph of two or three lines being
overlooked and this may involve a very
heavy extra cost. For example, that
cables are to be 2,500-megohm C.M.A.
grade, instead of the 600-megohm grade
usually employed by the contractor, involves an extra cost for cables of about
8 per cent., which would represent a
substantial sum on a large contract. Such
an error might wipe out entirely the
anticipated profit on this one item of the
contract.
PLANNING THE ESTIMATE.
Having thoroughly mastered all the
details of the scheme, the next step is to
plan the estimate. It will not lead to
reliable results if items are jotted down
haphazard and some system must be
adopted to ensure that all the work to be
carried out is included in the estimate.
A very convenient method is to form a
mental picture of the completed installation and to trace the details of the
materials required item by item. Thus
the work will commence at the company's
service and cables for meter connections
must be provided—and, on second
thoughts, possibly a sum to cover the
company's charge foi their service cables,
which the contractor may be expected to
include.
After the meters comes the main switch
or circuit breaker and then, in turn :
main fuse board, main cables, sub fuse
boards and so on.
These details should be followed through
for each separate section of the scheme
and for each the different items required
should be separately noted. Thus for the
item of main cables there will be tubing,
tube fittings and boxes of all descriptions
and the actual cables, if the work is being
carried out in conduit.
Following the sub-fuse boards come :—
Circuit wiring—tube, fittings, wire, etc.
Switches—of various types for different
positions.
Plugs—also of various types.
Fittings and lamps—if these are included
in the contract.

Each of these main headings may need
dividing up into sub-sections, such as
flush, surface, semi-recessed or watertight
switches
A note should be made of every such
item mentioned in the specification and
the risk of any section of the work being
overlooked will thus be eliminated.
Taking Out Quantities.
After the mental planning of the scheme
and the i ecording of all items that need
to be covered by the tender the measuring
up of quantities will be necessary, and
here again a mental diagram of the completed scheme will be of great advantage.
Items such as the main switch, fuse
boards, local switches and plugs and
fittings can all be priced up as regards
cost of material without any great difficulty The schedules and plans should
give full details of such items and the
total quantities of each can be ascertained
without difficulty. The contractor will
know the prices at which he can purchase
most of them and if not he can obtain
quotations from suitable manufacturers
(or from those specified if such instructions
are included in the specification). These
items can thus easily be costed without
much risk of error.
Measuring Up—Main Cables.
The contractor's real difficulties commence with the measuring up of quantities
of cables and circuit wiring materials,
i.e., broadly speaking, the tube and wire
or their equivalent if other wiring systems
than tubing are to be used. Main and
sub-main cables will not involve much
difficulty. The runs will be usually fairly
clearly indicated from the plans and each
main will consist of two wires in a single
conduit unless bunching of mains is
permitted. On three-wire or three-phase
schemes there may be three or four wires
if the distribution is not broken up into
two-wire circuits at the main switchboard,
but this will not occur except in large
installations. The runs of such main
cables can be settled on the plan and
the measurements taken off without
difficulty.
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Allow for Wastage of Material.
Allowances must be made for wastage
of material-5 to io per cent. on conduit
may be lost in cutting random lengths as
delivered by the makers—and cable quantities mast include the short tails required
for connecting up and slack at switches
and fuse boards. Tube boxes should be
estimated in detail as, particularly with
the larger conduits, these are expensive
items and averages are liable to involve
substantial risk of error.
Circuit Wiring.
The measuring of the circuit wiring
from the fuse boards to the lights and
switches constitutes the most involved
section of the estimate for the ordinary
lighting installation and it is in this part
of the estimate that there is the greatest
risk of error. All the doubtful items that
affect the methods of running the tubes
(or other material used in the wiring
system) play their part in complicating
the problem of measuring up the circuit
wiring materials. Tube runs (tube is used
as an example, but the remarks apply to
other systems) may need to run parallel
with walls or may be taken on the shortest
diagonal run ; tube sizes may be limited
involving extra quantities ; wires may
need to be drawn without the use of floor
traps, involving looping down and up to
every fitting outlet. A score of such
minor problems must be considered and
allowance made for each in the detailed
planning of the wiring system, which
should precede any attempt to measure
the quantities.
Comparative Costs for Different Systems of
Tubing.
Figs. i and 2 show in diagrammatic
form two possible schemes for wiring a
section of a building—the first with easy
conditions and the other with more
troublesome requirements. In the first
case, tube sizes up to i in. are permissible
and no conditions as to bunching circuits
have been made, whilst floor traps are
also allowed. In the second, tube sizes
are limited by the thickness of the floor
screeding to / in. ; the specification
strictly lays down that one only circuit
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may be run in any one tube ; that the
minimum size of tube is £ in. and that
floor traps are not permissible.
Difference in Cost of Two Systems.
The quantities of tube required for the
two schemes, both of which provide
wiring capacity for the same allowance of
actual wires, and the costs of this material
at prices ruling to-day work out as
follows :—
Tube quantities 'or Fig. i :—rro ft. r in.
tube ; 23o ft. I in. tube.
Cost of material, including tabe fittings,
boxes, etc., £5 16s.
Tube quantities for Fig. 2 :- 560 ft.
/ in. tube.
Cost of material, including tube fittings,
boxes, etc., £8 is.
The second specification thus involves
an extra cost on the tubing work for
material only of 40 per cent. and the
extra cost of labour in fixing will be still
higher in proportion.
This example illustrates the importance
of making sure that the specified conditions
are kept in mind in designing the circuit
wiring system.
Preparation of Wiring Plans.
The most satisfactory method of
measuring up the quantities is to prepare
actual diagrams on paper of the tube
system required for any particular scheme
of lighting and, as example, such a plan
is shown for the tube lay-out suitable for
the domestic installation the lighting for
which was planned in an earlier article—
see p. 789.
This plan shows the number of wires
required in each section of the system
and the size of tube in each case can then
easily be ascertained from the " Capacity
of Conduits " Table in the I.E.E. rules.
The conditions in this case clearly preclude
the use of floor traps and it has been
assumed that conduits up to i in. diameter
are possible in the floors and that up to
three circuits can be Lunched in one tube.
The conduits trust be run above the
fireproof floors and be bent down into the
fittings outlet boxes, which must be used
as draw boxes.
The quantities of material required can
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be taken off accurately from such a wiring
plan and a very close measurement of
what will be necessary for the whole of
the circuit wiring thus ascertained. It is
possible that such plans will not be
necessary for every section of the work
as some areas may be repeated elsewhere
sufficiently closely for the quantities of
one to be adopted, with suitable adjustments, for the other. It is advisable,
however, to work the details out on some
such basis for all but the simplest schemes.

to measure up from this in anything but
very small contracts.

Scheduling the Quantities.
As the measurements of each section of
the work are prepared it will be desirable—
in fact, essential—to make a proper record
of the quantities for each separate section.
If this is not done it will be very difficult
to check the figures s hould any doubt
arise, or to correct them it variations are
required, as is often necessary. A question
as to the difference in cost for substituting
Factory Designs.
brackets for pendants or of adding extra
These wiring diagrams will probably switches and so on, can easily be answered
not be necessary in simpler schemes such. if the quantities for the area concerned
as those in
many factories. In
such cases the
g-ifivzscs
.674.c.v 7;.0z14.4
switch controls are sim0
0
plified ; tube
runs are carried straight
along the walls
1 Cor roofs and
across tie bars
and circuits
are less complicated in
every way. In
3
/4:T 2 7/009
addition the
lighting plan
almost forms
30
40
_5
in itself the scm.e
OF FELT
wiring plan,
Fig. 2.—PLAN OF TYPICAL OFFICE AREA.
but the prinLayout of tubing for specification which requires all tubes to be / inch, not
ciples involved more than one circuit in one tube, no traps in floors allowed, tubes to be kept
are the same. parallel to walls.
Bpoeoa

CARR.V.WO

O

Domestic Wiring Schemes.
In small domestic installations also
detailed plans may not be necessary, as
the schemes are smaller and the whole
wiring system can be mentally visualised
and measured up without a detailed layout being prepared. This must largely
depend on the experience of the estimator.
One man may plan the whole scheme and
take off his measurements without putting
a line on paper, but usually this is not
practicable for the inexperienced. It will
be safer to prepare a detailed layout and

/0
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can be picked out from the totals and
adjusted up or down, but it may be
difficult if there are no separate records
available for the area in question.
Summarising the Estimate.
Having in this way arrived step by step
at the total quantities of all the materials
required, the full details of these should
be set down ready for pricing up. Here
again an orderly arrangement of the items
is desirable, as it is then easy to see that
everything is included.
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The main cables, for example, might be
set out in this form :—

first to third and 22 ft. from third to
fourth an obvious error is indicated and
can be corrected.

Ground Floor.
20 ft. I+ in. conduit, heavy
gauge, screwed, enamelled..
14 yds. 19/.044, 60o megohm,
.
C.M.A.
First Floor.
32 ft. 1 in. conduit, heavy
gauge, screwed, enamelled ..
22 yds. 7/.064, 600 megohm,
.
C.M.A.
Third Floor.
54 ft. 1 in. conduit, heavy
gauge, screwed, enamelled..
40 yds. 7/.064, 60o megohm,
.
C.M.A.
Fourth Floor.
76 ft. r in. conduit, heavy
gauge, screwed, enamelled..
54 Yds. 7/.064, 600 megohm,
C.M.A.

Checking Circuit Wiring.
A similar rough check can be made on
the circuit wiring, but here more experience is necessary. Such experience will
have provided a mental record of average
quantities for similar installations and
any wide variation would call for remeasuring or, at least, a reference back
to the detailed figures to ensure that there
was no error in copying or in adding
totals.
It is not possible to give really reliable
figures for such averages as conditions
vary within wide limits, but for normal
installations the following quantities may
be taken as reasonable.

Rate per Total
cost.
Unit
Quantity s. d.

From such a list it will be easy to
notice that the second floor mains have
been omitted, whereas, if all the quantities
had been totalled before pricing, such an
error might be overlooked. A little extra
paper and a few more calculations may be
required, but the minimising of error is
well worth these disadvantages.
Details of the tube fittings—draw boxes,
bends and so forth—should, of course, be
included in each case and also an allowance for saddles, extra sockets, screws, etc.,
but these have been omitted above for the
sake of simplifying the example.
Approximate Checking.
Having completed the summary of the
whole of the material it will be desirable
briefly to check the quantities before
proceeding to price up the cost and to
estimate the labour required to fix the
material.
Even a hurried glance down the summary will show whether all necessary items
are included and would, for example, note
the omission as above of mains for the
second floor. Differences between lengths
of conduit for successive floors should
correspond to the heights of the floors
and in this way another obvious error in
the above figures would be seen, viz., that
the measurement from third to fourth
floor is shown as 22 ft. With a difference
in measurement of II ft. per floor from

Tube Systems.
Domestic Installations—
Small-18 to 20 ft. of tube per light outlet.
Large-22 to 3o ft. of tube per light outlet.
Office Installations—
Local Lighting—so to 24 ft. of tube per light
outlet.
General Lighting-25 to 3o ft. of tube per light
outlet.
School Installations—As offices.
Factories—Quantities vary too widely for
averages to be safely assumed.
Twin Lead Systems.
Domestic Installations—
Small-6 to 8 yds. twin conductor per light
outlet.
Large-8 to io yds. twin conductor per light
outlet.
Office Installations—
Local Lighting-8 to Jo yds. twin conductor
per light outlet.
General Lighting—ro to IS yds. twin conductor per light outlet.

These figures for twin lead wiring would
also apply to C.T.S. installations and
they must be adjusted if single or triple
conductors are used. Thus 2 yds. of triple
conductor could be taken as equal to
3 yds. of twin conductor.
The figures are only very approximate
and cannot be taken as reliable, as conditions vary so widely. For example, an
extra foot in the height of a room must
obviously add i ft. to the average quantity
of tube for a " point " consisting of a light
outlet and a switch. The estimating
engineer will be well advised to collect
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the data for as many actual contracts as
possible, not only for use in rough checking
future estimates, but also to check
accurately each actual contract with the
estimate prepared beforehand.
Cable Quantities.
A similar rough check on cable quantities
should also be made. For 2-wire mains,
if bunching is not allowed, the length of
cable must obviously be twice the length
of tube plus a small allowance for connecting up and for slack, and also allowance
for the length of the tube fittings.
For circuit wiring it will be found that
about i yd. of cable is required for each
foot of tube. This again must depend
on the extent to which bunching is
allowed ; the relative number of switches
and light outlets ; the quantity of 2-way
and intermediate switches, and so on ;
but if there is any very marked difference
from these relative quantities a careful

checking of the measurements would be
desirable.
LABOUR COSTS.
Whilst estimates of the material
required to carry out an electrical installation can be prepared with very great
accuracy and without much risk of error
if proper care is taken in measuring the
details, the position with regard to the
prospective labour cost is much more
problematical. Conditions vary on every
item in every contract and every variation.
involves some doubt as to its effect on the
time required to carry out the work.
In addition, there is the human factor,
involving the relative capacity of various
men, and this varies according to the
class of work. Thus one man may be
expert in erecting tubing, but slow with
lead-covered conductors, whilst the positicn
is reversed with another man. Estimates
based on the results obtained from the
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TABLE I.
TYPICAL ESTIMATE FOR LABOUR COSTS.
Quantity.

Size.

..

I

50-amp.

..

..
..

3o feet
2
4
22 yards
5-way
4

r-inch
Angle draw boxes
r-inch spacing
7/.o52
20-amp.

..

15 feet

1-inch

12 yards

7/.029

Item of Material.
Main switch ..
Alain cables—
..
Tube ..
Boxes
..
..
Saddles
..
Cable ..
Fuse board (main)
Fixing bolts ..
Sub-main cables—
To ground floor—
Tube
..
Boxes, etc.
..
Cable
To first floor..
To second floor
To third floor
Sub-fuse boards

..

Circuit wiring—
Tube ..
-.

..

..

Basic Rate.

Total Cost.
s.

d.

Similarly
2
2

3-way ro-amp.
4-way To-amp.
As me asured

Etc.

first man may be seriously wrong for the
second.

Special Conditions.
In almost every contract there are
special conditions not under the control
of the electrical engineer. The building
work may be delayed due to bad weather
or non-delivery of material or by the
work of some other contractor. Such
causes may upset entirely the programme
of work laid out when estimating and
may involve a very heavy additional cost.
The partitions, for example, on a large
contract may not be " set out " by the
builder at the right moment for the
electrician, and this may involve his
stopping work on each section of the job
and returning later to complete. Even
if each such interruption only involves
ten minutes of wasted time, this means a
loss of 6d. or 8d., and if this is repeated
many times it may result in a very heavy
addition to the labour bill.

Guessed Estimates.
Just as the old methods of estimating
an average rate " per point " are, or
should be, a thing of the past in the
complete estimate, so the rough and

Etc.

ready estimating of labour costs must be
abandoned in favour of more reliable
methods. The guesswork basis may suit
small jobs which will take two or three
men a fortnight or a month, but on larger
contracts such figures are of little value
except as a rough check on the figures
obtained by more systematic methods.

Detailed Estimates Required.
To obtain a reliable estimate, each item
of labour cost should be considered and
the labour required calculated from past
experience—and this obviously involves
the recording of labour costs for past jobs.
These past results may exist in detailed
records kept for reference or may form
part of the mental equipment of the
estimator, but it is necessary to revise
them constantly and to adjust average
results to suit the special requirements of
each specification.

Cost of Fixing Tube.
The cost of fixing tube may be taken
as an example of the way these average
or standard costs will vary in different
conditions.
The tube has to be fixed to something
and this may be timber, brick, stone,
A.
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TABLE II.
TYPICAL COMBINED ESTIMATE FOR MATERIAL AND LABOUR.

Item of Material.
Main switch ..
Main cables—
Tube
..
Boxes
..
Saddles ..
Cable
.
Fuse board (main) ..
Fixing bolts ..
Sub-main cables—
To ground floor—
Tube ..
Boxes, etc.
Cable ..
To first floor
To second floor
To third floor
J
Sub-fuse boards

Quantity.

50-amp,
3o feet
2

4

22 yards

5-way
4

Material
Cost.
s.

d.

Labour
Cost.
s. d.

I-inch
Angle draw boxes
r-inch spacing
7/.052
2 0-amp.

15 ftet

Finch

rz yards

7/.o29

Similarly
2

2
Circuit wiring—
Tube
..

Material Labour
Rate.
Rate.

Size, etc.

3-way ro-amp.
4-way ro-amp.

As measured
Etc.

concrete or steelwork. Timber fixing
involves only putting in wood screws.
Fixing to brick or stone requires plugging,
and this is entirely extra to the cost of
timber fixing. Work on concrete may
require the use of special dowels cemented
in, and if so the setting out must be more
accurate than with screwing to timber or
even to plugs in brick or stone. Finally,
fixing to steel work may be very easy or
expensive—easy, if fixings can be obtained
by the use of some simple girder clip, or
very expensive if it is necessary to drill
and tap steel girders.

Difficulties Caused by Position of Tubing.
Further difficulties arise according to
the position in which the tubing is fixed.
It may be run straight across a floor or on
walls or on high ceilings only reached from
trestles which need frequent moving—
which takes time.
Another factor is whether the runs are
simple, as in the case of long runs of mains
with no difficulties of junction boxes, or
complicated by the need for arranging
boxes for switches and fittings at comparatively frequent intervals. For runs
for main cables it may be possible to install
many score feet of tube without the need

for cutting and screwing or bending a
single length of tube, whereas on the
circuit wiring almost every length of tube
fixed may need to be carefully measured
off and cut or set with great accuracy.

Surface or Concealed Work.
Whether the work is on the surface or
concealed also adds to the complications,
as surface tubing needs more careful work
than is necessary with concealed—not so
much in the workmanship as in the
accuracy of the setting, in the spacing
of the saddles and so forth. Tubing that
is to be buried may be simply held in
position with pipe hooks until the plaster
or concrete screeding is put over it, but
surface tube must be carefully fixed with
saddles and run strictly parallel with the
walls and ceilings.
All these factors affect the estimate and
allowance must be made for every such
detail before a decision is made as to the
correct rate per unit quantity for fixing.

METHODS OF ESTIMATING.
Probably every estimator has his own
ideas as to what is the best method of
making these allowances and experience
is the only guide as to what they should
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be in every case. Subject to such allowances there are also many methods of
working out the cost.
Basic Rate per 100 ft. Run of Tube and
Wire.
One method in common use is to adopt
a basic rate per ioo ft. run of tube and
wire. The figure used would include the
labour cost of setting out the runs; of
fixing the tube, including all plugging,
etc. ; of cutting and screwing the tube ;
of connecting up all boxes ; and of drawing
in the wires. The conditions that affect
one part of the work, such as fixing tube,
also affect the other items to a similar
extent, so that the basic rate would vary
in the same degree for all the sections of
such an all-in rate.
Separate Estimating.
Another method is to price separately
at so many pence per foot the cost of
fixing tube ; to price separately the cost
of fixing all the various tube boxes and
fittings ; and again, separately, the cost
of drawing in the wires. This is somewhat
more accurate, as the various sections are
each estimated and allowance made automatically for variation in costs due to
varying quantities of boxes or to the
number of wires in a tube.
Such details depend on the experience
and method of recording past results, and
if used with proper judgment should not
greatly affect the final result. In fact,
if the allowances for different conditions
could be made with complete accuracy,
the results should all agree exactly.
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Many variations of such a method of
scheduling out the details can be used
and experience will show which is best
suited to the requirements of the estimator
and to the method of pricing up that has
been adopted. For example, if the
" all-in " rate for fixing tube and wire
has been adopted, the items above for
tube, boxes, saddles and cable would all
be charged in one inclusive rate.
Combined Estimates for Labour and
Material.
It will be obvious that the details given
under " Item of Material," " Quantity"
and " Size " must all appear in both
the material and labour estimates, and
from this it naturally follows that a
combined estimate will save much paper
and much time. If double columns are
provided for the basic rate and the total
cost, the whole of the material and labour
costs are shown at the same time.
An estimate prepared on such lines
would then appear as shown in Table II.

Examples of Labour Costs.
It is extremely difficult to give actual
figures for labour costs, and in view of the
very wide range of conditions under
which work has to be done, any writer
must be very diffident in putting figures
on paper. The figures given here must
be used with considerable care on this
account, but they represent average
results for work carried out under normal
conditions for work of the best class. If
conditions suit a rough finish, they could
be reduced and also if the conditions suit
rapid work. On the other hand, if conDetailed Estimate.
ditions are difficult they may need to be
Having prepared a schedule of rates increased.
and having decided how the costs are to
be divided up among the various parts of Varying Labour Rates.
To avoid the complications due to
the work, the next step is to proceed with
the pricing up and here the detailed varying labour rates of pay the figures
quantities already prepared for estimating have been given in hours taken by a pair
the cost of materials can again be used of men—wireman and mate—to carry out
each job.
for estimating the labour cost.
The actual costs in money can easily be
Each item of material can be allotted
its own labour charge and the total cost ascertained by taking the wages paid to
obtained item by item. Such an estimate the men which will vary in different
for labour should be prepared in tabular districts and according to whether boys or
form on some such system as shown in apprentices are employed ; whether trade
union rates are paid and so on.
Table I (page 1737).
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Time required for various jobs :—
Fixing Main Switch and Fuses.
15 amp.—ii to 2 pair hours each.
6o amp.-2 to 3 pair hours each.
Fixing and Connecting Fuse Boards.
Small (3 to 6 ways)-1 to r pair hours per way.
Large (8 to 15 ways)-4- to 4 pair hours per way.
(Heavier boards-3o to 5o amps. about
5o per cent. extra.)
Fixing Tube (including setting out runs and
plugging in brick).
in.-15 pair hours per ioo ft. run.
I in.-2o pair hours per ioo ft. run.
If in.-25 pair hours per ioo ft. run.
in.-35 pair hours per ioo ft. run.
2 in.-45 pair hours per ioo ft. run.
Fixing Tube Boxes.
al pair hours per dozen.
Drawing in Cables (including measuring off and
cutting).
3/.029— 2 pr. hrs. per roo yds. of conductor.
3/.036— 3 pr. hrs. per roo yds. of conductor.
7/.029— 4 pr. hrs. per roo yds. of conductor.
7/•044— 5 pr. hrs. per roo yds. of conductor.
7/.064— 8 pr. hrs. per roo yds. of conductor.
19/.052-10 pr. hrs. per ioo yds. of conductor.
19/.072-12 pr. hrs. per ioo yds. of conductor.
Fixing and Connecting Switches
Ordinary— 4 pr. hrs. per dozen.
Two-way— 5 pr. hrs. per dozen.
Fixing and Connecting Combined Switch Plugs.
6 pr. hrs. per dozen.
Fixing and Connecting Power Plugs.
4 to 6 pr. hrs. per dozen.
Twin Lead Conductors (including plugging and
measuring off cables).
3/.029--20 pr. hrs. per roo yds.
3/.036-24 pr. hrs. per ioo yds.
7/.o29-3o pr. hrs. per roo yds.
7/•036-35 pr. hrs. per loo yds.
7/ 044-42 pr. hrs. per roo yds.
7/.064-50 pr. hrs. per roo yds.
Fixing Armoured Cables (including plugging and
measuring off cables).
4 to 4 pair hours or more per yard, according
to size and conditions.
Jointing Cables.
3 to 5 pair hours, according to kind of joint.
Fixing Fittings.
Plain pendants and brackets4 pair hours per dozen.
Special Fittings6 to 8 pair hours per dozen, or more,
according to kind.

Adjustments of Above Rates.
The above basic rates represent fairly
average costs, but they will be subject
to very considerable variation and must
be used with care. They may be very
greatly reduced on large contracts or in
circumstances where there is much
repetition work or under other favourable
conditions. On the other hand, it may

be necessary to allow for higher rates on
difficult work. The necessary adjustments
can only be ascertained by experience
with each group of workmen ; with
conditions prevailing in various districts
and with the other items that affect the
output.
Overhead Charges.
The figures of estimated cost so far
considered cover only the actual outlay
for material used and wages paid to the
men fixing it, but there are many other
items that must be added before the total
cost is ascertained. Some of these vary
directly with the wages or labour cost
and others bear a direct relation to
materials, whilst a third group of items
are in some respects independent of either
total.
Fares and Travelling.
Allowance must be made for the cost
of sending men to and from each job and
this depends on the distance of the job
from the firm's headquarters. The usual
practice is to pay the cost of travelling
to and from the job each day, without
allowance for travelling time, except at
the start and end of the contract. This
item thus amounts to a fixed sum per
man per day for each job, the sum varying
with the location of the job. This must
be added to the total wages and will
amount to 12 fares per man per week—
quite a substantial addition to the labour
estimate on many contracts.
Country Money.
This is an alternative charge to the
daily fare which is paid when jobs are
more than an agreed distance from
headquarters—in London, 12 miles from
Charing Cross. In such cases the country
allowance is paid as an addition to wages
each week and the fares to and from the
job only at the beginning and end of the
contract, whilst time occupied in travelling
is paid to the men as if at work. Various
conditions apply according to the distance
of the' job, the men being entitled to a
return fare at intervals, according to the
distance from home.
This charge must be estimated by
calculating the number of men-weeks the
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work will occupy and allowing the country
money accordingly with the further sum
for the fares and travelling time at the
beginning and end of the job.
The figure is often complicated by the
possibility of employing local men for
part of the work and this possibility
depends on the locality of the job ; its
distance from industrial areas where local
men might be available ; the state of
business in the district and so forth.
Every case must be considered on its
merits and the necessary addition made to
the wages cost. The cost will be about
25 per cent. of the wages paid to the men
sent from headquarters to the country
job.
Sundry Materials, Use of Plant, etc.
The estimate for materials will or should
include everything that can be foreseen,
but there will be many small items required
that cannot definitely be allotted to
particular sections. These will include
rubber and sticky tape. solder, various
odd screws and so forth. A small sum
should be added for these.
Allowance must also be made for use of
tools and plant and for the supply of
renewable tools. Stocks or other screwing
tackle, bending machines, ladders,
trestles and steps and so forth must all be
used, and although not destroyed on each
job, they must be renewed from time to
time and the equivalent of their hire must
be charged to the job.
Other items, such as dies, draw wires
and so on are used up on the job and must
be paid for outright.
Finally, certain plant may be hired as,
for example, special tower ladders for
lofty rooms.
Lost Time.
Some allowance should also be made for
" lost time." This is essential if labour
costs for each section of the work have
been calculated very closely. Some time
must be wasted on every job on such work
as arranging the runs to meet the requirements of other trades ; discussing details
of the work with the architect or client ;
making out reports, wages sheets and
orders for material ; checking deliveries
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of goods ; returning empty cases or cable
drums, and so on. The actual allowance
must again depend on the conditions on
each job, but it may easily amount to
2 or 3 per cent. of the labour cost.
Supervision.
This may be another heavy item. It
can include the foreman's time looking
after a big contract or the proportion of a
wireman's time not spent in actual work
on a small job with only two or three men
employed. There will also be the cost
of office supervision—i.e., the time spent
by the supervisor or travelling foreman
who visits the job at regular intervals to
ensure that the work is being done
properly ; that time is not being wasted ;
that materials are being ordered and
delivered when they are wanted and so on.
This again is a very variable item, but
it is certainly not likely to be less than
5 per cent. of the wages bill and may be
ro per cent, or more.
This item must include the travelling
expenses for the supervisor and this is
best allowed for on distant contracts by
estimating the number of visits likely to
be necessary during the execution of the
work—another varying item depending on
the complications that need his attention ;
the possible requirements of the consulting
engineer, architect or client, and so forth.
Probably one visit every two to three
weeks should be allowed on average work.
Office Expenses.
All the items dealt with above are
concerned with the actual costs incurred
in direct connection with the particular
job, but there are, in addition, the overhead expenses for office organisation, etc.,
for which provision must be made. These
will include such items as office rent ;
salaries to staff ; costs for stationery,
telephones and the scores of other items
that must be met before any profit is
earned.
Fixed Expenses.
Certain of these items will represent a
fixed expense to be paid out on any job,
however small. For example, a call for a
man to be sent to renew a fuse, which
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can be done in five minutes at a cost of a head charges have been covered, the final
few pence, may involve office expenses item for profit has to be added, and probamounting to several or many times the ably in this will be included an allowance
cost of the actual work.
for contingencies—in other words, the
Probably on small jobbing work averag- risks of not carrying out the work exactly
ing up to 20S. per invoice, they amount to as estimate.
25 per cent., at least, of the wages and
This figure must be left to the contractor
possibly to much more, depending on to decide, but it may be anything from
whether a firm is specially organised, or 15 per cent. upwards on average work.
not, to deal with such small jobs and
whether they are all local or scattered Summary of Estimate.
over a wide area.
Having decided all these various allowThe total of all these costs is, of course, ances, the final sum to be quoted can be
much lower on larger contracts, but is fixed, the ultimate estimate being somenever likely to be much below to per cent. what as follows :
of the total cost for wages and material.
s. d.
Total cost for material
A Trap for the Unwary.
Total cost for wages—
All the above charges must be met
(No. of pair hours at rate paid to
men)
..
.
..
before the contractor can make any profit
expenses on jobs near
on a contract and it is the failure to allow Travelling
home (12 fares per man per week) . .
for these charges that accounts for the
(or country money on distant j obs—
bankruptcy of so many small firms—and
(about 25 per cent, of wages of men
sent from headquarters to a country
large ones as well in many cases. The
job), plus fares to men and
small contractor just starting up carries
travelling time)
..
out with his own labour a series of contracts Sundry materials, use
of plant and
and at first thinks he has no need to meet
tools (probably x to z per cent. of
cost of material) . .
.
all these expenses. He makes out his own
time (probably 2 or 3 per cent.
wages sheets and other records and his Lost
of wages) ..
..
accounts in the evening, and he may have Supervision
(not less than 5 per cent.
no office rent, conducting his work from
of wages)
..
home. The few jobs thus carried out
Total..
••
••
••
show him an apparently comfortable
The total of all these items gives
surplus above his wages as a journeyman the actual total outlay directly
and he decides to tender for larger work incurred in the execution of the
or to take on several contracts simultane- contract.
Office expenses and overhead charges
ously.
(ro to 5o per cent. of total cost
It is not long before he finds that the
according to size and conditions of
costs on these are very different to those
contract.)
on the jobs he did himself. The men he
Total gross cost of Contract .
pays will not do quite as much work in
..
Add Profit
the day as he will himself ; they are not
sum to be quoted for carrying
quite so careful to avoid wastage of Total
out the work
..
material ; much time is lost in going to
and from the different jobs to see how
It is only by dealing with all these
they are getting on ; the clerical work is detailed figures item by item that a
more than he can manage in the evening reliable result can be obtained and
and he has to employ a clerk—which inaccurate estimating must sooner or
means paying office rent. The costs of the later lead to failure. Prices obtained may
bigger business are found to be entirely be high or low, but unless the contractor
different from those of the one-man knows what each job should cost and can
concern and profits are rapidly converted compare accurately the actual costs with
into losses.
the estimates and can adjust future
estimates to suit past results, his business
Risks that have to be Allowed for.
Assuming, however, that all the over- is not likely to prosper.
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plant and fittings,
dynamos, motors
or anything else
which they advise their clients
to have in any
particular matter.
Further, t he y
must have a
knowledge o r
make themselves
acquainted with
all general orlocal
Acts, by-laws or
regulations
affecting works
or installations
Engineers.
they are emWe will conployed to carry
sider first the
out. They must
risks
and
have knowledge
liabilities of
of the ordinary
consulting
enrights of adjoingineers. A man
ing owners and
who is a conlocal and other
sulting electrical
authorities suffiengineer is one
cient to put them
who has, or proupon inquiry or
fesses, skilled
to advise the emknowledge of any
ployer of risks
particular branch
which he might
of electrical
run, and if necesengineering.
sary
to recomConsulting elecFig. I.—ALDERMAN R. TWEEDY-SMITH.
mend that legal
trical engineers
advice should be
have duties and
liabilities of a particular nature to their obtained in cases where he is in doubt.
employers. In the first place, they are It necessarily follows that consulting
expected to have a thorough knowledge engineers should be fully acquainted
(a) in factory work, with the Home Office
of electrical engineering, including the
regulations issued under the Factory and
capacity of cables, wires and insulating
Workshops Acts, 1901, 1907 and to date.
resistance, and also of all appliances,

HIS article
contains a
summary of
the main points
regarding the law
and its application to those in the
electrical industry
r.—Both electrical engineers
and contractors
should, in their
own interests,
know a certain
amount of law.
2. — Consulting

T
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(b) In mines, with the general regulations
relating to mines.
(c) In cinemas, with the Home Office
Cinematograph Regulations.
(d) In general work, with the Regulations of the Electricity Commissioners
and the Electricity Supply Acts,
1882, 1888, 1919, 1922, 1926 and
1928.
(e) In preparing estimates he should
know something relating to National
Standardised Wages Agreement and
the working rules and agreement with
electrical trades unions in the different districts. (Copies of the above
regulations can be obtained from the
Home Office, Whitehall, London, or
H.M. Stationery Office, Adastral
House, Kingsway, W.C.2.) In cases
of doubt the Electricity Commissioners, Savoy Court, Strand,
W.C.2, are willing to give every
assistance. We will, however, proceed to give a summary of the
principal points of the Statutes and
of tne above Regulations which all
engineers and contractors should
know.
3.—Statutory Provisions and Regulations
of the Electric Lighting Acts, 1882,
1899 and 1919.
A contracting engineer and an electrical
contractor are, in law, practically in the
same category. They are persons, companies or firms who carry out electrical
work or supply electrical appliances of
any kind. If not acting under a consulting
engineer then they are under the same
obligations and liabilities that a consulting
engineer is under, if they hold themselves
out as competent to give advice. Contracting engineers acting under the instructions, plans or specifications of a consulting engineer, are protected in law,
should it turn out that the consulting
engineer is wrong.
4.—Errors in Design.
An electrical engineer or contractor is
not liable for errors in design made by a
consulting engineer or architect (Adcock's
Trustees v. Bridge).
5.—Fitness of Appliances.
Contracting engineers, or manufacturers

supplying electrical appliances or goods
are under legal obligation that the same
shall be reasonably fit for the purpose
intended. Work done must not only be
reasonably fit, but must comply with the
regulations herein referred to. (See paras.
2 and 8.)
6.—Undertakers' Regulations.
It must be remembered that Undertakers
supplying electricity often issue local
regulations which have no legal validity
and which they seek to enforce. An
agreement is tendered to a consumer
which binds him to conform to the local
regulations. An engineer or contractor
should inquire from a consumer whether
he has bound himself to such local regulations. If the regulations are not reasonable, it may be desirable for the engineer
to advise his client to terminate the
contract as a consumer can only be asked
to enter into a contract which
(a) specifies the premises ;
(b) gives the maximum power required ;
(c) gives the day upon which it is
desired the supply should commence.
(d) If required by the Undertakers, the
Consumer must enter into a written
contract for at least two years that
the payments for electricity shall be
at least 20 per cent. on the amount
spent by Undertakers on the electric
lines used in making a connection.
The cost of transformers cannot be
reckoned in the amount so spent.
(e) If required by the Undertakers the
Consumer must give security for the
connection being made and in respect
of energy to be supplied (E.L.A.,
1899, Sec. 27 of Schedule). See also
Husey v. London Electric Supply
Corporation (1902), I Ch. 411.
An engineer to a local authority has no
power to enter into a binding contract
for the supply of electricity unless he was
either in fact authorised or held out by the
council as authorised to make such a
contract on their behalf (Bourne &
Hollingsworth v. Marylebone Corporation
(1908), 24 T.L.R. 613).
Supply companies and local authorities
have no power to specify the use of any
special switches, wires or fittings, or the
situation of same. On the other hand,
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they are not compelled to give a supply
of energy to any premises unless they are
reasonably satisfied that the electric lines,
fittings and apparatus therein are in good
order and condition and not calculated to
affect injuriously the use of energy by
the Undertakers or by other persons.
Section 27 (5).
The supply authority can also discontinue to supply energy so long as any
lamp or other fitting is likely to be
dangerous.
If there is any difference of opinion
between the electrical engineer or contractor or his client and the supply
authority, provision is made for such
difference as to alleged defects in any
electrical lines, fittings or apparatus to be
determined by arbitration. (Section 27 (6).)
7.—Rights of Consumers and Electricity
Undertakers.
It is important that engineers and
contractors should have a knowledge of
the rights of consumers and electricity
undertakers. Without this he cannot
give adequate advice to his client.
The following gives an epitome of such
rights.
(A) Supply of Electricity.
Electricity Undertakers are compelled
to give and to continue to give a supply
of electricity to owners and occupiers of
premises situate within fifty yards from
any distributing main used as a general
supply (Electric Lighting Act, 1882,
sec. 19, and E.L.A., 1889, sec. 27).
Undertakers are liable to supply energy,
and in default are liable to a penalty
unless the court should be of opinion
" that such default was caused by
inevitable accident or force majeure."
Reasonable apprehension of a strike does
not in itself amount to force majeure even if
a strike is threatened because a nonunionist had wired a consumer's premises.
The undertakers are bound to supply
unless a strike is actually proceeding
(Hackney Borough Council v. Dore, 1922,
K.B. 431). It has been held that a
draper owning shops and a covered
market and stalls let to various traders is
entitled to install electric plant for the
supply of electrical energy for himself and

his tenants (Caerphilly U.D.C. v. Griffin,
1928, Ch. 171).
(B) Conditions of Supply.
The regulations of Undertakers are of
no validity. The only valid regulations
are those issued to the Undertakers
signed by or on behalf of the Board of
Trade (E.L.A., 1882, sec. 6, and E.L.A.,
1899, sec. Hi). The Electricity Commissioners at present exercise this function.
(i) A copy of such regulations can be
obtained from the Undertakers at a
price not exceeding 6d. Penalty
and a daily penalty of 5 for not
supplying such regulations (E.L.A.,
1899, sec. 7o of Schedule).
(ii) Main fuses or circuit breakers must
be placed by Undertakers " as close
as possible to the point of entry."
Undertakers cannot dictate the
position. (Regulation 26.)
(iii) Consumers can be refused a connection if a leakage results of
i-io,000th part of the maximum
supply current to the premises.
(Regulation 6.)
(iv) Undertakers not making a connection must serve upon consumers a
notice stating " their reasons for so
declining." (Electricity Commissioners' Regulation 29.) Consumers, if dissatisfied, can apply to a
Board of Trade Inspector either to
test his lines or those of the Undertakers. (Electricity Commissioners'
Regulation 31 ;
E.L.A., 1899,
secs. 35 to 48.) Penalties on Undertakers for non-compliance Io plus
Io per day and damages. (Electricity Commissioners' Regulation 35
and E.L.A., 1899, secs. 35 and 36.)
(v) Undertakers are liable to connect
prospective consumers to the main
notwithstanding threats of a strike
on the part of the undertakers'
employees. (Hackney Borough
Council v. Dore, 1922, i K.B. 431.)
(c) Cost of Mains in Compulsory Area.
(i) When Undertakers obtain Parliamentary sanction they are always
placed under obligation within a
period of two years to lay down
distributing mains in certain streets
specified in their special order.
Maximum penalty in default
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each day and order may be revoked.
(E.L.A., 1899, secs. 21 and 23.)
(ii) In other streets not specified in the
Special Order any six owners or
occupiers in a street are entitled
to demand from the Undertakers
free of charge a form of requisition
for signature requiring the Undertakers to supply electricity in such
street (E.L.A., 1899, sec. 24).
(iii) Undertakers can by notice require
persons signing such requisition to
take a supply of electricity for two
years in London or three years at the
least elsewhere. Consumers must
agree to take a reasonable amount
of electricity and must, within
fourteen days of receiving such
notice, tender a signed agreement
agreeing to take the supply for the
above pericds. (g Edw. 7, C. 34,
sec. 15 ; 8 Edw. 7, c. 167, sec. 16, ;
62 and 63 Vic., c. 19, clause 25 of
Schedule.)
The Board of Trade or Arbitrators
will settle what is a " reasonable "
amcunt of electricity ; but, in any
case, the sum must not exceed
zo per cent. on the actual costs of
laying the main (E.L.A., 1899,
secs. 24 and 25).
(D) Cost of Connection.
(i) The cost of any electric line laid
upon private property must be paid
by the consumers.
(ii) The cost of electric lines not on
private property up to sixty feet
must be paid by the Undertakers.
(iii) The cost over sixty feet must be
paid by the Consumer (E.L.A., 1899,
sec. 27). Penalty for non-connection
per day (E.L.A.,
not exceeding
1899, sec. 30).
(E) Prices and Method of Charge for
Electricity.
THE MAXIMUM PRICES ARE STIPULATED
BY THE SPECIAL PROVISIONAL ORDER
GRANTED TO EACH UNDERTAKER.
Section 42 of the Electricity (Supply)
Act of 1926 endeavours to clear up several
ambiguities as to charges. Any method of
charge desired by Undertakers must first
be duly authorised by the Minister of
Transport, or of the Electricity Corn-

missioners to NA horn he has delegated most
of his powers (1919 Act, secs. 2 and 39).
Under Secticn 42 (r) the Minister of
Transport or the Electricity Commissicners
may authorise " notwithstanding anything
in any Act or Order to the contrary "
(r) a periodical fixed, or (2) service charge ;
(3) in addition, a charge for the actual
quantity of energy supplied to the consumers, or (4) for the quantity contained
in the supply.
These powers, when obtained, enable
Undertakers to charge on somewhat
similar lines to water companies. For
instance, charges may be made (r) on the
assessable or rateable value of premises
for a given period, or on a fixed kilowatt
charge ; (2) a service charge on the
number of lamps or on the area of the
rooms and passages, etc., to be lighted ;
(3) in addition to the standing charges (r),
(2) and (3), a charge may be made for
the quantity of electricity supplied ; or
(4) a charge may be made for the electrical
quantity contained in the supply. This
is the ordinary flat-rate system of supply.
(F) Cutting Off Supply.
Undertakers have power to cut off if
any charges for electricity or any other
sum are not duly paid (E.L.A., 1882,
sec. 21).
Outgoing Tenant.
An incoming tenant who has undertaken to exonerate the outgoing tenant
cannot require a supply until he has paid
the arrears of the outgoing tenant, but
he cannot be sued for such arrears
(Cannon Brewery Co. v. Gas Light and
Coke Co. (1904), A.C. 331).
(G) No Undue Preference must be made in
charges to one consumer over another
under similar circumstances (E.L.A., 1882,
sec. 19). The amount of energy consumed
and whether day or night loads are factors
in considering similar circumstances
(Metropolitan Electric Supply Co. v.
Ginder (190I), 2 Ch. 799).
A reduction by a local authority in the
price for electricity in respect of houses
electrically lighted throughout constitutes
an " undue preference " (Att.-Gen. v.
Ilford U.D.C. (1915), 84 L. J., Ch. 860).
Undertakers cannot make a lower
charge for -power supply to users of power
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who agree to take the whole of their
lighting supply from Undertakers, and a
higher charge to consumers who take
supply for power and partial lighting
(Att.-Gen. v. Long Eaton U.D.C. (1915),
Ch. 124, C.A.).
On the other hand Undertakers can
charge at power scale where not exceeding
20 per cent. of total quantity is consumed
for lighting a factory or workshop in
which motors, etc., are installed, provided
the whole supply is taken from same
service and meter (Att.-Gen. v. Hackney
Borough Council (1918), 1 Ch. 372,
C.A.).
An agreement by a statutory body for
the supply of .electricity that their scale
of charges to the public shall not exceed
those of another statutory body in a
neighbouring district is not such a limiting
of, or fetter upon, their statutory powers
and duties, and is not so incompatible
with their exercise and discharge as to be
ultra vires and void either under the
Electric Lighting Acts, 1882 and 1909, or
at common law (Birkdale District Electric
Supply Co. v. Southport Corporation,
95 L.J. Ch. 587 ; (1926) A.C. 355 ;
134 L.T. 673 ; 90 J.P. 77 ; 24 L.G.R. 157 ;
42 T.L.R. 3o3—H.L. (E.)).
(H) Consumer's Terminals.
Where under an Electric Lighting Order
and Electric Lighting Acts a company is
authorised to supply electricity within a
certain area, it is not illegal or ultra vires
the authorised powers of such company to
enter into a contract to supply a firm
with electrical energy where the premises
of the firm are situated partly in the
company's authorised area and the remainder outside such area, and where, for
the purpose of such supply, the company
have erected the necessary electrical
apparatus on the portion of the premises
of the firm within the authorised area
and the consumer's terminals were also
on such part of the premises. " Supply "
does not in such a case mean supply for
use or consumption, but supply in the
sense of delivery at the consumer's
terminals (Att.-Gen. v. County of London
Electric Supply Co., 95 L.J. Ch. 357 ;
(1926) Ch. 542 ; 135 L.T. 6o1 ; 70 S. J.
486 ; 42 T.L.R. 328, Tomlin J.)

(I) Undertakers' Mains.
By Regulation No. 6, Undertakers must
maintain their insulation so that the
leakage current shall not, under any
conditions, exceed one-thousandth part
of the maximum supply current. Contractors should remember that the consumer has the right to have the Undertakers' mains tested as sometimes engineers
tre unreasonable in their requirements as
to consumers' installations, in order to
safeguard leakages from the mains.
Undertakers are bound under this Regulation to keep weekly records of the tests of
each circuit.
(j) Meters.
Types of meters have to be duly certified
for general use by electric inspectors.
Consumers are entitled to have their
meters tested, and if they are more than
22 per cent. inaccurate, the costs of the
test will fall on the Undertakers. No claim
for a refund can be legally substantiated
until an electric inspector has been
appointed by the Ministry of Transport.
In case of a dispute as to whether any
meter is in proper order, the same is to be
determined by an electric inspector, and
no cause of action arises against a consumer for electricity claimed to have been
supplied, until an electric inspector has
been appointed. (See Hendon Electric
Supply Co. v. Banks, 87 L. J., K.B. 79o, and
Clauses 35, 49 and 57 of the schedule to
the Electric Lighting (Clauses) Act, 1899.)
(K) Municipal Powers to Supply Fittings
and Installations.
By the Electricity (Supply) Act, 1926,
Section 48, it is provided that :
(r) Subject to the provisions of this
section a joint electricity authority
and any local authority authorised by
special Act or by Order to supply
electricity may sell electric lines,
fittings, apparatus and appliances for
lighting, heating and motive power,
and for all other purposes for which
electricity can or may be used (in this
section called " electric fittings "),
and may install, connect, repair,
maintain and remove the same, and
with respect thereto may demand
and take such remuneration or rents
and charges, and may make such
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respect of money borrowed for
terms and conditions as may be
the purposes of this section, shall
agreed upon.
be shown separately in the pub(2) The exercise of the powers of this
lished accounts of the electricity
section shall be subject to the
undertaking of such joint elecfollowing restrictions :—
tricity authority or local
(a) The joint electricity authority or
authority.
local authority shall not manu(3) The Electricity Commissioners shall
facture electric fittings unless
appoint a committee comprising
expressly authorised to do so by
representatives of associations represpecial Act or Order ;
senting local authorities who are
(b) The joint electricity authority or
authorised undertakers, contractors
local authority shall not sell
and persons engaged in the business
electric fittings except—
of making and persons engaged in the
(i) to a consumer or a person who
business of selling electric fittings,
intends to be a consumer of
such committee to be appointed
electricity supplied by them ;
after consultation with those associaor
tions, and that committee shall
(ii) to a contractor who requires
determine any question which may
such fittings to enable him to
be raised under this section as to the
supply them to a person who
recognised retail or trade prices of
is, or intends to be, a conany electric fittings and shall advise
sumer of electricity supplied
and assist the persons concerned as
by the joint electricity
authority or local authority ;
to the method of giving effect to the
provisions of this section.
(c) The prices charged by a joint
electricity authority or a local
(4) The purposes of this section shall be
deemed to be purposes for which the
authority for the sale of any
electric fittings shall not be less
joint electricity authority or the
local authority may borrow money.
than the recognised retail prices,
unless the sale is to a contractor,
(5) In this section the expression " contractor " means a person engaged
in which case the prices shall not
in the business of selling and instalbe less than the recognised trade
prices, and if any question shall
ling electric fittings.
arise as to what are the recog- (L) Unfair Competition.
nised retail or trade prices of any
Electrical contractors who, in the future,
electric fittings, that question experience unfair competition must note
shall be determined by the com- that the last-mentioned section gives
mittee appointed as hereinafter three safeguards against the same.
provided.
(1) A committee on which electrical
(d) Every such joint electricity
contractors will be represented will
authority or local authority shall
be appointed to determine any
so adjust the charges to be made
question
as to recognised retail or
by them under this section as to
trade prices of any electric fittings ;
meet any expenditure incurred by
(2) No local authority can sell or install
them in the exercise of the powers
fittings at a loss. Section 48 (2) (d)
of this section (including interest
provides that the charges shall be
upon and sinking fund charges
adjusted so as to meet any expendiin respect of money borrowed for
ture, such as wages, rents, rates,
the purposes of this section).
administration, interest on borrowed
The
total
sums
received
and
(e)
money, etc. ;
expended by any such joint
electricity authority or local
(3) Section 48 (2) (c) makes it obligatory
authority under this section in
for a local authority, each year, to
publish separate accounts of the
each year, including interest upon
electricity undertaking showing the
and sinking fund charges in
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total sums received and expended in
its fittings department. Ratepayers
have the right to be supplied with a
copy of such accounts at a price
usually not exceeding one shilling.
If the local authority does not
comply with the above requirements action can be taken against
the undertaking.
(M) Hire or Hire Purchase of " meters,
electric lines, fittings, apparatus and
appliances provided by Undertakers on or
upon the premises of consumers." Apart
from the power given to Undertakers under
Section 48 above set forth, to sell and
install, etc., Local Authorities, who are
Undertakers, have power by Section 42 to
" provide " the above-mentioned things,
and to include in the periodical fixed or
service charge (a) a rent ; (b) charge ; or
(c) remuneration, in respect of same,
whether let on hire or hire-purchase terms
to the consumers or otherwise. It is clear
that a local authority must, under Sec. 42
(2) of the 1926 Act, obtain a " Special
Order " or " Approval " for the above
" method of charge," and such Special
Order or Approval may give an option to
ordinary consumers to be charged by an
authorised alternative method. There is no
statutory power for Undertakers to disconnect where instalments including
fittings are in arrears. (See para. (e) of
this article.)
(N) Change-over from D.C. to A.C.
The Acts or Orders obtained since 1920
authorising the supply of electricity
imposes on the body undertaking the
supply the obligation to supply according
to a system approved by the Electricity
Commissioner s, and by virtue of regulations made by them under the Electric
Lighting Acts, the system and pressure
cannot be altered except with the consent
of the Commissioners, which is given upon
such terms and conditions as they think
fit.
Where the supplying body desires to
alter the supply from direct current to
alternating current it is the practice of
the Commissioners in giving their consent
to make it a condition that the body shall,
at their own expense, carry out any
necessary alterations to consumers'

apparatus existing at the date when notice
of the change-over is given, or to pay to
the consumer compensation to be agreed
or in default of agreement determined by
arbitration.
In order that a consumer may be
entitled to have his apparatus altered or
to be compensated it is no doubt necessary
that the apparatus should be such as he
is entitled to use under his contract with
the supplying body and within the
maximum demand for which that contract
provides.
It is further necessary that the apparatus
should be existing when the notice of
intended change-over is given, and where
a consumer resides in an area which is
likely to be changed over he should, for
his own protection, give information to
the supplying body before notice of
change-over is received, of apparatus
which he has in use or of any new apparatus
which he proposes to install, in order that
his apparatus may be inspected and
recorded.
With regard to companies and municipal
undertakers in the County of London the
L.C.C. are the consenting authority. With
regard to companies in the provinces who
obtained their powers before 1920, under
the Companies Provisional Orders, it is the
local authority who have the power to
give the consent to change over.
8.—Regulations.
Reference has been made in para. (2) of
this article to certain statutory regulations
which engineers and contractors should be
acquainted with in carrying out installations. An engineer would be very unwise
to rely upon his own judgment, however
experienced, as he may find that those
who framed the regulations, which are
binding, provided for definite methods and
conditions in carrying out installations.
It is impossible within the limits of this
article to embody the same, as altogether
they run to some hundreds of pages.
(A) Electricity Regulations.
The electricity regulations, copies of
which it is advisable for engineers to
obtain (see para. 2 hereof), are : Official
number ETC. i2B (in ordering copies
this number should be quoted) deals with
conditions of supply (a) not exceeding
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25o volts ; (b) not exceeding 65o volts ;
(c) not exceeding 3,000 volts ; (d) exceeding
3,000 volts. The method and provisions
as to insulation, precautions against shock
or fire, testings of insulations, overhead
lines, service lines, prevention of danger
are fully set forth in these regulations.
The most important of these regulations
is No. '3, which provides that the " leakage
current shall not exceed one-thousandth
part of the maximum current " ; and
No. 26, which prescribes the minimum
permissible size of line conductors. The
regulation only applies to a limited number
of cases where there are overhead and
underground lines to small installations
operated without statutory powers.
El. C.53, revised (22nd May, 1931), gives
details of heights of conductors to be used
for different voltages from 25o volts to
165,000 volts.
El. C.13 contains provisions in regard
to the safety of the public where electricity
is supplied in bulk or where pressure is
over 3,000 volts.
E/.38 contains the most important
regulations for engineers. It gives the
provisions for the safety of the public
where low pressure is supplied, and sets
forth the responsibility of undertakers
with lines on consumers' premises.
Regulations are given also for ensuring a
sufficient supply of electricity and penalties
in default.
El.38a gives additions to the lastmentioned regulations.
(B) Factory Act Regulations.
Risks and obligations arise under the
Factory and Workshops Acts, 1901, and
the Building Regulations of 1926.
Dangerous Machinery.
The Factory and Workshop Act, 1901,
Section 10 (r) (c) imposes an absolute
obligation on the owner of a factory so to
fence all dangerous parts of the machinery
as to be equally safe whichever way it is
worked.
Machinery which was constructed to be
worked downward. was, at the direction
of a foreman of the defendants, being
worked upwards. The plaintiff on being
injured sued the defendants for damages
for negligence. It was held that Section

lo (1) (c) imposed an unqualified obligation on the defendants to provide proper
fencing so as to make the machinery safe
to the workmen in whichever direction it
was used and that as they had failed to do
so they were liable in damages. Pursell
v. Clement Talbot, Ltd. (1914), III L.T.
827 C.A.
The mere provision of proper guards and
placing on the workmen the responsibility
of using them is insufficient and the mere
omission of a statutory duty is neglect to
observe as required by the Act.
An accident which is due to a breach
of statutory regulations does not arise
" out of ' the employment and the question
of serious and wilful misconduct does not
arise until there is misconduct arising
within the sphere of employment. Further,
no logical distinction can be drawn between
statutory regulations and prohibitions
imposed by an employer to regulate the
employment.
Thomas v. Bolton & Sons., Ltd (1928).
Bourton v. Beauchamp (1920), A.C.
1001.
By the Building Regulations, 1926, it is
provided that :—
" It shall be the duty of every contractor and employer of workmen to
observe such of the requirements in
Part I of these regulations as affect any
workmen employed by him."
Regulation 3o is as follows :—
" Every opening left in a floor of a
building for any purpose shall, until it
becomes necessary to remove the fencing
in order to complete the permanent
enclosure, be provided with a suitable
guard rail and toe board, or with other
efficient means to prevent the fall of
persons or articles into the opening
except where and when access is
required for workmen or for the movement of material."
By Section 105 of the Factory Act, 1901,
it is provided that the word " factory "
shall include " any premises on which
machinery worked by steam, water or
other mechanical power is temporarily
used for the purpose of the construction of a
building or any structural work in connection with a building."
The direction as to duties is that every
contractor and employer (whether main
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contractor or sub-contractor) of workmen
shall observe such of the requirements as
affect any workman employed by him.
It is obvious that the state of the law is
very unsatisfactory and intricate, especially
in view of the cases that have already
come before the Courts.
In Barnett 71. Caxton Floors, Limited,
and Butler v. Kleine Patent Fire-resisting
Flooring Syndicate, Limited (45 T.L.R.
141), the High Court dealt with the above
mentioned Act and regulations. In the
first case, the defendants were summoned
as " occupiers of a factory " and the
point raised on their behalf was that the
machinery on the premises was not being
actually used at the time of the accident ;
and accordingly, that the premises were
not a " factory " and that the defendants
were therefore not " occupiers of a
factory " within the meaning of the section.
The Court held that the words " temporarily used " in the section are not
confined to the actual moment when the
machinery is in use, but extend to the
whole period during which the machinery
is available for use in the structural work.
In the second. case the defendants were
summoned as " employers of workmen,"
and it was admitted on their behalf that
the premises were a factory within the
meaning of the regulations and the
section, but it was contended that other
contractors on the premises and not the
defendants were responsible for fencing
the opening. In his judgment, the Lord
Chief Justice said : " Here it was NOT
suggested that the defendants were the
persons who had brought the machinery
on the premises so as to affect those
premises with the character of a factory.
But they were working upon those
premises as sub-contractors and therefore
they came within that part of the regulations which says that It shall be the duty
of every contractor and employer of
workmen to observe such of the requirements in Part I of these regulations as
affect any workman engaged by him.' "
Alderman Galliers, of Brighton, an
engineer, was carrying out certain
electrical work on premises in course of
erection. From the 18th January, 1930,
until the 11th March, 1930, a crusher and
mixer were used on the premises. On the

r7th March, 1930, one of Mr. Galliers'
workmen fell down an opening intended
for a lift-way. Mr. Galliers was summoned
as being " the employer of workmen " in a
factory and for failing to provide a guard
rail and toe board. The prosecution might
have summoned Mr. Galliers as " occupier"
of the factory, but as there were difficulties
in making such an allegation they chose
the first alternative. Both the magistrates
and the High Court decided in favour of
Mr. Galliers on the grounds that, as the
machinery had been moved a few days
prior to the accident, the premises could
not, under the circumstances, be a
" factory " within the meaning of the
section and regulations.
The case does not decide whether the
responsibility of guarding a hole made by
some other sub- or main-contractor devolves upon all or one of the contractors
engaged upon the job. Meanwhile, it is
advisable that engineers and contractors
should write a letter when accepting a
contract stating that it is understood that
the employer or the main contractor will
provide that other contractors safeguard
any risks caused by them. Engineers
should also obtain a copy of Statutory
Rules and Orders, 1908, No. 1312 (price
3d.), and study the regulations therein
contained in relation to the " Generation,
Transformation, Distribution and Use of
Electricity."
Statutory Rules and Orders, 1908.
No. 1312 give the regulations made by
the Secretary of State for the " Generation,
Transformation, Distribution and Use of
Electrical Energy under the Factory and
Workshop Acts of 1901 and 1907."
Form 928 contains a " Memorandum by
the Senior Electrical Inspector of Factories
on the Electricity Regulations." (88 pages
price, 9d.) All the above should be
studied before carrying out work in
relation thereto.
(C) Cinema Regulations.
The Statutory Rules and Regulations,
No. 983, dated 3o July, 1923, and No. 403,
dated 8th April, 1924, and also No. 361 of
6th June, 1930, should be studied for electrical work in cinemas. In any work
relating to the manufacture of films and
film stripping the Regulations of 1928
S.R. and 0. 82 and 84 should be studied.
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(D) Coal and Mines Act, 1911.
By Section 32 (1) of this Act it is provided that " Subject to the statutory provisions and any regulations thereunder as
to the use of electricity in mines electric
lamps if enclosed in airtight fittings and
having the lamp globes hermetically
sealed may be used on main haulage roads
or elsewhere within such limits as may be
fixed by the regulations of the mine."
Section 6o provides that :—
Electricity may not be used in any part
of a mine where on account of the risk
of explosion of gas or coal dust its use
would be dangerous to life and if the
owner of a mine on being required by an
inspector of the division not to use or to
desist from using electricity in the mine
on that ground refuses to do so the question shall be settled by reference to a
referee.
Pending the settlement of the question
the owner must comply with the requirements of the inspector subject to an appeal
to the chief inspector.
The use of electricity in any mine is
subject to general regulations.
In all places lighted by electricity where
a failure of the electric light would be
likely to cause danger one or more safety
lamps or other proper lights shall be kept
continuously burning.
Where electricity is used for signalling
the pressure in any one circuit shall not
exceed 25 volts.
Every person appointed to work, supervise, examine or adjust any apparatus shall
be competent in the work he is set to do.
No person except an electrician or a
competent person acting under his supervision shall undertake any work where
technical knowledge or experience is
required in order adequately to avoid
danger.
The " General Regulations as to the
Installation and Use of Electricity, with
Explanatory Notes," is published in
Mines and Quarries, Form No. II (83
pages, price 6d.), and Form No. 15B
(price 2d.) should be studied in relation
to all such work. Copies should also be
obtained of the Safety Lamps Orders,
S.R. and 0. 226411920 and 318/1922 ;
Coal Cutting Machinery, M.D. Circular

No. 31; Danger from Live Electrical
Conductors, M.D. Circular No. 23.
The Mines Department, Dean Stanley
Street, Millbank, Westminster, S.W.i,
should be consulted on current rules and
regulations under the Metalliferous Mines
Acts and the Coal Mines Acts, which are
now administered by this Department.
9.—Engineers' Liability at Common Law.
Apart from the duty of observing
statutory regulations, engineers and contractors are under certain liabilities at
common law.
(A) Estimates.
They are liable to their clients if the
plans or specifications are faulty, or if the
estimates are inaccurate. If they do not
hold themselves out as being competent
to get out quantities or estimates, then
it is their duty to advise their client on the
necessity or otherwise of employing a
specialist in that particular branch. They
must consult and advise their client as to
obtaining tenders, whether by invitation
or advertisement. They must disclose to
their client any interest they may have in
any firm with whom contracts are likely
to be made, and to account for any discounts or commissions. Even if theyadvised their client to insure the subject
of the contract, they must not receive
any commission for the insurance without
the consent of their client.
(B) Competency.
To whatever class the engineer may
belong, the engineer must be competent
to do what he professes, or take the legal
consequences of being sued for negligence
and of not recovering fees if they fail in
their duty. If he has represented or
advised that a motor or dynamo or a
switch, etc., will do a certain thing and the
capacity of the same proves to be inadequate, then he will be liable for any direct
damage which may ensue to his client.
In this respect the engineer's liability
is similar to that of a doctor or surgeon
who may be liable for negligently performing an operation, or a solicitor who
renders himself liable in damages to a
client to whom he has given bad advice,
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so the services rendered to their employers
by engineers, being undertaken by them
for reward they are bound to possess an
ordinary and reasonable amount of skill
in the art or profession which they profess
by undertaking to do the work and to act
with reasonable care and diligence in
rendering those services and are liable for
failure to do so.
(c) Negligence.
The question whether a person has
exercised reasonable and proper care, skill
and judgment is one of fact which appears
to rest on this further inquiry, viz.,
whether other persons exercising the same
profession or calling and being men of
experience and skill therein would or
would not have come to the same conclusion. It is not enough, however, to
make a man liable in an action for negligence that some men of far greater experience or ability might have used a greater
degree of skill, nor that even he might
possibly have used some greater degree of
care. The question is whether there had
been a want of competent care and skill
to such an extent as to lead to the bad
result. Also it must be noticed that to
show that better methods might have
been used is not of necessity to show that
the methods employed were so unprofessional or unskilful as to amount to
negligence.
Supposing an engineer or a contractor
is carrying out some work in a shop
window and his man, in bending, negligently knocks over something ; then the
contractor would be liable for the damage
done unless he first warned his employer
that he would not take the risk but would
do his best. In one case a succession of
articles of furniture were knocked over by
the first article touched by the workman.
The contractor was liable for the first
accident, but not for the other damage.
A contractor might reasonably be expected
to anticipate the first accident, but not a
succession of accidents resulting from the
employer's own acts.
Take the case of premises being negligently set on fire by a contractor's workman, and we will take it for granted that
the employer has insured his premises

against fire. Notwithstanding this, the
insurance company can refuse to pay until
the contractor has been sued for damages.
If the contractor is unable to pay, or goes
bankrupt, then the insurance company
would be liable to indemnify the employer
against loss.
The same principle applies where injuries
are received by other persons resulting
from the negligence of a contractor's
workman. The only safe way is to insure
against such risks.
(D) Delegation of Duties.
As a rule, the duties of architects and
engineers are so personal in their nature
that they cannot be delegated or transferred entirely to another, but they may
make use of the skill and labour of
assistants provided only that they retain
control of the work and do not cease to
exercise their own supervision and judgment. The general rule is that where a
man employs an agent, relying upon his
peculiar aptitude for the work entrusted
to him, it is not competent to that person
to delegate that trust to another, but
where the act to be done is of such a
nature that it is perfectly indifferent
whether it is done by A or B and the
person originally entrusted remains liable
to the principal by whomsoever the thing
may be done, the maxim " Delegata
potestas non potest delegari " does not
apply.
In the case of the Leicester Board of
Guardians v. Trollope it was the architect's
duty under the contract to supervise the
work. The clerk of the works permitted
the builder to deviate from the design,
and the architect, relying upon the clerk
of the works, failed to detect the deviation
and to have it rectified. As a result of
such deviation, dry rot set in. It was
held by the Court that the architect was
liable in damages.
(E) Interference by Employer.
If the employer insists on superseding
the engineer's judgment and asserting his
own in matters which relate to the work
which the engineer is employed to carry
out or gives orders which are ignorant and
unskilful, he cannot complain if the
it
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engineer follows his orders, subject always
to this, that the engineer should, before
complying with the orders, be careful to
point out the consequences which may
result from their adoption and disclaim
all responsibility therefor.
An engineer or contractor has also a
right to compensation if an employer in
other ways interferes with his work or
delays the progress of the same, unless the
matter is one that might reasonably be
anticipated by the contractor.
If an architect or consulting engineer
has power by the contract to decide
questions of price and extras, etc., and the
employer influences or interferes with him
in any direction, then the contractor is
freed from the decision of such architect
or consulting engineer. (Page v. Landaff.)
(F)Loss of Fees.
If a professional man does not exercise
his calling with ordinary skill and care,
he breaks his contract express or implied.
In such an event he is liable to dismissal
and also forfeits wholly or in part his
right to be paid under the contract, for
a person of skill cannot recover for his
services which are useless, or which, in
the ordinary exercise of his skill, he ought
to have known would be useless towards
the object for which he was employed.
He also renders himself liable for any
damages resulting to his employer from
his incompetence or carelessness.
(G)Liability for Negligence.
It is important to notice that in order
that liability should arise, the damage
must have been caused by the negligence.
If advice is negligently given, it must be
acted upon before any liability of this
nature can arise. Where negligence and
the omission to use due care and skill
have been made out, the amount of
damages that can be awarded is to be
measured by the consequent loss to the
employer, and it is immaterial that such
damages may exceed the amount of the
commission or fees agreed to be paid to
the person employed for the performance
of his duties. Sanders v. Broadstairs Local
Board (1890). The employer can either
bring an action for damages for negligence
or set up the negligence as an answer to
an action for fees, and counterclaim in the

action for the damages for negligence.
(IT) Recovery of Fees from Local Authorities.
Engineers are sometimes employed by
corporations, and when this is the case
precautions are necessary to render them
certain of their fees. It is a general rule
of law that corporations can only contract
under their common seal. It is well that
engineers should have this clearly before
them, as in many cases they have failed in
recovering their fees after spending a good
deal of time and money in the service of a
corporation. Thus, for instance, in the
case of a municipal corporation, an instruction from a mayor, town clerk or from a
committee, or in fact a resolution of the
corporation duly passed will not enable
the professional man acting under it to
recover payment for his services, in case
the corporation chose to resist his claim
and plead that the agreement was not
under seal, for however the rule may have
been relaxed in other matters it is still
very strictly applied as regards the
appointment of officers.
(1) Effect of Death of Engineer.
It is important to know what effect
death has upon the engineer and the
employer as far as the contract is concerned. In considering this effect it is
necessary to divide contracts into two
classes : (1) personal contracts, and (2)
other contracts. Dealing with personal
contracts first, these are not rescinded
ab initzo by the death or permanent disablement of the engineer, but are merelydissolved and become null and void as
to the future. Any rights of payment
which have accrued due under them are
enforceable and the remedy is not limited
to suing on a quantum meruit. This was
stated by Martin, B., in the case of Stubbs
v. Holywell Railway Co., in which he said,
" The contract had, it is true, an implied
condition that he should live for fifteen
months, but his death does not throw back
his representative upon the right of
recovery on a quantum meruit only. He
can recover the stipulated price due to the
deceased when he died of the work the
deceased had actually executed."
The common-law implication excusing
non-performance by the act of God adds
the implied condition that if death or
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permanent illness intervenes after partial

performance (except in cases where it is
clear from the special terms of the contract
that payment is only to become due on
completion of the services or on acceptance
or certified approval or something of that
kind) recovery may be had for the value
of all work which the deceased has
performed.
In the case of all contracts not personal,
i.e., where death or illness does not affect
the personal element, the burden and the
benefit of the contract pass upon the
death of either party to his representatives.
The case of Davison v. Reeves (1892),
8 T.L.R. 391, illustrates this. A engaged
B as a civil engineer in connection with
certain harbour works. A covenanted
for himself and his executors to employ
B at a fixed salary for six years. A
raised B's salary and subsequently died.
A's executors again raised B's salary but
dismissed him before the expiration of the
term. It was held that the agreement
bound the executors of A.
(j) Remuneration.
We must now add a few words as to
the remuneration of a person who acts as
consulting engineer, or where any engineer
or contractor gives advice.
Where the terms of the contract of
employment are not specific as to the
payment of the engineer, evidence is
admissible to rebut the presumed undertaking to pay and to exclude the ordinary
business obligation to pay for services
rendered. But such evidence must be
strong and clear and must not be inconsistent with the terms of the contract.
If the employer and engineer agree that
the employer shall decide whether the
engineer shall receive any remuneration,
the engagement in such a case remains
a mere engagement of honour until the
employer chooses to fix a remuneration
and the amount fixed cannot be questioned
or increased by the engineer or the Court.
If the agreement is that the employer
shall decide the amount of the remuneration the Court may infer an obligation on
the part of the employer to pay something,
and in such a case the engineer is entitled
to a reasonable remuneration and is not
bound to accept in satisfaction the amount

fixed by the employer or to wait until the
employer chooses to fix the amount. It
would be for the jury to ascertain how
much the employer acting bona fide would
or should have awarded.
Where an engineer is suing upon the
merits of his work(quantum meruit),
evidence can be adduced of the nature
and extent of his skill to show what the
value of his service is.
Where reasonable remuneration has to
be given it is clear that the services of a
famous or specially skilled man should be
valued more highly than those of a newly
qualified person and that the employer
must be presumed to have had in view the
special qualifications of an eminent man
when he employed him. It is not relevant
in such cases to prove that the employer
could have got another man at a cheaper
rate, as he, in fact, selected this particular
man.
(K) Inaccurate Quantities.
The Courts will not consider the employment of a quantity surveyor to come
within the implied authority of the engineer
except where a special custom of the
profession to that effect can be proved
to exist. The practice with regard to bills
of quantities is now pretty well settled.
The engineer may prepare the quantities
and supply them himself to the parties
tendering. If an engineer prepares the
quantities by agreement with the employer,
he is the agent of the latter in preparing
them, and in certain circumstances the
latter may be held liable for any inaccuracies that they may contain. To make
the employer liable to the contractor for
inaccuracies two things must be shown.
It must, in the first place, be shown that
the bills of quantities were so culpably
inaccurate as to amount to a fraudulent
misrepresentation on the part of the
engineer preparing them, and in the second
place, it must be shown that the employer
himself was aware of that, or that the
false representation was made by the
engineer, as his agent, and in his interest
and that he received the benefit of it.
Further, it is a consulting engineer's duty
to inform a contractor when his client dies
or becomes insane, or is bankrupt, as it
has been expressly decided that where

1756 LAW RELATING TO ELECTRICAL ENGINEERS AND CONTRACTORS

an agent impliedly warrants his employer's ing engineer must see that the quality of
authority, it is immaterial whether he his work and of the plant, material or
justly believed that his authority still appliances are reasonably sufficient for the
existed or not. (Yonge v. Tonybee (1910), purposes intended. Of course, a manufacturer is under the same liability also.
K.B. 215.)
If damage results from tempest, rain,
(L) Quantities.
floods or fire,
contractor is liable to
It has been held that there is no implied make
good unless he covers himself by
warranty to a contractor of the correctness words
in the contract. He must complete
of estimates and calculations made by the the work
in reasonable time, and if the
architect under his employment by the contract specifies
date he must comply
building owner. The architect does no with the same ora he
will be liable in
more than state them to be his bona-fide damages or a penalty where
the contract
calculations, and it is for the contractor
provides.
to check them or not at his own risk. so Contracting
engineers should cover
(Scrivener v. Pask (1865), 18 C.B. (N.S.),
for accidents to their workmen
785, and also see Le Livre v. Gould (1893), themselves
or against strikes, civil commotion or
Q.B. 491.)
thefts.
(M) The Different Liabilities of Consulting (N) The Position of Contracting Engineers
and Contracting Engineers.
under Contracts.
Where a consulting engineer is employed,
Decision of Engineer or Architect.—In
a contracting engineer, as previously most contracts for works there is now
briefly indicated, is free from most of the
a condition making the decision
risks and liabilities which fall on a con- inserted
of
the
engineer
or architect upon the
sulting engineer. He must, however, materials proposed
used in carrying
carry out the work entrusted to him with out the works final,toorbebinding
the conreasonable skill. If a consulting engineer tractor to use materials of a certain
is not employed then a contracting or of a superior quality. Even inkind
engineer who holds himself out as compe- absence of such a condition, however, the
the
tent to do the work and advise, makes contractor is bound to use only materials
himself liable for all the risks that a of a reasonably good quality.
consulting engineer is under. An engineer,
If he uses materials of more than
or indeed any other professional person, reasonably
quality—there being no
must not misrepresent his professional condition ingood
the
contract
as to the quality
status, for example, by putting after his of the materials to be used—or
if he uses
name letters indicating membership of materials of a much better quality
than
institutions to which he does not belong, that required by the conditions of the
and if he does so, any person so misled contract, he cannot in the absence of a
will have a remedy in an action for new
contract with the employer binding
damages. Thus a contracting engineer the employer to pay for them, recover the
must not act as a consulting engineer extra expense he has thus incurred. The
unless he has the qualifications. If he same
rules apply to the workmanship
has not the qualifications and he does employed, which, in the absence of anyact, he will be liable for any damage
condition upon the point, must
which may result to his employer through express
be reasonably skilful and good.
his so acting. If the contracting engineer
acts as a consulting engineer he is expected (o) Extras.
The term " extra works " or more
to possess an ordinary and reasonable
degree of care and skill in the profession shortly, " extras," when used in connection
of a consulting engineer and is understood with contracts for works or buildings, may
to have that degree of care and skill by be taken as meaning those items of workundertaking to do the work, and to act manship or materials which the contractor
with reasonable care and diligence in may be required, under the terms of his
rendering those services and is liable to the agreement, to execute or supply in addition
employer for failure to do so. A contract- to the workmanship and materials required.
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to complete the work or building in verbally given will not entitle the conaccordance with the drawings and specifi- tractor to recover.
cations. It is often a matter of great
If an employer consents to alterations
difficulty to determine whether an item and the engineer or contractor does not
of workmanship or materials claimed as inform him that the alterations will
an extra by a contractor is fairly so or not. increase the expense, then the contractor
In fact, many of the disputes which arise cannot recover for the increased expense.
between employers and contractors turn
(Lovelock v. King.)
on this point. The contractor alleges that
(p) Waiver of Conditions as to Extras.
he has executed certain work not shown
Where extra works have been carried
upon the drawings and not clearly
out by the contractor and he is unable to
described in the specification and not
show that they have been ordered in
covered by the contract sum. The
writing in the manner provided in the
employer refuses to regard the item so
contract, the Court will endeavour to
claimed as an extra. He asserts that the
ascertain whether there has been a waiver
work was necessary to complete in a
of the condition as to the written order.
proper manner the works of the contract,
(It would be manifestly unfair that the
and then recourse is had to a court of law
contractor should be induced to execute
or to arbitration.
extra works on the faith of the verbal
In a court of law, the original contract
promise of the employer that such extra
must be produced and proved in order to
works would be paid for, and that the
show that the alleged extras are not
employer should get the benefit of those
included in it, and in order that the
works free of cost.) What would amount
contract may be put in evidence it must
to a waiver of the condition as to the
be stamped, or if not stamped the penalty
written order cannot be very closely
for failure to stamp paid upon it. And
defined, as there is no express authority
not only must it be shown that the work
on the point. Again, if it can be shown
done is not within the contract, but
that the extra works claimed for are
evidence must be given that it was the
entirely outside the contract, the want of
subject of a new contract containing a
the written order will not bar the conpromise expressed or implied on the part
tractor's claim to be paid for such work,
of the employer to pay for it.
as will be seen from the remarks of the
A mere acquiescence on the part of the
Court in the case of Franklin v. Darke
employer in a suggested alteration is not
6 L.T. (N.S.), 291.
enough in itself to raise an implied promise
to pay anything additional unless it can (Q) Time for Completion.
be shown that the employer was aware
A contract for works may expressly
that the alteration would add to the state the time within which the works are
expense. Where, however, the contract to be completed or it may be silent on
provides that the engineer is to determine that point. In the latter case the law
the price to be paid for extra works, it will imply a condition that the works
would appear that he is entitled to say will be completed in a reasonable time.
what are extras and what are not. It is Sometimes in contracts where no express
frequently provided in contracts for works time is fixed for completion, the conor buildings that the employer will not tractor undertakes to carry out the works
be liable to pay for works alleged to be " forthwith," " immediately " or " diextra unless such additional work shall rectly." In all such cases the Court
have been ordered in writing by the will hold that all that is meant by such
employer or architect. Where this is indefinite words is that the works shall
clearly expressed the written order is a be carried out as quickly as in the circondition precedent to payment. And it cumstances is reasonably possible.
would appear that where the engineer is
When the date of completion is expressly
the party appointed by the contract to stated in the contract, of course that date
issue written orders for extra work, the must be observed. A failure to complete
order of the employer for such works the works before or by it will be a breach
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of contract and formerly the rule at law and also providing for the architect or
was that such a failure entitled the em- engineer to have power to extend the
ployer to repudiate the contract and to time for completion of the contract and
refuse payment. This rule, however, was that unless he did so the time should be
relaxed in equity. Courts of Equity held deemed not extended by reason of such
that in the absence of express stipulation extra works, it was held that the fact of
that the date was to be strictly kept, or extra works being directed having renif circumstances from which such a dered the contract impossible within the
condition could be inferred time was not appointed time freed the contractor from
of the " essence of the contract " and a the penalties provided by the contract.
failure to observe it, though a ground for (Westwood v. Secretary of State for India.)
compensation to the employer, was not a (s) Delays caused by Architects or Consufficient breach to entitle him to repudiate
sulting Engineers.
If a contractor is delayed by failure
the contract. The equitable rule now
having been made the rule in all Courts, of an architect or consulting engineer to
we shall consider shortly when equity deliver plans or drawings or other
will regard a time condition as of the necessary instructions, he is free from
essence of the contract. The first and penalties under the contract. (Roberts
most important instance is when the v. Bury, etc.)
contract expressly stipulates that time (T) Price of Extras.
If an architect or consulting engineer
is to be of the essence of the contract.
" If the parties choose even arbitrarily has given an assurance to the employe'
(provided both of them intend to do so) that the cost of the work should not
to stipulate for a particular thing to be exceed a certain specified amount although
done at a particular time, such a stipula- he refused to guarantee that amount,
tion is effectual in equity as well as in law " then it has been decided that the decision
of the architect as to the amount to be
(Alderson, B., in Hipwell v. Knight).
Again, time may be implied to be the paid to the contractor for the 'work was
essence of the contract when the nature not binding as there was a bias in hi.
of the work or the circumstances attending mind. (Kemp v. Rose.)
it show that the time of completion is a (u) Payments on Account.
Where A agrees to do work and supply
matter of importance.
(R) Time for Completion where Additional materials upon the premises of B for a
specific sum and nothing is said as to
Work—Penalties.
Delays
in
Contracts.—Cont r acting payments on account, then A is not
engineers are often oppressed by terms in entitled to recover anything until the
a contract to complete the work by a whole work is completed. (Appleby v.
specific date. Very often an employer, Myers.) If A covenants to do certain
or his architect, or consulting engineer, work for B and to finish it in or before a
has ordered additional work to be done, certain day in consideration of a sum of
not contemplated by the original contract. money which B agrees to pay A by instalSuch additional work must, of course, ments as the work proceeds and the
be done in a reasonable time ; but if it is instalments are not paid, then the conso mixed up with the work in the original tractor can sue for the whole sum, although
contract, being part and parcel thereof, the building was not finished at the time
that it becomes impossible to complete the appointed. (Terry v. Duntze.)
work in the original contract until the (v) Floods, etc.
Where there is a maintenance clause in a
additional work has been completed, then
in such circumstances all the work must contract for the contractor to maintain
be done in a reasonable time, and there is his work for a certain period, and damage
good defence against any penalties. results meanwhile from an extraordinary
(Thornhill v. Neats (186o), 8 C.B., N.S. 831.) flood, etc., then the contractor must
Even in a contract which provides for make good. (Brecknock v. Pritchard.)
additions, deductions, alterations and Contractors would be wise to cover themdeviations to and from the contract work selves by insurance in such cases.
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THE DESIGN OF D.C. MOTORS AND
DYNAMOS
By H. E. J. BUTLER
cannot be taken as definite without further
investigation. While the outputs shown
are easily developed by the given armature
sizes, a higher output can be obtained by
careful design. It is not possible to give
exact sizes for armatures in relation to
output because the working conditions
and the particular design of the stampings
are variable factors.
The method of determining the design,
which is given here, is to consider what
output is obtainable from a particular
design. of standard stampings that are
likely to give the required output.
The Starting Point.
The main purpose of this article is to Two or Four Poles.
Unless the output of the intended machdetermine the size of the armature and
ine is to exceed
field
magnet
500 watts,
and to show
there is little
how the windt o gain by coning data is
structing a
calculated. It
four-pole field
will be assumed
magnet. It is
that the conpossible to
structor wishes
obtain a larger
to build a
output from a
machine of a
four-pole
certain output.
machine than
When the
from a two-pole
output of the
machine of the
proposed
same size. This
dynamo or
is partly bemotor has been
cause the span
determined
of coils of the
from requirefour-pole armments, the size
ature is apof the armaproximately
ture, which is
half the span
starting
the
Fig. I.—AN ARMATURE AND FIELD MAGNET STAMPING OF
of the two-pole
point, may be
THE TYPICAL DESIGN WHICH IS DEALT WITH IN THE TEXT.
windings. This
found from
The armature is ill-inch diameter with 12 semigives shorter
tables
1-4.
closed slots. The armature spindle hole is jr-inch diameter. The small hole in the armature stampings and
end windings,
The armature
the semi-circular nick in the field stampings line
which makes
sizes given are
up when the stampings are assembled. The field stampfor higher effionly average
ings are Sankey's Lohy's iron and the armature stampings
ciency because
values and
are Sankey's Stalloy.
HE method of designing a motor
and a dynamo of similar output is
essentially the same. A dynamo
is designed to give a certain output in
watts (volts x amperes), whereas a motor
is to give a certain h.p. output. A motor
may be treated as a dynamo having an
equivalent output in watts. The h.p.
output of a motor in watts is given by
multiplying the h.p. by 746. Thus, a
motor of 1 h.p. has an equivalent output
of 373 watts.

T
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TABLE I.

The Field Magnet.

TWO-POLE DYNAMOS.
Armature
Length
and Diam.
(inches).

VI0 0 00 0 0 0 0 0 0
u—)‘r)0.41
C.1 0 0 0 0 0

31
4
41

4
4

0
C•1

5
5i
5f
51
6

Field
Watts
(approx.).

4,000
3,750
3,500
3, 000
2,750
2,500
2,300
2,100
2,000
2,000
1, 850
1, 800
1,750

1, 700
1, 65o

1, 600
1,500
1,400
1,300
I, 200

H H HI.14

C..1 0 VI.r) 0 0 0 0 0

3i

Ci

ti NM'1
0 CO 0 M0
,

I1
Ii
r1
2
21
2*
2*
3
3+

Speed
R.P.M.

tr)0 0 .1 00 0 0 .n0 0 00 00 0 0 0 0
ff"),
r)
nr)k.0 u.0 t•-•00 ON 0 0 0 0 0

Output
(watts).

the end windings of the armature are
inactive and merely add resistance to the
armature. Another reason is that the
field excitation is more efficient, because
the ampere-turns are obtained with four
smaller diameter coils instead of with the
two larger coils of the bi-polar dynamo or
motor. Hence less power is required for
excitation of the field.

Since in a bi-polar machine the length
of the armature is made equal to the
diameter, the length of the assembled field
magnet will be i in. The stampings are
.02 in. thick, so that the field magnet
will consist of about 90 stampings.
Before the armature can be considered
it is necessary to calculate the field
strength in the air gap between the
armature and the pole faces. With this
object in view the total flux in the magnet
itself is first estimated.

Calculation of Field Strength.
For laminated field magnets of Lohy's
iron, such as are now being considered, it
is possible to work economically at a flux
density of 95,000 lines per sq. in.
The total flux of the yokes of the
magnet is given by area (sq. in.) X95,000.
Area of yokes=2 x 4 x II sq. in.
Since the stampings are paper coated
the actual area of iron will be :Area= 2X4 X It x .95 sq. in.
Total flux= 2 x 4 x I x.95 x 95,000 lines
=79,000 lines.
The total flux in each air gap is less than
this by about m per cent. on account of
magnetic leakage. That is to say, some
m per cent. of the magnetic lines developed
will not pass through the armature and
are therefore ineffective.
TABLE II.

Procedure in Design.
The procedure in the design of a dynamo
or motor is best understood by considering
an actual example. Suppose it is proposed
to construct a shunt-wound dynamo with
an output of 6 volts 6 amperes, or 36 watts.

The Stampings.
Table I gives an armature diameter of
if in. for an output of 35 watts, so that
this size is provisionally fixed for the
machine. Fig. i shows an armature and
bi-polar field magnet stamping to suit
these requirements. The use of stampings
for both field magnet and the armature is
advised not only on the score of efficiency
but also for simplicity of construction,
which is thereby obtained. A laminated
field magnet is less than half the weight
of a cast iron one designed to carry the
same total flux.

FOUR-POLE DYNAMOS.

Output
(watts).
6o
8o
ioo
160
25o
300
470
670
Boo
1,000
1,300
1,500
1,650
1,850
2, 000

Armature
Diam.
(ins.).
2f
2*
3
31
311
31
4
4*
4i
41
5
51
5i5i
6

Armature
Length
(ins.).
1'1
28
21 .
2121
21
3
3
3
3*
31
4
i
48
4
4*

Speed
R.P.M.
2,500
2,300
2,100
2,000
2,000
I, 85o
1, Soo
1,75o
1,700
1,650
1, 600
1,500
1,400
1,300
1,200

Field
Watts
(approx.)
35
40
40
40
50
6o
70
So
90
Too
ioo
ioo
ioo
100
100
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Total flux in air gap = 79,000 X.9
line
=71,10o lines.
Thus a total flux in the air gap
of 71,000 lines forms the basis of the
calculations for the armature windings.
The odd ioo lines may be neglected.
Estimation of Armature Output.
Now that the total flux in each gap
is known, it is possible to calculate
the armature windings.
If Z =Total conductors in armature slots,
E = Voltage of armature,
F ----Total flux per pole,
P=Number of poles,
N =Speed of armature, r.p.m.
S =Number of parallel paths in armature, then
E x 6(3x xos x S
conductors
Z—
FxPxN

In the present example—
E=6 volts,
F=-Th000 lines,
P=2,
N=3500 r.p.m. (froth Table I),
S=2 for a two-pole machine,
6 x 6o x ios X 2
conductors
71,000 X 2 X 3500
=145 conductors.

Fig. 2.—A PAIR OF SANKEY'S SMALL MOTOR
STAMPINGS.
The armature has a key which is made to fit the
keyway in the shaft. The armature is ii96--inch
diameter, inch hole. The magnet yoke is if-inch
wide and the air gap .01 inch. The armature
slots are of a particularly good design.

This does not take into account that
the windings cause a drop in volts, which
must be allowed for by adding extra turns
to the armature. Allow ito per cent. extra
conductors for small machines. For
larger machines the actual armature
resistance must be worked out. The
total armature conductors, therefore,
=145 x 1.1
=16o.
Since there are 12 slots, 14 wires in each
slot are required, which means that there
will be 12 coils of 7 turns each. The extra
voltage developed by the increase of total
conductors from 16o to 168 is negligible.
The accurate determination of the
number of armature conductors is possible
by using the following :—
io8 E x S
(.0167 F PN) — (.0139 x los I1R)
Where E=Terminal volts at full load,
S=Number of parallel armature circuits,
F=Total flux per pole,
P=Number of poles,
N =r.p.m.
I =Full load current,
1=Length of mean turn of armature
coils (inches)
R.----Resistance of wire ohms per yd.

In the present example—
iclx6x2
Z=

(.0167 X 71,000 X 2 X 3500) —
(.0139 X 108 X 7.5 x 7.2 X .01328)

12 X 108
.0167 x 4.95 x I08 —.0102 x I&
12 X I08
108 (.o832—.0102)
— 12
.073
=165 conductors.

Calculation of Field Windings.
The calculation of the magnetising
ampere-turns is the same whether a
machine is shunt or series wound, although
the two types of windings are themselves
different. The magnetising power is
measured in ampere-turns and is called
the magneto-motive force of the magnet.
The magneto-motive force of a magnetic
circuit gives rise to a " current " of
magnetic lines against the opposition of
the magnetic resistance of the iron and
air gaps, in a similar way to which the
electro-motive force or volts of an electric
'circuit causes an electric current against
the opposition of the electrical resistance
of the wire.
The estimation of the magnetising force
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TABLE III.
TWO-POLE MOTORS.

H.P.

0

1
7 7,
T'T
i'o
a.
lir
*
*
2
1
1
If
II
If
2

Armature
Diam. and
Length
(inche ).
if

it
if
2
21
21
2f
3
3f
31
41
4f
4f
5
51
6

Total length of gap -=2 X.02 in.
in.

Speed
R.P.M.

Equivalent
Watts.

4,000
3,750
3,500
3, 000
2,73o

25
37.3
62.5
74.6
93.5
125
140
185
250
373
625
746
935
1,120
1,310
I, 500

2,500

2,300
2,100
2,000
1,85o
1,750
1,700
1,650
1, boo
1,400
I, 200

required to produce a certain flux in a
particular magnetic circuit is simplified
to measuring the length of the magnetic
paths and calculating the flux densities
in the different parts of the circuit.
When these two values are known the
ampere-turns is estimated from Table V.
Estimation of the Magnetising Force.
The estimation of the magnetising force
required for the 36-watt dynamo, which
is being considered as an example, is done
as follows.
The flux density in the yoke is to be
95,000 lines. Table V gives 33 ampereturns per inch for the density in Lohy's
iron, which is the material from which the
field stampings are made.
The average length of magnetic path
in the yoke is 4f in., therefore :Yoke ampere-turns =4k- X 33
=14o per pole, or
28o total.
The total flux in the air gap is 71,000
lines. The area of the air gap is found,
approximately, by adding together the
area of the five armature pole faces which
cover the field pole face.
xifsq.in.
.• . Area of gap
Total flux
Density in gap
Area of gap
_71,000 x 32 X }
lines per sq. in.
5 xii x7
-23,60o lines per sq. in.

The ampere-turns per inch for a flux
density in air of 23,60o lines per sq. in. is
found by multiplying the density by .32.
Ampere-turns

=.32 X 23, 600
=7330 per inch
Total ampere-turns =7330 X .04
=302

Finding the Ampere-turns Required to
Drive the Flux through the Armature.
It now remains to find the ampere-turns
required to drive the flux through the
armature. This may be sufficiently
accurately estimated by multiplying the
sum of the ampere-turns for the yoke
and the air gaps by 1.05 to give the total
ampere-turns for the whole magneticcircuit. For larger machines, however,
the percentage of ampere-turns for the
armature is higher and must be calculated.
In the present example this is done as
follows
The area of the armature teeth, neglecting the pole extensions =
5x-Xi4 sq.in.
7i, 000 X 32 X 4
5 X3X7
=86, 3,00 lines per sq. in.
Length of teeth =2 X s in.
4 in.
Ampere-turns (Stalloy) = f X 20
=15 ampere-turns
XIf Sq .in.
Area of armature core =2 X -1 )<
32 x 4
7I 0
Flux density in core
2 x9x7
= 72,000 lines per sq. in.
Density in teeth -

TABLE IV.
FOUR-POLE MOTORS.

H.P.

*
1
6
1
4
a
1

I
11
1
12
It
2
21
2+

Armature
Diam.
(ins.).

Armature
Length
(ins.).

21,2f
3
31
4

if
2.A.
2.1.
21
31
3
31
31
3f
4
4*
4f

A
4f

41
41
5
51
5i
5f

Speed Equivalent
R.P.M.
Watts.
2,500
2,300
2, 200
1,850
1,800
1,730
1,700
1,630
1,600
1,500
1,400
1,300

93.5
125
185
373
625
746
935
1,120
1,310
1,500
1,080
1,870
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Length of magnetic path in core =I in.
.•. Ampere-turns (Stalloy)
=I x 13

The summary of the above calculations
is as follows :Ampere-turns for yokes
=280
„ air gaps
30 2
„ armature teeth = 15
„ armature core = 13
Total ampere-turns

=610

Field Winding.
The diameter of the wire for the wire
of the field winding of a shunt machine
is found from the formulaD= /.00000IAT1
E
Where D =diameter of wire (in.)
AT=ampere-turns
l=length of mean turn of field coil (in.)
E =voltage across coils.

In the present exampleAT=610
1=8.3
E=6
•'• D = /.0000ca x610x8.3
6
.029 in.

The nearest standard wire gauge to this
figure is 22 S.W.G., which has a diameter
of .028 in. The current which can safely
be passed by this size of wire at 2,500
amperes per sq. in. is 1.5 amperes.
The number of field turns can now be
determined.
Turns- Ampere-turns
Amperes
6 io
.*. Turns= 1.5
=406
The field coils will therefore consist of
two windings of 203 turns each of
22 S.W.G. enamel covered wire or double
silk covered wire. Double cotton covered
wire is not to be recommended for small
field coils on account of the extra space
which it occupies and it will generally
be found impossible to accommodate the
required number of turns on standard
designs of stampings.
Gauge of Armature Wire.
Now that the field current has been
determined it is possible to calculate the
total current output of the armature.
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TABLE V.
MAGNETISING FORCE REQUIRED FOR FIELD
MAGNETS.
Lines
per
Square
Inch.
10,000
15,000
20,000
23,000
30, 000
35, 000
40,000
45,00o
50,000
55, 000
6o, 000
65,00o
70,000
75, 000
8o, 000
85, 000
90, 000
95,000
100,000
I I0,000

Ampere-Turns per Inch.

Air.
3, 200
4,800
6, 400
8,000
9,600
11,200
12,800
14,400
16,000
17,600
1.9,200
20,800
22,40o

Cast
Iron.

Lohy's
Iron.

Stalloy.

II
14.5

19.5
25.5
33.5
44.0
80.o

3
3.5
4.6
5.1
6.i
7.1
8.6
10.0

12.7
15.3
17.8
23.o
25.6
33.o
43.0
127.0

2.3
2.8
3.3
4.0
4.6
5.3
6.6
8.1
11.2
14.7
15.7
20.0
25.4
35.6
55.6
178.0

The total output from the armature is the
net output plus the field current. The
net output is 6 amperes and the field
amperes is 1.5. The total output of the
armature is therefore 7.5 amperes. The
gauge of wire for the armature depends on
two factors : (1) the current in the
armature ; (2) the current density at
which it is safe to work with the type of
armature under consideration. The
current density for a naturally ventilated
armature may be taken at 2,50o amperes
per sq. in. where the machine is to run
continuously.
On page 38 is given a table showing the
gauges of wire suitable for various
armature currents. Now each conductor
in a two-pole motor or dynamo carries
only half the total current. Thus each
conductor carries 3.75 amperes. The
suitable S.W.G. is, therefore, No. 18.
Armature Slots.
It now remains to see whether 14
insulated wires of 18 S.W.G. can be
accommodated in each slot. The winding
space in each slot is .07 sq. in. To find
the area which can be usefully occupied
by conductors, divide this area by 1.4.
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The effective area is, therefore, .05 sq. in.
The maximum number of conductors of
18 S.W.G. double cotton covered wire
which can be wound in 1 sq. in. is 295.
Therefore, in .05 sq. in. :—
Max. conductors =.05 X 295
=15
Thus with 14 conductors per slot there
will be sufficient room to place a stiff
wedge between the top of the winding
and the top of the slot, which is the usual
method of retaining the windings in this
type of armature.

amperes. The maximum output is therefore 10.5 x6=63 watts.

Cast Iron Field Magnets.

The calculation of the windings for
cast iron field magnets is the same as for
laminated ones, but different flux densities
and magnetising forces have to be observed.
Suppose the dynamo, which has just been
considered, were to have a cast iron
magnet. The magnet would have to be
considerably larger than the laminated
one to obtain the same total fldx in the
air gaps. The overall size of the
magnet would be increased to 5 in.,
which would increase the mean flux
path to about 6 in.
The most economical flux density
for cast iron field magnets, in small
sizes, is 35,000 lines per sq. in. The
magnetising force required for this is
given in Table V as 44 ampere-turns
per inch. The total ampere-turns
for the magnet is therefore :
2 X 6 X44=528 ampere-turns.
The rest of the circuit is already
found to need 33o ampere-turns, so
that the total is 858. This means
a wire diameter of .036 or 20 S.W.G.
The current for this gauge of wire
Fig. 3.-ANOTHER DESIGN OF SANKEY ' S SMALL
MOTOR STAMPINGS.
is 2.5 amperes as against 1.5 amperes
of the laminated magnet windings.
The armature is i levinch diameter with jr-inch

hole. The air gap is .or inch. The width of the
yoke is inch.

Maximum Output.
It will be seen from the previous paragraph that by winding 14 conductors per
slot, the maximum possible output is
not realised. If it is sufficient, then no
harm is done by not filling the slots to
the best advantage. If, however, the
maximum possible output is desired,
the armature is wound with single silk
covered wire. To maintain the output
at 6 volts the number of turns is kept the
same. A gauge of wire is chosen which
will wind so as to fill the slots. Since
the slot area is .05 sq. in. the wires per
sq. in. will be 28o, i.e., .n. The heaviest
gauge of S.S.C. wire which can be put on
is therefore 17, which winds 287 conductors
per sq. in. This gauge of wire will permit
an output of 12 amperes total armature
current or an output current of 10.5

Motor Design.
The calculation of the shunt field
coilsof a motor are exactly the same as for
a dynamo. The armature design is really
the same, although it is treated in a
slightly different manner.
The starting point in the design of a
motor is the formula :-E—V = I R.
Where E =supply volts
V =armature voltage, or back
E. M. F.
I =Total armature current
R =Armature resistance.
It is evident from this formula that it is
necessary to find the armature resistance,
in order that the speed may be predetermined.
How Armature Resistance is Found.
Suppose, as an example, the stampings
previously considered as a dynamo are to

THE DESIGN OF D.C. MOTORS AND DYNAMOS

be used for a 23o volt motor of
h.p.
output. The equivalent output of the
armature is 62.5 watts. The current in
the armature is the watts divided by the
back E.M.F. voltage, not the mains
voltage. In order to make a trial calculation it is necessary to assume a percentage
drop in the armature. If this is taken
as io per cent. the armature or back
E.M.F. voltage is 207 volts. On this
assumption the armature resistance is
found as follows :—
I

Watts
V
62.5
210
= .3 ampere.
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Calculating Armature Resistance.
It now remains to calculate the armature
resistance when wound with 2500 turns
of 35 S.W.G. wire, so that the assumed
drop in volts in the armature may be
checked. The armature resistance in
ohms is given by :—
Zxl xr
R
2 X 36 X S
Where Z -=total conductors
1 =mean length of one armatureturn (inches)
r =resistance of wire per yd.
S =number of parallel circuits.

The resistance of the armature is found
by dividing the effective E.M.F. of the
armature, which is the difference between
the mains voltage and the back E.M.F.,
by the armature current. The armature
resistance is therefore :—
R= 230-207
.3
= 76.7 ohms.

Number of Armature Conductors.
The number of armature conductors is
calculated from the same formula as for
finding the number of dynamo armature
conductors. Instead of E the output
voltage, is substituted V, the back E.M.F.
voltage, thus :—
„

Vx6oxrosxS
FxPxN
V = 207 volts
F = 71,000 lines
P=2
N = 3500 r.p.m.
S=2
Z_ 207 X 60 x ios x 2
71,000 X 2 X 3500
L

5000 conductors, or 418
per slot. As before, with a useful slot
418
area of .05 the wire per sq. in. is--=8I5o.
.05
This corresponds to 35 S.W.G. double silk
covered wire. This gauge of wire will
carry the current, .15 ampere, at a density
of 2700 amperes per sq. in., which is safe.

Fig. 4.—A TYPICAL DESIGN OF SLOTTED
DRUM ARMATURE.

This open slot type is more suitable for
form winding. Binders are used instead of
slot wedges to retain the windings.
In the present example :—
Z =5000
1 =7.25 in.
r =.4338 ohms
S
R =5000 x 7.25 x .4338
2 x36x2
=109 ohms.
The increase in resistance from 76.7 ohms
the assumed value, to 109 ohms will result
in a lower speed of 334o r.p.m. This will
give a correspondingly lower h.p. output,
actually only 4 per cent. less.
For an accurate determination of the
number of armature conductors the following expression is used :6 x Da9S (E—IxZxlxr)
Z=
72 X S
FXpXN

TABLE VI. WORKING DATA OF MORGANIT E AND BATTERSEA CARBON BRUSHES.

Type.

Specific
Resistance.
Ohms
per
Inch
Cube.

Contact
Drop at
Normal
Current
Density
Volts.

Maximum
Normal Current
Commutator Density.
Amps.
Surface
per Sq. Inch.
Speed
Feet
CommuSlip
per MM.
tators.
Rings.

Mica.

Brush
Pressure
Lbs.
per
Square
Inch.

Uses.

Remarks.

Link One
Morganite

.00083

.95

10,000

6o

—

Recessed

2

Stationary machines.

Silent.

Link Five
Morganite

.00075

.go

io,000

6o

—

Recessed

2

Stationary machines.

Does not expand with
heat.

Link HM3
Hard
Morgan' te

.00062

.90

10,000

65

75

Recessed

a

Rotary converters.

A

Link HM5
Hard
Morganite

.00065

.90

10,000

65

75

Recessed

a

Turbo-exciters
and
large D.C. machines.

Low friction.

Link HM6
Hard
Morganite

.00075

.85

10,000

65

75

Recessed

2

D.C. machines, turbo
alternator
sliprings

A good commutating
brush.

Link CM
Copper
Morganite

.000007

.25

4, 000

I00

15o

Flush

8
for car
starters

Bronze slip-rings, 6volt starter motors
and very low voltage machines.

Link CM I S
Copper
Morganite

.0000 I I

.25

5,000

I00

150

Flush

a

D.C. machines and
slip-rings up to in
volts.

fink CM.:
Copper
Morganite

.000008

.25

5,000

Ion

150

Flush

,
D.C. machines and
slip-rings up to to
2i for
volts.
slip -rings

Link CM3H
Copper
Morganite

.000013

.35

6,000

8o

Ioo

Flush

3 for
Rotary converter slipslip-rings
ringq car dynamos
and starters.
8 for car
'
starters

—

Link CM5H
Copper
Morganite

.000025

.5o

6,000

75

90

Flush

2
Rotary converter slip3 for
rings, induction moslip -rings
tor slip rings and
car dynamos and
starters.

—

Link CM6
Copper
Morganite

.000110

.45

5,00o

70

go

Flush

D.C. machines and
induction
motor
slip-rings up to 5o
volts.

—

2

clean
brush.

lubricating

—

Specially suitable for
oil lubricated sliprings.

Link A
Battersea
Carbon

.0013

1.0

4,000

45

—

Flush

2

Stationary machines.

Link A5
Battersea
Carbon

.0020

1.1

4,000

40

—

Flush

2

Car dynamos.

Link B
Battersea
Carbon

.00x x

4,00o

55

7o

Flush

2

Machines of all voltages.

Suitable where no special
commutating
difficulties are present.

Link B6
Battersea
Carbon

.0013

x .o

4,000

5o

65

Recessed

2

Machines of all voltages.

—

Link C4
Battersea
Carbon

.0021

1.1

3,000

40

—

Flush

2

500-volt motors.

Suitable for hard micas.

Link C8
Battersea
Carbon

.0027

.7

moo

40

—

Flush .

2
3-64 for

Traction and other
motors.

Suitable where high
micas cause blackening.

Link EGo
ElectroGraphitic

.0007

.95

5.00o

65

75

Recessed

2

Car dynamos and lowvoltage machines.

A comparatively soft
brush.

Link EG3
ElectroGraphitic

.0013

5,000

55

65

Recessed

3-64 for Traction motors and
traction
A.C. commutator
motors,

A mechanically strong
brush, suitable for
contacts subject to
violent sparking.

Link EG4
ElectroGraphitic

.0014

4,000

55

65

Flush

3-64 for Traction motors and
traction
A.C. commutator
motors.

Similar characteristics
to Link EG3.

Link EGio
ElectroGraphitic

.0014

1.2

7,000

6o

—

Recessed

24

A.C. commutator motors, and D.C. machines with widely
fluctuating loads.

—

Link EGI x
ElectroGraphitic

.0013

i.0

8,000

60

—

Recessed

2

i

High speed rotary
converters,
and
traction motors.

—

Link EGI2
ElectroGraphitic

.0014

1.2

8,000

6o

—

Recessed

2i

High speed converters and dynamos.

Suitable where load
and
commutating
conditions are severe.

1.0

.90

—
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.95

Good lubricating qualities.
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This formula is a combination of the
three expressions for the armature voltage,
the motor formula and the formula for
the armature resistance.
In the present example design :—
Z=6 x 109 X 2 (23o—.3 X Z X 7.25 X .4338)
72 X 2
71,000 X 2 X3,500
.•.

or 398 per slot.

Series Field Windings.
The examination of series field windings
is confined to motors, because the series
dynamo has very little practical value.
In a series wound motor the total armature
current passes through the field coils,
therefore the number of turns on the
series field coils is simply found by dividing
the ampere-turns by the main current.
The gauge of wire is proportioned to
carry this current at 2500 amperes per
sq. in. The resistance of the coils is then
found when the volts drop at full load is
estimated. This drop subtracted from the
mains voltage gives the voltage at which
the armature works at full load.
Suppose for the sake of argument the
volts drop in the field coils of a 230-volt
series motor is 25 volts, the volts applied
to the armature would be 205 volts. The
calculation of the armature winding is
then as for a shunt machine of 205 volts
input. It is evident from this that a
series motor armature, of the same h.p.
output as that of a shunt motor, is wound
with fewer turns of thicker wire if the
mains voltages are the same.

about Z watt per pound of armature iron
at speed of 3000 revolutions per minute.
The loss due to heating is the extra drop
in volts in the armature caused by the rise
in resistance as the machine warms up on
load. This can be determined only by
experiment, because the various factors
which determine the actual temperature
rise cannot be calculated.
The brush contact drop may be estimated from Table VI, showing the characteristics of dynamo and motor brushes. This
loss may be compensated by making a
suitable allowance before commencing the
armature calculations. This loss is negligible in high voltage machines.
Losses due to the friction of brushes and
bearings are a source of considerable loss
in small machines, and can be determined
only by trial. Small machines should
invariably have ball bearings and low
voltage machines of less than 1- h.p.
should have copper gauze brushes.
Windage is another loss which cannot
be predetermined. It does not affect the
design of dynamos, but lowers the h.p.
output of motors.
Overall Efficiency of Small Motors.
The overall efficiency of small motors of
good design is given in the following
table :—
H.P.
A
A.
116-

.52

1'2

.56

10
8

Sources of Loss.
The overall efficiency of a dynamo or
motor is dependent on the following
losses :—
(I) Field excitation watts.
(2) Armature copper loss.
(3) Armature iron loss.
(4) Hea ing.
(5) Brush contact drop.
(6) Friction of bearings and brushes.
(7) Windage.
The field excitation and armature copper
loss or volts drop have been considered.
These are definite and can be calculated
without much difficulty. The armature
iron loss is practically negligible in small
machines. Actually the loss amounts to

J Efficiency II
•4
•5
.6
.62

H.P.
i

I Efficiency
.64
.72

I

.76

if

.8 1
.82

2

.83

I

Calculating Total Motor Current.
In the design of the
h.p. motor,
which has been considered as an example
motor design, the windings are calculated
to give an armature output of
h.p.
When designing a motor of a certain h.p.
output at the pulley, the total motor
current is first calculated from :—
, B. H. P. x746
Exe
Where I=current in amperes
E=voltage of mains
e =efficiency expressed as a
decimal.
Thus a TIT h.p. motor working at full
load on a 230 volt supply has a total line
current of .48 ampere.
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APPARATUS FOR THE CORRECTION
OF POWER FACTOR
By Professor MILES WALKER, D .Sc M . I .E.E F .R .S .
PPARATUS for the
es
correction of power factor may be conveniently considered under two
headings : (I) Apparatus which
attacks the evil at its source
and prevents the production of
wattless current that would
otherwise flow in the circuit,
and (2) apparatus that neutralises wattless current that has
been already produced.
In the first class fall phase ti
advancers and in the second,
condensers and over-excited
synchronous motors. The term
phase advancer should never tg
be used in connection with the
Ey
second class as it is a specific
term intended to be used only Fig. I.—SHOWING THE
POSITION OF THE
for apparatus of first class.

A

Phase Advancer.
Before the invention of the
phase advancer by Le Blanc in
1895, the induction motor always required a lagging current
to magnetise it, and the wattless kVA. called for was often
as great as one third of the
total kVA. input to the motor.
At light loads the input to induction motors is often almost
entirely wattless, so that a
mixed load of lighting and
power will often have a power
factor lower than o.8 and the
kVA. coming upon the mains
and central station is thus very
much augmented.
The phase advancer supplies
the alternating magnetising
current, required by an induction motor, to the rotor and
thus relieves the mains which

VOLTAGE VECTORS AND
MAGNETISING CURRENT
FOR AN ORDINARY
INDUCTION MOTOR.

Es

0

Fig. 2.—SHOWING THE
MAGNETISING CURRENT
IN THE ROTOR OF AN
INDUCTION
MOTOR
FITTED WITH A PHASE
ADVANCER.

would otherwise have to supply
it to the stator. The advantage lies in the fact that the
frequency in the rotor circuit
is only one or two per cent. of
the frequency of the stator.
The magnetising current for
the rotor can be supplied at a
low frequency and low voltage
instead of at a high frequency
and high voltage. Thus the
wattless kVA. required is only
a few per cent. of that required
by the stator for the same magnetising effect. Here, of course,
we are assuming that the stator
is the primary and the rotor is
the secondary, as is most
commonly the case.
Why the Rotor Magnetising
Current must Lead.
A magnetisirg current in a
rotor must lead, that is to say,
its phase must be ahead of
the workirg current of the
rotor. Students sometimes ask
why must a magnetising current
in a stator be a lagging current
while that in the rotor must
be a leading current. The
answer is obvious from the
diagrams Figs. i and 2.
The reader is referred to
articles by Mr. Dover on the
induction motor and on the
Calculation of Alternating
Current for further explanation
of these diagrams. (See pages
809 and 156o.)
If we take the vector OEs
drawn upwards to represent
the phase of the supply voltage
which tends to force current
through the stator, then the
0
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Fig. 3.—LE BLANC PHASE ADVANCER (SCHERBIUS TYPE) BUILT By
BROWN, BOVERI & Co.

This has a small driving motor attached.
back E.M.F. set up by the revolving field is
nearly equal and opposite to 0E8 and may
be represented by OEg drawn downwards.
The magnetising current which sets up
the revolving flux that generates the back
E.M.F. is shown by a line 0Imi drawn
nearly at right angles to both. This vector
lags on 0E8 and leads on OEg.
Fig. 2 shows the supply E.M.F. OE. as
before drawn vertically upwards, and
shows th3 E.M.F. generated in the rotor
bars, OE., which is in the same direction
as OEg in Fig. 1, but of very much lower
value because it is generated at the slip
frequency. The resistance of the rotor

Fig. 4.—LE BLANC'S PHASE ADVANCER.

circuit is very low and
its reactance is almost
negligible so that only
a small E.M.F. is required to dive a very
big current.
Suppose now we
put a machine in
circuit with the rotor
which will add an
E.M.F. equal to E2J so
that the total E.M.F.
in the circuit is 0J,
then the current 011112
in the rotor will be
almost in phase with
0J. That is to say it
will be leading on 0E2,
and it will take the
place of the magnetising current that would
otherwise be required

in the stator.
Le Blanc's Exciter.
A phase advancer is a machine for
supplying an E.M.F. of this kind. It may
be regarded as a sort of alternating current
exciter. In the original machine devised by
Le Blanc, the E.M.F. injected into the rotor
circuit was always 90 degrees ahead of the
rotor current. This was quite effective in
making the current lead on the OE,
but it causes a slight increase in the slip,
and is not as economical as when the
injected E.M.F. is
at some other angle,
say 30° to the rotor
current.
The original Le
Blanc advancer is a
very simple machine.
It consists of a direct
current, 2-pole armature provided with
three brushes at 12o°
to one another on
the commutator (see
Fig. 4) connected to
the three slip-rings
of the rotor of the
induction
motor.
Fig. 5.—SHOWING THE
The low frequency ADVANTAGE
OF INJECTcurrents from the ING THE E.M.F. AT AN
rotor magnetise the ANGLE LESS THAN 90°.
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I
Fig. 6 -INTERNAL CONSTRUCTION OF A PHASE ADVANCER.

armature and the field produced revolves
slowly with respect to the brushes as the
three-phase currents slowly alternate. If
the armature is revolved in the same direction as the field and at the same speed the
conductors do not cut the field and the
armature has therefore no inductance.

If now the speed of the armature is
increased so that it goes faster than the
field, the inductance becomes negative.
The phase of the E.M.F. generated in it is
go° ahead of the current. In practice the
field may rotate only once or twice a
second while the armature is revolved at

4.1111"

MI' 11.ir

Fig. 7.—ARRANGEMENT OF SLOTS IN STATOR AND ROTOR AND PROVISION
FOR COMPENSATING WINDING AND SERIES WINDING ON STATOR.
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Advantage of Smaller Angle
of Lead.
If it is desired to control the
phase angle of the injected
E. M. F. (for instance to make it
at 3o' or some other angle to
the current) a winding must be
put on the stator of the advancer. By proper connection of the stator coils the
E.M.F. can be injected at any
angle. Fig. 5 shows the effect
of making E2J at 3o° to OIm2•
LDAD LINE.
Here OE, is reduced.
72)NoDE LINE
The advancer may be
coupled directly to the shaft
of the motor, or it may be
SCALE /Chi -20'Mips
driven by a gear or by a
separate motor. The amount
FZg. 8A.—CIRCLE DIAGRAM OF A 475 H.P., 3,000-VOLT,
of power required to drive it
THREE-PHASE MOTOR WHICH WITHOUT A PHASE ADVANCER
is extremely small when the
HAS A MAXIMUM POWER FACTOR OF 0.86 LAGGING.
current is out of phase with
the volts and the kVA.
many hundreds of revolutions per minute capacity of the machine is only two or
so as to generate an E.M.F. as great or three per cent. of that of the motor.
greater than the slip E.M.F. The armature
If an induction motor is designed to be
will work without any field magnet around run with an advancer, it can be built
it, if provided with closed slots, but it more cheaply than a motor possessing
commutates better if built with open slots inherently a good power factor. The
and is surrounded with an unwound iron saving in cost of the motor goes to pay
stator to complete the magnetic circuit. for the advancer. The motor can also be
Fig. 3 shows a machine of this type built made more efficient than a motor running
by Brown Boveri & Co.
with an uncorrected power factor and the
saving in losses on the motor
goes to compensate for the
losses on the advancer.

11111111" 111111
1111111 11111111
1111111111111MIMINIII
11111110111111•1111 1111111M11•1111111111

11111111LpL,A0,,,,,E 1,1111
20,0nos.

SCALE CIA

I

I

FIg. 8B.—SHOWING HOW BY THE ADDITION OF A PHASE
ADVANCER THE LOCUS DIAGRAM IS ALTERED. THE MOTOR
NOW HAS A FULL LOAD POWER FACTOR OF 0.84 LEADING.

Metro-Vickers Advancer.
Fig. 6 shows the internal
construction of a phase advancer built by MetropolitanVickers Elec. Mfg. Co., Ltd.,
for connection to a motor of
750 h.p. A cross-section of
the machine showing the
arrangement of the slots is
given in Fig. 7.
The winding lying in the
slots of the stator is a
compensating winding, which
almost wipes out the magnetising effect of the armature.
The winding around the six
salient poles is selected from
the three phases so as to

APPARATUS FOR THE CORRECTION OF POWER FACTOR
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give the desired lead to the injected of the current, the power factor may be
E. M. F.
improved at the same time as the slip is
Fig. 9 shows an induction motor with a varied.
phase advancer, connected to the same
shaft, built by the Metropolitan-Vickers The Kapp Vibrator.
Co.
It has been known for a very long time
The improvement in the performance of that when an alternating current is passed
induction motors brought about by the use along a wire freely suspended at right
of an advancer is seen from the two angles to a steady magnetic field the wire
figures on the facing page.
moves in. such a manner as to generate a
Fig. 8A gives the circle diagram of a leading E.M.F. ; in other words, it has
475-h.p., 3,000-volt, three-phase motor a negative inductance. The reason is fairly
running normally (without advancer). obvious. The current produces a force on
It will be seen that the maximum power the conductor which is accordingly accelerfactor is o.86
lagging. With an
advancer c o n nected to the
rotor circuit the
locus diagram is
altered to that
shown in Fig. 8n,
which gives a
full load power
factor of o.84
If
leading.
desired, the advancer can be
arranged to give
less lead to the
rotor current so
as to obtain a
power factor of
unity at full load.
With the ad- •Fig. 9.—INDUCTION MOTOR WITH DIRECT-CONNECTED PHASE ADVANCER.
(Metropolitan-Vickers.)
vancer in circuit
the locus of the
stator current lies almost on a circle ated. The phase of the motion must
whose centre is far above the centre of the necessarily lag behind the phase of the
current. Now the E.M.F. generated by the
first circle.
The Le Blanc exciter can also be used motor is a back E.M.F., and a lagging back
for changing the value of the slip for a given E.M.F. is the same thing as a leading
load. When the injected E.M.F. of the forward E.M.F., because to change the
exciter is in phase with the rotor current it sign of an alternating quantity is to change
augments the E.M.F. generated by the slip, its phase angle by 18o°. Kapp showed that
so that the slip will be smaller for a given to make a practical advancer on this
rotor current. When the injected-E.M.F. principle it was best to use an ordinary
is opposite in phase to the current it direct current armature having a very small
opposes 0E,, and the slip automatically diameter, so that the moment of inertia is
increases until there is sufficient E.M.F. small and the acceleration very rapid.
to drive the current against the opposing This vibrator consists of three armatures,
pressure. By this means the slip can be whose brushes are connected in series with
varied over a wide range, and by arranging the slip rings of the induction motor and
the excitation of the advancer so as to then to a star point. The low-frequency
have a component of its E.M.F. in advance current, from the rotor, sets the armatures
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electrical apparatus for carrying out any
operation, such as generator, conductor,
rotor, etc., should terminate with the
letters " or." There are only about a
dozen exceptions, and the sooner we do
away with them the better. Let gas meter
be spelt with " er " and an electric metor
with " or." The rule would be helpful to
the schoolboy and the technician alike.
A condensor usually consists of a large
number of sheets of metal separated bythin sheets of dielectric, such as paraffined
paper or mica. Alternate
sheets of metal are connected
3.2 .AMPERES (11017-rcEss)
to form one conductor and
the other alternate sheets to
form the other conductor,
separated from the first by
the dielectric. Thus, we get
a very large surface. The
capacity of the condensor is
proportional to the sum of the
surface of all the sheets and
is inversely proportional to
the thickness of the dielectric.
:5
How to Calculate the Curren t
Taken.
The thickness and nature of
COS fi=0.8

6P60 WATTLESS VOLT-AMPS

ti
ti

op

4
0
4).

Fig. io.—THE VOLTAMPERES OF A I0 H.P.
MOTOR.

N

revolving in a
strong magnetic
field and the motion
sets up a leading
E.M.F. When the
slip is small, say to Fig. ir.=THE WATTFUL
I per cent. in a 50- AND WATTLESS AMPERES
cycle motor, the OF A I0 H.P. MOTOR AT
FULL LOAD.
armatures have
time to get up a fair
speed at each alteration of the current, but at high slips the
armatures have not time to attain a high
speed and the injected voltage is accordingly lower. For this reason the Le Blanc
exciter, which can be run at a high speed
all the time, is a smaller machine for a
given kVA. rating.
(2) Apparatus for neutralising wattless
current that has been already produced.
Condensors.
It is proposed that the electrical condensor shall be spelt with an " o " instead
of with an " e," to distinguish it from a
steam condenser or any other kind of a
condenser. In fact, it would be well if we
could have the rule that all words connoting

Fig. I2 -VECTOR DIAGRAM SHOWING
THE MOST ECONOMICAL METHOD OF
COMPENSATING THE CONDITION ILLUSTRATED IN FIG. II.
Assuming the cost of power is
per kVA. per annum, and cost of power
factor correction apparatus isI per
kVA. per annum.
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the dieletric will depend upon the voltage to
be applied between opposite terminals.
Some condensors are designed to take voltages up to 75o and others will withstand
6,600 volts (alternating) for years, and are
best made with mica as a dielectric. The
current flowing into a condensor is
proportional to the voltage, to the
frequency and to the capacity. We
calculate the current from the formula
I=27T,f C V,
where I is the effective value of the current
in amperes, f is the frequency, C is the
capacity in farads, and V the effective
pressure in volts. The phase of the current
is almost exactly 9o° ahead of the applied
voltage. The amount of current in phase
with the voltage is often less than one half
of one per cent. of the wattless current.
Suppose that we have a 400-volt,
3-phase, 5o-cycle, Ho h.p. motor which
ordinar:ly runs at o.8 power factor and
has an efficiency of 88 per cent. The power
taken from the line will be io x 746 =o.`8
=8,480 watts. The volt-amperes taken
from the line will be 8,48o ± o.8 = io,600.
See Fig. To.
The wattful current (that is the current
in phase with the volt) will be
8,480
— 12.2 amperes. See Fig.
400 x 1.73
The actual current drawn from the line
io,600—
will be
15.3 amperes.
400 X 1.73
3 PHASE
BUS BARS
CONTROL
PANELS
1 I 1
1 1 i
MAINS TO 3 PHASE MOTORS Erc.
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Fig. 13.—CONDENSOR BUILT BY THE BRITISH
INSULATED AND HELSBY CABLE CO. WITH AN
INPUT OF 312 KVA AT 600 VOLTS, 50 CYCLES.

The cosine of the angle of lag is given
12.2

by the ratio — = o.8.
15.3
The wattless lagging current will be
15.3 X o.6 = 9.2 amperes.
In this case as o.8 is the cosine of 4)
the sine of 4) has the value o.6.
Suppose now that it is required to completely neutralise the 9.2 wattless amperes
by means of a
condensor. We must
have one big enough
to take 9.2 amperes
at 400 volts, the
frequency being 5o.
The capacity of
the condensor will
MAINS TO 3 PHA53 MOTORS ETC.
be:
I
C=
AUTO - TRANSFORMER
z 74- f V -TO RAISE VOLTAGE
9.2
ACR055 CONDENSER
6.28 X 50 x 400
-=.000073 farads
73 microfarads.
CONDENSER

Fig. 14.—ARRANGEMENT OF CONDENSOR, AUTO-TRANSFORMER AND
SWITCHES WHEN THE CONDENSOR IS ON THE LOW-TENSION SIDE.

The Best Capacity
to Use.
Electric-sup pl y.
companies, in order
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N

M& 41111\71

O

Fig. 15 —LONGITUDINAL SECTION OF A 10,000 kVA. SYNCHRONOUS

to induce their consumers to use apparatus of
high-power factor, very commonly make a
charge on the basis of maximum kVA.
demand. The question then arises : How
far is it worth while to improve the power
factor, having regard to the cost of the
condensors or other apparatus ? It can
be shown where the annual cost (including interest and depreciation of the
power-factor-improving apparatus) per
wattless kVA. is denoted by a and the
annual cost of the supply is c per kVA.
Then it is worth while to improve the

BY THE METROP,
It is designed to run on

MOTOR BUILT

power factor, cos 0, so that sin 95 is
equal to a ± c.
Suppose, for instance, that in the case
of the to h.p. motor mentioned above
the cost of supply is £4 per kVA. per
annum, and that the total annual cost of
condensors is i per annum per wattless
kVA. (leading). Then the power factor
That
should be improved until sin
is, 4)=14.5°.
The state of affairs after the improvement would be as indicated in Fig. 12.
Instead of completely wiping out the

0-1.
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00

:LECTRICAL CO., LTD., FOR THE WAIKAREMOANA HYDRO ELECTRICAL SCHEME IN NEW ZEALAND.
Tcles at a speed of 75o r.p.m.

lagging wattless current of 9.2 amperes,
it pays better to only compensate for 6.04
amperes leaving 3.16 uncompensated. The
power factor will then be improved from
o.8 to 0.968. The line current will be 12.6
and the capacity of the condensor required
will be only 48 microfarads instead of the
73 required to make full compensation.
If we compensate any further than this, the
cost of the condensors and accessories will
be more than the saving in the cost of
supply. As maximum-demand indicators
do not as a rule differentiate between

lagging and leading current, care must be
taken that the leading current taken by
the condensor when the lagging current is
small does not increase the maximum
demand.
Switching Arrangement for Condensor.
Fig. 13 shows a condensor built
by the British Insulated and Helsby
Cable Company, designed to work at
a pressure of 600 volts. At 5o cycles it
has an input of 312 kVA. Where a hightension transformer is employed to step
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Fig. 16.—SHOWING THE CONSTRUCTION OF THE FIELD MAGNET OF THE 10,000 KVA. SYNCHRONOUS
MOTOR FITTED WITH A DAMPER TO PREVENT HUNTING." (Metropolitan-Vickers Electrical Co.)

down the voltage to supply an induction tension Helsby condensors are built to
motor or other apparatus, the question withstand this voltage continuously, so that
arises as to whether it is best to install a it is cheaper to raise the voltage than to
condensor of small capacity on the high- use a larger capacity.
Fig. 14 shows the
tension side or a
switching arrangement
condensor of larger
677
applicable to such a
capacity on the lowcase.
tension side. One
advantage of putting
Over-excited Synchrothe condensor on the
nous Motor.
low-tension side is that
it reduces the load
In cases where a
supplied by the transvery large leading
former, so that a smalkVA. is required it is
ler transformer can be
usual to install a synused and its losses
chronous motor, which
are rather less. Morecan be over excited
over, the switching in
so as to take a leading
and out of the condencurrent. In some cases
sor can be carried out
a useful load can be
at a low pressure.
found for this motor
Where the low-tension
and then the money
supply is at 440 volts,
spent on it is better
it is worth while to use
worth while. For inan auto-transformer to
stance, we may have
Fig.
17
.—SHOWING HOW
raise the pressure to
a coal mine with a
TO CALCULATE THE REboo volts for the conlarge number of motors
QUIRED KVA. OF A
densors.
The lowSYNCHRONOUS MOTOR.
whose average load

C

A

B
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makes the power factor rather low. If it
is intended to install a large motor to drive
a ventilating fan, that motor can with
advantage be a synchronous one, and by
over-exciting it, we may compensate for
the lagging current taken by the small
motors.
One very important use of the synchronous motor in controlling power factor
is in connection with long distance transmissions. The inductive drop on a very
long transmission line would lead to
abnormal variations of the voltage with
changes of load. If, however, we install a
synchronous motor at the load end of the
line and control the excitation by means of
an automatic regulator, the motor draws
leading current whenever the volts tend to
fall and lagging current when the volts
tend to rise, and thus keep the volts on the
load almost steady.
Fig. 15 shows a synchronous motor, built
by the Metropolitan-Vickers Electrical
Company for the correction of power factor
and line regulation on the Waikaremoana
Hydro Electric Scheme in New Zealand.
The small exciter shown on the right has
a steady voltage and supplies the exciting
current for the main exciter shown at
the left-hand end of the shaft. This
current is increased or reduced by an
automatic regulator controlled by the
voltage on the A.C. mains so as to keep the
latter almost constant. The main exciter
thus over-excites the field magnet of the
synchronous motor when the volts tend
to be low, and under-excites it when the
volts tend to be high. The motor will
take anything up to 10,000 kVA. leading
current at 11,000 volts, 5o cycles or
anything up to 6,500 kVA. when supplying
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lagging current. Fig. 16 shows the construction of the field magnet with its amortisseur or damper which prevents phase
swinging or " hunting."
How to Find the Rating of a Synchronous
Motor.
In order to find the rating of a motor of
this kind when it is required to improve
the power factor between certain figures,
and at the same time yield a definite
useful load, we can make use of a diagram
like that in Fig. 17. A vertical line represents real power. A horizontal line drawn
from the origin o to the right represents
wattless lagging kVA. One inch represents
500 kVA.
Suppose that the load in a coal mine is
1,50o kVA. at o.8 power factor. OA will
represent the true load of 1,200 kw. and
OB will represent the kVA. of 1,500.
The lagging wattless kVA. is goo kVA.
given by AB.
Suppose now that it is desired to install
a ventilating motor that will require
200 kw. to drive it, and it is desired at the
same time to improve the power factor of
the whole load from o.8 to 0.9. Set off the
additional 200 kw. by the line AC giving
a total load of 1,400 kw. Now set off the
angle COD= 25° 5o' which is the angle
whose cosine is o.g. The horizontal line
CD then represents the amount of wattless
lagging current when the power factor is
0.9. Now join DB and the length of this to
scale gives the kVA. rating of the motor
required. In this case the leading wattless
kVA. required will be goo —677 = 223
kVA. and the true power to drive the
motor is 200 kw. So the total kVA. will be
2232 -1-2002 =300 kVA.
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HOW TO START AN ELECTRICAL
BUSINESS
By D. WINTON THORPE, A.M.I.E.E.

Fig.

I.—INTERIOR OF A TYPICAL ELECTRICAL CONTRACTOR'S OFFICE.

(Photo by courtesy of Messrs. Troughton and Young, Ltd.)

NYONE who is asked to write an
article on the subject of starting
in any business is faced with an
unenviable task. He may, for instance,
lead the reader to imagine the life of the
electrical contractor to be one which is
divided between riding about in a RollsRoyce and attending board meetings at a
mahogany table while smoking a cigar ;
or he may give the reader a glimpse of a
half-starved contractor wearing out his
shoe leather in the fruitless search for a
customer who will, at least, allow him to
change a fuse.
Neither necessarily
resembles the reality.

A

Two Facts to Remember.
When a young man decides to start

business " on his own " as an electrical
contractor he must keep two facts well in
mind. The first is, that he is going into
business in order to earn a living ; not
merely for the fun of seeing his own name
in gold lettering above his premises ; not
merely for the privilege of ordering other
folk about ; not merely because it will
afford him an opportunity of gratifying
his technical tendencies in congenial
circumstances ; but for the purpose of
making money. And the second fact is,
in a sense, contradictory. It is because he
has a natural or acquired bent, supported
by technical qualifications, for electrical
installation work of every description.
These two ingredients are essential to the
proper and successful conduct of any
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electrical contractor's business. A man must qualify this statement ; for, after he
who can make a success, commercially has satisfied himself as to the correct way
speaking, out of the sale of pork sausages, of doing a particular job, he must then
might, if he turned his attention to the open his mind for the reception of new
business of electrical contracting, make a ideas which will improve on the right way
temporary success of that business as well, of doing it. In short, he will find that
but his technical shortcomings would first he must do the job wrong, then he
assuredly find him out sooner or later ; must do the job right, and finally he must
similarly, the brilliant electrical techni- do the job better.
cian may come to grief if he tries to start
and run an electrical contractor's business The First Problem.
We must assume that the would-be
without keeping before his eyes the
phrase, " You are doing this for a electrical contractor has at least some
money with which he intends to start his
living."
business. The first real problem with
Be Prepared for all Kinds of Jobs.
which he is faced is the decision as to
It is as well to disabuse oneself of the whether he shall buy a going concern or
idea that the electrical contractor is a whether he shall start an entirely new
wiring contractor only. Wiring may, or business. Let me take the former case
may not, represent the bulk of his business, first.
but, unless he is prepared to take things
as they come—advise on the running cost Taking Over an Existing Business.
The existing business will have a certain
of an electric heating system in the
morning, and install a 3-phase motor in the amount of goodwill waiting there ready
afternoon—he will find that his limitations for him to pick up ; that is to say, there
will be his downfall. I do not wish to be will be a certain number of customers on
misunderstood ; although it is very desir- the books. But it must be remembered
able that the contractor should himself that if the goodwill is great, then he will
know all about everything to do with have to pay " through the nose " ; and
electricity, it is not always possible for if he has only a little money, and can only
him to have this complete knowledge when contemplate the purchase of a business
he starts ; but he must be ready to within his means, then that goodwill is
acquire such knowledge through his ex- not likely to be very large. He will also
perience and, while he is acquiring it, to find some organisation and some machinery,
have someone to turn to who can put him in the abstract sense, waiting for him.
right. In order that he shall in time be But here, again, if he be a man of ideas,
able to acquire this knowledge, he must he will probably find himself remodelling
have a good deal of fundamental know- that organisation and that machinery.
He may find a staff waiting to be taken on
ledge of the subject of electricity.
by the new proprietor, but unless that
Don't be DiscOuraged by Failure.
staff satisfies him he will not retain it.
He must not, in the early days of his
venture, be easily downcast by failures of Profits may not Vary Much.
The amount of money he will have to
a technical nature ; whatever he may say
to his customer he must be prepared to pay for the business will be directly proadmit to himself that he was in the wrong, portional to the amount of profit that
or carried out a job in the wrong way, if business was making in the two or three
this was the case. By so doing, his sad years previous to the sale, and unless the
experiences — and let me assure my new proprietcr does something silly or
readers, these sad experiences do occur— something brilliant, the chances are that
will be of enormous value to him. In fact, the profits of that business will remain
I think I might safely suggest that he will much the same. This means that in buying
not be able to do a particular job right a going concern, the new proprietor is
until he has explored practically every making an investment which has a certain
way of doing that job wrong. Again, I element of security, and therefore rather
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less ultimate possibilities. It would be Budget together ; in fact, they think that
absurd to suggest that in buying a going they have something in common in everyconcern the new proprietor is debarred sphere of activity. Unfortunately, they
from turning it into a highly profitable have not tried sitting opposite to one
business ; but in relation to the alternative another in an office and discussing the
of starting a new venture, I think it is fair daily problems which arise in any business ;
to say that the going concern represents when they do so they may find that they
rather more security and rather less still see eye to eye, but it is probable
that they will find a partnership disspeculation.
astrous to friendship and business alike.
Starting a New Business.
In starting a new business, however, Importance of Choosing the Right Partner.
the speculative or gambling element is
No, the partner must be chosen not
self-evident. The difficulties are greater, because he is a good centre-forward or a
but so are the possibilities. I suppose that good conversationalist round the fire ;
the majority of young electrical con- he must be chosen with an enormous
tractors starting in business for the first amount of care ; preferably so that he
time adopt this method largely owing to does not overlap the contractor in either
the thrill, which must exist in most human technical or business knowledge. An ideal
beings, at the prospect of a little " flutter." partnership, for instance, is that in which
one of the partners is the business man,
The Question of Partnership.
and the other is the technical man. AlterAnother problem which arises in the natively, one may be a wiring expert, and
early stages, or before the early stages, is the other may be good at power work.
that of partnership. Ignoring for the Where their qualifications and, therefore,
moment the question as to whether the their duties are independent, each problem
business is a limited liability company or a which arises will automatically fall into
firm—for two directors of a limited com- the province of one or the other ; since no
pany are very similar to the partners in a two people can have similar opinions on
firm—the young contractor has to con- every subject hour after hour, day after
sider whether he wishes to carry on the day, week after week, month after month,
business entirely on his own and take all and year after year, it is very unlikelythe profits which may accrue, or whether that two people with precisely similar
he wishes to share the responsibility and qualifications will either get on well
the profits. It is a decision which must be socially or make a technical or commercial
reached, and no one is really competent success of their business. If partnership is
to advise on such a matter.
desirable then perhaps the best method is
for the contractor to start in business by
A Word of Warning.
himself and not take in his partner until
Nevertheless, I should like to offer the he has run the business by himself fcr a
advice that there is a great deal of differ- short while. He will then understand
ence in the relationship of partners and the rather more readily what I am driving at
relationship of friends. Two friends can here.
make good partners ; two partners can
STARTING IN BUSINESS.
remain good friends. But because a man
I have already discussed the relative
has a very great friend, it does not follow
that those two will work satisfactorily in merits of buying a going concern
double harness at the same business. and starting a new venture. Those
There is, I know, a very great tendency problems which arise in the early days of
to feel that " George and I are such good business apply chiefly to the latter
friends, we are sure to get on magnifi- procedure, though they do, in lesser
cently together if we go into partnership." degree, arise with the new proprietorship
Now a young contractor has met George of an established business. What follows,
on the football field ; at dances ; they go therefore, refers more particularly to the
to one another's houses ; they discuss the activities of a person who has just taken

42225

Z 1It 1330

1 10112431
41118 29
512193
6 13 2327
114213

Fig. 2.-A GOOD EXAMPLE OF A STORE ROOM AT A FIRM OF ELECTRICAL ENGINEERS AND CONTRACTORS.
The position and construction of the store room determines to a great extent the degree to which the stock remains in good condition
and saleable. (Photo by courtesy of Messrs. Troughton and Young, Ltd.).
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his place at an empty desk behind a newly place, he gets a record of the customer's
painted shop or office door and who is name and address, a record which may be
strange to the business.
very useful to him in any circularising or
personal canvass he may subsequently
Advantages of a Showroom.
wish to undertake. In the third place—
The showroom, if there be one, will and I am inclined to think that this is the
simplify the problem of these early days ; most important of the three----he gets an
for customers will start to drop in auto- advertisement into that customer's house ;
matically, if only to find out what the for it is undoubtedly a fact that any
new shop (" Second turning to the right letter-heading, invoice-heading, or stateand opposite the pillar-box, my dear ") is ment of account has a definite advertising
like, and will buy his or her lamp. There value and is, in some cases, as good as a
is no need to emphasize the necessity for circular. For whereas the latter is usually
promptitude and courtesy with these thrown into a wastepaper basket, the
early customers ; for any man starting in former is more apt to be put into the
business naturally exerts himself to give householder's pocket and taken thence at
satisfaction.
intervals and looked at with the exclamation—" I really must pay that bill."
Don't Cut Your Prices.
But there is need of a word of warning A Business Which Has No Showroom.
against that bane of business which is
Now all that I have just said in relation
always cropping up—the tendency to cut to trading with a showroom applies with
prices in order to " get in." This is fatal. equal effect to the case of an electrical
It will not materially affect the turnover, contractor's business which has no showand it will materially affect the profits ; room ; but, instead of the casual purchase
in some cases it will even put the customer of a lamp, we must substitute, perhaps,
off. He will think that there is a catch ; the changing of a fuse at a customer's
that the merchandise is not good ; that house. What does not apply, however, is
the method of trading is not quite so the automatic initiation of business relastraightforward as that of other electrical tions with potential customers in the
retailers. I know only too well that district ; for, while the showroom cannot
paralysing fear which grips the man new fail to attract a certain number of casual
to the business, that he will miss the sale customers, a man who has started in
unless he wraps it up with some attractive business as an electrical contractor withdiscount ; but he must withstand that out a showroom may continue to exist for
temptation. It is very unlikely that the many months before anyone will know of
offer of a discount will affect the sale ; his premises or his telephone number,
and if it does, why then he is better unless he has taken steps to make these
without that sale.
things known to the local residents. How
is he to do this ?
Why You Should Give Credit for Small
Purchases.
How Can You Make Yourself Known ?
A young electrical contractor can make
On the other hand, I have found that
another form of philanthropy does pay ; himself known by one or several of the
and that is, to be very free with credit means at his disposal. (1) He may
for small purchases. If a customer buys circularise the district ; (2) he may carry
a lamp for is. 9d. he may pay for it over out a house-to-house canvass of the
the counter and leave the shop without district ; (3) he may advertise in the local
any well-formed impression of the name press ; or (4) he may place a large signand address of that shop. If, on the other board outside his premises and sit behind
hand, the contractor offers to " put it his desk waiting for customers. The lastdown " he immediately achieves several named procedure condemns itself, except
very desirable results. In the first place, insofar as the signboard is concerned;
the spirit of confidence is likely to be though even here it is very doubtful
returned to his advantage. In the second whether a business trading without shov-1 784
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room secures much advertising value from
a signboard outside the premises, more
particularly so as such premises, as I shall
endeavour to show later in this article,
should be as cheap as possible and quite
unpretentious, and therefore presumably
in no very conspicuous position in a
populous street.
What Form of Publicity is Best ?
The choice really amounts to one of the
first three, and there is a considerable
division of opinion as to which of these
three brings the best results. Even after
considerable experiment, it is not altogether easy to decide which brings the
results, since it is very difficult to key
the particular form of publicity so as to
be certain of the form which has brought
work.
Let me give an example. The contractor may insert a weekly advertisement
in the local paper and canvass the
neighbourhood personally and at the same
time send out circulars. After a few days
or a few weeks a customer rings him up for
an estimate for some electrical work. It
is clearly a very difficult matter to decide
with any degree of certainty whether that
custom has been secured by one form of
publicity more than by another ; even a
pointblank question to the customer is
not always satisfactory, for it is a remarkable thing that customers never seem to
remember how or where they received
the suggestion that they should patronize
a particular firm.
Why Circulars are Generally Best.
Although it is impossible to collect any
definite opinion on the subject, it is possible
here and there to get at least a suggestion
as to which is the better form of publicity
for the electrical contractor. My own
experience goes to show that the circular
gives the best return for money spent, for
although only a small proportion of the
circulars sent out brings in business, that
which it does bring in is usually found to pay
for the cost of circularising with a good deal
to spare. So long as the results of a circular
pay for its cost it is clearly only a matter
of mathematics to decide that circularising
must be at least one of the forms of
attracting business to be employed.
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Personal Canvass.
Personal canvass at times may be
extraordinarily valuable. Particularly is
this the case when dealing with architects
and builders who know at least something
of the trade of an electrical contractor and
in many cases are quite agreeable to
discuss the matter, with the result that
the electrical contractor may get an
opportunity for tendering for work to
such architects or builders. Personal
canvass to ordinary householders may in
certain circumstances be of value as well,
but usually it is a very difficult proposition
unless a contractor goes to the house with
some specific article or some definite story
to tell.
Importance of Personality.
One must be particularly careful here,
for I know that many contractors do
successfully canvass their localities, but
I feel that such contractors probably
possess a particular personality which
forces its way through the front door and
over the hall doormat. With many contractors probably the average contractor
a personal canvass of householders
represents a very great expenditure of
time, resulting in one or two rather
ineffectual talks with the lady of the house,
the householder being away at work. I
do not ccunt the mere presentation of a
card as being personal canvass, for it
really comes into the category of circularisation, though the circular in this case is a
trade card and is delivered personally
instead of through the post. If the electrical
contractor has some particular proposition
to put to people in the district, then a
personal canvass may be extremely valuable. If he takes up the agency for some
interesting device, for instance, he may
well get a hearing at many houses which
will stand him in good stead.
Advertising in the Newspapers.
Newspaper advertising is a real problem,
and I have not altogether satisfied myself
on this point. Here again it is almost
impossible to assess its value in terms of
results in any but a very vague manner.
One thing is certain ; spasmodic advertisements in any paper are valueless to
the electrical contractor. Sustained re-
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petitive advertisements appearing weekly he is going to buy when he has made
or daily in the same part of the paper money.
and of a similar layout to one another
certainly do have a value. Whether or Large Contracts Cost Money.
not the value is as great as would be that
Now there is probably no reason at all
resulting from the same amount of money why he should not make quite a lot of
spent in circulars I am not prepared to money as an electrical contractor, prosay. In fact I will admit that I have a vided his business expands. But his
very strong respect for the good old business will not and cannot expand if he
circular as a business-getter.
has not got the financial resources to
expand. A large contract costs a lot of
money to carry through, though at the
CAPITAL.
of it there may be a substantial profit
In order to start a business some capital end
attaching
Unless a contractor
is necessary. It may be large or it may has got, or thereto.
can get, the necessary money
be small, but one cannot possibly get to finance him
through a large contract,
away from the fact that some capital is
necessary. It may be argued that a man or a large number of small contracts, then
who can live at home with no cost to he cannot accept those contracts.
himself, either for board or lodging, who Consult an Accountant.
is allowed to use one of the rooms in the
The whole matter is one of accountancy
house without cost, and is even permitted and,
just as I take the view that a person
to make use of the house telephone need requiring
information on electrical subjects
have no capital if he is prepared to start gets
the
best
from an electrical
in business by doing these jobs himself. engineer, so information
I have always held that in the
But the existence of these facilities for matter of finance
or accountancy a man
starting business is really only another who tries to work
everything out for
form of capital.
himself
is
a
fool.
He
should go to an
The average man, however, will prob- accountant, whose profession
it is to study
ably start on a slightly more pretentious these
matters.
It
will
not
cost
him much
scale ; and even though he is beginning and it will repay him handsomely.
in only a small way of business, he may
want premises ; he may want staff ; he
CHOICE OF DISTRICT.
will want a telephone ; in fact, he will
Many
— probably the majority — of
want some or all of the various things those who
decide to go in for the
which cost money, and to which I refer electrical contracting
business are more
in this article.
or less forced, for some reason or
another, to start business in some particular
Turnover Depends on Capital.
district. It may be that it is the district
With a given amount of capital it is which has given them the idea of starting ;
impossible to do more than a given amount it may be that they have a large number
of turnover. By starting in a small way of friends and acquaintances who may
and carefully conserving what profits he help them in the early days by patronage
may have made from year to year he and publicity. For the benefit of those
can accumulate sufficient reserve to in- who do not care in what district they
crease the turnover of his business. If he set up shop, however, it may be worth
takes out of the business every bit of while considering those points which
profit which it makes he cannot possibly should influence an electrical contractor
hope to increase the turnover. This is in his choice of districts.
really rather a fundamental fact, and it is
of very great imr ortance since a man does The Most Important Consideration.
not start his business in a small way
Most people would probably say that
expecting to continue in a small way for the degree of competition already existing
ever. He has visions of that mansion in in a certain district is the biggest, if not
the country and that Rolls-Royce which the determining, factor in one's decision.
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Personally I do not agree with this.
I think that there is a far more important
factor which is often neglected. That is
the price at which electricity is being
supplied by the local electricity supply
undertaking. I think, perhaps, that I
can make the importance of this factor
clearer by pointing out that, assuming an
electric iron is used fox about one hour
per day, as it is in many households, it
consumes in electricity in any year
current to about twice its own value, if
that electricity is supplied at the cheap
figure of one penny per unit. All that
sounds a bit involved, but the point is
this, that a difference in price of electricity
of id. per unit—that is to say, the difference between threepence and twopence, or
between twopence and a penny—represents to the consumer a saving or a loss
in any one year of twice the value of the
electric iron. Thus a customer is more
likely to be influenced in the degree to
which he uses electricity by the cost of
current than by the price of the commodity
or of the wiring. Where there is an
attractive tariff for electricity supply it
will be found in nearly all instances,
however great the competition, that most
of the electrical contractors in that
district do well. I know that this is
rather a bone of contention, and that
supply undertaking engineers in many
cases maintain that it is the cost of wiring
which influences domestic electrical progress, and not the cost of current ; for all
that, I am inclined to think that a little bit
of mathematics and accountancy puts the
matter beyond any dispute.
Competition.
Competition is, of course, an important
factor. Not so much the quantity of the
competition, but the quality of the competition. In a good progressive district
with a cheap electricity tariff, a large
number of good-class electrical conti actors
can flourish. - But in a similar district
where the quality of workmanship is of a
low standard the matter becomes one of
price-cutting and nobody flourishes.
Competition from a Supply Undertaking.
There is one form of competition which
stands in a class by itself ; that is corn-
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petition from a supply undertaking.
Certain undertakings throughout the
country obtain powers to operate a wiring
department. As such they immediately
begin to compete with the electrical
contractor. I don't suppose there is
anyone, except supply undertakings
themselves, who has a good word to say
for a state of affairs which permits of
competition in this manner ; but, unfortunately, however much we may be
agreed that the thing should not be, we
have got to face it. These undertakings
represent in most cases the worst form
of competition that an electrical contractor
has to put up with.
Districts to Avoid.
I should emphatically advise any
electrical contractor to avoid, if he can,
a district where the supply undertaking
has a wiring department and comes into
the market in competition with the
electrical contractor. It may be added
that the work of the wiring departments
of these undertakings is sometimes
below the standard which many electrical
contractors set themselves.
Where Supply Undertakings Have the
Advantage.
The supply undertakings have two
outstanding advantages over their contractor-competitors. In the first place,
to the lay mind of the general public,
anyone who is connected with that
mysterious place, the " power station,"
seems to be almost a god in the matter of
electrical engineering. They are, quite
wrongly, considered to be the highest
authority in the land on every subject
connected with electricity. This impression
is natural, but erroneous, and it does give
to the wiring department of the supply
undertaking a moral pull over their
competitors ; for where a customer may
be undecided as to whom he should go,
he is apt to fall back on the phrase :
" Well, I can't be wrong if I go to the
supply people." The second advantage
is that in the exercise of their normal
functions, that of making and selling
electricity, they have behind them the
authority of Parliament. They have in
this responsibilities and privileges of a
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EXAMPLE OF UP-TO-DATE PRACTICE IN THE ARRANGEMENT OF AN ELECTRICAL SHOWROOM.

(Photo by courtesy of Messrs. Troughton and Young, Ltd.)
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statutory nature. But whereas this
statutory authority refers only to the
making and selling of electricity, it is
natural for the public to think of their
wiring department as being in some way
official.
A Third Advantage.
I said that they had two outstanding
advantages, but there is really a third ;
for where they do find themselves faced
with a competitive estimate, they are in
many cases able to arrive at a cost considerably less than that of the electrical
contractors owing to the fact that through
the generation and distribution side of the
undertaking they are very large buyers
of certain classes of materials and, as a
result, get special discounts and favourable
terms.
To sum up, therefore, we may say that
the choice of district in which to open up
business should be influenced by the
price at which current is sold in the
district, the quality of the competition
in that district and the question as to
whether or not the supply undertaking
does undertake wiring work or is likely
to do so in the near future.
PREMISES.
Thee is really very little to be said
on the question of premises for the electrical
contractor apart from the question of
showrooms, dealt with in another section
of this article. The contractor will have
to visit practically all his customers, and
it will be rare for a customer, whether
architect or principal, to visit the contractor at his own office. This fact
relieve:, the contractor of any feeling
that he must occupy impressive or
elaborate premises. The contractor can
definitely suit himself without reference
to anyone else.
Two Rooms Sufficient at First.
He will probably find that, however
small the business is when he starts, he will
require at least two rooms, one of which
will be the office, the other the stock
room or store. As the business grows it
may become necessary for a workshop to
be added for odd repair jobs which are
required to be carried out. But at the
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same time that any expansion demands
such an extra room as a workshop, it will
probably demand an extra room on the
office side for a private room for the
principal.
Store Room Must Be Dry.
For the purpose; of this article the office
accommodation does not really matter :
it is merely a question of what our electrical
contractor and his staff are prepared to
put up with in the way of discomfort, for
the less comfortable they are the cheaper
will the premises be, and the less will be
the overhead expenr es. But the store
must be regarded in rather a different
light ; for on its position and construction
will depend to a great extent the degree
to which the stock remains in good condition and saleable. Damp is quite the
worst enemy to be feared, for there are
very few pieces in the electrical contractor's
stock which are not liable to be damaged
by damp.
Beware of Conduit Rusting.
Conduit, which is after all the backbone
of the electrical contractor's business and
therefore of his stock-room, will begin to
rust very rapidly at various points if it
is stocked for long in a damp store-room.
This material is, in theory, enamelled all
over inside and out, but in practice there
are little pinpricks where the enamel has
chipped or wor n off, in addition to the
threads or ends of short lengths. Although
a little bit of rust does not necessarily
mean that the tube is useless for its
purpose it does not give a nice impression
to send any but clean black tubing on to
a job. Apart from visible damage it is
very necessary to remember that cable,
if left in a damp atmosphere, will absorb
so much dampness into the insulation
that when the cable is erected into position
for some contract the insulation test
becomes very, very bad.
See that the Store-room is Accessible.
While on the subject of conduit
remember that the store-room must be
accessible for all tools and stock. I
myself had, on one occasion, very nearly
decided to rent a particular room as a
store-room, conveniently placed, airy and
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dry, and it was not until I was on my
way out after inspecting it that I realised
that the narrow, twisting stairs entirely
precluded the possibility of carrying
conduit in and out.
EQUIPMENT.
The equipment of the electrical contractor can be divided into three classes.
The first is office equipment ; the second
what I will call technical equipment ;
the third, productive equipment.
Office and Technical Equipment.
By office equipment I mean such things
as telephones, typewriters, adding
machines, invoicing machines, filing
systems, etc., in fact, everything which
relates to the running of the business
from the office.
What I have called technical equipment embraces all those pieces of
apparatus which are sometimes desirable
and sometimes necessary to the proper
conduct of the business from its
more technical aspect. I refer to such
things as an insulation tester, voltmeters,
ammeters, foot-candle meters, etc. It is
impossible to say that a business cannot
be run without them, for many businesses
do carry on without any equipment of
this sort, nevertheless they are important
enough to justify a position under the
head of " equipment."
Productive Equipment.
Finally we come to productive equipment, which relates to any piece of
apparatus which produces or is used to
produce the particular commodity which
the enterprise is trying to sell—in other
words, wiring installations and the like.
Examples of this class of equipment are
found in the pipe-vice, the electric hammer,
the pipe-benaer, etc. All these pieces of
productive equipment make an actual
contribution to the electrical installation
work which the firm is carrying out.
That contribution may or may not be
compatible with the cost of equipment ;
and that is precisely the point which
has to be considered.
A Telephone is Essential in the Office.
The question of office equipment may
be quickly disposed of, so far as this article

is concerned. Practically the same principles apply in the case of any business
undertaking, and since I am writing
about the business of electrical contractors,
I do not intend to be swept away into
the ocean of general business equipment.
Before leaving the question of office
equipment, however, I should like to
emphasise the fact that among the admirable economies which can and should be
practised in the early stages of such a
business that of trying to carry on without
a telephone is quite hopeless. A telephone
is more important than a desk or a chair.
Don't Buy Too Much Equipment.
With regard to that equipment which
I have called technical equipment, a
certain amount of it, though necessary
from time to time in the conduct of the
business, need not be bought outright at
the start ; in many 'cases it is possible
to borrow a voltmeter or an ammeter.
Although these instruments are fundamental to any electrical business, it will
in practice be found that it is comparatively
rarely that one is called upon to make use
of them. Unless one walks warily in the
early days in the matter of buying equipment of this nature, one can very easily
run oneself into a very great deal of
expense, and it is wise always to remember
that every bit of capital expenditure ought
to provide a definite return to the value
of the interest and capital depreciation
of that amount. If it does not, then it is
not, so to speak, earning its keep, and
it may be cheaper to hire the necessary
apparatus when it is required—that is,
if it is impossible to borrow it.
An Insulation Tester is Essential.
Quite the most important piece of
apparatus coming into this category is the
insulation tester, a machine made under
various proprietary names, the best known
of which is probably the " Megger." This
appliance contains a hand-operated dynamo
which applies to the conductors to which
the terminals are connected a pressure of
50o volts, measures the current which
passes and by a suitably graduated and
marked scale under the pointer shows the
result, not in terms of amperes, but of
ohms and megohms resistance. This
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instrument is certainly necessary : that labour to compensate the proprietor for
is to say, it has got to be used in electrical the price he has paid for them must be
wiring installations of every sort when the the deciding factor as to whether such
job is complete and has to be tested for appliances are or are not desirable.
handing-over purposes. In every case
where a new service is given by a supply- Points to Consider Before Buying Expensive Equipment.
undertaking the latter will make this
test with their own insulation tester to
These pieces of equipment range from
satisfy themselves that the installation such obvious necessities as the pipe-vice
comes up to the required standard. to interesting and sometimes valuable
In spite of this, it is much more desirable instruments such as the electric hammer.
that the electrical contractor responsible In general, the value of equipment of this
for the wiring should have been in a sort is proportional to the size of the
position to make this test himself before contract on which they are being used.
the supply undertaking came into the If one electrician and his mate are sent
picture at all.
to install one point in a house, it will
Another occasion on which the insulation clearly not pay the contractor to make
tester is valuable is when the electrical them carry round with them an electric
contractor is called in and asked to give hammer, a pipe-bender and other weighty
an estimate for repairing any defect in gear of this sort ; it will be more economical
the wiring of a house, or for rewiring any that they should make the best of the job
parts which he finds to be faulty. The without these scientific aids ; that they
insulation test is in such cases the obvious should bend their tube through a hole
point at which he starts to decide what is in a piece of timber and make their holes
or is not necessary. A foot-candle meter in the wall with a hand hammer and
is a very delightful luxury to possess, but jumper. If, on the other hand, there are
it is a luxury. It is an example of an twenty men on one contract, pipe-vices,
instrument which comes at the opposite pipe-benders and electric hammers can
end of the scale from the insulation tester. be kept employed by one or other of the
men practically every minute of the day,
New Pieces of Apparatus.
to the enormous benefit of the labour costs
From time to time new pieces of appara- on that particular job.
tus of this sort come on the market, and
All this seems very obvious, I know,
one is very often tempted to buy an but obvious as it is, it is amazing how apt
instrument because it fills what one one is to lose sight of the real purpose of
imagines to be a long-felt want. When any labour-saving device, which is to
such occasions do arise, however, it is save time and money ; if it does not
just as well to reflect carefully as to save time and money, it is not an
whether that long-felt want is genuinely economical device, however convenient it
in the interests of profit-making or merely may be.
desire for a rather fascinating toy.
The following is a list of various appliances for productive equipment in the
Labour-saving Devices.
order in which it will probably be found
Lastly, we come to that equipment that the electrical contractor finds it
which is productive in every sense of the necessary to buy them.
word. Equipment which is to all intents
Steps.
and purposes the same as tools. The
Pipe-vice.
electrician himself provides a certain
Stocks and dies.
number of tools, but there are others which
Drilling machine (hand or electriche does not, in fact cannot, own himself,
ally operated).
and which are supplied by the proprietor
Parallel jaw vice.
if the latter intends that his work shall be
Electric hand drill.
carried out by means of such tools. They
Cooke's cutters.
are mostly, in a sense, labour-saving
Conduit taps and dies.
devices, and whether they save sufficient
Pipe bender.
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Automatic hammer (hand or elec- after month, even y ear after year, waiting
trically operated).
for that customer who never seems to
Before I leave this subject may I point want to buy it, then we may safely say
out that it is a very vie maxim to regard that that stock should never have been
all equipment as guilty of extravagance in its particular bin ; it should never have
until it has been proved innocent.
been bought, and it it has been bought,
it should be sold immediately at whatever
STOCK.
sacrifice is necessary. I once bought a
One of the most fascinating thoughts gross of some particular accessory, not
about going into some business is that because I wanted them, but because I
which pictures a large stock of all the thought they were cheap. I bought
many hundreds of accessories which one them three and a half years ago, and I
has so long wanted to possess, and now have sold one. If any person wants the
at last will possess. In just this way the remaining one hundred and forty-three,
embryo electrical contractor, at any rate they can have them for the taking.
if he is like me, will derive a certain What to Start With.
amount of satisfaction from the anticipaTo start with, the electrical contractor
tion of standing in his own store and should buy what he wants and only what
looking at his own stock : dozens upon he wants. He should live almost from
dozens of switches, hundred-yards upon hand to mouth, keeping a messenger hard
hundred-yards of cable, gross upon gross at it running out for single switches, ten
of connectors, long lengths of conduit yards of cable and such small items. After
neatly graded and stacked ; in short, a comparatively short period he will, or
everything that he can possibly need in should, have learnt exactly that he must
his business available to his hand. This have in stock, and exactly what he can
is a pretty dream but rather dangerous.
do without. In the case of items which
are rarely asked for, or rarely required in
A Heavy Charge on the Business.
wiring work, he will find that it will pay
Stock can be compared with a workman : him better to send a special messenger
the latter pays the firm only when he is to his supplier when the occasion arises
kept at work. As soon as he comes back than to keep in his store a wasteful stock
to the shop and starts to twiddle his of these items.
thumbs, not having another job to go to
PERSONNEL.
for the moment, he becomes a heavyThe personnel required when a start
charge on the business which is paying is made with a new business must naturhim money and receiving no work in ally vary according to the energy of the
return. So with this stock, every single principles and the amount of work which
item which is kept in stock is costing the the contractor expects to get in the near
firm some money in terms of interest future. The actual productive labour,
and depreciation, in addition to the rent that is the tradesmen or craftsmen who
of the space where it is lodged. The work at the actual job of erecting installaamount may not he great, but rt exists tions as opposed to persons who
and it is inevitable.
contribute to the running of the business
in the office or in any other part of the
Where Large Stock is Permissible.
organization, and who are known rather
The only way in which stock can earn unkindly as " unproductive workers," will
the contractor money is by being used. fluctuate in the employment of the
So long as any given item is being turned electrical contractor according to the
over rapidly, that is to say, is being usad amount of work which is being done at
frequently, necessitating a frequent re- the moment. Except in particular cirstocking of that particular thing, then a cumstances such men will be taken on
large stock does not matter ; it will, in as and when there is work for them and
fact, ba an economic convenience. But will be paid off as and when the contract
where stock is not being turned over ; comes to an end or work diminishes.
where it is lying week after week, month
The unproductive workers, however,
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are somewhat differently placed. The
notice to them will, of necessity, he longer
and one does not expect to have frequent
fluctuations in the quality or quantity of
one's unproductive personnel.
Obtaining the Contracts.
The principal will, presumably, obtain
and carry out all contracts. He may
even, in the early days of a small business
venture, do the work with his own hands,
though I do not really think that this
plan, economical as it is, will lead to much
progress, sirice the principal should be
perpetually on the look-out for more work
and, having secured it, should hand it over
to an electrician to do the actual work
while he himself supervises.
A Good System of Working is Essential.
One of the most important, if not the
most important, thing in an electrical
contractor's office is a good system of
costing. If the contractor is competent
to work out a system and keep the records
of this sort himself and if, in addition,
he has the time, then the problem solves
itself ; but if he has not, I think he should
employ some competent person to do this
work as the most urgent requirement of
his business. He may be lucky and
secure a typist who can do this work ;
if so, he has secured a pearl of great price.
Messengers Will Be Needed.
When he gets really busy he will find
-that a messenger of some sort is essential,
for goods will have to be collected specially
from suppliers and delivered either to
customers or to the workmen on a job.
In fact, when things really begin to hum,
one messenger will be quite insufficient.
I don't think that a storekeeper is actually
necessary in the early days of a small
business, for the principal can arrange to
do all the work that is necessary here,
even if he does from time to time have
to call in a little extra help. But when
he does take on a storekeeper, that storekeeper must be efficient and honest.
SHOWROOMS.
The showroom of an electrical contractor
must he regarded as an entirely separate
business from the electrical contracting
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side of the concern. The two branches
can, and should, work in close harmony
and help one another a great deal, but
they are distinct and should, I think, be
kept so. The main principles of running a
showroom apply to a certain extent to all
forms of retail business. But in the case
of the electrical contractor's showroom he
is liable to have his technical work as an
installation contractor judged on the
merits of his showroom.
Disadvantages of a Large Stock.
The showroom must be up to date, but,
like the store room, it should not be overstocked. Prices and fashions in electrical
equipment change so quickly that overstocking of a showroom may well result
in the proprietor being landed with a lot
of useless and valueless stock. It is
probable that, for the selling of electrical
equipment from a showroom, a man is
better than a woman, as an assistant
or showroom manager. I don't think,
necessarily, that his intrinsic worth as a
salesman is any greater, but since a great
deal of domestic electrical apparatus is
still regarded with a certain amount of
suspicion by the average householder, it
does seem to inspire more confidence if a
certain piece of apparatus is sold to
him by a man than if it is sold to him
by a woman.
Don't Create an Atmosphere of Mystery.
Arising out of this, a lot of salesmen
of electrical apparatus do, 1 feel, make
rather a mistake in encouraging this air
of mystery and suspicion. They wilt sell,
for instance, an electric iron with the air
of a conjurer showing a bit of real magic,
instead of trying to impi ess their audience
with the fact that an electric iron is one
of the simplest pieces of apparatus imaginable, containing practically nothing to go
wrong and nothing to cause the least
degree of alarm. Most people are amazed
on being shown the inside of an electric
iron, for they find it so much more simple
in form than they had expected. I think
that emphasis on this simplicity may be
turned to very good account in selling all
apparatus.
However, I do not propose to waste
much space on the subject of showrooms,
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Fig. 4.—A

SPECIAL DISPLAY OF MODERN LIGHTING UNITS IN AN ELECTRICAL SHOWROOM.

(Photo by courtesy of Messrs. Troughton and Young, Ltd.)
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for it is with the other side of the business
that I am concerned at the moment.
SALESMANSHIP.
One is, perhaps, rather too prone to
think that the art or science of salesmanship applies only to those persons who
are occupied with the sale of goods over a
counter, or with a door-to-door canvass.
The electrical contractor soon finds that
this is not so, and that salesmanship enters
very deeply into his daily work. Salesmanship is, after all, the art of knowing
and understanding the psychology of the
buying public, and putting that knowledge
to good effect.
Always Give an Estimate.
Nowadays, nobody buys anything until
he knows the price. It is a very rare thing
to discover a man who says, " Go ahead
and send in the bill when you've finished."
Nevertheless, these rarities do exist, and
the art of salesmanship is, I think, very
well served in such cases if the electrical
contractor gives an estimate whether it is
desired or not. I have found this usually
impresses the customer favourably ; and
even if the price is larger than he had
expected, he reads it on the estimate form
with a bit of a shock, but later in the day
he recovers and the work proceeds. At
the end of the job the account comes in
and it is no shock to him to receive it.
Had the contractor hurried on with
this work without having presented an
estimate, the shock, when his account
came in, would have been accompanied by
complete antagonism on the part of the
customer. He would say that the account
was outrageous, that he would never
employ that contractor again, that he
would not pay it, and so forth and so on ;
the net result might be a profit to the
contractor, but it would most probably
result in a considerable loss of goodwill.
Now, as I have pointed out previously,
goodwill is everything to the contractor
and he is not a true salesman if, in his
negotiations with his customers, he does
not take into account the goodwill which
he will gain or lose on a job.
Be Ready to Answer Any Question.
When asked a question, never hesitate.

1795
Prevaricate, if you like, but never hesitate
The general public look upon engineers
as technical men, either knowing their
job, or not knowing their job. Those who
know their job have an immediate and
ready answer to any question ; those who
do not know their job are those who
preface their answers by " I think."
It is a peculiar thing that a man will allow
his doctor to be uncertain ; to call in a
second opinion ; or even to say, " We'll
try this medicine and see if it does you
any good." But they will not extend this
privilege to electrical contractors. It is
sometimes very difficult indeed when one
is asked a poser of a question which quite
reasonably may entail the reference to
some book or other, or to a manufacturer's
catalogue, to put into execution the advice
which I have just given. But an agile
and ready wit can usually contrive an
answer which, while seeming to be definite,
in fact is no answer at all. I must leave
it at that, I am afi aid.
Creating Confidence.
Hand in hand with this readiness to
give a definite answer to everything goes
what I would term the avuncular form of
salesmanship. One takes the customer
under one's wing, so to speak, avoids
questions as far as possible and adopts a
" Now-you-leave-it to-me-sir-and-it-wilt-be
quite-all-right " attitude. In many cases
the customer will react favourably to the
suggestion, and although he will not leave
it to you but will, in fact, be nosing around
the whole time the job is being done, he
will think a great deal of the contractor
and will tell his friends, " Good fellow,
that Mr So-and-so thinks of everything.
I don't have to think ; conies up here and
takes everything off my shoulders : good
fellow ! "
ESTIMATING AND COSTING.
Estimating and costing represent such
an important part in the electrical contractor's life that many volumes have
been written upon the subject. Since they
are, moreover, undoubtedly the most
difficult branches of his work to cairy out
satisfactorily, it will be seen that my task
in commenting on them in a short space
is so responsible that I must try to shelve
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some of that responsibility by advising
everyone at the outset to read up the
subject, either in the books that are pub
lished or, alternativel\ , the many articles
on this subject which are frequently
published in the technical Press. Readers
are specially advised to read the article
entitled " Estimating for Wiring Contractors" which starts on page 173o.
The First Steps.
However, I cannot leave the subject
at that. The word " estimating " is
unfortunate, since it suggests a process
rather like that of guessing the weight of a
pig at a fete. There are, undoubtedly,
occasions when the irrevocable decision to
put so much profit on a job is rather like
guessing the weight of a pig, but the man
who regards all estimating from beginning
to end on these lines will soon come to
grief. It is clearly impossible to go very
deeply into the question of estimating,
but it may be a slight guide to suggest
that this apparently impossible task is
usually done by first estimating--which is
only another word for calculating—the
material which will be required on a given
job and, after this has been ascertained,
making a further calculation which will
show how much of a man's time will be
required to erect this material into
position.
Minor Points that Affect the Estimate.
The estimate is not finished, however,
when a calculation, however accurate,
has been arrived at, as to the cost of the
material and the cost of the labour.
There still remains the question of the
cost of selling the installation. Presumably
sonic member of the staff has, in the first
place, been occupying his time in getting
the order. In the same way someone
has been spending his time making out
the estimate ; a typist has had to type out
the estimate ; many telephone calls have
been put in ; the rent of the office has
been paid—or, we hope it has—while the
preparatory work on this job has been
carried out ; various insurance policies
have been kept going ; in short, all those
innumerable expenses which are classified
under the heading of " overhead
expenses " have been incurred, not
all for this particular job, but a

very definite proportion for this job.
Moreover, these same expenses will
continue during the progress of the job.
These overhead expenses can either be
allocated to each particular estimate,
according to the amount of expense which
is actually incurred for that job, or they
may be allocated in the form of a percentage arrived at by taking the ratio of
the annual overhead expenses of the office
to the annual turnover of the business.
The Question of Profit.
When the cost of any given job has
been estimated—I think I prefer the word
" calculated " and the necessary figure
has been added to the estimated cost to
cover the overhead charges, the contractor
is then free to put on his profit. It is
impossible to make any rule or to give
any advice as to what profit he should
put on ; it is influenced by so very many
factors, such as competition, the state of
the contractor's own business and, of
course, what the contractor actually wants
to get out of it. But if the original
estimating and additional oncost—that is,
the figure for overhead charges—have
been properly arrived at, the contractor
can have the satisfactory feeling that
whatever profit he puts on is a profit.
If his cost for labour and materials comes
to L50 and his oncost figure comes to
another LE), resulting in a total cost of £60,
then he knows that if he puts in an estimate
for £60 os. id. he will get a penny profit.
Some contractors, I believe, ignore the
oncost figure and rely in getting it back
from the profit which they have put on to
the net cost of labour and materials.
This may work out satisfactorily, but the
system fails to give that clear-cut, decisive
information to the contractor as to what
his real net profit is going to be.
Why Detailed Records Should Be Kept.
When the job starts it is imperative that
the most detailed records should be kept
of every item of material and every minute
of labour which go to the execution of that
job, and properly recorded in a manner
which facilitates quick reference. This is
necessary from many points of view.
First, and most important, it enables the
contractor to " hold an inquest " on the
job after it is finished to see whether he
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Fig. 5.—ANOTHER DISPLAY OF THE MOST UP-TO-DATE ELECTRICAL FITTINGS.
(Photo by courtesy of Messrs. Troughton and Young, Ltd.).

has made a profit, and if so, how much
profit ; or, if a loss, how much loss ; and,
again, what his unexpected profit or loss
was due to. He may find that in his
estimate of quantities he had allowed for
so many yards of cable, whereas his cost
card of that job when it is completed
shows that he has used considerably more
cable than he had expected. This will
teach him that when he next estimates for
a similar job he has got to be careful about
the estimated quantity of cable. In the
second place, the cost card of this sort
enables the contractor on a long job to
check how the job is going as it proceeds.
This applies more particularly to the
labour, for if he has estimated that the
job will take one month and, when halfway through, he sees from his cost card
that he has already spent more than half
the amount of money which he had
allowed for labour, he can then hurry
round to the job and " put a jerk " into
the workmen. Finally, it is the only
method of keeping a check on the material
sent to a job in order to avoid pilfering.

If a dozen switches are sent to a job and
only eight appear on the cost card as
having been used, then four should have
been returned to the store at the termination of the job. If these four have not
been returned, there has been a leakage.
Cost Cards.
In referring to the cost card perhaps I
have been a little premature, since the
essence of the system is that records be
kept, whether in a book, or on sheets of
paper, or on pieces of cardboard. I have
myself found, however, and I think that
many contractors would agree with me, that
for quick and easy reference these costs
are best kept on cards which are filed in a
filing cabinet with an index. If some form
of general subdivision of these cards is
desirable, they can be used in various
colours. Thus, a white card could be the
cost card for an ordinary installation job,
where a pink card would be the cost card
for maintenance work and a green card,
perhaps, for that referring to a contract
for the supply of electric lamps. The
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system has to be worked out by each
individual, but by using cards for one's
costing there are considerable possibilities.
How Time and Money Can Be Wasted.
One of the ways in which a contractor
can lose money—perhaps I should say
fail to make money—is by having to spend
a lot of time, and therefore money, in
getting information before he starts a
job. Let me give an instance. If Mr. X
rings up and asks for a 2-pint copper
electric kettle to be delivered at his house,
the contractor may have to go round to
the house to find out what type of plug
socket is installed, so that he can send a
kettle with the correct plug. This journey
represents a definite expense, an expense
which is not far short of the profit which
he will make on that kettle. In some
cases this cannot be avoided, but if at the
top of every cost card (or, if he keeps cards
for all his customers, on their own card)
he allows a space for the entry of all
relevant details of this sort, when he gets
the telephone order he will merely refer
to his card and find the size of plug
required, the voltage of supply and other
important details.
CARRYING OUT CONTRACTS.
Practically every contract that an
electrical contractor carries out is subject
to some form of guarantee. This guarantee
is, in most cases, included with the contractor's estimate, but if it is not, it is
there none the less, in accordance with
common law. That is to say, that any
defect which may arise in the work of the
electrical installation which the contractor
has carried out, if it be due to faulty
workmanship or materials, will have to be
rectified at the contractor's own cost.
Importance of Good Workmanship.
This fact alone is sufficient reason for
insisting upon a good standard of workmanship. But even if such a defect does
occur, and the customer has it put right
at his own expense by another electrical
contractor, the result may be even more
damaging to the original contractor. To
be reduced to having one's work put right
by a competitor is an unpleasant fate,
and one which usually means that the

contractor has started on the downward
path which will finally lead to failure.
Electrical installation work, obviously,
cannot always be of the best class. Within
limits one has to cut one's coat according
to one's cloth. If a customer will give
no more than LI per point he cannot
expect so good a job as the customer who
is willing to pay
per point. But, unless
the electrical contractor has seen his way
to doing at least a fairly reliable job at the
price which he has quoted, it would have
been better to have refrained from quoting.
Don't Cut Down the Quality after the
Estimate has been Accepted.
Even having quoted and having, presumably, intended to put in a reliable job,
some contractors experience a tendency
to try to make a rather larger
profit than that which they have allowed
for, by cutting down the quality after the
estimate has been accepted. A contractor
may have sent in his estimate on the basis
of using brazed conduit with pin-grip
fittings ; but, after the estimate has been
accepted, he may feel an overmastering
temptation to put in close-joint tubing
with slip fittings without any continuity
grip device. Such an alteration of his
plans would undoubtedly save a considerable amount of money and would increase
his profit on that job ; but the temptation
must be resisted. Apart from the normal
code of business morality it would be quite
fatal for him to be found putting in
materials of a lower grade of quality to
that which he had specified in his estimate
—he would, for instance, be speedily
expelled from the National Register of
Electrical Installation Contractors, if he
were on that Register.
Control of Labour.
The most difficult part of the electrical
contractor's occupation is undoubtedly the
proper control of his labour. Up to a
point materials will look after themselves,
but the labour question will not look after
itself. If he employs trades union labour—
and he will find that in most cases this
course is necessary, even desirable—he
finds himself faced with the fact that
every wireman is entitled to the same
amount of money for a given number of
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hours' work. No two wiremen, however,
will do the same amount of work in a
given period of time. Therefore it becomes
of paramount importance that a contractor
employs none but the best wiremen he can
find. If he is clever he will, in course of
time, collect around him a group of
wiremen upon whom he can rely utterly.
Then, after having found by bitter
experience how very, very bad a bad
wireman can be, he will learn how very,
very good a good wireman is.
Supervise Every Contract.
With the best wiremen in the world,
however, he must on no account neglect
to supervise every contract methodically
and frequently. Human nature being
what it is, if he gets the reputation of
leaving the job to the wiremen, the latter
will in time start to take advantage of this
fact. They will not necessarily be trying
to get the better of the employer, but they
will naturally take the view that there is
no particular need to hurry. And there is
need to hurry on every job, provided that
the work is not skimped. Besides, there
is the effect on the customer's mind.
Customers' Queer Ways.
One might suppose that, having accepted
an estimate for a certain job of work to be
done, the customer would sit back in his
armchair and smoke a pipe, metaphorically
speaking, until he got the bill when,
assuming that the work has been satisfactorily carried out, he would pay it.
Our young contractor will soon find that
this is very far from being the case. He
will find that in the vast majority of cases
the customer evinces an amazing interest
in every little aspect of the work while it
is being carried out.
He will make a mental note of everything that is going on in connection with
the work ; in many cases he thinks that
he knows far better how the work should
be carried out than the contractor himself.
Having successfully wasted a good deal
of the wiremen's time he will, at the end
of the contract, decide that those wiremen
have not been working as hard as they
should have done.
And, instead of reflecting that this is
the contractor's funeral, he will argue to
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himself that if the contractor is making a
profit out of work carried out so slowly,
then a good contractor who had his work
carried out more rapidly would have been
able to put in a lower price, and he will
pigeonhole this fact, in his mind, when he
requires more installation work.
But if he sees the principal, or his
deputy, come round and check up the
work which has been done on the previous
day, he will say to himself, " These people
are hustlers." In addition, he will be
afraid of being taxed by the principal for
wasting the time of the wiremen, and he
is more likely to make himself scarce until
the contract is finished. There is no doubt
about it, that, except for the fact that
the customer is the man who pays the
contractor, the latter would be much
better without a customer at all 1
Humouring a Customer.
I have referred to the fact that the
customer is the man who pays the contractor. This should be kept well in mind
at all times, for it excuses a lot. Just as
there is a well-known London store whose
motto is " The customer is always right,"
so the contractor must remember that his
customer is always right. If there is
difficulty with a customer during the
course of a contract, there are two ways
of getting over that difficulty. One is to
persuade the customer that he is wrong,
and the other is to admit that the customer
is right, and to get one's own way, either
by flattery or surreptitious means. The
latter method is undoubtedly the only
method which brings real success. Flatter
the customer and he will be your customer
for ever.
JOBBING WORK.
In addition to contract work, the
electrical contractor will find that he is
called upon to do a good deal of jobbing
work. This phrase covers those little
jobs which are little more than errands on
the part of a wireman, the work carried
out being of a very insignificant nature.
This type of work is one of the biggest
problems of the electrical contractor.
Unless he has a lot of it, it will not pay
him ; on the other hand, he cannot
possibly afford to ignore it, for nearly all
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jobbing work is of an urgent nature and and it will take the contractor all his time,
the contractor who will not help his in many cases, to persuade the customer
customer over an urgent difficulty may that his electrician may have spent three
rest assured that he will not be given the minutes on the fuse, but that he spent
chance of quoting for big work.
twenty minutes getting to the job and
twenty minutes getting back to the shop.
Emergency Calls.
The only way really to make this class
When the contractor gets a call on the of work pay when there is insufficient of it
telephone to say that the electric cooker to keep a man employed all day is to
has ceased to function at half-past eleven take great pains in the selection of the
in the morning and that two people are electrician who is sent out to make these
coming to luncheon, there is only one thing repairs. If he is, in addition to being an
which the contractor can possibly do, and electrician, a clever salesman, he will,
that is to send an electrician along to in many instances, pay for that time
replace a fuse or repair whatever little when he is idly twiddling his thumbs in
defect has caused the trouble. But in the shop by selling an electric iron or by
order to be prepared to answer at all times suggesting some alteration in the fittings
these emergency calls, he must either have at the house to which he is called. Though
an electrician in attendance in his office in this the contractor must be very
or in his shop or, alternatively, he must guarded, for he must at all costs avoid
disturb one of his local contracts—possibly the reputation of trying to make work
to the great annoyance of his customer— for his men. This reputation is a very
and borrow a man from that job for evil one.
half an hour or so.
INSURANCE POINTS.
Day and Night Service.
To move from the more interesting
Therefore, I say that one of the urgent aspect of getting business to its more
requirements of the electrical contractor, prosaic side, it must be mentioned here
newly in business, is to establish a clientele that the electrical contractor starting in
of jobbing customers at the earliest business must be very, very careful that
possible opportunity sufficiently large that he is insured for all risks which are insurhe can, as soon as possible, rely on having able that are in any way likely to
one man or more kept permanently at overtake him. This is not quite the
work on this class of work. It is in this platitude that it may appear, for the field
respect that the supply undertaking, if it of insurance offers more examples of
has a wiring department, is a serious shutting the stable door after the horse
competitor. For it is in most cases the has got out than any other.
first place that the customer turns to
A man will continue in business, patting
if that customer is in trouble with himself on the back every now and then
his electrical equipment. Moreover, the because he is doing well, until one fine day
supply undertaking can conveniently give an electrician drops a pair of pliers from
a day and night service. There is no the top of a ladder on to the head of a
getting away from the fact that in order passer-by, and the entire profits made by
to maintain a successful jobbing business the business for the year disappear in the
a day and night service is essential.
damages which the electrical contractor
has to pay.
Charging for Jobbing Work.
Charging for jobbing work is another Policies You Should Take Out.
problem ; for the customer takes into
Workmen's Compensation Insurance is,
account only the time which the electrician of course, essential and, following very
spends in his house repairing the fault. closely on this, comes the Third Party
If this fault is a blown fuse, requiring policy, whereby any claim made on an
three minutes' time to change it, the electrical contractor by any other party,
customer is apt to be a little annoyed arising out of the contractor's conduct of
when he gets a bill for more than sixpence, his business, is met by the Insurance
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Company. Another policy which is well taking is authorised to make conditions
worth considering is one which indemnifies as to the standard of wiring in a building
the proprietor of a business against to which it is asked to connect a supply
temporary injury or illness which in- of electricity.
capacitates him from working for a stated
time. In fact, on looking through my Wiring Regulations.
But the only code of generally applicable
own insurance policies, I find that I amv
wiring rules is that now known as the
insured against the following risks :
Regulations for the Electrical Equipment
Third Party ;
of Buildings (formerly the I.E.E. Wiring
Fire, Burglary and Theft ;
Rules), issued by the Institution of
Employer's Liability ;
Cash in Transit ;
Electrical Engineers. This code of wiring
Sickness and Injury of Principals.
rules has been produced by a committee
of electrical engineers representative of
A Fundamental Principle.
most cf the interests at stake and under
Above all things it is necessary, espe- the auspices of the Institution of Electrical
cially at the start when the romantic and Engineers. Insurance companies' engineers,
the fascinating side of the business is electrical contractors, electrical manufacapt to be paramount, to bear in mind turers, consulting engineers, etc. have all
that the purpose of the business is to put their heads together to produce what
make money, and that is to make a must definitely be regarded as the only
profit. If the contractor buys an article set of wiring rules with any moral authority
for one price and sells it for a higher price behind it. Nevertheless, there rules have
it does not necessarily mean that he has no statutory authority whatsoever, and
made a profit. I am sorry to labour this it is within the discretion of any electrical
point, but it is so vital that it cannot be contractor whether he does cr does not
too emphatically impressed on all who are carry out his wiring in accordance with
starting in the business. Know how them. In my own mind there is not an
much the article costs you, know how atom of doubt that if these regulations
much it costs you to sell that article, add err, it is on the side of leniency rather than
the two together and make sure that you on the side of strictness ; and it is a poor
sell it at a price which leaves at least some electrical contractor indeed who does
margin of profit. However, this matter is not at least live up to the standard
dealt with elsewhere.
recommended by these regulations.
RULES AND REGULATIONS.
Although electricity, when it is properly
installed and properly employed, is a
harmless enough medium, it can scarcely
be disputed that it has certain lethal
qualities when it is abused. In face of
this, it is a decidedly serious thing that
there are no general rules applicable to
the installation of electricity in a building
which have behind them the authority of
Parliament. There are, it is true, Home
Office regulations applying to certain
electrical work in factories ; in addition,
a handful of boroughs throughout the
country have incorporated wiring rules
in their bye-laws, thus indirectly making
use of the backing of Parliament to enforce
a certain standard of wiring in their own
districts. Again, there are a few very
few—points upon which a supply under-

Rules Issued by Supply Undertakings.
Practically every supply undertaking
in the kingdom issues a little book of wiring
rules for the edification of electrical contractors installing electric wiring in that
particular area. Most of the rules so
issued are admirable in purpose ; indeed,
they are in most cases modelled closely
on the Regulations for the Electrical Equipment of Buildings. But these rules have
no more authority behind them than have
the Regulations on which they are modelled.
It should be observed here that the
supply undertakings have certain rules
which they are allowed, even bound, to
insist upon before they may connect up,
but these rules relate only to such things
as insulation resistance and provision
against faults which may react back on
their own mains to the detriment of
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neighbouring consumers. In general, the
rules may be considered to be so much
well-meaning and laudable bluff.
Wiring in Factories.
Wherever electric wiring is carried out
in factories or premises coming under the
Factories Act, then the wiring installation
also comes within the provisions of the
Home Office regulations, which are enforceable by law.
Insurance.
The insurance companies themselves
make rules or alternatively stipulate that
the wiring installation on premises which
they insure shall be carried out according
to the standard set by the Regulations for
the Electrical Equipment of Buildings.
This is probably the most important thing
to bear in mind, for whereas it gives no
real authority to the Regulations it does
at least mean that failure to observe
these Regulations may result in the
insurance of the premises being refused
by one of the companies. In general
it is found that insurance companies r arely
bother their heads much about private
houses unless these are of considerable
dimensions.
CONTACT WITH SUPPLY
UNDERTAKINGS.
The question of rules brings us rather
naturally to the question of contact
between an electrical contractor and the
supply undertaking. As this is a branch
of the electrical industry with which the
electrical contractor is bound to come into
frequent contact, it may be worth devoting
a little space to the consideration of one
or two aspects of the matter.
Supply and Sale of Electricity.
Every electricity supply undertaking,
whether it be a company or the electricity
department of a municipal council,
operates under Act of Parliament, qualified
by what is known as a Special Order
relating to any peculiar features of the
district. During the comparatively short
life of electrical progress there have been
several Acts dealing with the supply and
sale of electricity, the first of these being
one dated 1882, and the most recent that

of 1926, which inaugurated the Central
Electricity Board. These Acts and
auxiliary regulations made under their
provisions give power to the respective
supply undertakings to generate, distribute and sell electricity within a
prescribed area ; and they further provide
that there shall be no competition between
supply undertakings by the overlapping
of areas. Thus, this particular branch
of the industry has to what is to all intents
and purposes a monopoly, each in its own
area. With these privileges of monopoly,
however, go certain rest onsibilities.
Read the Electricity Acts.
The chief of these responsibilities is
that, with one or two comparatively
unimportant exceptions, the supply undertaking is bound to supply electricity if it
is asked to do so. But, as I have mentioned in a previous part of this article,
where a supply undertaking carries out
wiring work in addition to generating
and supplying electricity, this wiring
department is carried on as a distinct
entity, and no parliamentary monopoly
applies to the work of this department.
I can strongly recommend any young
electrical contractor to read from beginning
to end all the Electricity Acts from 1882
onwards. This may seem a fear some task,
but to an engineer of average intelligence
it is both interesting and very, very
helpful in his work as an electrical contractor.
TRADE ASSOCIATIONS.
It would be a very noble thing if love for
our fellow men were the reason uppermcst
in our minds for joining trade associatir ns.
Unfortunately, human nature is not quite
so perfect as this and we are apt to ask
for some rather more cogent reason before
we commit ourselves to the joining of some
association which costs us money in fees.
Indeed, my own remarks earlier in this
article, provide a reason for requiring some
economic justification for such a step.
The Electrical Contractors' Association.
In the case of the electrical contracting
industry the interests of the whole are
particularly well served by an asscciatien
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known as the Electrical Contractors'
Association or, for short, the E.C.A.
The function of this association is not
one of price regulation, but purely and
simply one of looking after the interests
of its members from the heights of promoting bills in Parliament (if they should
be advantageous to the electrical contractors of the country) to the depths of
circularising its members to beware of
fraudulent persons and hoaxers when such
gentlemen are active with electrical contractors. As a body the Association
provides its quota on all committees
which may be convened for the study or
protection of any branch of electrical
engineering which affects the electrical
contractor.
Affiliated to this Association are two
other associations known, respectively, as
The National Electrical Contractors'
Trading Association—N. E. C. T. A. for short
—and the National Federated Electrical
Association, or N.F.E.A. The former is
concerned solely with the commercial side
of the electrical contractor's activities.
It treats with manufacturers on the subject
of discounts and takes up the cudgels on
behalf of members in any dispute relating
to such matters. The latter is purely a
trade union to discuss and, if necessary,
to take action about the various points
which are perpetually arising as between
employer and employed in the electrical
industry.
I will not advise any young contractor
to join the Association, nor will I advise
him to refrain from joining it ; I will
content myself with observing that I have
never regretted having joined.
The National Register.
In addition to the E.0 A. and its
affiliated associations there is a comparatively young organisation known as the
which stands for The National
Register of Electrical Installation Contractors. This must not be confused in
any way with the E.C.A., since its functions
do not overlap or clash with the E.C.A. in
any respect. The National Register is
merely a register of names of electrical
contractors, all of whom undertake to
carry out their electrical installation work
only in accordance with irreproachable
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standards. Candidates for registration
are examined and their work is noted.
They must satisfy certain well-defined
requirements in addition to satisfying the
committee that they are, generally speaking, worthy to be included on the Register.
If any member of this Register disgraces
himself by doing bad work, or in any way
ignoring the undertaking which he has
given in order to gain access to the
Register, he is expelled from the Register.
Being a comparatively young organisation,
it is • not unfair to suggest that the
N.R.E.I.C. has not yet become quite the
power in the land it will be in the future.
Nevertheless, in its comparatively few
years of existence it has achieved such a
name that there are very many engineers
throughout the country who will not
place electrical installation work with any
firm unless that firm is a member cf the
National Register. It costs little to join,
and I frankly advise any young electrical
contractor to offer himself as a candidate
for this Register, for if he can satisfy the
committee of his suitability to be admitted
he will find that it can do him no harm
and will probably do him a great deal
of good.
FINAL NOTES.
I should like to end up on the note on
which I began. The work of the elects ical
conti actor is neither a romantic nor a dull
occupation. It is not all engineering nor
all commerce. Both have a very large
part to play and I think it would be
difficult for anyone to say which is the
more important of tne two. Technical
aptitude without commercial aptitude
will get one nowhere ; and the reverse is
just as tine.
Technical Considerations Must Be
Paramount.
One point, perhaps, may be mention( d
here. It does sometimes happen that
technical considerations and commercial
considerations are pulling in different
directions. The electrical contractor may
find himself faced with the problem as to
whether the technical considerations are
more important or the commercial considerations. On this point my own view
is definite. The technical considerations
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must be paramount. For instance, it may
sudden1y dawn on the electrical contractor
that he could profitably carry out wiring
work at 5s. 6d. per point, provided that
he did not care what materials he used
and how he did the wiring. Further, he
might be able to command plenty of work
at this price, and, accordingly be tempted
to enter this field. Against this commercial viewpoint, however, his technical
conscience whispers to him that such
work would not be a credit to him and
would not be, in any sense of the word,
technically sound. In such a dilemma
my advice to the electrical contractor is
that he should follow the dictates of his
technical conscience. Sell a man a Rolls
Royc,, or a Morris Cowley, whichever he
asks for, but do not sell a man a car which
has no wheels !

with a wireless department to think very
seriously about it before doing so. This
remark is not intended to dissuade
electrical contractors from doing so, but
it is intended to remind them that because
a man is an electrical engineer, it does
not mean, necessarily, that he has either
the aptitude for wireless or the time to
give to it. It is, nowadays, almost a
separate science from that of the more
conventional electrical engineering. There
are, of course, undoubtedly cases where an
electrical contractor is called upon to
sell, or repair, or give advice upon a wireless set. But, unless he knows his subject
very well and has the time to give to it,
he will, I think, find that it pays him, as
far as possible, to refer his customer for
this class of trade to a man who specialises
in such work.

Increasing Use of Electricity.
This country is very backward in its
use of electricity. Statistic-, show that
countries like the United States of America,
Canada and Germany arc far more
advanced than we a:e, and that electricity
is used to a far greater extent than it is
in this country. In spite of this, the
countries which I have mentioned anticipate
considerable further increases in the
future. From thi; it may reasonably be
deduced that there is an excellent prospect
that the use of electricity will sooner or
later increase by leaps and bounds in this
country. Whenever the use of electricity
increases there is work for the electrical
contractor. There are many to-day who
will say that the profession of the electrical
contractor is overcrowded. Among that
class which takes no account of technical
perfection, but exists by sacrificing qualityto price, the profession probably is overcrowded. But in the field of conscientious
electrical installation work there is room
for many more.

Different Methods of Wiring.
I have also refrained from attempting
to discuss the more technical aspect of the
electrical contractor's work. There are
many different methods of wiring, for
instance, and each one has its particular
technical attributes, which must be taken
into consideration when selecting a system
of wiring for a given job. A dissertation
on this subject, however interesting it
might be, is not within the scope of this
article. I should, however, like to observe
that to classify wiring systems in one's
mind according to price only, and without
reference to their technical suitability for
the particular job, is quite unreasonable.
The prices of various systems may vary ;
for instance, screwed steel tubing is considerably more expensive to install than
cab-tyred sheath cable. But this does not
mean that there are not many jobs for
which cab-tyre sheath cable is ideal and
screwed steel conduit almost useless.

Wireless Department.
In the earlier part of this article I
deliberately refrained from touching on the
wireless, or radio, side of the electrical
contractor's business. I do not propose to
start discussing it at length at this stage.
But I do seriously recommend any electrical
contractor who intends to launch out

Final Word of Advice.
One final word of advice. Anyone who
is thinking of becoming an electrical
contractor should possess himself of all the
facts relevant to that profession, and
should decide for himself. It would be
unwise to allow himself to be unduly
influenced by people inside or outside
the trade. Those inside the trade are
usually prejudiced, while those outside
are ignorant.
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OPERATION AND MAINTENANCE OF
ARC LAMPS
By H.

I I UMPHRY DAVY, in
'Soo, noticed that
when two pieces of
carbon, which were i ncluded
in a circuit through which
a current was passing, were
brought apart a short
dis t ance, an arc was produced
between the separated ends,
and a brilliant light was
emitted from the aic and the
white hot ends of the carbons.
Why the Arc is Produced.
When the carbons are
separated, the spark produced volatilizes a little of
the carbon on the ends.
Carbon vapour is a partial
conductor and allows the
current to flow through it if
the gap between the separated ends is not too great.
The carbon vapour has a
high resistance and it
becomes white hot, due to
the passage of the current
through it, and the ends of
the carbons become
hot also. Solid matter
is a better radiator
than gaseous, and the
ends of the white hot
carbons give more
light than the arc
itself, although their
temperature is not so
high as that of the
arc.

W. JOHNSON

Positive
Carbon

the arc is 4000° Centigrade,
whilst the temperature of
the crater which is formed
at the end of the positive
carbon when the arc is fed
with direct current, is 35000
Centigrade.

The Formation of the Crater.
As the arc continues to
burn, particles of the positive
carbon are volatilized and
torn off and the end becomes
The Crater
formed on the hollowed out to form a
crater, and if the gap is
Positive Carbon small, some of the particles
are deposited on the end of
the negative carbon, which
Negative
now assumes a pointed
Carbon
shape. If the arc is fed with
alternating current, no crater
is formed, and the ends of
each carbon are flat.

F g. 1—ARc PRODUCED BY A
DIRECT CURRENT.
This forms a crater in the end
of the positive carbon, and tends
to point the end of the negative
carbon, if it is not cored.

The Importance of Connecting a D.C. Arc Lamp in
the Correct Way.
The positive terminal of a
D.C. arc lamp must
be connected to the
positive side of the
Solenoid connected in
supply mains in order
,Series with the Arc
that the crater will
be formed on the
Economiser positive carbon. If
lined with
the negative terminal
Fireclay
of the lamp is connected to the positive
main, the light from
Fig. 2 —ARC OF THE FLAME TYPE LAMP. the arc, and the
This burns inside a saucer-shaped bowl
crater, will be proThe Temperature of called
the economiser, and is bent out into a
the Arc.
flame by the action of a magnetic field produced jected upwards and
The temperature of by a solenoid connected in series with the arc. the negative carbon
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The Use of Cored Carbons.
There is always a tendency for the arc
to wander round the edge of the carbons :
this is particularly the case in enclosed
type lamps, and in order to prevent this
tendency, the positive carbons, and often
the negative, are provided with a soft
core composed of a mixture of lampblack
and potassium silicate. This core is more
readily consumed than the outer hard
carbon covering. Cored carbons should
always be used for A.C. arcs.

230 volt D C Mains
+
—

I Main
Steadying
Resistance

Switch

fuses

Fig. 3 —A SERIES ARC LAMP CIRCUIT.
Four open-type arcs are connected in ser es
on a 230-volt circuit. A series resistance for
steadying and regulating purposes is used in
the circuit. The circuit is controlled with a
D P.switch and protected with a fuse on each pole.
Each arc lamp is fitted with an equivalent
resistance which is cut in circuit when the lamp
fails.

will be consumed much more quickly
than the positive, causing damage to
the negative carbon holder, which in
time will come into contact
with the positive carbon.
Rate of Consumption of
Carbons.
The positive carbon is
consumed at approximately
twice the rate of the negative
and consequently the area of
cross _section of this carbon
is generally about twice that
of the negative carbon. In an
open type arc the rate of
consumption is about half an
inch per hour, but in the
case of flame type arcs the
consumption is greatly in
excess of this figure and may
be, in some types of flame
arcs, as much as 2 in. per
hour. The carbons used in A. C.
arcs are the same diameter.

The Length of the Arc.
The length of a normal arc to which the
air has free access should be from -I in. to
I i in. If the arc is too long, it flames and
becomes unsteady ; also the light emitted
is of a bluish tint, while on the other hand,
if it is too short, it begins to hiss and
causes large fluctuations of the current
through it. A hissing arc may occur when
the carbons used are of too small a
diameter.
The length of the enclosed arc is about
156 in., and owing to the light from it
having powerful actinic properties, it is
used for photographic and blue printing
purposes.
Voltage Necessary to Maintain an Arc.
A D.C. arc exerts a back E.M.F. of
39 volts, and consequently an E.M.F. of
Sliding Laminated Core
r . ..4_____SAotted
\. Brass
r ss
Plate
Air 6ap

l--Laminated
Iron Core

U

if'Gap

Solenoid

4.—VARIABLE CHOKING COIL FOR USE WITH SERIES
BURNING A.C. ARC LAMPS.
The impedance of the choking coil is varied by increasing the
air gap between the sliding laminated core and the laminated
core of the solenoids.
Fig.
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about 5o volts is necessary to
overcome the back E.M.F. and
internal resistance of the arc; in the
case of the A.C. arc, the back E.M.F.
is less, about 3o volts, and an E.M.F.
of about 4o volts is required to
maintain this arc.
A Steadying Resistance is Necessary
in an Arc Lamp Circuit.
Owing to the variation of the
specific resistance and area of cross
section of an arc, a steadying
resistance should always be used in
a D.C. arc circuit, to maintain stable
conditions of burning and a steady
current if the arc circuit is supplied
at a constant pressure. A choking
coil may be used in an A.C. arc
circuit, as this is more efficient and
wastes less power than an ohmic
resistance. A very large current
would flow when the arc was struck,
owing to the carbons being
momentarily short-circuited, if a
steadying resistance or choke coil
was not included in the circuit.
The steadying resistance or choking
coil should be capable of adjustment
in order to allow for the correct
burning of the arc lamps in the
circuit. It should be fixed in a
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ElectraConte t5 magnet

Shunt
Solenoid

Soft Iron
Armature
Pivot

Series
Solenoid

0
, 111,110,

Spring

li
Equivalent
Lamp Resistance
'AMAAA/k
Fig. 5.—AUTOMATIC CUT-OUT FOR SERIES BURNING

ARC LAMPS.
To prevent an interruption of the current in a series
arc lamp circuit in the event of a failure of a lamp, a
cut-out is fitted in each lamp, which provides an
alternative path for the current in the faulty lamp.
The shunt coil of the lamp has an electromagnet,
fitted with a pivoted soft iron armature, connected
in its circuit. To one end of the armature is fixed a
a contact blade, and to the other end a spring which
pulls the armature away from the end of the core of
the electromagnet. Under normal working conditions
of the lamp the current passing
Positive Carbon Ho/de,'
round the windings does not
magnetise the core sufficiently
Shield
to attract the armature to it.
Asbestos
Should the arc become too long,
Coveringor fail, the pressure across the
Bevel Wheels
shunt coil rises, and the current
through
the windings of the
Positive and Negative
electromagnet is now strong
Carbon Holder
enough to cause the magnetic
Regulating Wheels
attraction of the core to pull the
Negative
Slide Carbon Holder
armature to the ell of the core,
causing the contact blade to short
circuit the arc circuit through a
resistance which is equal to that
Connections, insulated
Regulating Wheel
of the arc. The pull on the
with 6/ass Beads
to centre the Arc
armature is further increased by
Fig. 6.—HAND-OPERATED PROJECTION ARC.
the action of the auxiliary
The carbons are brought together at an angle of 9o° and by
winding on the electromagnet,
keeping the negative carbon just below the positive, very little
which is now energised by the
light is cut off from the crater and the end of the positive carbon.
current passing through the
Each car bon holder has a separate worm and nut motion operated
alternative path which completed
by a regulating wheel.
the circuit.
The arc may be raised or lowered for centring purposes by a
rack and pinion motion, operated with a regulating wheel.
Copper flexible connections, insulated with glass beads, connect
position where it is well
the carbon holders to the terminals which are mounted on, but
ventilated and there is no
insulated from, the sliding metal base The sliding base is fitted
in the lantern or projector case.
danger from fire. If mounted
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a correct length, to give stable conditions of burning and the maximum flux of light.
This mechanism may be automatic or hand regulated.
Arc lamps used for lighting and
photographic purposes are generally fitted with automatic
mechanism, and those which are
Core
used for projection work are fitted
with hand-regulating mechanism.
Flexible
The operation of the automatic
Cord
mechanism depends upon the
Dru"s
electro-magnetic action of
Series Coil solenoids.

Bearing
Das >7
pot
Shunt
Coil

Brake
Drum

Bearing

Flame Arc Lamps.
The flame arc is pi oduced by two
Brake"7=-A
carbons which meet at an acute
Spring
angle inside an inverted saucershared iron bowl called the
Weight
economiser, which is lined with
fireclay. The spreading of the
arc into a flame is produced by
Carbon
the magnetic field of a solenoid,
whose windings are connected in
Posit;:•o
series with the air.
Carbon
The characteristic colour of a
flame arc is produced by providing
the carbons with a core containing
Negative
flame-producing salts. The yellow
Carbon
arc is produced by using calcium
Guide
fluoride, the white arc with cerium
Tubes
fluoride, and the red arc with
Globe Rode
strontium fluoride.
AZ
Owing to the high resistance of
—Carbon
the carbons, a zinc or brass wire
Holder
is placed through the centre of
the core : this wire reduces their
resistance.
The rate of consumption of the
Ftg. 7.—CONSTRUCTION OF A CROMPTON DIFFERENTIAL
carbons is greater than those in
ARC LAMP.
an ordinary open type arc, and
near woodwork, the resistance frame is about zzin. per hour, and to reduce
should be separated from it with the amount of trimming the carbons are
asbestos. All woodwork or combustible made about 24 in. long.
material should not be less than 24 in.
The flame arc produces a large amount
measured vertically above, or 12 in. below, of ash and emits corrosive fumes ; they
and 6 in. measured in any other direction should not be used for indoor lighting
from the resistance. There should be no unless there is plenty of ventilation.
soldered connections to the resistance.
Magazine Flame Arcs.
Arc Lamp Mechanisms.
Owing to the rapid burning of the
An arc lamp is fitted with a mechanism carbons, flame arc lamps are sometimes
which will strike the arc and maintain it at fitted with a magazine which contains
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from 6 to 10 pairs of carbons. A new
pair of carbons automatically replaces the
pair which are consumed, and the ends
of the burnt carbons are ejected.
Enclosed Arc Lamps.
The supply of air to this type of arc
is limited by enclosing it in an inner glass
globe. The length of the arc may be
increased and a much better distribution
of light is obtained than that obtained
with the open type arc.
The arc lamp requires a higher voltage,
about 8o volts, and the consumption of
carbons is reduced. This type of arc is
specially suitable for photographic work
and blue printing, the rays of the arc
having a strong action upon photographic
plates and papers.
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Shunt
Solenoid

The Magnetite Arc Lamp.
This is a flame arc lamp and does not
use carbon electrodes. The negative
electrode is a thin walled tube of iron,
which is packed with a mixture of
chromium, titanium and iron oxide. The
mixture is the flame producing material.
This positive electrode is a copper alloy
rod. Good ventilation is necessary for the
efficient burning of the arc. This lamp
is made for use on small current circuits.
Crompton Differential Arc Lamp.
Fig. 7 shows the construction of a
Crompton differential arc lamp. A
rocking lever pivoted at P carries
two vertical soft iron cores so arranged
that they freely move up and down the
inside of two solenoids. A brake chain is
fastened to the lever at E, and after
passing twice round the brake drum,
is fixed at its lower end to a spring.
To the brake wheel are attached two
drums which are insulated from each
other and the wheel, but turn with it.
The whole is centred between two bearings.
A flexible copper cord is attached to one
drum and wound round it in a certain
direction, and its lower end connected
to the positive or top carbon holder. The
negative or lower carbon holder is connected to another copper flexible cord,
its end being attached to the second of
the drums and wound round it in the
opposite direction to that of the flexible

Fig. 8 -INTERNAL CONNECTIONS OF THE
CROMPTON DIFFERENTIAL ARC LAMP.

connected to the positive carbon holder.
When the brake wheel is turned in one
direction the carbons separate, and in the
other direction, they come together.
The Action of the Lamp Mechanism.
'hen current is switched on the current
passes round the series coil and on to the
drum on which is wound the copper
flexible connected to the positive carbon
holder, through the carbons to the other
drum and back to the negative terminal
of the lamp.
In doing so the core is sucked into the
inside of the series coil causing the rocking
lever to tilt, raising E and tightening the
brake chain. The brake wheel is given a
slight turn and the carbons separate.
The arc is now struck and as it continues
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should be protected with extra wrapping,
of proofed tapes, which must be coated
with anti-sulphuric enamel.

Horizontal
Plane

Vertical
Plane
Fig. 9 —LIGHT DISTRIBUTION CURVE FOR AN
OPEN-TYPE D.C. ARC WITH THE POSITIVE
CARBON UPPERMOST.
The maximum intensity of the light is given
at an angle of 45° downwards from the horizontal plane about the arc. All light in a
vertical direction downwards is cut off by the
negative carbon.

burn its resistance increases. The
pressure across the shunt coil now increases
and the core of this solenoid is sucked in
which causes the lever to tilt back again,
slackening off the brake chain, the carbons
feed together again and the arc is adjusted
to its normal length. This action is
repeated as the carbons are consumed and
thus the arc is maintained.
A plunger fixed to the end of the rocking
lever works up and down a dash pot and
maintains a smooth movement of the
lever when it is tilted.
This lamp is self focusing due to the
relative positions of the arc and the globe
always remaining the same. Fig. 8 shows
the internal connections.
to

ARC LAMP FIXTURES & SUSPENSIONS
Arc lamps should be so fixed that it is
impossible for them to swing into contact
with any metal work connected to earth.
The lamp as a whole must be insulated
from earth, and the suspension hook is
generally passed round a groove in a
substantial porcelain bobbin, which is
suitably fixed on the top of the lamp case.
When arc lamps are fixed in positions
exposed to the weather, the terminals
must be adequately protected from rain,
etc , and the cable connections to them

Arc Suspension Cord.
In some cases it may be necessary to
lower the arc to ground level for trimming
and cleaning. The arc lamp suspension
cord is carried over pulleys from the
suspension position, across the ceiling,
and down the wall, and the end wound on
a drum which is fixed on the wall at a
convenient height. The circuit cables to
the arc are terminated in a special suspension box fitted on the ceiling, and
which is provided with two annular metal
rings insulated from each other and from
the box. The ends of the cables are connected to the rings. The terminals of the
arc lamp are connected to two laminated
spring contact blades, which are fixed
in a vertical position on the top of the
arc lamp case. The contact blades are
insulated from each other and the fixing
to the case they are so spaced from each
other that when the arc lamp is wound up
into its suspension position, they make
contact with the annular rings fitted
inside the suspension box.
Arc Lamp Suspension Height.
Arc lamps should not be suspended at a
60°

600

✓ertical
Plane

600

Fig. I0.—LIGHT DISTRIBUTION CURVE FUR AN
ENCLOSED TYPE D.C. ARC WITH THE POSITIVE
CARBON UPPERMOST.
Most of the light flux is projected in the
lower hemisphere and a better distribution of
light is obtained than that from an open-type
arc.
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height less than 8 ft. from the ground,
and should be screened to prevent risk of
contact with persons.
Arc Lamp Globe Guards.
The globes should be provided with a
metal cage guard which will prevent
pieces of hot carbon or broken glass
falling from them.
Trimming and Cleaning Arc Lamps.
The carbons of an ordinary arc lamp
will burn for about 8 hours, after which
they will require to be renewed. The
operation of renewing the carbons of an
arc lamp is called " trimming," and this
will have to be done at regular intervals,
the time between intervals depending upon
the daily hours of burning. Neglect to trim
an arc lamp will mean failure of the arc,
and possibly burnt carbon holders especially
if the holders are able to meet each other.
Remove the burnt ends of the carbons
and carefully clean all traces of carbon
dust and ash from the carbon holders and
guide rods ; if the arc is of the flame type,
particular attention should be paid to the
cleaning of the economiser. The new
pair of carbons should be cleaned and
all traces of dust removed from them.
Fix the positive or top carbon securely
in the holder, tightening up the clamping
screw, and note that the carbon will be
in perfect alignment with the negative or
lower carbon holder. The negative or
bottom carbon is now fixed securely in its
holder, and the end of the carbon should
be fully covered by the end of the positive
or top carbon. Test the carbons, by
separating them, to ensure they will have
sufficient striking distance.
The globe is cleaned with soap and
water and carefully dried with a clean
cloth ; any refractory ash or dirt which has
been deposited on the globe may be removed
with a weak solution of nitric acid and
water, ioo parts of water to i part of acid.
The globe is now replaced and the lamp
switched on for a few minutes to ensure
correct burning.
MAINTENANCE OF ARC LAMPS.
Arc lamps should be overhauled at
regular intervals, the time between each
overhaul depending upon the condition,

Vertical
Plane
Fig. II.—LIGHT DISTRIBUTION CURVE FOR A
FLAME ARC.
No light is cut off by the negative carbon
and a good general distribution of light in the
lower hemisphere is obtained.

under which the lamp is used, and the
hours of burning.
The globe of the lamp is removed and
the cable connections to its terminals
disconnected; if the lamp is connected
direct to the circuit wiring, note the
polarity of the cables and the lamp
terminals, to ensure correct connecting
after the overhaul.
The suspension cord and hook is now
taken off the lamp case by removing the
pin which holds the porcelain suspension
bobbin, and the lamp is taken away to the
workshop or place where it will be overhauled.
Hang the lamp up to a suitable suspension hook by a stout cord, and remove
the case of the lamp, so as to expose the
mechanism and internal connections.
All the connections should be carefully
examined and tested for being tight,
binding screws being tightened up where
found loose.
Remove all dust from the mechanism,
pivoted rocking levers, solenoid cores and
windings with a sash tool, and finish off
by cleaning with a soft cloth.
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All bearings should be lubricated with
a trace of clock oil, and levers tested for
smooth action. Examine the working
of the dash pot plunger. Test the lifting
mechanism of the carbon holders and
examine the condition of the copper
flexibles and their connections to the
carbon holders. The carbon holder
clamping screws should not be too
tight : ease them, if necessary, by
running down the threads with a suitable
die.
Clean the guide rods, examine the
insulation of the terminals and note that
the mica insulating washers are not broken
or cracked.
Give the insulating covering of the
solenoid windings a coat of shellac varnish
and the outer case and frame of the lamp
a suitable coat of paint.
Examine the condition of the suspension
gear and steel cord : the cord should he
renewed if the strands are rusted or frayed.
Lubricate the bearings of the suspension
cord pulleys, and the winding drum.

Examine the safety catch of the drum
and test it for good working order.
Testing the Lamp after Overhauling.
Fit the correct size of carbons in the
holders of the lamp and connect the
terminals of the lamp in series with an
ammeter and suitable variable resistance
to a supply. Switch on the current, and
adjust the resistance until the correct
burning current for the lamp passes
through the circuit. Examine the arc
through a blue coloured glass and note
whether it is burning correctly and quietly.
If the arc is too short or too long, adjust
the lifting mechanism until the correct
length of arc is obtained. Allow the arc
to burn for two hours and check the rate
of consumption of the carbons.
Examine the annular metal rings in the
suspension box and clean them if they
are burnt or dirty. Adjust the spring
laminated contact blades to ensure they
will make good contact with the annular
rings when the lamp is wound up in its
suspension position.

PRACTICAL NOTES ON
1. Differences in Dielectric Composition of
600 meg. and 2,500 meg. grade
V.I.R. Cables, and Reasons Why it is
Inadvisable to Use 2,500 meg. grade
unless Voltage Demands it.
The difference in these two grades lies
principally in the greater percentage of
rubber in the 2,50o megohm grade cable.
The additional rubber in the mixing
gives higher insulation resistance. On the
other hand, india-rubber is an unstable
material, subject to deterioration with
time. The greater the percentage of
rubber in the dielectric, the more liable
is this deterioration to take place, particularly with high temperatures.
Should comparatively low insulation
resistance only be necessary, as is usually
the case (i.e., for, say, 240 v. circuits),
boo megohm grade cable may safely be
specified ; and if the cable has to withstand high temperature continuously, it is
preferable to install this grade.
2. Relative Advantages of Ordinary V.I.R.
Cab Tyre and " Ite " Cables in Damp,

CABLES

Hot and Dry Situations, also Paper
Insulated Cables for Sub-mains.
The usual and well-tried construction
of rubber dielectric consisting of 3 layers
pure, separator and jacket vulcanized
together has not proved altogether satisfactory under certain special conditions.
Under such circumstances a modified
rubber dielectric, under various proprietary
names, usually known as " ites "—is
frequently used.
It must be understood that ordinary
V.I.R. insulation consists of rubber compounded with certain ingredients, such
as zinc oxide, french chalk, sulphur and
certain colouring pigments, etc., forming,
therefore, a highly intricate mixture or
compound usually containing, say, from
4o per cent. to bo per cent. rubber. On
the other hand, in the case of the " ite "
cables, the mixing referred to above has
been modified as a result of modern
experience, and ingredients of a bituminous
nature have been introduced in place of
certain other constituents. These are said
to fill the pores of the rubber, rendering it

PRACTICAL NOTES ON V.I.R. CABLES
less hygroscopic, less liable to oxidation
and less liable adversely to affect the
tinning of the conductor. It does not,
however, follow that the percentage of
rubber is less in the so-called compound
or " ite " insulation than in ordinary
V.I.R. insulation. In fact, it may well
happen that an " ite " cable may contain
more rubber in its insulation than ordinary
V.I.R. cables.
The " ite " material, toughened somewhat, may be used as a sheath for cables
and has greater weather resisting properties than ordinary T.R.S owing to its
anti-oxidising nature, which renders it
less liable to harden and crack. Its
mechanical strength and elasticity, however, are not so great as those of ordinary
tough rubber.
There is very little to choose between
ordinary V.I.R. taped and braided cable
run in conduit and V.I.R. insulated cab
tyre sheathed cable run on the surface in
hot and dry situations. It is desirable,
however, that in such situations the cab
tyre (or tough rubber) should be protected from the atmosphere by braiding
and suitably compounding it on the outside.
Tne " ite " cable, although better able
to withstand hot and dry situations, is,
owing to its mineral rubber content, liable
to soften somewhat and could, with
advantage, also be protected by braiding
and suitably compounding.
Objections raised against Paper Insulated
Cables.
Paper insulated cables are very suitable
for sub-mains. The objections usuallyurged against this type of cable by contractors or others responsible for an
installation are largely due to lack of
understanding of the full characteristics
of modern paper insulated cables. Such
objections are : —
(a) That the ends require the use of
sealing boxes.
(b) Tnat long vertical lengths are subject
to leakage of oil at the lower end and
even to bursting of the lead due to fluid
pressure.
For the low voltage usually associated
with sub-mains, sealing boxes can sometimes be omitted and if the cable end is
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properly prepared, taped and varnished
it may be relied upon to last many years
without giving any trouble whatsoever.
With regard to (b) , the paper itself
holding the oil in suspension obviates the
possibility of fluid pressure at the base
of a building of a height at all likely to
be encountered in this country, particularly if the cable is drained. To ensure
freedom from leakage of oil at the lower
end of a vertical run, the cable should be
specially drained of all surplus oil by
means of suitable plant, in the course of
manuf act ure.
3. Is Pure Rubber an Advantage in V.I.R.
Insulation ?
This question is wrapped up with that
of the tinning of the copper conductor
It was originally supposed that the
tinning of the conductor prevented free
sulphur, present in the rubber, from
attacking tl-e copper and that the layer
of pure rubber assisted in this by acting
as a separator. It is now known that the
reverse takes place, i.e., that copper
reacts on the rubber and eventually
destroys it. The tinning of the copper
prevents this action. On the other hand,
free sulphur in the rubber will, in the
presence of moisture, form sulphuric acid,
attack the tin and dissolve it away, thus
leaving the copper free to attack the
rubber. The layer of pure rubber is
actually more easily attacked than the
vulcanized rubber and is, therefore, under
some circumstances, actually detrimental
to the cable. It does not serve as a
satisfactory separator between the vulcanized rubber and the conductor, since
sulphur is found to migrate freely through
the pure rubber, hence it would appear
that the layer of pure rubber could well
be dispensed with.
On the other hand, where high insulation
is required, a layer of pure rubber is useful
since the insulation resistance of pure
rubber, as exj ressed in megohms per mile,
is considerably higher than that of the
vulcanized india rubber.
Thanks are due to Messrs. Johnson,
Phillips, Limited, the well-known cable
manufacturers, for the above information
supplied by one of their cable experts.
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THE INSTITUTION OF ELECTRICAL
ENGINEERS
HE Institution of Electrical Engineers was founded in 1871 as
the Society of Telegraph Engineers.
With a modest beginning of 71 members
in the first year of its existence, it has
to-day (1932) 14,883 members, composed
of the following classes :
..
13
Honorary members
•• 1,970
Members . .
..
Associate Members
.. 5,820
115
Companion,
. . 1,540
Associates ..
Graduates . .
•• 2,500
.. 2,925
Students . .

T

14,883

Founders of the Institution.
The actual founders of the Institution
were Major (afterwards Sir Francis) Bolton
and Captain (afterwards Major-General)
C. E. Webber, R.E., who had in their
enterprise the active co-operation of the
two Varleys (Cromwell and Alfred), Lord
Lindsay (afterwards the Earl of Crawford
and Balearics), Captain (later Colonel)
E. D. Malcolm, R.E., C.B., C. W. (later
Sir William) Siemens and Robert Sabine.
That the Institution would increase in
numbers and multiply its activities was
clearly seen by its founders, as is evidenced
by the words of almost prophetic vision
used by Cromwell Varley, the distinguished
electrical pioneer, in a speech which he
made at the opening meeting of the societyon February 28th, 1872, when he said :
" This society, I assume, will gradually, by
natural selection, develop more into an
electrical society than into a society of
telegraphy proper ; and the moment it is
understood that all papers on electricity
or bearing directly upon the development
of electrical science are admitted, it at
once takes the science out of the narrow
groove into which it seemed to be drifting,
into the most extensive of all grooves,

because it will be found ultimately to
embrace every operation in nature."
Early Days.
In its early days the Society of Telegraph
Engineers was necessarily concerned mainlywith telegraph matters, but as the science
of electricity developed it changed its
name in 188o to " The Society of Telegraph
Engineers and Electricians " with the
object of indicating more clearly its scope
and the eligibility of persons engaged in
all or any branches of electrical science
for membership of the Society. A further
change of name was made in the year
1888 to " The Institution of Electrical
Engineers " in consequence of the great
development which took place about that
time in the application of electricity to
lighting and heavy engineering, the term
" electrical engineer " being substituted
as embracing all classes of members of the
Institution.
Granting of a Royal Charter.
In 1921 the Institution was granted a
royal charter of incorporation, and its
objects, as set out in its charter, may be
summarised a, follows :—
" To promote the general advancement
of electrical science and engineering and
their applications, and to facilitate the
exchange of information and ideas on
these subjects by means of meetings,
exhibitions, publications, the establishment
of libraries, the giving of financial a-sistance to inventors and experimenters, and
any lawful deed conducive to the attainment of its objects."
The membership of the Institution
consists of honorary members, members,
a•-sociate members, who are known as
corporate members ; and companions,
associates, graduates, students, who are
known as non-corporate members.
Honorary members are persons distinguished by their work in electrical
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science or engineering or whom the
Institution desires to honour for special
services rendered to it.
Those who belong to the class of
member (M.I.E.E.) or associate member
(A.M.I.E.E.) are entitled to the designation
" Chartered Electrical Engineer."
CONDITIONS FOR MEMBERSHIP.
The following abbreviated particulars
of the conditions for membership may be
useful to those who contemplate making
application for election into the Institution
or for transfer from one class of membership
to another :—
Member.
Must have had five or seven years'
superior responsibility as an electrical
engineer, and have been an associate
member for at least three years.
Associate Member.
Must pass the graduateship examination
or possess an exempting qualification or
(if permitted to do so by the council)
submit a satisfactory thesis in lieu of
examination and have had from two to
five years' experience in a position of
responsibility as an electrical engineer.
The council may, in special circumstances,
waive the examination or thesis in the
case of candidates over 4o years of age.
Companion.
This class is limited to those who, while
not electrical engineers, hold important
positions connected with electrical work,
in commerce, finance, law or science.
Associate.
Similar responsiblity to that required
for an associate member, for a minimum
of five years ; no examination or thesis is
required for admission to this class.
Graduate.
Must be at least 21 years of age and pass
the graduateship examination or hold an
exempting qualification approved by the
Institution.
Student.
Must be a student of electrical engineering, or apprentice, pupil or assistant to a
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corporate member and under 28 years of
age.
The Institution numbers, or has numbered, among its members practically
every person of note in the electrical
engineering profession and is to-day a
powerful influence in the promotion of
its objects. The Government recognise it
as the representative body of British
electrical engineers.
Principal Activity.
The principal activity of the Institution
is the holding of meetings for the reading
and discussion of papers. In addition to
the ordinary meetings, there are meetings
of special sections to discuss papers on
wireless engineering and on meters and
instruments, including protective apparatus. Further, fortnightly informal meetings are held throughout the session.
Local Centres and Sub-Centres.
With a view, as far as possible, to
giving members in the provinces and
abroad facilities similar to those enjoyed
by London members, the Institution has
established local centres and sub-centres
with headquarters at Birmingham, Bristol
and Cardiff, Dublin, Dundee, Glasgow,
Leeds, Liverpool, Loughborough, Manchester, Middlesbrough, Newcastle-onTyne, Portsmouth and Southampton,
Sheffield and Swansea. Centres are also
in existence at Buenos Aires and Shanghai.
There are also eight students' sections
for the reading and discussion of papers
by students, their headquarters being at
London, Bilmingham, Edinbuigh and
Gla-gow, Leeds, Liverpool, Manchester,
Newcastle-on-Tyne and Sheffield.
The Institution has its own building on
the Victoria Embankment, which it purchased in 1909 from the Royal Colleges of
Physicians and Surgeons, an entirely new
lecture theatre being built, with a seating
capacity of 45o.
The Reference Library.
The Institution possesses the finest
collection in the world of works on electrical
science and engineering, the number of
volumes being about 16,50o. This collection constitutes the reference library,
but in order to provide facilities for those
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who are unable to consult it personally,
there has been established a comprehensive lending library for the use of its
members. The Institution also has the
custody, under trustees, of the Ronalds'
library, consisting of some 6,000 volumes
and pamphlets, mostly of early dates.
Further, the Institution is the possessor
of the very fine library of the late Dr.
Silvanus Thompson, which was purchased
by a number of his friends in 1916 and
presented to the Institution.

tions for the use of electricity on ships_
These regulations, which have been of the
utmost value to the electrical industry and
the public in ensuring satisfactory results,
including safety from fire and shock, are,
of course, not intended to take the place
of detailed specifications or to instruct
untrained persons.

Outstanding Classic Papers.
Members have the privilege of attending
its meetings and of receiving its very
valuable journal, reference to which will
show that it has always been in the van of
electrical science and invention and of
their applicati, ns, and all the great
advances made during the last 6o years
or so have been recorded in its pages. As
notable among the more classic papers
which have made history in the development of electrical engineering, the following
deserve special mention : " Induction Between Parallel Wires,' by 0. Heaviside ;
" The Theory of Alternating Currents and
Magnetism," by John Hopkinson ; " Selfinduction and Magnetism," by David
Hughes ; " Meters and Motors," by Ayrton
and Perry ; " Measuring Instruments," by
Lord Kelvin ; " Magnetism," by Gisbert
Kapp ; and " Oscillatory Discharges," by
Sir Oliver Lodge.

" Science Abstracts."
In addition, the Institution publishes
" Science Abstracts," which appears
monthly in two sections, namely, Section
A (Physics) and Section B (Electrical
Engineering), and consists of full abstracts
from the leading scientific and technical
journals and the proceedings of learned
societies of the whole w'oild, so presenting
in a form convenient for immediate
reference a complete and concise record
of the progress of physical science and
electrical engineering. This publication is
supplied to members of the Institution at
rates of subscription considerably below
those paid by the general public, and in
the case of students and junior graduate
members of the Institution, the subscription is as low as 5s. per annum for
one section only or 7s. 6d. for both.
The Institution is a substantial contributor to the funds of the British
Electrical and Allied Industries' Research
Association and to the British Standards
Institution, formerly known as the British
Engineering Standards Association.

Publications.
Other publicatioks of the Institution
are the wiring regulations for the electrical
equipment of buildings and similar re gula-

Where to Apply for Membership.
Those desirous of seeking membership
of the Institution should apply to the
Secretary, Savoy Place, London, W.C. 2,
for particulars and application forms.
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ELECTRICAL TARIFFS
By H. W.

JOHNSON

TARIFFS IN OPERATION.
Example of the Quarterly Charge for
Energy on the Flat Rate System.
The Flat Rate.
HIS is the simplest tariff and is
s. d.
readily understood by the public. Lighting rate ..
o 4 unit.
o ' unit.
A fixed rate per unit of energy Power rate ..
rent ..
2 6 quarter.
..
..
taken by the consumer is made. Energy Meter
charge per quarter
for lighting is charged at a higher rate Minimum
exclusive of Meter rents ..
15 0
than energy taken for power purposes, Date Meter readings.
Lighting. Power.
1258
because lighting is generally only required Jan. 5th ..
••
495
••
538
1410
at times of the day when the demand on April 6th ..
the supply station may be heavy, whereas
152
Units consumed
43
energy for power purposes may be required
at times when the demand is much lower.
Total charge for the quarter, including meter
In addition to the charge per unit some
152 xi
43 X4
+ 5 shillings
rents
supply companies make a meter rent
12
12
charge. A consumer who requires energy
I. I2S. od.
Discounts for
for lighting and
Large Conpower purposes
8
sumers.
will therefore
Large con have two meter
sumers are often
rents, one for
given discounts
the lighting
on all energy
meter and
taken over a
another for the
6
certain amount
power meter.
during t h e
There is generalquarter, or somely a minimum
times a falling
charge made per
rate
is given as
quarter for
.1' AR
the consumption
energy, the
5
14
increases beyond
charges for the
PArei
Pgk
1
°
1 A
certain specified
energy taken
RA
OFF 40
WHERE CHARGES ARE
amounts. Stores
during that
IL
...AOC RATHE SAME ON THE Two
which use energy
quarter are less
5*-.5-r4-Ais 0, C,4:4eak-s:D ' '•• • c:1 1/4°'
.0i2 EQUAL, ENERGY
I 2., 6
60 -f"
, mIrr
for shop window
than this miniCoNsuniA.rioms.
VP`,012 ."
lighting after
mum charge.
310 UNITS
closing hours for
This minimum
advertising purcharge and the
poses are often
meter rents regiven a two-rate
present the contariff, the lower
sumer's share of
rate operating
the preparation
after a certain
costs of the
400 SOO
60C hour in the evensupply station, 0 /00 200 300
CONSUMPTION UN/TS
and is indepen- Fig. I.—CHART SHOWING COMPARATIVE CHARGES FOR ing when the
dent of the en- ENERGY CONSUMPTION ON A SINGLE FLAT RATE AND demand on the
supply station is
ergy consumed.
A DOMESTIC TARIFF RATE.

T

lip/ ,
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diminished. A two-rate tariff meter will pelled to consume a certain amount of
be installed and the change, from one set energy in order that they may have full
of dials reading the units consumed at advantage of the rate. Only one meter is
the higher rate to the other set of dials required as no distinction is made whether
reading the units at the lower rate, will the energy is required for lighting or power ;
be made with a time switch.
of course, the fixed charge on the rateable
value of the premises is such that it would
be almost impossible for the consumer
I
I
I
to
use the energy which must be taken for
FLAT RA7-E - lo, 20.,So a. 40. PER UNIT
((
lighting purposes only.

8

DOMES-77c 7:q/e/....,/7,47w -1/2 % On/
W
, /E RATEABLE VALUE OF 77,w
P.E.tivt/sS PLUS 3/40. PER 1/1%77Aba ALL L/A//7 3 CONSUMED.

11.~IS

,5)

F

14

nr
AV
vr

5

Example of a Quarterly Charge on the
Domestic Tariff Rate.
Charge.-12 per cent. of the rateable value of
the premises + id. unit for all energy taken.
Premises.—Rateable value Eioo per year;
energy for all purposes 800 units.
Quarterly charge = E,3 800x 3= E5 los.
4 X 240

Of%/ALI/

RAT B4131FAQ
117

.i750,f.

im

041
.5.00

Alle )/4'4'2 off.
77
r

A .i' '' '
r
0v
2

.i25)'
0• Liriff
/

kf/N/A4L/A4 CNARGES,/n/cLuo/NG
METER RENT, ON 07/E PLAT
RATE SYSTEM.
I
I
/00 200 300 400
500 600
COMBLIMPT/ON UN/TS
+

0

A problem which often confronts a
prospective consumer is to decide how
many units must be consumed in order
that the domestic tariff rate may be
adopted with advantage. It is assumed
that the consumer will have a normal
lighting consumption, no matter which
tariff will be adopted.

Fig. 2.—CHART SHOWING COMPARATIVE CHARGES
FOR ENERGY CONSUMPTION OF VARIOUS SINGLE
FLAT RATES AND DOMESTIC TARIFF RATES.

The Domestic Tariff Rate.
The charges made on this system are
generally based on the rateable value
of the consumer's premises and, in addition,
a small charge per unit of energy taken.
Twelve per cent. of the rateable value of
the premises plus id. per unit consumed
is an average charge on the domestic
tariff rate.
Consumers who adopt this rate in preference to that of the flat rate are corn-

Calculation of Minimum Number of
Domestic Heating and Power Units
per Quarter, in Order to Obtain any
Advantage from the Domestic Tariff
Rate.
D.T.R. CHARGES.
FLAT RATE CHARGES.
12 per cent. on the
Lighting, 4d. unit.
rateable value of the
Domestic Power, id.
consumers' premises
unit.
± id. unit for all
Meter rent, 2s. 6d. per
energy taken.
meter.
Rateable value of Premises, Eioo per year ;
normal lighting consumption per quarter, roe.
Let x = No. of domestic power units to be
taken in order that the D.T.R. may be adopted.
Cost per quarter on the Flat rate = Lighting
charges + Domestic Power charges -I- Meter
Rent = (loo x 4) ± (x x 1) + 6o pence.
Cost per quarter on the D.T.R. = 12 per cent.
of rateable value of premises + charges for
all energy = (240 X 3) + (loo x) pence.
When the charges are equal
(Ioo x 4)
(x x 1) 4- 6o = (240 x 3) -Fi (Ioo+x)
x
x = 72o + 75
46o
(x — x) = 775 — 46o = 315
x = 315
x = 1,26o units.

The consumer must therefore take
more than 1,26o units for domestic power
purposes in order that he may adopt the
D.T.R. with advantage.

ELECTRICAL TARIFFS
Fig. 3 (Right). —CHART SHOWING COMPARATIVE CHARGES FOR ENERGY CONSUMED FOR HEATING AND LIGHTING ON
A DOUBLE FLAT RATE AND A DOMESTIC
TARIFF.
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The Maximum Demand System /400
of Charging.
This system was first intro- ti4 /20,0
duced at Brighton by Mr. Wright.
The principle of charging on this
system consists of charging the
consumer on his maximum demand,
and the units consumed. The kb 800
demand charge ensures that the ti
consumer will pay his share of the
preparation costs of the supply •roK coo
station, and his charge for units
consumed pays for the maintenance a 4-00
costs of the station. Two instru- N
ments are required for making the 200
charges, namely, a maximum
demand indicator which will give
a permanent record over a stated
0
period of the highest demand the
consumer has made on the supply,
and an energy meter which records

/600
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his consumption of units during
that period.
The rate is generally expressed as
a fixed charge per KW of maximum
demand over the stated period,
plus a charge per unit of energy
taken. A variation 'of this may be
a charge for all units consumed at
the maximum demand rate for a
specified number of hours per
quarter, these units are calculated
at a special rate, plus an additional
charge for all units above this calculated number at a lower rate.
This variation is generally offered
to large power consumers and
will specially discourage them from
taking a heavy demand for short
periods, and on the other hand it
Fig. 4 (Left) — CHART SHOWING COMPARATIVE CHARGES FOR HEATING
ENERGY CONSUMPTION ON VARIOUS
DOUBLE FLAT RATES AND DOMESTIC
TARIFF RATES, EACH SYSTEM HAVING A
NORMAL LIGHTING CONSUMPTION OF 80
LIGHTING UNITS PER QUARTER.

182o
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will be advantageous to those whose
demand is steady and continuous.

Calculation of Quarterly Charges on a
Maximum Demand Tariff.
Charge.—La per KW of max. demand per
quarter, plus id. per unit taken.
Max. demand meter reading = 4 KW, consumption 5000 units.
Total cost
=

X 2) + £5000
480
£10. 8s. 4d.
8s. 4d.

consumption will have to be in order to
adopt a maximum demand rate in preference to a flat rate. Assuming the maximum demand is 4 KW and the rates
offered are (a) A flat rate of 2d. per unit
(b) A maximum demand rate of 6d. per
unit for the first ioo hours at the maximum
demand rate, per quarter, plus id. per
unit for all units in excess of these calculated number of units.

Calculation of Consumption.

Let x = consumption in units per quarter.
Cost of units on
the flat rate = 2%
I
I
I
I
I
7/71R/FF'-6.0 PER ZPV/T FOR THE PR'S,- /00 HOLIES
pence.
z
OF MAX DEMAND PLUS k.
2 D. PER UNIT FOR ANY
UN/ TS IN EXCESS OF 77-'ESE CALCULATED UN/r5.
.9
Units at the max.
6 240 I,
demand rate = 4 X
E.G. /r MAX DEMAND /520 NW, THE F7RS7- 2000
z oo = 400.
UNITS ARE RECKONED AT ED A 'VIE REMAINDER
In
AT V20. PER L/N/7k.
Cost of max. de2.. V
mand units = 400 X
6 = 2400 pence.
Units in excess of
i
max. demand units
,60 q
i
.1
= (x — 400).
4.1
05
R tz,
Cost of these exfirrfria
/20 Q ..q
cess units =
aR UN rr
-r
P
(x — 400)
Cos
ti,;
pence =
2
I:
1,X — 200 pence.
80 (r)
Total cost of units
C.1
on the max. demand
1,
4
rate = 2400 (Ix —
40-n
zoo) pence.
.---2200 +ix pence.
When the charges
80
/00
40
60
0
20
on the tariffs are
MAX. DEMAND AN
equal 2X=-2200 +1X
Fig. 5.—CHART GIVING THE TOTAL CHARGES FOR ENERGY AT COST PER UNIT Ix = 2200
ON A MAXIMUM DEMAND TARIFF WITH A CONSUMPTION OF 12,000 UNITS.
2200 X 2
x—
3
Charge.-6d. per unit for the first f oo hours
4.400
— 1466 units.
at the max. demand rate, per quarter plus id. per
3
unit for all units in excess of these calculated
number of units.
Max. demand meter reading = 4 KW, conTherefore the consumption must be
sumption 5,000 units.
more than 1,466 units.
Units at the max.
demand rate
=
4 X Icio
A charge on the estimated demand only,
Cost of these units
is sometimes made, irrespective of the
X Ioo
at 6d. per unit =
—
amount of energy taken. This charge
40
generally applies only to small lighting
Units in excess of
these at Id. per
consumers, whose consumption does not
unit ..
(5000 —400) =4,600.
justify the expense of installing and
quarterly reading of a meter. The
Cost of these ' ' =
£4600 = £9. 13s. 9d.
48o
supply company make a statement
Total cost
£10 + £9. 13s. 9d.
of the various lamps which are
13S. 9d.
installed, and from the total power
A problem which the consumer may
they take, the estimated demand is
have to decide will be to know what the
obtained.
7

tau
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THE CATHODE RAY OSCILLOGRAPH
By C. A. QUARRINGTON
(of A. C. Cossor, Ltd.)

T

HE cathode ray oscillograph tube is so wide
in its :application that
it becomes extremely difficult
adequately to define it, but,
broadly speaking, it is a device
whereby a wave form or
electrical movement can be
thrown in visible form on to a
screen. For example : if an
ordinary source of A.C. is
applied between one pair of
plates and some form of time
base on the other pair, the
actual wave form will be shown
on the fluorescent screen and
amplitude frequency and
actual form can be observed.

Investigation of Higher
Frequencies.

Reference to Fig. 3 will show
that the filament is enclosed
in a round tubular shield.
This is called the focussing
shield, and should not be
confused with an anode.

How the Beam is Focussed.
The filament is heated to
a suitable temperature, and
a beam of electrons is thrown
off and drawn by the gun
through the hole in the bottom
of the gun electrode. This
beam of electrons is controlled
by the potential applied to
the focussing screen so that
the width of the beam can
be narrowed to a pin point
by means of suitable negative
potential, assisted by the small
quantity of rarified gas with
which the tube is filled to a
pressure of the order of 2 X 104
rms.

Fig. i shows the type of
oscillograph tube on which
the foregoing remarks are
based, which is one recently
designed by A. C. Cossor,
Limited, of London, N.5, and
The Fluorescent Screen.
is the subject of a patent
Further reference to Fig: 3
will show that if the beam
application. This tube which,
1.—THE COSSOR CATHODE is correctly focussed it will
incidentally, is entirely British
RAY OSCILLOGRAPH.
has many unique features,
pass in a vertical line between
the chief among
the two pairs of
which are the very
deflector plates and
low interplatecapaccontinue onwards
ity, making possible
until such time as
investigation of
it impinges on the
higher frequencies
fluorescent screen.
than has hitherto
It should be menbeen possible, the
tioned that the
sharpness and
fluorescent screen is
brilliance of the spot
composed of a
and the low gun
material which has
voltage at which the
the property of
tube will work. In
glowing when
Fig. 2.—SHOWING THE COMPLICATED IMAGE
addition, the price THAT IS POSSIBLE WITH THE CATHODE RAY
bombarded by
OSCILLOGRAPH.
makes it within the
electrons. The
This is a comparison between two frequencies,
reach of any private 5o cycles and 1,05o cycles, the latter having
screen in this
investigator.
particular tube is
very strong harmonics.
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such that slight afterglow is present,
which assists persistence of vision,
making it possible to observe transients
which would be too rapid without this
persistence. The feature of the screen
used is that a highly brilliant image is
obtainable:with gun voltages as low as

a visual representation of differences in
potential.

How the Beam can be Controlled.
The beam, on its upward travel, goes
centrally between the two pairs of deflector
plates. As the beam is composed of
negative electrons it would be
attracted by a positive plate and
Screen
repelled by a negative plate. Thus,
if an alternating potential is
Bulb
applied to a pair of plates the
Supports
spot will travel backwards and
forwards in a straight line making,
if it travels fast enough, a line
creep
of apparently solid structure which
will indicate the amplitude of the
oscillation. Therefore, even if its
Plates Px
frequency were unknown, the
voltage could be measured by
Plates Py
comparing the length of the line
Gun
against a similar line set up by
an oscillation of known amplitude.
Focussing
Shield
Amplitude against Time.
Filament
Inside.
When studying wave form it is
Foot
(Focussing
usually necessary to compare the
Shield)
(Stan shape for
rise in voltage against time, and
greater clearance, it will therefore be necessary to
bring the second pair of plates
Gun Lead
into
use by applying a suitable
Out Wire
time base, which might reasonably
consist of suitably attenuated A.C.
mains. As the pairs of plates are
at right-angles, the spot will be
dragged in two directions, one
being
dependent upon time and
Base
the other upon amplitude, and
as there is only one spot it must
take the direction of the mean
difference between the two forces,
which will result in its tracking
Ftg. 3.—How THE CATHODE RAY OSCILLOGRAPH IS the familiar form of graph illusCONSTRUCTED.
trative of alternating current, i.e.,
amplitude against time. There
are numerous applications which are dealt
500, but the tube will stand 3,000 volts
without distress. There is also another with below, the one above being used to
type available without afterglow for use demonstrate the action of the tube.
with photographic apparatus.
Continuing the investigation of the Applications Requiring a Time Base.
actual working principles, it has been
The uses of the tube can be divided
made clear how the beam is focussed and into two broad classes, namely, where a
directed on to the fluorescent screen, and time base is required and where a time
it now becomes necessary to see how the base is not required. The former class
beam can be controlled so that it makes includes practically all general studies of
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wave form. Across one
pair of plates, say,
the Px pair, is placed
a time base potential PHI
x
of known behaviour so
Pz
that the spot will travel
bun
backwards and forwards in a straight line
10,00052
11
in a known manner.
The voltage under
H.T—
investigation will now
be applied to the other
pair of plates, usually
referred to as Py, in
a manner which has
L.T—
already been indicated.
Fig. 4.—STANDARD CIRCUIT FOR USING THE OSCILLOGRAPH.
Sometimes it is
convenient to use the
A.C. mains as a time base, but more bulb is clear glass, markings can be made
generally it should be linear, in the sense with a glass pencil to indicate limit. In
that the spot makes its excursion at a this direction a time base may prove
uniform speed, and returns rapidly to its useful, as it is easier to observe the extent
beginning. Investigations requiring a to which the wave form will rise.
time base split themselves up into two
subsections—periodic, including studies Voltmeter or Ammeter.
The cathode ray tube is a very conof alternators, transformers and ripple on
direct current, and transient phenomena venient form of voltmeter when the
which includes sparks, atmospherics and frequency being measured is unknown.
The difference of potential to be measured
the making and breaking of circuits, etc.
is applied over one pair of plates and the
Applications not requiring Time Base.
length of the line measured and reproThe applications of the tube to electrical duced by a controllable source of known freengineering fall very largely into this quency which can afterwards be measured.
group, as it includes the synchronisation
Should it be desired, for any reason, to
of alternators, studies of phase relation- measure D.C. the displacement of the spot
ship, frequency comparisons and monitor- should be measured, as obviously no coning, in addition to observations of valve tinuous line will appear. For measuring
characteristics, input and output of ampli- current a pair of coils would have to be
fiers, radio direction finding, R.F. standard- rigged up so that the beam is deflected
isation and provides a voltmeter or magnetically, and the same procedure
ammeter with an amazing frequency adopted as for measuring voltage.
range ; this latter is made possible as the
Synchronisation of Alternators.
beam has practicable negligible inertia.
The cathode ray tube provides a parMonitoring.
The cathode ray tube may advantage- ticularly attractive method of alternator
ously replace the usual volume indicator synchronisation. Suppose that the output
used for monitoring, radio broadcasting, voltage of alternator No. i (phase I if
gramophone recording and talking picture
0.25MQ
recording. The speech voltage that is
required to be monitored should be put
across either pair of plates, and the resulting line observed. Its length will vary in
relationship to the voltage imposed, and
Optional
by observation it can be kept within the
Fig. 5.—THE SIMPLE FORM OF ELIMINATOR
predetermined limits ; as the top of the
MADE POSSIBLE BY THE LOW CURRENT.
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used to screen the tube. It is
suggested that a convenient method
would be to fit the tube into a
section of iron drainpipe, capped
at the lower end and being some
Fig. 6.—SIMPLE CIRCUIT FOR PRODUCING A TIME BASE twelve inches longer than the tube.
(NOT TRULY LINEAR)
The chief operating data of the
particular tube is as follows :
polyphase) is suitably stepped down and
The Cathode Ray Oscillograph
applied to plates Px of the oscillograph,
Filament current (amps)
0.7- .
Filaments voltage
o 4-0 8
and that alternator No. 2 is similarly
*Gun voltage
300-3, 000
applied to the plates Py.
*Shield voltage
o '10-200
If alternator No. i is running and No. 2
Gun current (microamps)
10-200
is 'dle, the spot will trace a straight line fElectrical sensitivity
35o mms. per volt
in the direction of a line running at
V
tMagnetic sensitivity
right angles to the plates Px. If No. 2
81 mms. per gauss
is now started up, the resultant
pattern goes through some very
peculiar convulsions until
synchronisation is approached ;
the pattern then ranges between
the following extremes—
'. A straight line at 45° in,
say, the positive quadrants
indicating synchronism, correct
phase and equal voltage.
2. A straight line in the
Fig. 7.—IMPROVED CIRCUIT GIVING MORE EXACTLY
positive quadrants at an angle
LINEAR TIME BASE.
other than 45° indicating
Interelectrode capacity between
unequal voltages but correct phasing
opposite plates
1.5 111.1.F.
and synchronism.
Interelectrode capacity each
3. A narrow ellipse with long axis in
6 iLt..t. F.
plate to gun
the positive quadrants indicating small *Relative to filament. 500 volts on gun is
ample for most visual purposes, but tube
differences in phase.
will stand 3,000 without distress.
4. A straight line or narrow ellipse with
tHere V =gun voltage and / is length of beam
long axis in the negative quadrants
passing through magnetic field (mms.).
indicating phase opposition.
5. A more or less circular figure indicat- Standard Circuit for Cathode Ray Tube.
Fig. 4 shows the standard circuit
ing phase quadrature.
arrangement for using a cathode ray tube.
Screening the Tube.
It will be seen that the gun is earthed
Naturally, great care must be taken to and that therefore the filament and shield
see that stray fields do not affect the circuits are live to earth and must be
beam, and obviously some method must be suitably insulated. For heating the
filament an ordinary 2-volt
H.7:+
accumulator is adequate, but
particularly delicate adjustment
of current is necessary and the
use of 2 rheostats in series, one
having a resistance of 4 ohms
and the other z ohm is suggested.
A filament ammeter, as shown
in the diagram Fig. 4, is highly
H.T.
Fig. 8.—SIMILAR CIRCUIT AS FIG. 7, BUT ADAPTED FOR desirable.
SYNCHRONISING TIME BASE WITH WORK.
Negative shield bias may be

THE CATHODE RAY OSCILLOGRAPH

free bias taken off the return space current
as shown, for which purpose a good potentiometer of about 2 megohms is needed ;
alternatively a conventional 50,000 ohms
potentiometer and
battery may be used.
Using a Simple
Eliminator.
The high tension
current is negligible,
so a very simple
eliminator is possible with resistance
smoothing, Fig. 5
indicating the connections. It is
preferable to insert
a protective resistance of, say, Io,000
ohms in the positive
H.T. lead. Finally,
with regard to the
deflector plate circuit, this is clearly
a matter of circumstances, the
only general rule is
that deflector plates
should have a
metallic connection
to the gun. Plates
not being used can
either be shorted
to gun or shorted
to a bias battery if
it is desired to
centralise the
picture.
Time Base Circuits.
Figs. 6, 7 and 8
show very interesting circuits for
producing the time
base, and doubtless
have other quite
different
applications. The circuit,
Fig. 6, shows a neon
tube in conjunction
with resistance and
condensers. When
the voltage across
the condenser C

reaches the striking voltage of the
lamp a discharge occurs, and if the
resistance R is not too low, the condenser
will discharge to the breaking voltage of
the lamp ; it will
then immediately
start to recharge to
the striking voltage,
and so the process
continues. The
striking and breaking voltage is in
the region of 200
and has a difference
of about 3o volts,
which is a convenient amplitude for
the time base. This
circuit does not give
an absolutely linear
time base, but has
the advantage of
simplicity.

9 —THREE IMAGES OBTAINED WITH
THE CATHODE RAY OSCILLOGRAPH.
Top : Voltage wave-form of mains.
Centre : Resulting primary current waveform, showing iron hysteresis effect (iron
underloaded). Bottom : Resulting primary
current wave-form as in centre, but with
iron overloaded.
Fig.
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Calculating the
Period of the
Time Base.
The period of this
time base is :—
V„
CR
V,—V„,
Vb is the H.T.
voltage.
V,„ is the mean
voltage of the
neon lamp.
V" is the difference
between the
striking and
breaking voltages.
(The units are
farads, ohms,
volts and seconds.)
When a more
perfectly linear time
base is required Fig.
6 can be modified
by the substitution
of the resistance R
for a constant
current device ,
such as, a saturated
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diode. The period of this time base
is :—
V,1
C
IS
Where IS is the saturated current
supplied by the diode. A convenient
diode is a triode with plate and grid
connected together, a bright emitter valve
being preferable.
Synchronising the Time Base to the Work.
Finally, we may add to either of the
last two circuits a refinement of great
importance, namely, a device for syn-

TWO POINTS ABOUT LEADCOVERED CABLES.
1. Action of Lead-covered Cable when the

chronising the time base to the work.
Fig. 8 shows this arrangement applied to
Fig. 7. Between the condenser and the
neon lamp is placed a resistance Rs: this
should be made as high as possible without
unduly slowing down the " flyback " of
the spot.
Many other arrangements will naturally
have to be made to suit various circumstances which may arise and for details
of the actual method on physically
handling the tube, reference should be
made to the instructional handbook
supplied with each oscillograph.

A BROKEN SCREW HEAD.

Sheathing is not Earthed.
Should there be a leak from conductor
to sheath there is danger :—
(a) of a shock to an individual who
might simultaneously be in contact with
earthed metal and with the sheath.
(b) of fire at, say, a point where the
sheath may be in proximity to a gas or
hot-water pipe, even though this spot is
remote from the position of the actual
fault.
(c)of electrolytic action causing corrosion
of the lead.
2. Action on Lead Covering when drawn
into Conduit.
The lead sheath is liable to be damaged
through drawing into conduit, is difficult
to get round bends and, unless the conduit
is perfectly straight throughout, this
practice is not recommended.
A long sheath of lead-sheathed cable
lying in conduit is apt to suffer from intercrystallisation fracture of the lead should
vibration be present. Cases have been
known where, in the course of time, the
lead has been hammered completely
through by vibration. Electrolysis, or
lead corrosion, through drawing into a
pipe, is unlikely to take place, although
not unknown where condensation has
taken place inside the pipe.
Thanks are due to Messrs. Johnson,
Phillips, Limited, the well-known cable
manufacturers, for the above information
supplied by one of their cable experts.

When a screw head becomes broken in an
inaccessible position it is usual to drill the screw
completely away, but before doing this the
method illustrate d above may be tried. Make
a row of dents along the screw head with a
pointed punch and hold a screwdriver on the
line of dots. A sharp blow with the hammer
will sometimes produce a sufficiently deep slot
to allow the screw to be turned out in the ordinary way.
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SPECIAL STEELS AND IRONS
FOR ELECTRICAL WORK
By A

W.

JUDGE, A.R.C.Sc., D.I.C., Whitworth Scholar

Fig. x .—Pou RING A LARGE NOMAG CASTING. ( Ferranti, Ltd.)
This metal is easy to cast and machine so that it is particularly useful for the castings of electrical
machinery where its non-magnetic properties are a special advantage.

NUMBER of important iron alloys
are now used in electrical engineering for various purposes.
These alloys may broadly be divided
into two classes, viz. : (r) Magnetic and
(2) Non-magnetic ones. Here it should be
noted that steels are alloys of iron with
small- percentages of carbon and other
elements.
The magnetic irons and steels include
those which are capable of being magnetised only when placed in the vicinity, or
field of a magnet ; immediately they are
removed from the magnet they lose their
magnetism.
These metals are of great importance
in electrical work, for armature stampings
of dynamos, motors, transformers and

A

chokes. Their purpose is to collect the
greatest possible amount of magnetic
effect from the magnets or coils near
them ; in other words, they must have a
high permeability to magnetism, so as to
concentrate as many magnetic lines of
force within their bulk, as possible.
Among the more important irons of
high permeability are the practically
pure irons, very low carbon irons and
certain iron alloys with silicon and nickel ;
we shall refer to the latter at a later stage
in this article.
Amco iron is a special type of low carbon
iron noted for its high magnetic permeability under normal magnetising forces.
In addition, it possesses good mechanical
properties ; for example, it has a tensile
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magnetising forces it has about
3o times the permeability of pure
iron.
Permalloy is being rapidly
developed for submarine
telegraph cables and for similar
purposes where very low magnetisations are concerned. Its
use on transatlantic cables has
enabled the rate of sending
to be increased fivefold.

Mechanical Properties of High
Nickel Steels.

Fig. 2.—AN ALTERNATOR END RING IN NON-MAGNETIC
CAST IRON. (Ferranti, Ltd.)
This ring is 5 ft. 6 in. in diameter and weighs 5i cwt.

The following mechanical
properties of forged or rolled
bar of high nickel steels, supplied
by Messrs. Brown Bayley's Steel
Works, Ltd., may be of
interest. The tensile tests were
obtained with British Standard
test pieces (2 in. by .564 in.
diameter), while the Izod
impact figures also relate to
the test piece standardised by
the Air Board and the
A.:—

TYPE OF STEEL.
breaking strength of about 22 tons per
25 per cent. 40 per cent.
Nickel Steel. Nickel Steel.
square inch.
Yield Point (tons per sq. inch)
..
18.4
20.5
Electrolytic iron is a very pure form of Maximum Stress (tons per sq. inch) 38.o
37.7
..
(per cent.)
48.5
43.5
iron obtained by an electro-deposition Elongation
Red. of Area (per cent.)
..
63.2
68.o
..
118
'or
process. This iron has excellent magnetic Izod Impact Value (ft. lbs.)
permeability. It is one of the best known
metals for absorbing the magnetism pro- Stalloy.
This is an alloy of iron with some
duced with very low magnetising forces ;
3 to 4 per cent. of silicon. It has a higher
it is rather expensive to obtain, however.
Hypernik is an alloy containing
equal parts of iron and nickel.
It is superior to Amco iron in
magnetic permeability, and is
much used in electrical machinery
for armature and transformer
cores, etc.
Permalloy is a more recent
nickel-iron alloy developed in
America. It contains about 8o
per cent. nickel and 20 per cent.
iron. It is superior to iron in its
magnetic susceptibility and will
Fig. 3.—NICKEL IRON ALLOY CORE (SMALL) " BECALLOY
give high magnetic absorption for COMPARED
WITH ORDINARY SILICON IRON CORE (LARGE)
low values of the magnetising AS USED IN "LOADING" COILS FOR TELEPHONE CABLES.
force. Thus at extremely low
(General Electric Co., U.S.A .)
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magnetic permeability under low magnetising forces than iron, and it has very
low losses such as eddy current and
hysteresis ones.
Stalloy is very widely used for parts
such as telephone and loud-speaker diaphragms, for electrical machinery and
instruments. It is made by Messrs.
Joseph Sankey, Ltd., of Bilston, Staffs.
Steels for Permanent Magnets.
Having described the better-known
magnetic irons and alloys of the nonpermanent class, we now pass on to those
metals which require to retain the maximum amount of magnetism permanently.
These metals all belong to the steel class.
The earlier magnets used for electrical
work were made of a high carbon steel,
such as tool steel, properly hardened and
magnetised. This steel has now been
superseded by certain alloy steels, notably
Tungsten, Chromium and Cobalt steels,
or steels containing two or more of the
latter elements.
Tungsten Steel. ,
This is an alloy of iron with about 0.7
per cent. of carbon and 5.5 to 6.5 per
cent. of tungsten. To obtain the highest
and most permanent magnetic qualities
it is necessary to heat-treat this alloy steel.
Tungsten steel is widely used for the
permanent magnets of magnetos, dynamos and electrical instruments.
Chromium Steels.
A number of magnet steels of recent
origin contain chromium in addition to
tungsten or cobalt. These steels are
known under such commercial names as
Cobaltchrom, Chromium-Tungsten and
Chromium-Cobalt.
Cobalt Steels.
An excellent magnet steel is one containing about 0.4 to o.8 per cent. of carbon,
3o to 40 per cent. cobalt and the rest iron ;
was discovered by the Japanese Professor
Honda in 1917. Although difficult to
magnetise, it finally gives a very high
degree of retained, or permanent, magnetism.

Fig. 4.—SECTION OF MULLARD TRANSFORMER
MADE WITH NICKEL-IRON CORE.
Top view shows nickel-iron alloy plates built
around the primary and secondary windings.
Bottom view shows exterior of windings.

Some Miscellaneous Iron Alloys.
Among the many other iron alloys
used in electrical work special mention
may be made of the following :—
Silicon Steel.
This steel contains from 3 to 4 per cent.
of silicon. It belongs to the non-permanent magnetic iron class, an example
of which has been referred to under the
name of Stalloy. It is used for armature
stampings for electrical work.
Manganese Steel.
Discovered by Sir Robert Hadfield,
manganese steel possesses the somewhat
remarkable property, when suitably heattreated, of being non-magnetic. It has,
therefore, many applications, such as
for the cover-plates of lifting magnets,
for ships' fittings used near the compasses,
and for other purposes where a nonmagnetic metal of good mechanical strength
is required. It is extremely hard and
very difficult to machine.
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with about 16 per cent. nickel, and also
the austeDitic chromium nickel stainless
steels containing 16 to 20 per cent.
chromium and 8 to 12 per cent. nickel.
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Fig. 5.—B/H CURVES FOR NON-MAGNETIC
STEEL. (Brown Bayley's.)
Average value of p. = 1.3.

Non-magnetic Cast Iron.
A special type of cast-iron known as
" No-mag now on the market is nonmagnetic. It has the same non-magnetic
properties as gun-metal, combined with
the high resistance properties of cast-iron.
By the use of this alloy magnetic
leakage is largely removed, whilst the
hysteresis and eddy current losses are
minimised.
This metal is easy to cast and machine
so that it is particularly useful for the
castings of electrical machinery and for
all electrical castings where its nonmagnetic properties are a special advantage.
No-mag is slightly tougher than ordinary
cast-iron ; it is about 5o per cent. more
expensive, however.
Fig. 5 is a graph showing the magnetic
properties of a practically non-magnetic
steel. The actual data refers to one
containing about 12 per cent. manganese,
but very similar results are obtainable
from other steels ; i.e., those containing
about 6 per cent. manganese together

Stainless Steels.
Stainless steel contains about 12 to 14
per cent. of chromium and, apart from its
non-rusting properties, it has certain
useful magnetic qualities. Thus, certain
grades of stainless steel made by Messrs.
Firths, of Sheffield, provide good material
for permanent magnets. Such magnets,
on account of their non-corrosive properties,
are particularly useful in exposed places.
It is interesting to note that Staybrite,
a rustless iron made by the same firm,
in the fully softened condition is practically
non-magnetic, and may be used in a similar
manner to the manganese steel previously
mentioned.
Faraday and the Discovery of Alloy Steels.
In view of the importance of steel in
electrical work it may interest many
readers to know that Michael Faraday,
in addition to his discoveries of the action
and laws of electro-magnetic induction,
was also a pioneer in the discovery of alloy
steels. Sir Robert Hadfield in his book
"Faraday" (Chapman and Hall, 21/-) deals
with Faraday's metallurgical researches
with special reference to their bearing
on the development of alloy steels. Sir
Robert Hadfield records the result of his
examination by means of present-day
facilities and apparatus of a series of
79 steels made by Faraday between 1819
and 1824. The large amount of information contained in this book will be found
of particular value to anyone interested
in research work in connection with metals.
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HOW TO MAKE A VARIABLE CHOKE
By H. W.

JOHNSON

the centre support are cut to the given
General Arrangement.
TAPPED coil is wound on a vulcan- dimensions. The ends are dovetailed to
ised fibre tube, which is supported ensure a firm fixing to the baseboard.
The centre support is now driven into
on a teak base, with wooden
supports. The tappings of the coil are the correct position, its outer edge being
connected to a sliding regulating switch, 121 in. from one end of the tube and there
which is mounted on a slate panel. The wedged tightly in position. The tube end
panel is supported by two wrought iron is then fixed in position on this end of the
brackets, which are fixed to the teak tube and secured to it with three * in.
base.
5's copper headed brass screws. The edges
The coil is provided with a laminated of the tube end and the centre support
iron wire core, which is moved inside the should be in alignment.
windings with a
handle when it
r
is desired to increase the choking effect. The
number of turns
Z] 6 6 4 8 6 6 0
of the coil wind0
ing in use may
be altered by
O
moving the brush
contact blade
over the contact
studs and bar to
Fig. I.—How THE VARIABLE CHOKE LOOKS WHEN COMPLETED.
the desired posiThis is suitable for dimming stage lights, etc., on Ito and 220-Volt A.C.
tion.
When Soo mains, and is suitable for a load of 15 kilowatts.
turns of the coil
are in use and the iron core is fully inside the Mounting the Tube in the Lathe for Winding on the Wire.
windings, the lights,when fed from iio-volt
Make two circular wooden plugs 3 in.
A.C. mains, will be blacked out. With
1,440 turns of the coil in use and the iron long and tapering from 31 in. to 3 in.
core fully in, the lights, when fed from a diameter, and drive them tightly into the
220-volt A.C. mains, will be blacked out. ends of the tube. Place the tube between
the lathe centres ; one plug is gripped in
the chuck, whilst the other will 'evolve
Making and Winding the Tapped Coil.
about the centre in the movable headThe vulcanized fibre tube is cut to stock. The plugs are removed when the
length, drilled for the tube ends and coil is completely wound.
support, and slotted to allow of the core
to be moved in or out of the winding. The Wire to be Used for the Coil.
Thirty-two pounds of No. 14 S.W.G.
The holes are drilled and countersunk on
the inside to admit * in. 5's countersunk double cotton covered copper annealed
head brass screws. The tube ends and wire, approximately 500 yds. in length,

A
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Sliding
Handle
S pin

gild!
!!:::::!1:M2::
III III
III,.

111 lII 11

Tappings jointed to Copper
flexibleConnect-

//
6/ass Bead
Insulators

Ors

Copper Flexible
0 7 234

5 6 7 8 (End of Winding)

Fig. 2.—THE COMPLETED COIL AND MOVABLE IRON CORE FITTED TO THE BASEBOARD.

and again bind the commencement
of the next turn down to the tube_
Insulate z in. of this loop with empire
tape in the same manner as the end of the
wire at the commencement of the winding_
Winding the Coil.
The winding is now continued until the
Fasten the end of the wire to the surface first layer is complete ; the last turn of
of the tube at the inner edge of the tube the layer is bound tightly to the tube.
end with a piece of stout twine, allowing Give the complete layer a coat of shellac
12 in. of the end to be free for making varnish and allow 15 minutes to dry.
the connection to the regulating switch. The winding is continued, taking out the
Wrap 2 in. of this free end from the surface loops for connection to the regulating
of the tube with empire tape, which is switch at the correct number of turns, as.
secured in position with Chatterton's given in Fig. 7, and binding down the
successive layers as they are completed_
compound.
The lathe spindle should be geared down The various loops should be marked with a
to its slowest speed, and the winding on numbered label for identification when
of the wire to the tube is commenced. connection is made to the switch.
Bring all the tappings in numbered
Keep the wire taut and straight as it is
wound on the tube, and the successive order on the underside of the completed
turns close together in order to get on winding, and bind them into position
120 turns per layer. At the tooth turn, with a winding of stout cotton cord which
is taken completely
stop the lathe and
...,
over
the last layer
bind this turn down
r3.m
-,
13'
127i
. I
from one end of the
securely to the sur- Ir'
, .-V
coil to the other.
face of the tube ;
.1:9N.," i This cord will protect
,i4
bring out a loop 1, V---7---Iklt;
Centre of Support
the insulation of the
rz in. long from the
tube at this point F ig. 3.—THE VULCANISED FIBRE COIL TUBE• last layer fro m+
will be required. This wire will be
delivered cn a drum and should be mounted
on a spindle so as to be free to rotate
when wire is drawn off.
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the four figures of the number required
Ire indicated to the operator by A
A
ighting one of the ten lamps in each
)f the four groups and thus illuminating a
B
:he desired figures beneath a green
;lass sheet. The manual operator,
:herefore, is advised as to the connection
Fig. 29 —ARRANGEMENT OF A LOADING COIL.
(Post Office Technzcal Pamphlets
- equired and does not enter or speak
)n the circuit.
length of the subscriber's line increases,
roll Exchanges.
whereas by putting three or four exchanges
These exchanges are junction centres in a in the same area the average length of the
arge area and no subscribers' lines are
subscriber's line is reduced, but at the cost
:onnected to it. Their function is to link
of junction circuits connecting the ex:ogether exchanges not in direct con- changes together. Then again, when the
nection with each other.
subscriber speaks to another town, the
question arises as to whether the subscriber's line shall be made of thick wire,
and the long connecting circuits of thinner
wire, or vice versa. But what it is
desired to emphasise is that the
A telephone system must be designed as
a whole, and that when circuits are
B
connected to the Continent via suboowN
5 LIP CABLE
rAN F STUB marine cables, or are connected to
A 511.18
America by radio circuits, complete
B
A international planning is necessary to
secure that any combination of circuits
B shall be effective. This function is
Fig. 30 —LOADING COILS FOR A CIRCUIT CARRYING A performed by the Comite Consultatif
PHANTOM
Internationale, known as the C.C.I.
(Post Office Technical Pamphlets)
With a telephone connection between
two points the transmitting telephone
a whole, since any subscriber on the may be regarded as a dynamo or generator
vstem must be able to speak to any other which delivers a certain amount of power to
ubscriber connected to a telephone system the telephone circuit, and at the distant end
i any other part of the world.
the receiver may be regarded as a form of
The Kingdom is covered by a large motor which converts the electrical energy
umber of exchanges each of which may received into sound. As the length of the
e regarded as a collecting point for the circuit connecting the two stations inibscribers in its immediate neighbour- creases, the quantity of energy available
ood. These subscribers must, of course, at the receiving station becomes smaller,
e able to speak to each other, and in and it is the fact that, given any particular
ddition must be able to speak to sub- uniform type of telephone circuit, the
.aibers connected with the other ex- decrease in the energy received follows
aanges ; hence it will be clear that it is the inverse of the compound interest law.
ecessary that the various
xchanges should be interconected by junction or trunk
1 1
rcuits. The problem involved in Pi PHANTOM
esign is chiefly one of economics.
TRANSMISSION.
A telephone system is practically unlike
verything else in that it must be designed

roblems Involved.
If an exchange serves a comaratively large area, the average

Fig. 31 —SUPERPOSED OR PHANTOM CIRCUIT.
(Post Office Technical Pamphlets.)
A
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The expression connecting the current
received L. and the current sent out I, is :-

-pi

Ir =l,e
where e=2.71828.... (the base of natural
logarithms) :—
P=attenuation constant
1=length of circuit.
The factors (f3l) which determine the
amount of energy received are the capacity,
resistance, inductance, and leakage, of the
circuit.
The complete expression for p is complicated, but if inductance and leakage are
ignored
f3 = 2 coCR
where (...)---2n x frequency
C=capacity per mile in farads.
R=--resistance per mile in farads.
For practical purposes (.0 is usually
taken as Soo periods per second and
2Tc times this is approximately 5000.
It will be observed that since the frequency enters into the expression for the
value of the attenuation constant, notes
of different pitch will be unequally
attenuated and it is indeed fortunate that
so much distortion in received sound is
possible before speech becomes unintelligible. Actually, inaudibility due to the
weakness of received current supervenes
before distortion becomes serious.
The capacity of an overhead circuit
varies from .0075 mfd. to .01 mfd.,
whereas the value for a circuit in an
underground cable is from .0625 mfd. to
.o66 mfd., i.e., from 61 to over 81 times
that of an overhead circuit.
The resistance of a 200 lb. copper overhead circuit is 20 times that of the ro lb.
conductors used in many cables. Hence
the attenuation in the latter cases is
exceedingly large and it may be said that
it is only by loading and the use of valve
repeaters or amplifiers that the problem
of long distance telephony on underground circuits has been solved.
Loading.
The addition of uniformly distributed
inductance to a telephone line greatly
reduces its attenuation. Continuous loading is chiefly used for submarine cables
and consists in wrapping the copper conductors with a permalloy or other nickel-

iron alloy tape, which adds about i44 mh.
of inductance per mile.
Lumped or coil loading is more efficient
and, as its name implies, consists in the
addition of loading in lamps by inserting
coils at strictly equal intervals along the
cable. This spacing varies from .568 mile
for music circuits, where the transmission of
higher frequencies is essential, to 2.6 miles.
The standard spacing is 2,000 yds. and the
inductance coils used vary from S mh.
with a resistance of .9 ohm to 25o mh.
and 10.5 ohms.
The coils are toroidal in form and have
a core composed of permalloy powder
compressed into solid form and wound
so that a current creates a magnetic flux
as indicated by the dotted lines in Fig. 29.
The requisite number of coils is enclosed
in an iron case, which is then filled solid
with insulating compound and the connections led out by short lengths of leadcovered cable. A large size of loading
case may weigh as much as two tons.
The method of loading a pair of circuits
which carries a phantom circuit is shown
in Fig. 30. The additional coil is magnetized only when currents flow along the
wires of each circuit in parallel.
Superposed Circuits.
A third circuit, termed a superposed or
phantom circuit, can be obtained by the
addition of transformers to two loops,
as shown in Fig. 31. This circuit divides
its current equally between the two wires
of each loop and consequently does not
affect the side or physical circuits provided that the wires are all of equal
resistance, inductance, capacity and
insulation resistance.
Repeaters.
In general, the efficiency of a telephone
circuit can be greatly increased by loading,
but this alone is quite inadequate for very
long circuits. The discovery of the
thermionic valve solved the problem and
repeaters are introduced at 60 or 7o mile
intervals. Since the valve amplifies in
one direction only, and speech in both
directions is required, an arrangement
similar to a duplex telegraph circuit is
required, but, fortunately, the balancing
arrangements are fairly simple. When
several repeaters are required in the circuit
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Fig. 32.-LARGE DUCT ROUTE UNDER CONSTRUCTION.

Fig. 33.-LARGE MANHOLE UNDER CONSTRUCTION.
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four wires are employed, a pair for speech that even in the longest case the delay
in each direction. The four wires are shall not exceed a quarter of a seccnd.
When the delay exceeds this amount, the
combined at each end.
Four-wire repeatered circuits are used pause between the completion of a
for the longer trunk lines, whilst two-wire remark and the reply produces interference
repeatered circuits are employed for shorter and misunderstanding.
distances. By suitable amplification at
LINE PLANT.
the intermediate repeaters, the overall loss
Heavy gauge copper conductors carried
due to the transmission of speech currents
along the line can be reduced to zero, a on overhead lines constitute the most
efficient circuit for telephony and until
condition known as " zero speech."
the advent of the thermionic valve longFour-wire Circuits.
In four-wire circuits, the increased distance telephony was impracticable in
any other way. Now,
amplification necesthe decision as to
sary to give this
whether overhead
condition increases
lines or underground
the tendency of the
cables shall be emcircuit to sing cr
ployed is solely one
howl round the circuit
of economics. In
composed of the two
general, all important
pairs of wires and
long distance circuits
the four-wire terminare in cables, partly
ation at each end of
because the number
the line. This
of wires is now so
state of affairs
great that special
is prevented by
roadways or tracks
the inclusion of a
would be necessary
600-ohm resistance
for the erection of
across the two-wire
huge overhead structerminal whenever
tures, but chiefly on
circuit conditions
account of the lower
are such that
cost per circuit in a
the two - wire side
CABLE OF 1913. cable. Also there is
would be discon- Fig. 34.—LONDON-LIVERPOOL
52 PAIRS
nected.
Compare this with Fig. 34A, which shows a the much lower cost
of maintenance and
In two-wire work- cable laid in 193o.
greater immunity
ing, the increase in
amplification necessary to provide zero from interruptions or faults. Nevertheless,
speech also increases the volume of the where a few circuits only are required, as
echo reflected back along the line from from a rural exchange to its parent exchange
each repeater. To prevent this echo the open wire line is still the only economic
from reaching the talker's receiver, echo solution of the problem.
There is, however, one other condition
suppressors are associated with two-wire
repeaters ; it follows that the greater the which lies between the two extremes
amplification at each repeater, the greater discussed needing consideration. The
reorganisation of the trunk system on the
the need for echo suppression.
The current received at the repeater is basis of immediate connection with the
raised by means of the valve to its original wanted subscriber will necessitate the
value, and consequently it is possible to provision of large numbers of new trunks,
speak over practically any distance. There Where practicable, these will be contained
is, however, one defect which arises on a in aerial cables carried by poles along the
very long circuit, and that is the time roads. A simple form of repeater made up
which it takes the current to reach the from mass-produced parts has been
distant end of the circuit, and it has been designed and in this way the cost per
agreed that the circuit must be so designed circuit of the new lines will be considerably
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reduced. Where several cables or cables of providing the plant is so high that it is
of large diameter are required, there is essential that adequate provision shall be
no economic alternative to the use of made for a long period of years. If,
however, the provision is on too lavish a
underground conduits.
scale, then the annual costs involved in
Exchange Subscribers' Circuits.
unnecessary idle plant become excessive.
Turning now to the same problem It is, therefore, a problem in engineering
where exchange subscribers' circuits are economics to determine the precise amount
concerned, it will be at once appreciated of plant which shall be provided at the
that huge beds of aerial wires in a large town outset.
are not a practical proposition. But the
cost per circuit in underground cables is Types of Conduit.
A large number of conduits is necessary
actually much less. Large buildings in
to provide for all
the centre of the city
the cables into a big
are served by underexchange.
The
ground cables taken
earthenware ducts
into, or terminated
used (18 in. in length)
on the outside, of
have a circular bore
the buildings and
of 31 or 3?-, in,. with
distributed thence to
an octagonal exterior.
the various offices or
They are laid up in
floors by one-pair or
the desired formation
other lead-covered
layer by layer, on a
cable which the needs
reinforced concrete
demand.
foundation and
In the suburbs quite
formed into a solid
a different condition
mass with Portland
occurs. Here the
cement mortar. The
subscribers are
concrete foundation
sparsely
scattered
is taken up the sides
over a comparatively
wide area and con- Fig. 34A.—LONDON-LIVERPOOL CABLE LAID IN 1930. and over the top of
sequently the cost of 348 pairs of 25 lb. conductors with four pairs the nest of ducts, thus
laying underground of 4o lb. conductors for the B.B.C. music circuits. forming a structure
of enduring stability.
conduits along both See also Fig. 34.
If the number of conduits to be provided
sides of every street and road is quite
prohibitive. Hence underground cables is small, multiple way earthenware ducts
are taken to distributing poles where the are employed. A single conduit is met by
connection to the subscriber is made by the use of earthenware pipe with a.
bituminous joint.
open wires.
Underground Conduits.
In a large city, nests of ducts are provided beneath the roads, and where the
number of conduits required is considerable it is usual to use earthenware ducts
embedded in concrete, with manholes at
176-yd. intervals, in order that new cables
may be drawn in and jointed as the growth
of the system may require. It sometimes
happens that these ducts have to pass
beneath canals or other similar obstructions in the line of route, with the result
that the ducts may be at a depth of
20 or 3o feet below the surface. The cost

Manholes and Joint Boxes.
The standard length between manholes
or boxes is 176 yards, but it is often
necessary to reduce this distance on
account of changes in the direction of the
route.
Manholes or boxes are provided for
drawing the cables into the conduits and
for the accommodation of the joints
between the cable lengths. A route of
two or three conduits needs only a comparatively small box with a lid of similar
size. On the other hand a heavy route
requires considerable space and in this

1886

TELEPHONE ENGINEERING

are assembled and covered with a
seamless sheathing of lead. A
cable of 127 quads (254 pairs)
with conductors weighing 4o lb.
per mile can be drawn into a
conduit A in. in diameter.
A cable with 2,40o pairs with a
diameter of less than 3 in. has
been made, but in general the
largest size generally employed is
one with 1,200 pairs of 6 lb. conductors.

Pulling in and Jointing.

Fig. 35.—PULLING-IN A CABLE.
case the removable cover is only of sufficient size to permit men to enter the
manhole. Manholes are generally built in
reinforced concrete and contain a series of
cantilevers or other similar supports for
the cables with their joints.

Star Quad Cables.
In this, the latest type of cable, the
four copper wires of each core are twisted
together in one operation and so occupy
the four corners of a square. Practically
the whole of the insulation consists of
paper and contrary to earlier practice, no
attempt has been made to provide large
air spaces. Stiffening of the paper tubes
has resulted in the accurate and permanent
centralisation of the conductors therein,
whilst a central string upon which the
four covered conductors are bedded secures
symmetry in position. This extremely
important feature of centralisation of the
conductors within the paper tubes is
secured either by the use of specially
creased or corrugated surface paper wrappings or by' a spiral whipping of string
directly next the conductor, over which the
insulating paper is tightly wrapped. The
cable is extremely compact and the electrical characteristics are much more uniform
The requisite number of four-wire cores

The lead-covered cables are
drawn into the ducts by means
of a petrol-driven winch, and
jointing is carried out by hand as
indicated in Fig. 35. A lead
sleeve is then pulled over the
completed joint and the cable is
made air-tight by means of a
plumber's wiped joint. When the
cable section has been completed,
it is tested for air-tightness by applying
compressed air which has been dried by
passing it through cylinders of calcium
chloride to remove all traces of moisture.
Gauges are added to the cable and any
perceptible drop of pressure in 24 hours
indicates that there is a defective joint,
and this is located by smearing soap suds
over the wiped joints.

Cable Balancing.
On long trunk or junction cables,
particularly so on loaded cables, it is
necessary to make a complete set of
measurements of the wire to wire capacity
values which depend on the distance
between the wires, and also of the wire to
earth capacity which depend on the distance of the wire from the cable sheath
and from all the other wires in the cable.
These measurements are made by a motorvan containing elaborate apparatus, and
it is upon the results of these tests that a
schedule is drawn up which directs the
jointer how to connect the cores so that
the unbalances shall be a minimum, and
consequently that the finished cable shall
be free from appreciable cross-talk. The
technique of this process was devised by
Post Office engineers, and is now in worldwide use.
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Leakage Current Dangers.
Of all the dangers which menace telephone cables, leakage currents from tramways and power systems are the most
serious. There are stray currents which
enter the lead sheathing of telephone
cables and which produce corrosion at the
point where the current leaves the telephone cable. The remedy in this case is,
of course, strict observance of the conditions laid down by the Electricity Commissioner's for the operation of tramways
in the first place, and secondly, the investigation of the distribution of these leakage
currents and the provision of additional
feeders on the tramway system to prevent
differences of potential in the affected
areas. In some cases a branch connection
between the telephone cables and the return
rail for the tramway system, is effective,
but this remedy often introduces other
difficulties at other points of the system,
since the facilitation of the egress of
current naturally increases the amount,
and sometimes varies the distribution of
leakage current in a way which it is more
or less impossible to predict. Immediately
the sheathing of a cable is eaten away by
electrolytic action, sooner or later moisture
enters, with the result that the cable is
put out of action.

Detection, Location and Removal of Faults.
A technique has consequently arisen for
the detection, location and removal of such
faults. It is impossible here to indicate
the details of these methods, but it may
be said in general terms that in many cases
the tests consist in Wheatstone Bridge tests
taken from both ends of the circuit, and
that it is possible to locate a fault of very
high resistance with extraordinary accuracy

Cable Testing.
Yet another achievement of Post Office
Engineers lies in the technique of cable
fault localisation. To such perfection has
this process been raised that any fault
can now be located with extraordinary
accuracy even in its incipient stages. It is
possible here only to indicate that the
methods used involve measurements from
both ends of the cable and that it is
possible to locate the precise position even
of a barfly soldered joint.

Fig. 36.-NEW TYPE OF POLE FOR TAKING WIRES
TO SUBSCRIBERS' PREMISES.

Distribution.
The underground cable system may be
visualised as a number of vast trees
where the main stem, which corresponds
to the large cable leaving an exchange,
divides into smaller branches and twigs.
The problem involved in securing flexibility so as to avoid large quantities of
spare or unusable wires owing to fixity of
lay-out is an exceedingly difficult one. It
is being met by providing auxiliary joints
to meet rearrangements and in certain
cases by teeing circuits to two or more
distributing poles, but it cannot be said
that the problem has yet been satisfactorily solved.
A recent development consists in the
introduction of, a pole from which pairs of
insulated wires are taken to the subscribers' premises. This has had the effect
of reducing the number of faults, and has
also made a more sightly erection than is
possible with a pole containing a number
of arms, insulators, and open wires. This
will certainly best be appreciated by Fig.
36.
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THE TIRRILL VOLTAGE REGULATOR
NOTES ON OPERATION, CARE AND MAINTENANCE
By H. W. JOHNSON
HE best result from electrical
appliances and consuming devices
is obtained when the current is
supplied to them at a constant voltage.
Incandescent filament lamps will only
give their maximum efficiency and useful
life when the supply
voltage is steady. Motors
require current at a
constant voltage in order
that they will give a
constant speed and maximum efficiency.
The maintenance of a
steady supply voltage by
a power station is therefore of primary importance.

T

Automatic Voltage
Regulators.
It is almost impossible
to maintain this voltage
steady by hand regulation
and even by using expensive specially designed
generators, owing to the
fluctuating nature of the
demand on the supply
mains. Automatic voltage
regulators are now installed in most power
stations to maintain a
steady supply voltage.
The use of these regulators saves considerable
labour which is entailed
by hand regulation and
also allows of the use of
cheaper generators. One
of the best automatic
voltage regulators, which
is in extensive use, is the
Tirrill regulator, which
is patented and manu-

f actured by the British Thomson
Houston Company, Ltd., of Rugby,
England. This regulator was introduced
by Mr. Tirrill and was one of the first
successful vibrating contact regulators to
be used. It is made in two distinct types ;
one which is suitable for
self-excited dynamos and
the other for separately
excited dynamos. Both
types are made for direct
and alternating current.
The regulators for direct
current are designated
type T.D., whilst for
Lever
alternating current they
Travel
Stop
are known as type T.A.
regulators.

(5)

Moyable
Core
Adjustment

Fig. I .—THE MAIN CONTROL
MAGNET AND PIVOTED LEVER OF A
TYPE T:D. REGULATOR.
The magnet winding is provided
with an iron core, the upper end of
which is attached to the pivoted
lever. The length of the movable
core which is inside the lower end
of the winding may be adjusted.
The pull of the spring on the
pivoted lever is adjusted by turning the knurled nuts, and the
downward travel of the lever is
limited with the adjustable screwed
stop.

The T.D. Regulator for
Self-excited Dynamos.
The instrument consists
essentially of (r) A main
control magnet, which is
connected across the
circuit where a constant
voltage is to be maintained. (2) A differentially
wound relay magnet
which operates on the field
magnet winding rheostat
of the dynamo. (3) The
main contacts which are
actuated by the main
control magnet and (4)
the relay contacts actuated by the differentially
wound relay magnet.
The Main Control Magnet.
The magnet is provided
with an adjustable core
at its lower end and a
movable core above. The
movable core is connected

THE TIRRILL VOLTAGE REGULATOR
Control Springs of
/Exciter Magnet Lever
•?:
4.1
iuo

Weight
Exciter
Control
Magnet

Movable Core

44p Adjustment

I
Dash-

Fig. 2 --THE EXCITER AND MAIN CONTROL MAGNET OF
A TYPE T.A. REGULATOR WITH THEIR RESPECTIVE
PIVOTED LEVERS.
The pull on the core of the main control magnet is
balanced by a fixed weight, and its motion damped with a
dash pot. The exciter control magnet has its upper core
attached to the pivoted lever. The pull on the core is
balanced by the force exercised by the control springs.
The length of the movable core inside the lower end of the
exciter magnet winding may be adjusted.
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are identical, but when energised
produce magnetic fluxes which are
in opposite directions, and therefore neutralise each other.
The core of the relay when
magnetised, will attract a pivoted
iron armature fixed immediately
above it. When the core is
demagnetised, the armature is
pulled away from it with a spring
whose pull can be adjusted with
a screw fitted in the suspension
pillar of the spring.
The Relay Contacts.
The lower relay contact is fixed
at the free end of the armature
on its upper surface, and is pulled
by the spring on to the upper
contact, which is fixed to a
pillar immediately above the lower
contact.
The relay contacts open and
close the shunt circuit of the
dynamo and are protected from
damage with a condenser of suitable capacity connected across
them.
HOW THE REGULATOR WORKS
When the voltage of the supply

to a horizontal lever which is pivoted
at one end.
The Main Contacts.
The lower contact is fixed in the upper
face of the pivoted lever, and fixed
immediately above to a fixed stud on the
regulator panel, is the upper contact. A
spring connected to the free end of the
lever pulls the contacts together when the
downward pull on the lever by the movable core of the main control magnet is
overcome. The pull of the spring may be
adjusted within limits, and an adjustable
stop limits the downward travel of the
lever.
The Differentially Wound Relay Magnet.
The U-shaped relay core is provided
with a magnet winding on each limb. One
winding is connected directly across the
terminals of the dynamo and the other is
connected in parallel with it, when the
main contacts are closed. The windings

<...4

Fig. 3 —THE DIFFERENTIALLY WOUND RELAY
AND PIVOTED IRON ARMATURE OF A TYPE T.D.
REGULATOR.
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The main control magnet is so made
from the dynamos falls below the normal the
current through the main control magnet that for a given voltage the pull on the
winding falls and therefore the pull on lever is independent of the position of the
the movable core is reduced. The pull core relative to the solenoid. A weight is
of the spring on the pivoted lever now fixed on the end of this lever to balance
closes the main contacts and the circuit the pull, so that to keep a constant voltage
of the second winding of the differentially the force balancing the pull must be
wound relay is completed. The flux constant. The pull exerted by the exciter
produced by this winding demagnetises control magnet on its lever is balanced by
the core of the relay and the attraction springs.
between the core and the pivoted iron
armature now ceases. The pull of the The Regulator in Action.
When the voltage of the dynamo is
spring on this armature now closes the
relay contacts which short-circuit the
Main
shunt winding rheostat of the dynamo.
Contact
The voltage of the dynamo now rises, but is
Lever
prevented from rising above the normal
Relay
value by the current in the main control
Contacts
Conclem
magnet, whose attraction on the core
fixed to the pivoted lever overcomes
the pull of the spring on the lever, and the
main contacts open. The core of the relay
now attracts the pivoted iron armature,
due to the second'winding of the relay being
de-energised, and overcomes the pull of
the spring on the lever causing the relay
contacts to open and putting the rheostat
in circuit again with the shunt winding
Output
of
of the dynamo.
Dynamo
Sensitiveness of the Regulator.
Owing to the lightness of the moving
parts there is practically no time lag in
their operation, the contacts being in a
constant state of vibration, and thus the
voltage of the dynamo is kept within very
close limits. The field winding rheostat of
the dynamo is set so as to maintain about
6o per cent. of the normal voltage.
The T.A. Regulator for Separately Excited
Dynamos.
This regulator differs from that of the
T.D. type in that it has an additional
control magnet whose windings are energised from the exciter of the dynamo.
The main contacts are actuated by two
levers. The lower contact is fixed on the
upper surface of one end of the lever of
the main control magnet, and the upper
contact to the lower surface at one end of
the lever of the exciter control magnet.
Both of these levers are pivoted about their
centres. The movement of the main control
magnet lever is damped with a dash pot.

Fig. 4 .-SIMPLE DIAGRAMMATIC CONNECTIONS OI
TYPE

T.D.

REGULATOR CONNECTED TO A SHUNT
WOUND DYNAMO.

decreased the lever of the main contro
magnet will tend to rotate in a clockwise
direction, and if increased, in a counter
clockwise direction.
If the voltage of the dynamo falls, ther
the main contacts will close. The relay
contacts will now close through the actior
of the relay coils, and the rheostat it
circuit with the exciter field magnet
winding will be short-circuited.
The exciter voltage will now rise, unti
the dynamo field is strong enough to raise
the dynamo voltage sufficiently to restore
equilibrium in the main control lever
The exciter voltage continues to increase
by a small amount and the pull of the
exciter control magnet causes the lever to
rotate in a counter clockwise direction
until the main contacts are open. Directly
the main contacts open, the relay contact!
open, and insert resistance in the fief
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magnet winding circuit of the exciter.
This type of regulator is more sensitive
than the T.D. type, and because it operates
on the exciter field rheostat and not
on the dynamo, the losses are small.
When the regulator is used with A.C.
dynamos, the main control coil is usually
connected through a potential transformer
to the terminals of the dynamo, or to the
point in the circuit at which it is desired
to maintain a constant voltage.
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excited dynamo, thus preventing circulating current between the dynamos.
Thrill Regulators Used to Maintain a
Constant Load.
Tirrill regulators may be used to maintain a constant load on a dynamo which is
used in conjunction with an automatic
reversible booster used in connection with a
battery of accumulators, for dealing with
widely fluctuating loads.

Main Contacts

Love,1

Pin

n Lever )

Exciter
Control
Magnet
'1Additiona/ Comp'..ensating
* winding4Sw/tch
To-- - -

Relay
Dash-pot
Current
TransformeraR;
"Z:IT

Potential
Transformer

Field

Exciter

Alternator

Fig. 5.—SIMPLE DIAGRAMMATIC CONNECTIONS OF TYPE T.A. REGULATOR CONNECTED TO A THREEPHASE ALTERNATOR.

Simultaneous Operation of Thrill Regu- AUXILIARY APPARATUS USED WITH
lators.
TIRRILL REGULATORS.
When it is desired to use regulators for High and Low Voltage Cut-outs.
each of several A.C. dynamos which feed
If there is a breakdown on any part of
common bus bars, the main control coil is the generating plant or the regulator
fitted with an additional winding whose equipment, the regulator is cut out of
turns can be altered with a regulating circuit with the high and low voltage cutswitch. The winding is energised from the out, and at the same time a portion of the
secondary terminals of a current trans- field rheostat is short-circuited, so as to
former. The primary winding of the give approximately normal voltage at the
transformer is connected in the phase not dynamo terminals.
connected to the potential transformer,
The cut-outs are operated with a control
which operates the main winding of the coil which is connected in series with the
magnet.
main control magnet coil of the regulator.
The effect of this additional winding is
The iron core of the control coil is
to reduce the excitation of an over excited suspended inside the winding from springs.
dynamo, and to increase that of an under A pivoted lever which is fitted with a
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contact, is attached to the upper end of
the core, whilst above and below the contact on the lever fixed contacts are
placed.

end of the switchboard; this method is not
recommended.
A space of at least .4.0 inches should be
allowed between the floor and the bottom
of the regulator so that it is protected
from damage when sweeping or cleaning
the floor.

The Operation of the Cut-out.
When the winding of the control coil
is energised the pull on the lever is opposed
by the suspension springs, which are Cleaning and Maintenance.
adjusted to keep the contact on the lever
The Tirrill regulator when it is once
midway between the upper and lower fixed installed requires very little attention.
contacts.
The glass dust proof case in which the
If the voltage of the dynamo rises or regulator is placed should only be opened
falls beyond the limits for which the control when it is necessary to clean the relay
coil is set, the contact on the lever bears on contacts.
either the upper or lower fixed contact
The contacts are cleaned occasionally
and the cut-out solenoid circuit is com- with a strip of oo glass-paper.
pleted. When the cut-out solenoid coil is
The strip is doubled longitudinally and
energised, a catch on the cut-out switch is placed between the contacts so that each
tripped, and the regulator is cut out of contact is cleaned by the prepared surface
circuit, and at the same time a portion of the glass-paper when it is pulled
of the field rheostat is short circuited.
backwards and forwards in a horizontal
direction. Remove any dust from the parts
Resistance Boxes.
with a soft clean cloth. Examine careThe magnet coils of Tirrill regulators are fully the flexible connections to the
designed for only a small voltage and it is pivoted levers, and make sure they are
necessary to provide a suitable resistance tight. The bearings of the levers may be
to be connected in series with them.
lubricated with a trace of clock oil.
The resistance is mounted in a ventilated
Examine the settings of the various
metal case which is fitted at the back of control springs and tighten up any nuts
the regulator panel.
which may have worked loose.
The travel of the vibrating contacts
Fixing Tirrill Regulators.
should be
of an inch, and it should be
The regulators with their auxiliary tested with a gauge for being correct.
apparatus are mounted on black enamelled
The settings should not be altered except
slate bases and may be fixed on the front under the supervision of the B.T.H.
of switchboard panels as separate instru- Company.
ments, or the separate parts may be
PARTICULAR ATTENTION should be taken
mounted directly on the panels. In some to prevent any dust being raised in the
cases it may be desired to mount the immediate vicinity of the regulator when
regulator base on iron brackets at either the glass case of the regulator is open.
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FAULT LOCATION IN ELECTRIC
CABLES
By P. B. ADDISON, A.M.I.E.E.
LTHOUGH the localisation of certain carried out for fault location are " null "
types of faults still presents methods, the instruments do not depend so
some difficulty, so much progress much on their dead accuracy as their
has been made of recent years that the sensitivity. The following list is suggested
average fault can now be located with as likely to meet the requirements of the
great accuracy. The cost of a cable low-voltage tests that will be described : —
(a) Sensitive galvanometer.
breakdown will largely depend upon the
(b) " Wheatstone bridge " and " slide
accuracy of the location of the fault, and
wire " bridge.
in view of the high cost of modern high
(c) Standard condenser.
voltage cable joints, indiscriminate opening
(d) High insulation charge and disof joints and cable cutting can only be
charge key.
justified under extreme conditions. The
(e) Battery with intermediate tappings
various methods that will be described
(about zoo volts).
are those that have been successfully
(f) Millivoltmeter and ammeter.
used for the location of faults on large
power transmission systems for many
years, although it is not claimed that they Galvanometer.
In the choice, for fault localisation,
are the only ones that can be applied.
a galvanometer with a short period
Cause of Faults.
has many advantages, one being that
When once cables are buried in the observations may be taken rapidly
ground, they are subject to unseen while the conditions of working are
destructive forces other than electrical less liable to change during the test,
stresses which cause them to break down. although the sensitivity is not so high as
These may be summarised in the following one having a longer period. To secure a
maximum speed and ease of working, the
crder : —
galvanometer should be critically damped.
(a) Vibration.
(b) Subsidences and ground movement. For measuring high resistance use a high
resistance galvanometer; when measuring
(c) Electrolysis.
very small E.M.F.'s use a low resistance
(d) External damage.
(c) Faulty manufacture and workman- galvanometer. To obtain reliable readings,
the moving system of a galvanometer
ship.
Experience has shown that the greater should be shielded from external fields.
percentage of faults occur through vibration, subsidences and earth movements. Wheatstone Bridge.
A Wheatstone bridge with a wide range
Cables may break down from precisely
the same cause but the resultant fault of adjustment for loop testing. The
will be entirely different ; in other words, total resistance of the rheostat arm
a cable route subject to subsidence trouble should cover a wide range, say from
may at one time affect a joint and another, o.or ohm to io,000 ohms and so arranged
that manipulation is simple, and the
buckle the cable.
instrument capable of use by an inexInstruments.
perienced person. The ratios should have
Instruments for fault location should values of not less than i,000 ohms in
be robust and portable. As the tests ranges of r, To, zoo and r,000 ohms.

A
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Slide Wire Bridge.
In portable form provided with a
graduated scale.
Standard Condenser.
For the pur,ioses of capacity measurements, a standard condenser in the order
of .5 microfarad is necessary.
Key.
A highly insulated two-way key for
capacity charge and discharge.
Millivoltmeter and Ammeter
with variable resistance capable of fine
adjustment.
Battery.
A testing battery of not less than ioo
volts with intermediate
t appings.
These instruments are
only suitable for low
pressure tests.

with, due to the use of liquid and semiliquid oils and compounds.
Switching in a faulty cable should be
avoided wherever possible, owing to risk
of damage to power station plant and
transformers.
When a cable is found suitable for a
location test, check the resistance of the
conductors by measuring their resistance
with a " bridge " and compare the result
with a table of standard resistances.
Too much emphasis cannot be placed upon
the importance of this, for, should the
conductors be fractured, it is likely that
misleading results will be obtained.
Methods of Location.
Generally speaking, two types of faults

METHOD OF PROCEDURE IN LOCATING
FAULTS.
Before an attempt is
made to locate a fault,
it is very essential to
ascertain its exact nature
Fig. I.—CONNECTIONS FOR " MURRAY " LOOP TEST.
and the following method
of procedure might be
are met with :—
suggested :—
(a) " Earthed " or " short-circuited "
After the cable has been put out of
conductors.
circuit, it should be permanently isolated
from all live parts and discharged to
(b) Open circuits.
" earth." A very careful insulation resistance test both to " earth " and between The " Murray " Loop Test.
This test is applied when one or more
conductors should then be made and very
carefully noted. The result of this test conductors of a cable have broken down
Will have an important bearing on the to " earth " or " sheath " where a healthy
method of localisation to be adopted. conductor is available for forming a
From this test the cable may appear loop. Ideal conditions for a test of this
sound, in which case, the conductors description are for the resistance of the fault
should be checked for continuity. The to be low and the insulation resistance of
insulation resistance may be high and the the healthy conductor forming the loop
conductivity sound, yet it trips out of to be high. With such conditions the
circuit immediately it is switched in. results obtained by this method are very
The insulation resistance under these con- accurate. It may be explained for the
ditions may be too high for localisation guidance of an inexperienced person, that
and a fault of this description would the healthy conductor having an insulation
require the application of special methods resistance value of i megohm would be
which will be described later to locate it. considered good for the purpose of locating
This type of fault is now frequently met a fault in the order of io,000 ohms to
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" earth." The:practical arrangements of
this test are shown in Fig. I.
EC = Total length of loop (twice the
route length).
to the
X = Resistance from
fault.
Y = Resistance from " E " to the
fault.
AC =Rheostat
arm of
"bridge."
AE = Fixed or
proportional
arm of
" bridge."
AC is adjusted
until equilibrium
is produced.
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tions, thus allowing the test to be carried
out in the most suitable place in comfort
without any account being taken of them
as they are not included in the test.
Use as High Resistance as Possible.
In making a test of this kind, it is

Formula.
Distance of
fault X from C=
Length of loop
B
X

D+B

i.e., Length of
loop is Route
length x 2.
Example.
A cable x,000
yards long having
one of its conductors " earthed "
is looped at the
distant end to a
healthy conductor as shown in
Fig. i. The resistance arm " B " of
the " bridge " is
adjusted until
equilibrium in the
Fig. 2.—A PORTABLE SLIDE- WIRE BRIDGE IN ACTION.
galvo. is obtained
the reading being 5o ohms with the propor- advisable to use as high resistance as
tional arm " D" set at i,000 ohms ; then:— possible in " B " and " D " because the
greater these resistances,. the greater will
Distance of fault X from " C "
be the range of adjustment. As the fault
2,000 X 50
is
directly in circuit with the battery, if
95-25
yardsr,000 + 5o
the resistance be large, the employment
It will be noticed that double test leads of high battery power is inevitable. The
are used from the cable ends. There is a best conditions for making the " Murray "
great advantage in this, as it permits of loop test is to make " D " as high as is
small leads being used of any length that necessary to obtain the required range of
may be carried to inaccessible test posi- adjustment in " B," as " B " must be
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adjustable to a fraction of a unit, hence
sufficient battery power must be employed
to obtain a perceptible deflection of the
galvanometer needle where " B " is one
unit, or a fraction of a unit, out of exact
adjustment.
Although the loop test avoids errors
due to earth currents, it does not avoid
errors due to cable currents, that is to say,
currents set up by chemical action at the
fault itself ; this action causes a current
to flow in opposite directions through the
branches of the cable on either side of the
fault ; in other wcrds, causes a current to
circulate in the loop. This current,
although weak, may be sufficient to cause
slight errors.

SLIDE WIRE
BRIDGE

sisting of a rotating drum instead of the
Wheatstone bridge, to which is attached a
sliding contact connected to a battery.
A galvo. is connected across the ends of
This sliding contact is
the slide-wire.
adjusted by sliding it along the wire until
a perfect balance on the galvo. is obtained.
A pointer is attached to the sliding contact
that passes over a graduated scale divided
into as many as io,000 parts. On low
resistance faults and comparatively short
cables it is capable of great accuracy, but
on faults of high resistance or long cables
it is not so accurate.
Fig. 3 shows the slide-wire bridge
connections for the " Murray " loop test.
The ratio X/2L as a percentage is given

CABLE ENDS
LOOPED

I
Fig. 3.—SLIDE-WIRE BRIDGE CONNECTIONS FOR " MURRAY " LOOP TEST.

Calculation of Testing Lengths.
In ascertaining the loop test length,
it will only be twice the route length if
all the conductors under test are of the
same sectional area. For example, a
faulty cable is of o.r sq. inch and the
return cable used for the loop is 0.15 sq.
inch, the route length being 1,000 yards,
then the total length of the loop
would be :—
(o.r sq. in.
1,000 yds.
X 1,000 yds.)
0.15 sq. in.
1,666 yds. In other words, if the cable
making up the loop is of greater section
than the faulty one, its equivalent length
will be proportionately less than the route
length and vice versa.
Slide-wire Method.
This method for making tests on the
" Murray " loop principle is very widely
used and many excellent instruments are
made up in portable form, usually con-

directly on the localiser scale, " X " being
the distance to the fault and " L " the
route length of the cable.
Another Application of the " Murray "
Loop Test.
A further application of this method of
testing is when the nature of the fault
is such that no available good conductor
can be got in the faulty cable itself for
completing the loop, and some independent
or adjacent cable has to be used. It sometimes happens that all conductors of a
cable become " earthed " or " shortcircuited." In a case of this kind, some
method of utilising an adjacent cable has
to be adopted. A pilot or telephone cable
is a very good medium for the purpose,
either of which can be used. As the
sectional area of a cable of this description
would in most cases be much smaller and
therefore the resistance greater than that
of a power or lighting cable, the equivalent
lengths would have to be taken into
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consideration. In order to avoid long
calculations, use is made of two of the
healthy conductors instead of one. Both
are connected to the faulty cable at the
distant end, whilst at the testing end,
one is connected directly to the galvanometer and the other to the " bridge "
arm. The resistance of the conductor
connected to the " bridge " is' added to
the resistance of the arm in the formula
when calculating the fault distance.
Fig. 4 shows the connections of the test :—
AB = Faulty cable with all conductors
earthed.
R = Variable resistance arm of bridge.
S = Fixed resistance arm of bridge.
T =Resistance of
telephone wire.
t = Galvo. lead.
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Length calculated
in terms of o.i sq. in. = 10,900 yds.
approx.
Resistance value of S
= 1,000 ohms.
,, R = 784 ,,
Resistance of telephone wire connected
to bridge arm = 205 „
Distance of fault
10,900 X 784
= 4 , 297 yds.
1,000 + 784 + 205
Actual distance of fault was 4,304 yds., or
7 yds. short, giving an accuracy of
within .16%.

TELECHONE

wars.

Formula.
Distance of fault X =
Route length

R
S
R+T
(from A).
This method will be
X
Y
found extremely valuable
for locating many faults
on auxiliary cables, such Fig. 4.—CONNECTIONS FOR USING AN INDEPENDENT OR ADJACENT
CABLE.
as telephone and pilot
cables, by reversing the
order and using the larger cable as the good Checking of Tests.
conductors of the loop and one or more of
A check test should be made where
the smaller ones as the faulty conductor. possible, either by taking a test from the
Other tests will be very readily thought opposite end or by reversing the connecout and applied from this method.
tions on the " bridge " which will give
the fault position the opposite way round
Example of Actual Test on a 20 kV.
the loop. If the two fault positions
Cable.
obtained agree, the test may be taken as
A 20 kV. cable 10,972 yards long broke accurate. Should, however, there be any
down and upon being tested was found large difference, either bad connections or
with all three conductors " earthed " and some defect in the cable forming the loop
also two of which were fractured. There may be looked for. If by chance there be
was a four-pair telephone cable laid two faults, the test will indicate a position
alongside and a pair of these wires was somewhere between them, in which case
used to make up the loop. Fig. 5 the cable should be cut at this point and a
shows the connections of the faulty cable fresh location made on each section.
to the instruments :—
Route length
HIGH RESISTANCE FAULTS.
of cable = 10,741 yds. 0.1 sq. in.
The extensive use of super-tension
231 „ 0.15 „
cable has brought in its train a number of
10,972 „
subsidiary problems, one of these being
the location of high resistance faults, the

*HOE.
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Unit No. 1.
This contains the main
E.H.P. transformer
designed for a primary
supply of zoo-24o volts
Y
and a maximum secondary
voltage of 6o kV.
A smaller insulated
current
transformer is
E
mounted in the same
Fig. 5.-DIAGRAM SHOWING CONNECTIONS OF THE FAULTY CABLE sheet steel tank for supplyTO THE INSTRUMENTS.
ing the heating to the
filament of a thermionic
features of which may be enumerated as rectifying value. The primary is arranged
follows :—
to work from a 230-volt supply, and
I. Quick acting protective devices.
the secondary is arranged to have an
2. Thickness of dielectric.
output of 8 amperes at 8 volts. The
3. Semi-fluid compound in joints.
secondary winding is insulated from
To make the location of faults possible the primary for a working pressure of
in these circumstances it has often been 6o kV. D.C. Provision is made for
necessary to connect the faulty cable to mounting an E.H.P. valve on the top of
the System, or to a separate generator, the bushing from which the leads from
in order to lessen the resistance path at the current transformer are brought.
the fault ; such arrangements occasion In addition a filament voltmeter is
appreciable delay, apart from being mounted on the top of the bushing. A
injurious to generating plant. To over- sphere gap voltmeter with 62.5 mm.
come some of these difficulties, the cable spheres is provided for measuring the
manufacturers, in co-operation, have peak voltage on the cable, and also acts
developed special fault-locating apparatus as a discharge path in the event of surges
for producing a suitable source of high- being set up on the line. The dimensions
voltage D.C. which can be used for of the case containing this apparatus is
breaking down high resistances and 20 inches by 17 inches by i6 inches
locating faults simultaneously.
high and the approximate weight is
The kVA. required to test super-tension 220 lbs.
cables with A.C. current is so considerable
as to be impracticable owing to the testing- Unit No. 2.
transformers being so unwieldy and heavy.
This is the control unit and is fitted with
For instance, a 20 kV. cable, 6,000 yards the following :—
long required nearly II tons of apparatus
Auto-transformer control switch.
taken some considerable distance to the
Ironclad main switch and fuses.
site of a test in order to break a high
Filament switch and fuses.
resistance fault down with A.C. current,
Two filament rheostats.
whereas the same object could have been
Primary voltmeter five-inch dial.
achieved with D.C. apparatus in portable
Milliammeter four-inch dial with ranges
form, the weight of which would not have 0-5, 0-50 milliamperes.
exceeded 62 cwts.
The panel is mounted in an oak case in
which is fitted a 3 kVA. auto-transformer
DESCRIPTION OF HIGH PRESSURE having 20 tappings o to 23o volts. Flexible
TESTING APPARATUS.
connections are provided for the purpose
Before describing the method of this of making connection between the control
test, a word or two about the type of unit and the transformer unit. The
apparatus which is being successfully used approximate dimensions of this case is
would be helpful. It consists of two main 20 inches by 24 inches by i6 inches deep,
units Nos. i and 2, each of which is and the approximate weight is 8o lbs.
enclosed in a wooden casing.
The cases are provided with sliding lids
"),
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BRIDGE
RESISTANCE

MILLIAMMETER

rad)
,FILAMENT
TRANSFORMER

Fig. 6.--CONNECTIONS FOR HIGH PRESSURE TESTING APPARATUS.
into which protective resistances and
sundry fittings are packed.
Electrostatic Voltmeter.
An electrostatic voltmeter of the AbramVillard type is recommended for measurement of the test pressures in addition to
the sphere gap.
Portable Engine Driven Alternator Set.
In order that a suitable L.P. supply be
always available, a special portable alternator set on trailer is provided, comprising
2 cylinder, vertical, 4-cycle, stationary
water - cooled petrol engine, developing 5-6 B.H.P. at 1,50o r.p.m. direct
coupled to which is a two-bearing singlephase alternator, developing 3 kVA.,
o.8 power factor, 23o volts, with directcoupled exciter.
High Pressure D.C. Localising Bridge.
In making tests with this apparatus, it
is necessary to have a special " bridge "
insulated for working at high pressures.
Several " bridges " have been designed for
this purpose and the one used in connection
with the above apparatus consists of a
rotating slide-wire drum localiser mounted
on porcelain insulators. The drum shaft
is coupled through a universal coupling
to a 3-foot insulating rod, the other end of
which is terminated by a brass shaft to
which the operating wheel is attached.
A galvanometer with a vertical scale is
placed on top of the localiser so that the
scale faces the operator. Near the operating wheel, attached to the main framework, is a reading telescope for magnifying

the scale of the galvanometer. The
" bridge " works on the " Murray " loop
principle. Connection is made to the
sliding contact of the " bridge " with a
lead from the high-pressure apparatus.
Procedure of Testing.
The principle is the same as that applied
in the low voltage slide-wire bridge tests
previously described. It is merely that
the high-pressure D.C. generator set
displaces the battery. When a location
test is to be applied, the connections are
first made according to Fig. 6.
The primary current of the filament
transformer is switched on and regulated
by means of rheostats so as to pass the
correct current for the efficient working
of the valve. It is essential that the
correct filament voltage should be
adhered to, and for this purpose a
voltmeter is provided with the equipment
connected across the leads to the valve
filament.
The voltage control is set for the
minimum pressure on the cable before
closing the main circuit. By means of a
special control, the test pressure can be
raised gradually to any required value
within the capacity of the set. A milliammeter is provided to indicate the current
that leaks through the fault to " earth "
when sufficient pressure has been applied
to the faulty conductor to permit of the
passing of about 15-20 m.a. The operating wheel of the bridge is turned until the
galvo. needle settles at zero. The ratio
XAL as a percentage is given directly on
the localiser scale (X being the distance to
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the fault and " L " the total route length
of the cable).
Breaking Down High Resistance.
In breaking down the high resistance
of an incipient fault, such as intermittent
flashovers in a joint, a great deal of care
and patience is required. Cases have
been known where the maximum testing
pressure has been maintained for 24 hours
with occasional discharges through the
fault, before sufficient current could be
held long enough for the location test to
be carried out.
L = Route length of cable.
AA = Faulty conductor.
BB = Good conductor.
K = Kenotron rectifying valve.
Milliammeter to read fault current in
'cop.

reading of 30.11 divisions was obtained
on the " bridge " scale.
Route length of
o.o5 sq. in. cable = 3,964 yds.
27 „
Test leads, 27 yds. 0.1 sq. in. =
From this we obtain the position of the
fault as follows :—
Loop length (3,964 yds. X 2) = 7,928 yds.
Test leads as 0.05 sq. in.
27 vds. X o 05 sq. in.
13.5 „
0.1 sq. in.
Total length as 0.05 sq. in. = 7,941.5 „

Distance of fault
7,941.5 x 30.11
= 2,391 yds.
100
Actual distance = 2,361 yds.
It should be mentioned that immediately
the pressure
was taken off,
the insulation
resistance of
CABLE ENDS
the f aulty conductor w a s
LOOPED
still in the
AMMETER
order of 2
megohms.
The distance
of the fault
MILWOLTMETER
worked o u t
near a joint
Fig. 7.—" FALL OF POTENTIAL " TEST.
which on being
examined was
found with a small hole in the lead sleeve.
Example of Test.
The following are actual particulars and The joint was of an expansion type and
figures taken on a cable breakdown where had broken down due to ground movement
the location test was made with the on a main road. The actual fault had
developed in the cable outside the sleeve.
apparatus :—
A 0.05 square-inch 20 kV. cable tripped The lead was found broken near the wipe,
out of circuit on fault and the insulation through which water had entered and
resistance test revealed the conditions as found its way into the joint.
follows :—
" Fall of Potential " Method.
Red phase 2 megohms to " earth."
White phase 4 megohms to " earth."
This is another method that can be
used for locating faults similar in nature
Blue phase io megohms to " earth."
It was obvious from the test that the to those located by loop tests, with
cable had broken down and therefore was this advantage, that it can be applied
not sound enough to be switched in again. whether a sound conductor is available
The high pressure apparatus was applied or not. It is simple and accurate under
as in Fig. 6 to the red phase conductor, certain conditions, and where the fault
which, at a pressure of 10 kV., passed a resistance is sufficiently low to allow of a
current of 15 m.a. through the fault. The steady current to be maintained through
galvo. was then adjusted to zero, when a the fault. The " drop " is noted at both
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ends of the cable by
means of a millivoltmeter
as the current from a
secondary battery is
passed to " earth" through
the fault, the current
being maintained steady
through a reliable
ammeter. The formula
for obtaining the distance
of the fault would be :—

OPEN OIRCWIT

Formula.
L = length of faulty
-r
cable.
D1 denotes drop from Fig. 8.-SIMPLE
first
testing
position.
D2 denotes drop from second testing
position.
Distance of fault from first testing
position
D, x D,
Using a Sound Conductor.
A modification of this test is to use a
sound conductor of the same section area
as a test lead by passing a current round
the loop as shown in Fig. 7, the
advantage being that no current passes
through the fault. When it is necessary
to use conductors of different sectional
area for the return conductor, the equivalent lengths, as previously explained,
must be calculated to put them in terms
of the faulty cable.
Formula.
L denotes entire loop of sound and
faulty conductors.
A denotes reading on faulty cable.
B denotes reading on sound cable.

COMPARATIVE DEFLECTION TEST FOR LOCATING
AN OPEN CIRCUIT.

Distance of fault
L x A.
—AB
This method is not to be recommended
for faults that have any resistance in them,
and experience shows this to be the case
with most super-tension cable breakdowns. With the " Murray " loop test
it is possible to locate very high resistance
faults by increasing the battery power.
With a primary testing battery of about
30o volts, a fault of 0.5 megohm has been
located to a drum length on a 20 kV. cable
II miles long. It is much to be preferred,
however, with high resistance faults, to
deal with them by the special apparatus
already described.
In all these tests, particular care should
be taken to see that the instrument connections are clean, carefully made, and
perfectly dry, as damp test leads will
lower the resistance of all circuits and
probably render the tests inaccurate.
inneyomr.i.

A
FAULT —....

=E
Di TEST
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D2. TEST

Fig. 9.-TESTING A FAULT CAUSED BY " SHORT CIRCUIT " BETWEEN
PHASES.

OPEN CIRCUIT FAULTS
Capacity Tests.
This method of location
is applied to cables that
become open-circuited
when the insulation resistance of the fractured
conductor or conductors
is sound. The principle
of the test is the comparison of the electrostatic
capacity of the severed
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conductor against a sound one of the same
cable or standard condenser. The accuracy of the test depends entirely upon
the dielectric of the conductors to each
other and the sheath, which should be alike
in quality and thickness. For this reason,
wherever possible, the size, manufacture,
etc., of all cables should be kept uniform.
Locating a Simple Open Circuit.
Fig. 8 shows the connection of a
simple comparative deflection test for
locating a simple open-circuit on a conductor where all conductors are found to
be sound between the conductors and lead
sheath. The instruments required are :—
High insulation 2-way key.
Ballistic galvanometer.
ioo-volt battery.
A charge is given to the severed conductor for a given period by depressing
the key, which on release gives a discharge
through the galvo., a careful note being
made of the deflections. It is always
advisable to have the galvo. shunted
whilst trial readings are taken in order to
prevent damage to the instrument, as the
position and capacity discharge to the
fault is unknown. Without removing the
instruments, repeat the test on the continuous conductor, using the same battery
power and time-charge.
Formula.
L = total length of cable.
A = deflections on faulty conductor.
B = deflections on sound conductor.
A
Distance of break = Length x —
B
When the fault has been caused by a
" short-circuit " between phases, this may
give rise to complications with all conductors completely severed and only one
end left for testing purposes. The procedure in this case would be to measure
the capacity of the broken conductor up
to the break and compare it with the
capacity per unit length of the cable.
Severed Conductor.
A test is taken at the insulated end of
the severed conductor as already described,
then without moving the instruments,
using the same battery power, charge and

discharge a standard condenser of known
capacity in like manner. Then if—
D1 deflections on severed conductor,
D, = deflections on standard condenser,
Kz = capacity of standard condenser,
K2 = capacity to be found.
Formula.
x KI
K2— D1
D,
Having thus obtained the capacity of
the conductor up to the break, by reference
to the cable standard per unit length of
the class of cable under test, the fault
position will be:—
Unit length x K2
Distance of fault
Kz
Example of Test.
The following is an example of the condition and test figures of an actual fault :—
A 20 kV. 0.05 square inch cable, 6,38o
yards long, broke down with all the conductors severed, with only the insulation
resistance good on one severed conductor
from one end, the remainder being
" earthed." (See Fig 9.)
Test.
D, discharge de flectic ns on
300
severed conductor
D, discharge deflections on
65
standard condenser
K r standard condenser o.i microf arad.
3oo
x
= 0.46 microfarad.
x
=
D,
65
o 46 microfarad equals capacity to the
fault.
o.18 microfarad maker's capacity per
r,000 yards.
0. 46
Then
= 2,555 yards.
o.
Whilst this form of test is very simple,
care must be taken in obtaining the galvo.
readings. The accuracy depends upon
the insulation resistance across the path
of fracture and also against the other
conductor and the sheath.
(Photographs and diagrams are by kind
permission of the Newcastle Electric Supply
Co., Ltd., and the British Insulated
Cables, Ltd.)
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SOME LABORATORY AND TEST ROOM
APPARATUS
By A.

I

C. JOLLEY,

A.M.I.E.E., F.Inst. P.

T is convenient to divide electrical with a paste of zinc sulphate and mercurous
instruments into two classes :—
sulphate, the latter acting as a depolariser.
(a) Industrial and indicating instruThe Weston Cell.
ments.
(b) Precision and standardising instruDr. Weston in 1892 suggested a standard
ments.
cell similar to the Clark cell, in which the
Typical instruments of the first class zinc amalgam was replaced by a cadmium
have been already described in previous amalgam and the zinc sulphate solution
articles. The second group is a very wide by a solution of cadmium sulphate.
one and includes apparatus for the absoThis type of cell is now almost unilute determination of electrical units and versally employed as a standard. When
also for refined research, as well as the properly set up the cadmium cell fcrms a
apparatus employed for the precise deter- most reliable standard. The E.M.F. at
mination and comparison of electrical 20° C. in terms of the international ampere
quantities, such as electrical pressure, and ohm is given as 1.01830 volts and at
current, resistance, capacity inductance, any temperature t° C. the E.M.F. is exetc.
pressed by the equation
This article will deal with some typical Et = E20 — 0.0000406 (t — 2o) —
examples of apparatus which is usually
0.00000095 [t — 20J2
found in a well-equipped laboratory or
The form which the modern cell takes
test room.
is shown in Fig. 1, and usually the cells
are mounted in pairs, one of which is
THE UNIT OF ELECTRICAL PRESSURE reserved to act as a comparison cell
—THE INTERNATIONAL VOLT.
against which the other cr working
The practical unit of electrical pressure standard can be checked from time to time.
is the international volt, and in order to
realise and maintain this unit we must Accurate Measurement of Voltage by
Comparison with the Standard Cell.
refer to some form of standard which
takes the form of a primary cell set up
The measurement of potential difference
in accordance with a
by comparison with
carefully drawn up
the standard cell* is
specification.
usually made by
means of some form
The Clark Standard
of potentiometer. The
Cell.
principle consists of
The earliest form Saturated
establishing by means
Solution of
of standard cell was Cadmium
of a battery of condescribed by Latimer Sulphate
stant E. M. F. a known
Clark in 1874. Essen- Crystals of
volt fall over a series
Cadmium
Paste of
tially this cell con- Sulphate
Standard cells should never
Mercurous
have appieciable current
Sulphate and
sisted of a pure zinc
drawn from them and should
Cadmium
electrode in a neutral Cadmium
therefor, always be employed
Sulphate
onis on circuits of very high
Amalgam
saturated solution of
Mercury
resistance, although it has
been shown that if given a
zinc sulphate, the
sufficiently long rest on open
positive pole being Fig. I.—THE WESTON NORMAL CADMIUM circuit
after an accidental
short circuit the cell will
pure mercury covered
STANDARD CELL.
completely recoser its F.M F
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Fig. 2 -CONNECTIONS FOR MEASUREMENT OF
POTENTIAL DIFFERENCE BY COMPARISON WITH
THE STANDARD CELL.

of resistance coils which in some cases
is supplemented by a slide wire.
The P.D. to be compared is then applied to
the arrangement and two points are found
between which the volt fall is equal
to the unknown P.D., the equality
being indicated by the absence of current
in a sensitive galvanometer joined in
series with the unknown P.D. Thus in
the diagram Fig. 2 A B is a long uniform
slide wire along which a steady current
is maintained by the battery E1, and
since the wire is uniform there will be a
uniform fall of potential along its length,
say, from the positive end A to the negative end B and we can mount a scale of
uniform divisions beside it.
Let us suppose we give this scale 200
divisions. We must now standardise the
volt fall and to do this we connect the
positive terminal of a standard cell E to
the end A of the wire and the negative
terminal through a sensitive galvanometer G to a sliding contact C on the wire.
Now suppose we desire a volt fall of 0.01
volt per division on the wire and the
E.M.F. of the standard cell is r.o18 volts,
we set the contact C to ro1.8 divisions on
the scale and on pressing the key K the
galvanometer will be deflected.
The rheostat R in series with the battery
E1 is now adjusted until there is no
deflection of the galvanometer on operating the key K and we then know that the
current flowing in the wire produces a
volt fall of o.oi for a length of it
corresponding to one division on the scale.
We may then replace the standard
cell by the unknown P.D. and without
altering anything else in the circuits we
find a new point of balance on the wire ;
let us suppose that this occurs at 143.5
divisions on the scale, then we know
that the unknown P.D. is 143.5 x 0.01
= 1.435 volts.

The Crompton Potentiometer.
One of the earliest improvements on
this simple form of apparatus was made
by Colonel Crompton and Professor Fleming, who substituted for the long wire a
series of 14 coils and a comparatively
short slide wire as shown in Fig. 3. Each
coil has a resistance exactly equal to
that of the slide wire so that the whole
becomes equivalent to 15 slide wires, but
is obviously much more compact. We can
now have a volt fall of, say, o.r volt per
slide wire and if the straight wire has a
scale of zoo divisions the volt fall along
it will be 0.001 volt per division.
The galvanometer used with this apparatus is usually a reflecting moving coil
instrument of fairly high resistance and
designed to have good zero keeping
qualities.
The Vernier Potentiometer.
The Crompton form of potentiometer is
usually classed as a low resistance instrument since its total resistance is determined by the resistance of the slide wire.
There are, however, many modifications
of the potentiometer which aim at obtaining a higher internal resistance and some
eliminate the slide wire entirely by
employing a vernier arrangement of resistance coils in which each succeeding dial
is shunted across two coils of the preceding
dial by means of a double brush switch.
An arrangement of three dials is shown
in Fig. 4, and it will be seen that with
this arrangement the resistance of the
potentiometer may be made as high as
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Fig. 3.-DIAGRAM OF CONNECTIONS FOR CROMPTOI

POTENTIOMETER.
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we desire. For instance, the first dial
may be a series of 16 coils each of r,000
ohms, the second dial will then contain
II coils of 200 ohms each, and if the third
dial is the last, as in our diagram, it will
have ro coils of 40 ohms each and a single
brush travelling on it. Obviously, we
may have any convenient number of dials
in such an instrument and each dial
represents tenths of the preceding unit.
The Tinsley Potentiometer.
Another arrangement is shown diagrammatically in Fig. 5. The first dial
has a volt fall of o.i volt per coil and the
slide wire is connected in series with it.
The second dial shunts two coils of the
first by means of the double travelling
brush switch. The unknown P.D. in
series with the galvanometer is connected
between the travelling contact on the
slide wire and the single brush which
makes contact with coils of the second
dial. Thus we read tenths of a volt on
the first dial, hundredths of a volt on the
second dial and the remaining fractions
are indicated by the balance position of
the slider on the scale of the slide wire.
The " Volt-box."
In general the range of a potentiometer
is not much greater than 1.5 volts, since
the potentiometer current is usually
supplied by a single secondary cell and
therefore the total applied E.M.F. is
approximately 2 volts. To extend the
range to higher values it becomes necessary
to employ what is known as a " volt-box,"
which is really a fixed value potential
divider.
Essentially it consists of a high resistance
across which the voltage to be measured
is applied, a tapping is taken off this
resistance at such a value from one
end of it that the volt fall, when the
nominal voltage is across the whole
resistance, is within the range of the
potentiometer.
Accurate Measurement of Supply Voltages
(D.C.).
Thus suppose we desire to measure a
pressure of zoo volts, we might make the
main resistance roo,000 ohms ; there would
then be a volt fall of I volt per i,000 ohms,
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11 Corls 2006"each
10 Coils 40. each
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Fig. 4.-ARRANGEMENT FOR THREE DIALS.

and if, therefore, a tapping is brought out
from the first i,000-ohm coil as in Fig. 6
and taken to the potentiometer there will
always be between these leads onehundredth of the voltage applied across
the main resistance. Obviously, we may
by means of suitable tappings along it
make the main resistance serve for a
wide range of applied voltages.
Increasing the Sensitivity of a Potentiometer.
When the voltage to be measured is
small the accuracy with which the potentiometer may be read becomes very limited.
To overcome this difficulty a transposition
arrangement is often fitted which is in
the form of a two-way plug switch as
shown in Fig. 7. With the plug in A
the potentiometer reads in the ordinary
way, but if the plug is shifted to position
B a resistance equal to one-ninth of the
potentiometer resistance is shunted across
the instrument and at the same time a
resistance nine times that of the potentiometer is put in series. In this way the
current drawn from the battery remains
unchanged, but the current flowing in the
potentiometer coils is reduced to onetenth, so that the volt fall over the potentiometer coils is reduced to one-tenth,
and therefore the maximum reading of the
instrument is also one-tenth of its unshunted value.
With a good potentiometer, a volt-box
and a set of standard resistances or shunts
it becomes possible to measure voltage,
current, power, resistance and, in fact,
practically all direct current quantities
with considerable accuracy, in terms of
the E.M.F. of a standard cell. The chief
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in series with the battery supplying the
instrument.

defect of the potentiometer system of
measurement is the time required to make
the individual settings, particularly if the
conditions in the circuits under test are
unsteady.

ACCURATE A.C. MEASUREMENTS.
When we are dealing with alternating
quantities we cannot concern ourselves
only with magnitude, but we must also
take into account the phase of the E.M.F.
which is being measured.
There are two alternatives open to
us. First, we may provide some means
to bring the potentiometer current into
phase with the E.M.F. being measured,
or, secondly, we may measure the rectangular components of the P.D. under
investigation. Both these alternatives
have been developed into practical instruments.

Increasing the Convenience of the Potentiometer.
In part, this difficulty is due to our having frequently to refer back to the standard
cell to verify the potentiometer current.
To facilitate this being rapidly done many
potentiometers are provided with a supplementary standard cell dial in series with
the potentiometer coils and graduated
to correspond with the E.M.F. of the cell
at various temperatures and so arranged

PD

Fig. 5 -ARRANGEMENT FOR TINSLEY POTENTIOMETER.

that the galvanometer and the standard
cell may be switched across its resistance
without altering the last potentiometer
setting and since it is in series with the
potentiometer if the galvanometer shows
a deflection the current through the
instrument is adjusted to balance, after
which the galvanometer is transferred
to its original position and the readings
continued.
The Brooks Deflection Potentiometer.
Still greater speed of setting is obtained
in the deflection potentiometer of Brooks.
In this approximate settings are made
on the dials of the instrument and the
residuals to be added or subtracted
from the dial readings are read on the
scale of a moving coil instrument. In
order that these deflections shall truly
represent the residual fractions of the
E.M.F. a special arrangement of the
resistances of the potentiometer has to
be adopted so that the resistance in the
galvanometer circuit remains constant
for all settings of the dials and the rheostat

The Drysdale Polar Potentiometer.
The polar potentiometer of Dr. C. V.
Drysdale employs the first. It consists
of an ordinary D.C. potentiometer in
whose main circuit is included a dynamometer millammeter, which serves to
indicate the potentiometer current,
whether D.C. or A.C. A double pole
change-over switch switches either a
secondary cell or the secondary of the
phase shifting transformer.
This latter consists of a laminated slotted
stator wound on a two-phase scheme
like an ordinary induction motor stator;
within this stator is a laminated rotor
on which a secondary coil is wound, and
this rotor may be turned into any position
relatively to the stator winding by means
of a worm gear.
How the Stator is Excited.
The stator is excited from a singlephase supply on the split phase principle ;
that is to say, one of its phase windings is
supplied directly, and the second winding,
which is in space quadrature, is supplied
through a suitable resistance and condenser.
The windings are identical, and when the
phase is properly split a perfectly circular
and uniform rotating field is produced,
which links with the secondary coil.; and
generates an E.M.F. in it whose R.M.S.
value is practically equal to the E.M.F.
of the secondary cell.
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Obviously, the phase of this secondary
E.M.F. will depend only on the position
of the axis of the secondary in relation
to the primary winding. Thus if this
axis corresponds with the axis of the
directly excited phase of the primary,
the secondary E.M.F. will be in phase with
the supply. If the rotor is turned so
that the axis coincides with the other
phase of the stator, which is excited
through the condenser, its E.M.F. will be
in quadrature and for all intermediate
positions the phase of the secondary
induced E.M.F. will be given by the
angular position of the rotor.
A terminal board above the potentiometer allows, in connection with the twopole selector switch of several circuits
being switched in successively.
Galvanometers for A.C. Working.

Obviously, the ordinary moving coil
instrument cannot be used since it is an
average instrument and therefore will
give no indication at all on A.C. A
dynamometer or sensitive electrometer
could be used, but unless both were separately excited they will have a square law,
and are consequently very insensitive
near their zero, which is just where we
require the greatest sensitivity to indicate
balance. If the frequency is within the
audible range, we can use a telephone as
a detector, but a better alte rnative at
moderate frequencies is to employ a
vibration galvanometer.
The invention of this type of A.C. detector has marked a very great advance
in alternating current measurement.
The vibration galvanometer is similar
to a sensitive moving coil cr moving
iron D.C. instrument, the essential difference being that instead of giving the
moving system a comparatively slow
periodic time we tune it until its natural
lo of Pot' R

Fig. 7.—ARRANGEMENT FOR INCREASING SENSI-

TIVITY OF POTENTIOMETER.
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Fig. 6 —CONNECTIONS FOR ACCURATE MEASUREMENT OF SUPPLY VOLTAGES (D.C.).

period is exactly that of the supply. The
tuning in the case of the moving magnet
instrument is done either by altering the
length and tension of the suspension
string to which the magnets are attached
cr by altering the strength of a steady
magnetic control field. With moving coil
instruments the tuning is always done by
altering the length and tension of the
metallic suspension of the coil.
Such galvanometers are very satisfactory for all measurements where balance
or null methods are employed. A typical
fcrm of vibration galvanometer is shown
in Fig. 8.
Using the Polar Potentiometer for Measuring A.C. Voltage, Capacity and Inductance.

To make a measurement with the polar
potentiometer, therefore, we first connect
the instrument to an accumulator and,
employing an crdinary moving coil galvanometer and standard cell, the instrument is standardised in the manner
already described, and when the standard
cell is balanced, the reading of the dynamometer is carefully observed.
This standardisation once made need
not be repeated, except at long intervals
in order to check the constancy of the
potentiometer construction.
The connections of the instrument are
now changed by turning the change-over
switch so that the instrument is supplied
from the secondary of the phase shifting
transformer and the potentiometer current
is adjusted by means of the rheostat
until the dynamometer indicates that
the same current is passing as when the
instrument was standardised with D.C.,
and this current is maintained throughout
all observations.
The galvanometer is replaced by a
vibration galvanometer, which is tuned to
the frequency of the supply.
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inductive resistance whose value is R
ohms, and V2 is the second reading on
the apparatus or load under investiV
gation, then
I=
R
and Z the impedance of the load will be
V2

Fig. 8.—TYPICAL

FORM OF VIBRATION GALVANOMETER.

I
The cosine of the angle can be read
off on the cosine scale under the
pointer marked " cosine " and the sine
similarly under the pointers marked
"sine" then the reactance of the load
is Z sin 0 and the power taken by the
load is V2 I cos 0, the effective resistance is Z cos 0 and if the frequency
is known the self-induction or capacity
of the load is determined.

Measuring the Voltage and Phase Difference.
If now, by means of the selector switch,
we connect in the unknown P.D. which
we desire to measure we again balance by
dial setting, which gives the magnitude,
and by turning the rotor of the phase
shifting transformer, which, when balance
is obtained, gives the phase angle between
the current and thevolt age being measured.

A Multi-purpose Instrument.
It is at once evident that such an equipment is probably one of the most widely
useful measuring devices which has ever
been invented since it allows of nearly
every measurement within the range of
D.C. and A.C. measurements being made
with reasonable accuracy, and practically
without restriction of magnitude, providing suitable shunts and volt boxes are
available. The accuracy is limited to
that to which the potentiometer dynamometer can be made to reproduce its readings, which is high. It should, however,
be remembered that any measurements made
with the aid of a vibration galvanometer
or any tuned detector must be carried out
exactly at the frequency to which the galvanometer is tuned, since even a small difference
on either side between the frequency of
the supply and the natural frequency of
the instrument will result in a serious
loss of sensitivity. At its best, the polar
A.C. potentiometer is essentially a low
frequency arrangement and is very difficult to apply to frequencies above L000
cycles. This restriction does not, however,
apply to the second alternative, that of
measuring the rectangular co-ordinates of
the voltage under investigation. In many
instances it is very convenient to do this,
but generally co-ordinate potentiometers
are less simple to manipulate.

Impedance, Capacity and Self Induction.
If the first reading was V1 on the non-

The Gall Co-ordinate Potentiometer.
The co-ordinate potentiometer of

In making any measurement the circuit
under investigation must always include
a low non-inductive resistance standard
and the P.D. over this is first balanced
by setting the potentiometer dials and
slider until minimum deflection is obtained ; the final balance is then obtained
by turning the rotor of the phase shifter.
The spindle of this transformer carries
a system of pointers at right angles to
one another, one of which is marked
" index," and these pointers move over
a scale graduated in degrees over two
right angles on one side and has a scale
of cosines in the remaining two quadrants.
Now, since we know that with a truly
non-inductive resistance the P.D. across
it must be in phase with the current it
carries, we can set the index pointer,
which is adjustable on the rotor shaft,
over the zero of the degree scale.
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Mr. D. Gall was the first commercial
instrument of this type to be put on the
market.
Essentially it consists of two potentiometers, one of which is fed by a current
in phase with the supply and the other
through a phase-splitting device with a
current in quadrature. The exactness of
the quadrature relation, which is, of course,
of first impertance, is ascertained by
balancing the secondary P.D. of a fixed
value mutual inductance on the inphase
potentiometer when the primary of the
mutual carries the quadrature potentiometer current. This secondary P.D. is
arranged to be equal in volts to the primary
frequency divided by Zoo.
The instrument is standardised as in
the polar instrument by balancing the
standard cell on the inphase potentiometer, a delicate torsion dynamometer
instrument being used to indicate the
potentiometer current. The slides of the
two potentiometers are interconnected
through the vibration galvanometer and
the unknown P.D. to be measured, so
that balance is obtained by adjusting
both potentiometers until the galvanometer is balanced at zero.
The inphase component is then the
reading of the inphase potentiometer, while
the quadrature component is given on the
other.
The Larsen-Campbell Potentiometer.
Another arrangement for a co-ordinate
potentiometer was devised by Larsen
and modified by A. Campbell. In this
case the potentiometer consists of an
arrangement of resistances in series with
the primary of a variable mutual inductance, the combination being put directly
across the supply pressure.
An ingenious thermal indicating device,
which can be calibrated by means of a
direct current, is put in series with the
potentiometer to indicate when the correct
current is passing.
The pressure to be measured is balanced
by travelling contacts on the resistance in
series with the secondary of the mutual
inductance. The inphase component is
therefore balanced on the resistance slides,
while the quadrature component is
balanced by varying the mutual inductance.
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This balance is made independent of
frequency by Mr. Campbell's ingenious
application of the universal shunt principle
to the resistances.
The advantage of the co-ordinate potentiometer, and particularly the latter fcrm,
is that it may be used without modification
on audio frequency circuits.
THE UNITS OF RESISTANCE—THE
INTERNATIONAL OHM.
Next in importance to potential measurement are resistance determinations.
The Mercury Standard.
The practical unit of resistance is the
international ohm, represented by the
resistance of a column of pure mercury
106.3 cm. long and weighing 14.4521
grammes at o° C.
Copies of the Standard for Laboratories.
Such a standard, however, is not
generally suitable for ordinary laboratory
work, so that it is replaced by copies
in the form of wire coils wound in an alloy
of permanent properties and low temperature coefficient.
Why Manganin is Used and Why it is
Varnished.
Of recent years all good resistances are
wound in manganin, an alloy of copper,
manganese and nickel, and containing also
a small percentage of iron, which has
considerable influence on its temperature
coefficient. Manganin has been found
most satisfactory for the construction of
permanent resistance standards, particularly when protected by a suitable varnish
cating from the selective oxidation of the
manganese, which takes place when the
material is exposed to the air and which
leads to a high positive temperature
coefficient.

Fig.

9.-SIMPLEST FORM OF WHEATSTONE
BRIDGE.
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How Standard Resistances are Wound.
All resistances are wound bffilarly ;
that is, the insulated wire is bent back
upon itself before winding so that adjacent
turns carry current in opposite directions
and are therefore noninductive. For D.C.
working this is usually sufficient.

L 1
X L
or X — S
1
S= 11
The quantities (L — 1) and 1 form the
ratios of the bridge and the arrangement
becomes more compact and less likely to
damage if we replace the slide wire by
two sets of fixed ratio coils and make S
an adjustable resistance, which is equivalent to fixing the sliding contact at some
point on the wire so that the volt fall
over it can be matched by varying S.
We have then arrived at the ordinary
form of Wheatstone bridge.
Each ratio arm usually consists of
four coils having values of I, 1o, Ioo,
I,000 ohms. These are arranged at the
back with the adjustable resistance forming the third arm in front of them. The
battery is connected to the middle point,
where the ratios join, and to the junction
between the unknown resistance and
the adjustable bridge arm, while the
galvanometer is joined directly across the
ratios.
This is the usual arrangement, but,
obviously, we may interchange the position of the galvanometer and battery
without affecting the principle and under
certain circumstances this may be advisable.

Special Types for A.C. Work.
With alternating currents, at audio
and higher frequencies, the residual inductance and capacity of the coils becomes
of considerable importance and special
methods of winding and mounting the
coils have to be adopted so that these
effects are reduced to a minimum, while
careful attention must be given to screening
the coils in order to eliminate variable
earth capacities.
The Wheatstone Bridge and Its Use.
Resistance determinations always involve comparison between the apparatus
under investigation and a set of coils
whose values are known, and such comparisons are most frequently made by
some form of Wheatstone bridge.
In its simplest form this can consist of
a uniform wire across which a set of known
resistances and the unknown resistance in
series are connected as in Fig. 9. Current
is sent through the parallel combination Possibilities of the Wheatstone Bridge.
by the battery B and the galvanometer is
The range of the ordinary Wheatstone
joined between the junction of the resis- bridge
can be made very wide. For if
tances and the slider on the wire.
we call the resistance of the ratio on one
Then a current i, will flow through
N and on the other side M, the
S and X, while another current i2 will side
relation
flow in the slide wire. The volt fall over
N
S is equal to i1 S, and by moving the
X =-- —
contact on the slide wire a point is found
where no current passes through the holds for all values of N and M. We can
galvanometer ; when this is the case it is therefore use level ratios or ratio up
obvious that there can be no difference for high resistances or down for low values.
In practice, however, the bridge arrangeof potential between the two points to
ment loses sensitiveness, and there is a
which the galvanometer is connected.
Therefore if the balance point is a danger of over-heating some of the coils
distance 1 cm. from the end, we know if the use of unlevel ratios is carried too far.
The practical range is from about o.I
that the volt fall over this length must be
i 2 R1 where R is the resistance of unit ohm to Ioo,000 ohms, and although mealength of the wire. We therefore have surements can be carried beyond this,
other arrangements are then to be prei1 S=i2 R1.
ferred.
Then obviously we must have
i, X = i2 R (L —1) where L is the total
length of the wire. Dividing these equa- The Kelvin Double Bridge.
tions one by the other we get
For low resistances a modification of the
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Wheatstone bridge known as the Kelvin
double bridge gives results of great accuracy. Diagrammatically the arrangement is
shown in Fig. ro, and it will be seen that
this is an ordinary Wheatstone bridge
except that the two inner ratio coils m
and n have been introduced to shunt the
connection between X and S and the
galvanometer is then taken to their
common centre. Then, obviously, if m
and n are equal high resistances the galvanometer is connected to what is equivalent to the electrical centre of the
connecting bar a.
If a is the resistance of the interconnector
the condition of balance is .
N
M
n
M
m n a
And, obviously, if we make
n N
m M
then
N
X=
—
M
as in the ordinary bridge.
Many bridges for the most accurate
intercomparison of standards of resistance
are built up on this principle. For commercial and industrial measurements the
bridge is made up with the ratios n and
N of fixed values, say, 1, 1o, no and
L000, and are put into circuit by the
ordinary plug arrangement. The other
ratios m and M are arranged on the decade
system, the brush contacts on each being
mechanically coupled so that they are
varied together.
X = - -

Wheatstone Bridge for A.C. Measurements.
Apart from the measurement of resistance, the Wheatstone bridge arrangement has been very extensively employed
with alternating currents for the determination of capacity inductance, etc.,
for the bridge relations hold for the impedances of the arms just as it does for
the resistances. If, therefore, we replace
the battery by a suitable source of alternating current and the galvanometer
by a vibration galvanometer or for the
higher audio frequencies by a telephone
the bridge can be operated in the usual
way.
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A very great variety of bridge arrangements becomes possible, but the precautions of reducing or eliminating the
residuals of the coils become necessary,
and great attention must be given to
screening the various parts of the
apparatus.

Measurement of Very High Resistance.
For high resistance measurement, when
the resistance is of the order of megohms,
it is customary to use either the method
of substitution or alternatively the loss
of charge method. In either case a
highly sensitive reflecting galvanometer
must be employed.
Such galvanometers are of two types,
the moving magnet cr Kelvin galvanometer and the moving coil or D'Arsonval
galvanometer.

Fig.

I0.—ARRANGEMENT FOR KELVIN DOUBLE
BRIDGE.

The Kelvin Galvanometer.
In this a double system of small permanent magnets are arranged in two
groups, the poles of each group being
similarly directed, but each group having
its polarity reversed in respect to the
other, so that the arrangement is astatic.
The magnets are rigidly attached to a
light non-magnetic spindle, which is
suspended by means of a single fibre of
silk or a very fine quartz fibre, the mechanical control of which is negligibly small.
On this connecting spindle a small
mirror is attached, usually between the
magnet systems, and when light is sent
from a fixed source to the mirror it is
returned to a translucent fixed scale so
that its deflections may be conveniently
observed. The moving system is damped
by means of a light vane, usually mounted
behind the mirror or at the bottom of the
suspension, and this moving in an air
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Fig. II.—THE BROCA GALVANOMETER.
This is a modification of the Kelvin instrument.

chamber which fits it closely produces the
requisite damping torque by means of
air friction.
Each group of magnets is surrounded
by a pair of fixed coils at whose centre the
magnets can rotate, and if the four coils
are connected in series so that the current
in the upper pair circulates in the opposite
sense to its direction in the lower pair the
effect on the magnets will be to produce a
deflecting couple in the same direction on
both magnet systems.
The restoring or control torque is provided by an external permanent magnet,
usually mounted on a vertical rod above
the coils so that it may be raised or
lowered and turned in a horizontal
direction, and in this way the control is
varied and the sensitivity altered.
The resistance of such an instrument
may be made very high and is capable of
some variation by winding the coils in
sections and bringing the ends of the
sections out to suitable terminals or,
alternatively, the coils may be replaced
by others of the same dimensions
but different resistance. The Kelvin
galvanometer has been developed into
what is probably the most sensitive
current-indicating device which has ever
been produced. The early trouble of

loss of sensitivity due to the self-dc magnetisation of the small magnets has
to a considerable extent been overcome
by the employment of cobalt steel.
The chief drawback to the general
employment of the instrument is its
extreme sensitivity to external disturbing
fields, which could only be counteracted
by the employment of an elaborate and
somewhat massive system of shields
round the instrument.
By using the new nickel-iron alloys like
Mu metal or Permalloy C for the purpose
of shielding, a comparatively light shield
will now suffice.
The Broca Galvanometer.
Fig. II shows a modification of the
Kelvin instrument, which is due to Dr.
Broca. In this the needle system consists
of two comparatively long, thin magnets
mounted vertically and parallel to one
another. These magnets are magnetised
with a consequent pole at their centre
so that the whole behaves as a system of
very short magnets mounted horizontally
without having their defect of a short
magnetic memory.
They are suspended by a quartz fibre
and a single pair of coils are placed centrally, one on each side of the suspension
support, and connected in series so that
when current is sent round them a deflection couple is produced by the action
of their field on the induced poles in the
magnets. The control magnet is carried
on a universal joint behind the instrument
so that it can be moved and rotated
until appropriate control is obtained.
It is claimed that with this arrangement the
magnets are much more permanent, and
by retouching an almost perfectly astatic
system can be obtained.
The D'Arsonval Type.
This is much more general. It is
practically the inverse of the Kelvin type.
In this instrument a fixed horseshoe
permanent magnet of tungsten or cobalt
steel provides a magnetic field in which a
light coil of fine wire is suspended by means
of a fine strip of phosphor bronze, which
serves both as the mechanical control
and also to lead the current into the coil,
the lead out being by means of a similar
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strip below, which is either stretched
straight in line with the top suspension
or may be in the form of a loosely coiled
spiral. A small mirror is mounted above
the coil and moves with it and the light
from a fixed source is returned to a scale,
as already described for the Kelvin
instrument.
Ayrton-Mather Variation.
The D'Arsonval galvanometer is made
in two forms. In the Ayrton-Mather
type the coil is wound in the form of a
narrow loop and is suspended between the
poles of the permanent magnet without
any fixed central iron core. This form
of coil was adopted because it can be
shown mathematically that the least
moment of inertia for the greatest magnetic
moment is obtained when the cross section
of the coil is two circles touching on the
axis of rotation. Such coils, however,
are difficult to construct without introducing magnetic controls due to slight
magnetic impurities in the wire or its
insulation and this reduces the sensitivity.
For this reason the wide rectangular
coil is preferred because it can be made to
embrace a fixed central iron core, and the
sides of the coil are therefore moving in
a uniform radial field ; magnetic impurities
therefore cannot have any serious effect.
Damping.
One of the great advantages of the
moving coil instrument is that it can be
very easily damped and rendered aperiodic. In the Ayrton-Mather type of
instrument the narrow coil can be slipped
into a thin silver tube and as this rotates
with the coil in the
field of the magnet
eddy currents are
set up in it which
r roduce the required damping
torque. Rectangular
coil instruments are
damped by winding
the coil on a light
metal former in
To
which eddy currents
Circuit
are similarly FroFig.
13.—ARRANGEduce d.
MENT OF SHUNT FOR
GALVANOMETER.
Both types of

SUSPENSION PIECE

Fig. 12.—THE D'ARSONVAL TYPE OF GALVANOMETER.

instrument may, however, be satisfactorily damped by shunting the coil
with a resistance of such a value that
the induced currents generated in
the coil itself by its motion in the field
produce critical damping. This method
necessarily involves some loss of sensitivity.
Shunts.
A sensitive galvanometer is usually
used with a shunt in order that its sensitivity may be controlled. This shunt is
usually of the Ayrton-Mather or universal
type, which consists of a resistance permanently connected across the galvanometer terminals.
A series of tapping points on this resistance are brought out to studs and a
rotating brush makes contact to any one
of these. The circuit is connected to
one end of the resistance A and to the
rotating brush, as shown in Fig. 13. Thus
when the brush is turned to make contact
with the stud connected to the point B on
the resistance we have full sensitivity,
and when on any other stud the sensitivity
is reduced by an amount corresponding
to its position.
If, therefore, we choose the resistance
of the shunt correctly, it can be made to
serve the double purpose of altering
sensitivity and rendering the galvanometer dead beat.
The moving coil type of galvanometer
has the advantage over the moving magnet
type in that it is more robust and less
sensitive to external disturbing fields
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and is much more easily and effectively
damped. It cannot, however, have so
high a sensitivity as the Kelvin type of
instrument and it cannot be built to so
high a resistance as the moving magnet
instrument, but for general testing work
it is a very valuable instrument and does
not require magnetic shielding.

appreciably to move from its position of
rest and for maximum sensitivity the
instrument should have practically no
damping.
It is, however, possible to employ a
critically damped instrument for the
purpose, and the loss of sensitivity is
offset against the considerable saving of
time in making a series of observations,
BALLISTIC GALVANOMETERS.
but it should be noted that a damped
In certain methods of measuring capa- instrument can only be used ballistically
city and magnetic flux, or whenever it is when the damping is produced by
necessary to measure electric quantity, a eddy currents in the manner already
somewhat modi- discussed.
fied type of
galvanometer is Kelvin Type.
used. We have
The Kelvin type of galvanometer can
in such case to be employed as an undamped ballistic
measure a tran- galvanometer by replacing the short,
sient current, straight magnets by cylindrical belland the problem shaped magnets magnetised across the
is very similar axis of the cylinder. In this way the
to that of mass of the moving system is considerably
measuring t h e increased and the damping reduced,
energy of a rifle since the magnets rotate with very
bullet when it little air friction; for the same reason
leaves the muzzle the mirror is reduced to the smallest
of a gun.
possible dimensions and the damping
alimioffill111
In order to do vane is entirely removed.
this the bullet is
fired into a Ayrton-Mather Type.
The Ayrton-Mather type of moving
Fig. 14.—THE DUDDELL massive wooden
THERMO GALVANOMETER. bob of a pen- coil instrument makes an excellent ballistic
dulum which has galvanometer for condenser work or on
considerable inertia and a slow time circuits of high resistance. When used
of swing. The bullet is retained by for this purpose the silver damping tube
the pendulum bob and gives up its is removed from the coil and replaced
energy to it, causing it to swing out over by an ivory one and, obviously, the air
an arc proportional to the energy received. friction will be very small with this type
The electrical problem is treated simi- of construction. With rectangular coil
larly : the quantity of electricity to be D'Arsonval instruments the usual promeasured is suddenly discharged round cedure is to increase the inertia of the
the coils of the galvanometer and the movement by adding to it a series of
first swing or throw of instrument, if it weights carried on radially projecting
is properly designed, will be proportional arms or by adding a horizontal disc
to the quantity of electricity discharged. to the suspension below the coil. At the
An instrument designed for this purpose is same time the control is reduced by
known as a ballistic galvanometer and making the metallic suspension very long.
Such galvanometers are usually emis characterised by having a moving
system with a large moment of inertia ployed critically damped, and as the circuit
as compared with the control or restoring may be of so low a resistance as to make
torque or, in other words, it must possess the movement over-damped, an adjustable
a very long time of swing so that the shunt to the magnet is sometimes prowhole discharge has taken place before vided to reduce the working field until
the moving system has had time critical damping is obtained.
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Galvanometers for A.C. Work.
The problem of producing a sensitive
galvanometer for alternating currents is
not easy, for, as already mentioned, most
alternating current instruments follow a
square law.
The Dynamometer Principle.
The dynamometer principle can be
employed, in which the field is provided
by a fixed coil. Within this coil is suspended a moving coil with its plane at
right angles to that of the fixed coil,
and this moving coil carries a mirror in
the usual way for observing the deflection.
When all the coils are joined in series
and an alternating current is sent round
the combination, the moving coil is
deflected by a torque which is proportional
to the square of the current.
Such instruments, however, have several
disadvantages, for in order to obtain
sufficient sensitivity the coils must be
wound with a comparatively large number
of turns of fine wire. The impedance of
the instrument is therefore high and a
fairly large voltage is necessary in order
to send the current through it, and this
may lead to troublesome electro-static
effects.
Moreover, the introduction of a highly
inductive instrument into the circuit may
be very objectionable and, lastly, the
instrument is very appreciably affected
by external disturbing fields.
The D'Arsonval Principle.
Alternatively, we may make an instrument on the same principle as the D'Arsonval galvanometer, replacing the permanent magnet by a laminated electromagnet excited by the alternating current.
Very sensitive instruments of this type have
been built, but difficulty arises because of
the phase difference which exists between
the gap flux and the current in the moving
coil, and here also the impedance of the
instrument may be high.
The Duddell Thermo Galvanometer.
The thermo galvanometer devised by
the late Mr. W. Duddell is an excellent
solution to the problem, particularly
where high frequencies are to be employed.
In this instrument shown in Fig. 14 the
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principle of the radio micrometer, invented
by Professor Boys, has been adapted.
A circular permanent magnet has a
small gap between its poles, and suspended
in this gap by means of a quartz fibre is
a narrow loop of bare copper wire, which
is closed at its lower end by a minute
thermo couple of two special alloys which
give a high thermo E.M.F. for a small ripe
of temperature. Immediately below this
system Duddell arranged a little heater
consisting of a few millimetres of very
fine resistance wire, or, in the case of a
high resistance heater a platinised quartz
thread, and through this the current is
passed. The passage of the current heats
the wire and the heat produced is communicated to the thermo couple by radiation and convection. The thermo E.M.F.
set up sends current round the wire loop,
which is deflected like the coil of a D'Arsonval galvanometer, and its movements
are observed by a mirror arrangement.
The original radio micrometer of Professor Boys is preserved practically in its
entirety in this instrument, the cnly
variation being that of adding the minute
heater. The instrument is obviously verytemperature sensitive, so that the whole
movement has to be buried in a massive
block of brass to delay the effects of
external temperature change. An outer
wooden cover affords further protection.
The thermo couple consists of two alloys,
both of which are bismuth rich and are
therefore strongly diamagnetic. They are
therefore screened from the stray field of
the permanent magnet by being surrounded
by an iron block mounted below the
permanent magnet.
As a sensitive alternating current galvanometer it gives excellent performance.
The resistance is altered by changing the
heater, which is a self-contained unit
and easily removed, and with any given
heater the sensitivity can be somewhat
altered by advancing it towards the
junction above it, a screw motion being
provided for this purpose. Since the
heater is simply a few millimetres of
straight wire of very small diameter, the
inductance and capacity of the instrument
is very small, so that when calibrated with
direct currents it may be used in high
frequency circuits.
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TUBULAR AND PANEL HEATERS
By E. H. FREEMAN, M.I.E.E.
N the early days of electric heating the warmed room with no radiant heat is apt
only form of heater used was the to feel stuffy whilst the comfort of a
electric fire consisting generally of a definite source of radiant heat such as a
coil of high resistance wire wound on a coal fire or an electric radiator is a comformer or frame of some refractory monplace.
material and fitted in front of a reflector
such as that of the ordinary bowl fire. Early Forms oi Convector Heaters.
Such electric fires attained their designed
The limitations of radiant heat were
temperature of 1,500° to 1,600° within a realized and early forms of convector
few minutes and were and are extremely heaters designed to warm the air of a room
useful in providing heat within a confined were definitely adaptations of the ordinary
area and in a short time.
hot water radiator. Some of these
The heat given out was mainly radiant had an independent boiler fixed
heat, i.e., of a kind that does not heat the below, steam passing round the passages
air through which the heat rays pass but of the radiator and after cooling, cononly the objects on which the heat rays densing and passing back to the boiler to
impinge. A proportion, perhaps 3o per be again converted into steam. Others
cent., of the heat is used in heating the air had an immersion heater in the main body
and the effect of such heaters in warming of the radiator and a hot water circua room as distinct from the objects in it lation in the radiator similar to that in
was not very satisfactory.
the ordinary centrally heated system of
Convector type heaters (of which the so hot water radiators.
called hot water
Electrically
radiator is the
Heated Boilers.
most common
A third ap.example)
on
plication of
the other hand
electricity
to
act mainly by
such local heatwarming the
ers was the subair of the room
stitution of
and are more
electric immereffective than
sion heaters in
fires when it is
the central
desired to obboiler these retain a generally
placing the coke
even temperaor oil as a source
ture rather than
of heat. This
to warm actual
system does not
objects.
so conveniently
Both results
allow the conare desirable
trol of the heat
under varying
in individual
rooms by
conditions and
usually both
Fig. 1.-" DULRAE HEATING PANEL IN COURSE OF thermostats as
either of the
together as a
ERECTION.
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TUBULAR AND PANEL HEATERS

other systems and it
still involves carrying the
usual system of hot pipes
through the building
involving waste of heat
in many places and consequent loss of efficiency.
It is mainly of service
where current can be obtained at very low cost
at certain hours but not
at others as it lends
itself to storage of heat
during low cost periods
the heat being subsequently used as required
at times when current
would be comparatively
costly.
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varying size to meet
varying conditions which
heats the exposed surface
of the housing on much
the same principle as the
tubular heaters. An example of this is shown
in Fig. 3.
The Dulrae panel on
0
the other hand consists
of heating wires actually
embedded in the substance of the panel which
is quite thin and can be
laid over the surface of
the wall or ceiling more
or less like a wallpaper.
See Fig. I.
Both these panel
Fig. 2.—AIR CONVECTOR.
heaters need heat
Low Temperature Heaters.
insulating materials beThe growing demand for heating hind them to ensure that the heat is proapparatus of this kind, operating as most jected into the room and not into the wall
of them do with a surface temperature of or ceiling behind.
roo° to 15o° F., has led to the invention
(4) Morganite Heaters.—These heaters
of several types of apparatus all designed represent another form of panel heater and
for local control and each suitable in its consist of flat panels built up of a semiown way for varying conditions. Of these conducting material with insulating mathe best known are as follows :—
terial surrounding this, the entire panel
(i) The Air Convector.—This consists of heating up to a temperature well above
a heating element enclosed in a suitable that of the other panel heaters. These
casing with vent holes above and below, are for use where a greater degree of
the air passing in at the bottom being radiant heat is desirable, the surface
warmed as it passes over the heated temperature rising to 45o° F.
wires, and passing out at the top to warm
the room. This type is illustrated in Relative Advantages.
Fig. 2.
All these types have their uses and
(2) Tubular Heaters. These are prob- advantages. Types i and 2 (air conably the most popular form, consisting of vectors and tubular heaters) are easily
tubes about 2 inches diameter, inside installed, can be altered in position or
which is a wire heating element carried on loading with very little difficulty and are
a mica or other support and effectively economical in first cost. They are exposed
supported clear of the tube. The element in the rooms and to this extent their use
warms the adjacent air which in turn may be a disadvantage in certain conwarms the surface of the tube and gives a ditions.
large surface of warmed metal which
The Electrorad ceiling panel is more
distributes the heat into the room, partly expensive than these but can be comby radiation and partly by convection. pletely embedded in the ceilings if desired
(3) Panel Heaters.—There are various or formed into a projecting panel as may
kinds of such heaters designed for embed- be convenient for decorative treatment.
ding in walls or ceilings. The best known
The Dulrae panel is still more expensive
of these are the Electrorad panel and the but is more easily attached to the ceiling
Dulrae panel.
although special precautions need to be
The former has heating elements taken in providing a suitable backing of
enclosed in a flat cast iron housing of insulation. The projection or rather
WARM AIR
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TUBULAR AND PANEL HEATERS

of walls, floors and
increased thickness of
ceilings and details of
ceiling is very slight
their
construction ;
but the effect of water
whether walls are
on the enclosing
exposed on the North,
material is likely to be
South, East or West ;
considerable and might
relative areas of wininvolve replacement.
dow or skylight; degree
Either type of ceiling
of ventilation necespanel would require
sary (i.e. number of
the redecoration of
changes of air per
the room in the event
hour)
; temperature of
of alterations being
Fig. 3.—ELECTRORAD PANEL.
adjacent rooms—all
required.
Showing details of construction.
The remedy for
these have a considerable bearing on the
avoiding risk of alteration is of course to provide ample margins result as may also the heating effects of the
of heat in the first place but this may be lighting units. As a rough guide it is
expensive. The use of all such heaters rarely safe to allow less than r watt per
has now become sufficiently widespread cubic foot and rarely necessary to need
for the proper design of any installation more than II- watts, i.e. a room 20 feet by
and there should be no difficulty in i5 feet by io feet high would need probcarrying out any scheme with any of ably not less than 3 K.W. or more than
these systems without any need to face 4 K.W. This load might be distributed
in any way convenient though it is usually
future alterations.
desirable to concentrate a considerable
proportion of it near the windows.
Temperature Rise to be Allowed.
The normal external winter temperature Thermostat Control.
in this country is about 40° and rarely falls
If thermostat control is provided the
below 30° except for short periods. This loading is less important from the point of
being so standard practice in heating view of economical working than if hand
design has adopted 30' as the normal control is relied on. The thermostat
minimum and heaters are installed to switch, of which there are a number 01
raise the internal temperature to 55°, 6o° reliable types available, can be set tc
or 65° according to the conditions. This operate at any selected temperature withir
ultimate temperature is a matter of taste a wide range—say between 45° and 70°—
and also of circumstance, an operating and automatically switches the heaters or
theatre for example needing to be main- or off as the temperature falls or rises
tained at a higher temperature than a Such thermostats can be supplied tc
garage.
operate within a degree or two of th(
For ordinary domestic schemes and also selected temperature and can thus main
for offices, factories, etc., the heating tam the room at a constant temperatur(
apparatus should be installed suitable for which need not vary more than say
raising the temperature about 30° to 35° between 58° and 62° if the selectee
and even if the full load of heaters is not temperature is 6o'.
actually fixed wiring should be provided on
Thermostats can be fixed at any con
this basis at least.
venient position in the room but should b(
well out of any direct draught.
Load Required.
The actual load required on the heaters to Running Cost.
As a broad generalization it can bi
achieve this result is a matter for rather
complicated calculation and it is impos- assumed that with current at d. per uni
sible in a brief article to go fully into the electric scheme can be compare(
details. In close designing many factors favourably with an ordinary central heat
have to be taken into account. Thickness ing oil or coke fired boiler scheme.
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CLASSIFIED KEY
ELECTRICAL MACHINERY.
Direet Current.
Types of D.C. Motors and Their Applications
Starters and Control Gear for D.C.
..
Industrial Motors
Special Types and Combinations of
Rotating Electrical Machinery. .
How to Make a Small Motor
.•
How to Rewind a Former Wound
Armature . .
..
Design of D.C. Motors and Dynamos
Testing Small D.C. Motors
Load Testing of D.C. Machines . .
Fault Tracing in Dynamos, Motors and
Rotary Converters
..

1 49
280

1589
1029
340
1759
1201
1579
766

Alternating Current.
Types of A.C. Industrial Motors and
Their Applications
..
..
809
Starters and Control Gear for A.C. In1291
dustrial Motors ..
Distribution Switchgear
853
. . 1201
Testing Small A.C. Motors
.. 1579
Load Testing of A.C. Machines
How to Design Small Power Transformers 1553
Transformer Theory and Construction . . 1633
Small Power Transformers and How to
204
Make Them
..
..
..
673
How to Install Power Transformers
GENERATION AND DISTRIBUTION.
How Current Reaches the Consumer .. 1599
..
The Distribution of Electricity ..
777
Transmission and Distribution Lines and
..
1661
Cables
IIII
Electrical Measuring Instruments
Electricity Supply Meters ..
1048
Time Switches and Programme Clocks .. 1068
Law Relating to Electrical Engineers . . 1743
Electrical Tariffs ..
.
• . 1817
..
..
Electric Clocks
480
..
Distribution Switchgear
8'53
How Power Station Frequency is
Controlled
1545
8o2
A Handy Electrical Distribution Board..
The Development of Electric Lighting ..
393
Safety Rules for Electrical Engineers ..
599
Development of Electrical Machinery . . 1161
Apparatus for the Correction of Power
••
1769
..
..
Factor
673
How to Install a Power Transformer
1893
Fault Location in Electric Cables
INSTRUMENTS AND METERS.
III
Electrical Measuring Instruments
1048
Electricity Supply Meters ..
Time Switches and Programme Clocks .. 1068
1903
Laboratory Instruments ..
Measuring One-millionth of an Ampere .. 1176
1817
.
Electrical Tariffs ..
1821
Cathode Ray Oscillograph
1888
Tirrill Voltage Regulator . .

WIRES, CABLES AND WIRING SYSTEMS
AND METHODS.
Principles of Soldering
177
Jointing of Wires and Cables
8
Circuits and Their Wiring..
21
Conduit Wiring System ..
75
Surface Wiring Systems ..
255
Installation of a Surface Wiring System.. 2 455
Wiring a Block of Modern Flats ..
2524
Wiring a Small House for Electric Light 217
Testing a Lighting Installation ..
167
Electrical Installation, Faults, Dangers,
Remedies ..
113
Fault Location)in Electric Cables
1893
Useful Wiring Diagrams ..
1836
329
Fitting Additional Switches
.•
Fitting Electrical Acessories
409
..
571
Fitting Additional Points of Supply
Erection of Wiring Systems in Buildings
2 55
Electric Bells, Indicators and Relays .. 1497
1730
Estimating for Wiring Contractors
1048
Electricity Supply Meters ..
•
129
Leclanche Cells
..
•
(See also Installation Work.)
LIGHTING AND ILLUMINATION.
Illumination and the Design of Electric
Lighting Schemes
How to Provide Adequate Illumination..
The Planning of a Lighting Installation..
Illumination of a Domestic Installation..
Wiring a Small House for Electric Light
Wiring a Block of Modern Flats ..
Testing a Lighting Installation .
Illumination of Flats and Hotels..
••
Illumination of Office Buildings ..
Shop Lighting and Wiring
Theatre Lighting ..
Factory Lighting ..
Lighting in Churches
.
Street Lighting Systems ..
Illumination of School Buildings ..
Hospital Lighting ..
..
Architectural Lighting
Useful Wiring Diagrams ..
DOMESTIC APPLIANCES.
The Use of Electricity in the Home '
Domestic Power Appliances and Their
Control . .
Repairs to Domestic Electrical Appliances
Table Standard Lamps and Shades
Installing Electric Cookers
Repairs to Electric Cookers
Repair of Electric Irons ..
Making an Electric Kettle
..
Electric Clocks
..
Tubular and Panel Heaters
Useful Wiring Diagrams ..
(See also Wares, Cables, etc.)
INSTALLATION WORK.
Installing Small Motors ..
How to Install a Power Transformer

404
564
747
789
217
1524
167
1465
1092
652
691
893
947
983
1279
/437
1571
1838
133

625
1339
1617
845
967
114.3
584
48o
1916
1841

231
673
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CLASSIFIED KEY

Installation and Erection of Medium and
Large Sized Electric Motors ..
715
Fault Tracing in Dynamos, Motors and
Rotary Converters
..
766
Installing Small Electric Generating Sets 1177
Installing Wireless Sets ..
1235
Installation of Surface Wiring Systems .. 1455
Distribution Switchgear
••
853
Electro-plating Apparatus
429, io81
Wall and Floor Fixings..
.. 1193
..
OPERATION AND MAINTENANCE WORK.
Maintenance of an Electrically Equipped
Factory ..
926
Maintenance of a Street Lighting System 983
Maintenance of an Electrically Equipped
Stores
1073
..
Maintenance of an Electrically Equipped
Railway Station ..
1259
Maintenance of Electrical Machines
.. 1347
Operation and Maintenance of Arc Lamps 1805
Maintenance of Small Dynamos ..
87
Portable Electric Tools ..
55
Electric Heat Treatment Furnaces
6o5
Automatic Railway Signalling ..
753
INDUSTRIAL USES OF ELECTRICITY.
Portable Electric Tools ..
55
Tramways and Trolley-bus Systems
348
Electric Railways ..
••
••
577
Electro-plating Apparatus
429, 1081
How Electricity Helps the Railway
Engineer ..
883
Automatic Railway Signalling
753
Hairdressers' Equipment ..
473
..
605
Electric Heat Treatment Furnaces
Distribution Switchgear
..
853
Electric Lifts
905, 1477
Electric Welding .
..
972

Recording of Sound
Dimmer Switches ..
How to Make a Variable Choke
Floodlighting
Electric Signs and Letters
Photo Electric Cells

953
69
• • 1831
• • 1288
321
••
784, 1713

WIRELESS AND GRAMOPHONES.
Fault Tracing Chart for All Types of
Radio Sets
••
455
Radio Receiving Circuits ..
373, 590
Erecting an Aerial ..
..
195
Installing Wireless Sets ..
.. 1235
Accumulators
..
"47
Repairs to Accumulators ..
996
Simple Battery Chargers ..
708
Headphones and Loud-speakers ..
295
Making a Double Cone Loudspeaker
762
High Tension Eliminators
506
Design of Apparatus for H.T. Units
1055
Remote Control of Wireless Sets..
98
L.F. and H.F. Radio Transformers
1323
Condensers for Wireless Purposes
1429
Thermionic Valves for Radio Receivers.. 1513
Tuning Coils and Inductances ..
1541
Electrical Gramophone Pick-ups
871
Highly Efficient Radio Gramophone ..
47
Electrical Gramophone Motors ..
1007, 133
Fuses for Very Small Currents ..
359
TELEGRAPHY AND TELEPHONY.
Traffic Problems of Telephone Engineering 466
Telegraph Systems..
..
1399
House Telephone Systems
1533
Telephone Engineering ..
1861
Useful Wiring Diagrams ..
1856
ELECTRIC TRACTION.
Tramways and Trolley-bus Systems
.. 348
Electric Railways ..
577
Automatic Railway Signalling
753
How Electricity Helps the Railway
Engineer ..
883

ELECTRICAL CALCULATIONS AND THEORY.
Magnets and Magnetism ..
666
Electric and Magnetic Circuits
740
Electric Circuit Calculations
1381
A.C. Circuit Calculations ..
1560
MEDICAL APPARATUS.
How Research has Helped Electrical
Ultra Violet-ray Apparatus
143, 189
Engineering
..
3
Electro-medical Apparatus
390
107
Electricity and Its Manifestations
Electricity as a Curative Agent .
500
Simplified Calculations Relating to
X-ray Apparatus ..
6i6
Electromagnets ..
1644
Simplified Calculations Relating to D.C.
ELECTRICAL ENGINEERING MATERIALS.
and A.C. Motors and Dynamos
1721 Aluminium and Its Alloys
124
Transformer Theory and Construction .. 1633 Copper ..
1003
How to Design a Small Power Transformer 1553 Nickel and Its Alloys
..
1425
Design of D.C. Motors and Dynamos .. 1759 Silver, Platinum and the Rarer Metals .. 1422
Special Steels and Irons ..
1827
CAR ELECTRICAL EQUIPMENT.
Tin, Lead, Zinc
964
1147
Accumulators
..
Electrical Properties of Rubber
365
1215
Dynamos, Starters and Cut-outs ..
Asbestos and Wood
1190
Switches, Cables and Connectors..
1333
Cotton, Paper and Fibre .
805
Low Voltage Lamps
1391
..
Mica ..
1275
••
-•
Motor Car Ignition Systems
..
1444
Moulded Compositions ..
1344
Electrical Accessories for Cars
1471
Varnishes, Oils and Resins
1462
How to Remagnetise Magnets
2 74
Electrical
Properties
of
Porcelain
88o
1708
Magneto and Coil Testing Set
THEATRE AND CINEMA WORK.
Talking Picture ApparatusWestern Electric..
..
Theatre Lighting ..

521
539
691

PROFESSIONAL AND LEGAL.
How to Start an Electrical Business
..
Institution of Electrical Engineers
..
The Electrical Contractors' Association
Law Relating to Electrical Enginec-s

1780

1814
1654
1743
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INDEX
Vol. I, pages 1-392 ; Vol. II, pages 393-776; Vol. III, pages 777-116o ; Vol. IV, pages
1161-1544; Vol. V, pages 1545-1928.
ACCESSORIES
fitting electrical, 409
motor car, 1471
Accumulators, 761, 1147
charging, 207
repairs to, 996
wiring diagrams, 1852
Acid, how to dilute, 1150
Acid dip, how to make, 431
Adaptors, for lampholders, 422
Aerial, 1240
discharger, 1244
erecting, 195
faults, 203
measuring current in, 1237
tuning circuits, 373
Aerial-earth switch, 1244
Air break switches, 1611
Air gap, how to check, 1356
Alarm circuits, 205, 1508
Aligning, 724
Alkaline cells, 1147
All-mains sets, faults in, 462
Alternating current—
battery charger, 708
circuit calculations, 1560
eliminators, making, 515
induction meters, 1048
industrial motors, 809
machinery, 1i68
machines, load testing, 1579
measurement of, 1906
motor calculations, 1728
motor clocks, 48o
motors, starters and control
gear for, 1291
testing, 1201
railway track circuits, 757
wireless receivers, 388, 590
Alternators, synchronising, 1823
Aluminium, 124
welding, 127
Amco iron, 1827
Ammeters, III,
Ampere-turns, calculating, 1647
Amplifiers—
photo-electric cells, for, 1720
talking pictures, for, 527
Arc—
lamps, in theatres, 699
operation and maintenance of, 1805
lighting, 394
welding, 977
Architectural lighting, 1571
Armature—
coil, locating a " shortcircuited " 934
locating faulty coil in, 767
output, estimation of, 1761
rewinding, 340
testing winding of, 93
winding an, 1044

" Aron " meter, 1052
Asbestos, 1190
Auto bond, 759
Automatic—
door switch, 573
house telephones, 1540
railway signalling, 753
signalling, 886
switches, 1229
telephone exchange,469,1873
Auto transformers, 1638
Auto transformer starters,
1293, 1308
Ayrton-Mather galvanometer,
1913
BAKELITE—
application of, 1464
insulating properties, 113
Bakelised paper, 8o8
Balanced armature unit, 304
Balancers, 1589
Balancing transformers, 1639
" Balata " belting, 727
Ballistic galvanometer, 1914
Band-pass tuning, 382, 1543
Bank lighting, 1093
Bar magnets, 274
Barrel plating, 445, 1087
Basalt, 88,
Basket aerial, 1242
Bathroom appliances, 114
Battery—
booster, 1147
erecting, 1274, 1594
chargers, how to make, 708
main switch, 1476
receivers, faults in, 461
small generating set, it&
" Batterium," 86
Baudot telegraph system, 1411
Bayonet-type lampholders, 417
Bearings, 1357
Bedroom lighting, 75o, 799
Bed switches, 329
Bells, 139, 1497
circuits, transformer for, 205
wiring diagrams, 1841
Belt—
adjusting tension of, 236
drives, 727
for small motor, 243
" Bing " model railway, 1860
Binob switch, 338
Blow pipe, how to use a, 181
Bobbin, for relay, 100
Boiling plate, removing, 852
Bolt anchor, 1200
Bonding, 263
bars, 1458
Boosters, 1593
Bowl fire, how to adapt into
sunshine lamp, 194

Box signs, 321
Brake—
bands, 1202
drum, 1202
train, 582
tram, 353
Branch switches, 411
Brass, 1006
Brass plating, 1085
Breather, for transformer, 1637
Britannia joint,
Broca galvanometer, 1912
Bronzes, 1006
Brooks deflection potentiometer, 1906
Brushes—
bedding, 1378
how to fit new, 1377
small dynamo, 87
" Buda " petrol borer, 1679
Burgin machines, 393
Burglar alarm circuits, 1508
Burner, mercury vapour, 143
Bushes, fitting rubber, 221
Business, how to start an
electrical, 1780
CABLE—
aluminium, 125
car, 1333
fault location in, 1893
flexible, 117
laying, 1613, 1705
lead-covered, 182,6
rubber, 365
running and fixing, 256
socket joints, IS
transmission, 1661
underground, 1612, 1700
1812
why stranded, 479
Cab-tyre sheathed wiring, 272
Cadmium—
plating, io81
test, 996
Calculations—
A.C. motor, 1 728
D.C. dynamos, 1729
D.C. motors, 1721
electromagnet, 1644
Calibration chart, 1258
Candle power, 404
Canopy-protected D.C. motors,
150
Carbons—
arc lamp, for, 1806
violet-ray, for, 193
Cardew safety device, 1640
Car dynamo, cut-in speed, 505
Cathode ray oscillograph, 1821
Cautery apparatus, 500
Ceiling—
pateras, fixing, 415

INDEX
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Ceiling—contd.
roses, 414
connecting wire to, 260
fixing, 227
switch, 598
Cells—
accumulator, removing, 998
Leclanche, 229
photo electric, 1713
Celluloid batteries, rooz
Central battery—
signalling system, 1869
telegraph system, 1402
telephone system, 1865
Chain drive, 733
Changeable pole induction motors, 823
Chargers, L.T., transformers
for, 215
Charging, battery, 1152
Chatterton's compound, 371
" Chicken " bind, 1688
Chokes—
H.T. eliminator, 509
smoothing, 1064
variable, how to make, 1831
Chrome plating, 447
Chromium steel, 1829
Church lighting, 947
Cigarette lighter, 1475
Cinema, controlling lights in, 73
Circuit breaker, testing, 938
Circuits—
bells, 32, 1497
calculations, 2382, 1560
electric, magnetic, 740
radio receiving, 373, 590
railway track, 754
wiring, 21
Circular welding, 979
Clark standard cell, 1903
Cleaning electric motors, 1349
Cleat, wiring system, 255
Clocks, 480
impulse driven, 2548
Clothes airing frame, 641
Coal mines—
A.C. motors for, 815
lamps for, 1398
Coil ignition system, 1444
Coils—
armature, 341
resistance of, 1651
testing set, making, 1708
winding, 40, 1542
wireless tuning, 1541
Colours, reflective values, 1573
Combined switch and plug, 575
Commutator—
cleaning, 773
dynamo, 89
maintenance, 1375
making, 5031
stone, 1379
Compass needle, polarity test,
173
Compound wound D.C. motors,
166

Concentric wiring system, 1459
Concrete foundations for motors, 721
Condenser—
apparatus for X-ray, 623
wireless, 2429
Conductivity cell, 1716
Conductors—
H.T. transmission, 2664
polarity of, 171
testing between, 169
Conduit capacities, table of, 83
cutting for small house, 221
running, 26
screwing, 23
telephone, 1885
tester, r rzo
testing resistance of, 6o1
wiring system, 75, 257
Con—
joint, 1689
loudspeaker, how to cut, 309
Connections, testing for wrong,
117
Connectors—
H.T. line, 2689
motor car, 1333
Constant potential battery
charger, 1253
Consumption, calculation of,
1820

Contactor—
direct starter, 1305
starters, z88
Continuity, testing for, 171
Contractors—
law and, 1743
wiring and estimating for,
1730
Contracts, carrying out, 1798
Control gear—
A.C. motor, 1291
D.C. motor, 280
lifts, 919
train, 581
Convector heaters, 29,6
Converter, rotary, 188
Cookers, electric, 242
installing, 845
repairs to, 967
Cooking stoves, 626
Copper, 1003
conductors, resistance, 1383
table of, 38
plating, 449
Cornice lighting, 2572
Correction of power factor,
1769
Cotton, 805
" Crabtree " switches, 330
Crackling in wireless sets, 457
Cranes, overhead travelling,
1271
" Creda " elements, 589
Creed-Wheatstone telegraph,
1409
Crompton arc lamp, 2809
Crompton potentiometer, 1904

Cubicle switchgear, 856
Cupboard lighting, 573
Current—
calculating, i 16
distribution and transmission
of, 1599
picking-up, methods of, 578
Cut-outs, 1229
car, 1660
fusible, 425
Cyanide dip, how to make 431
galvanometer,
1912
Day and night signs, 323
Delay switching, 1531
Diathermy apparatus, 500
Dielectric strength, 647
Dimmers, 701
liquid, 695
switches, 69
Dining-room lighting, 750, 793
Direct current—
battery charger, 708
dynamo calculations, 1729
eliminators, making, 513
machines, load testing, 5579
meters, 2052
motors, design of, 249, 1759
calculations, 1721
testing, 1201
power circuit calculations,
1381
railway track circuits, 756
wireless receivers, 590
Direction indicators, 1474
Director telephone system, 1880
Distribution—
board, a handy, 802
fixing and wiring in small
house, 228
lines and cables, 1661
low tension, 2607
methods of, 777, 1599
switchgear, 853
wiring diagrams, 1837
" Dolphin " electric cooker, 967
Domestic—
electrical appliances, 1339
electricity, 133
illumination, 777
power appliances, 625
tariff rate, 1818
" Donaldson " wireless iron,
1146
Door switch, automatic, 573
Double-cone loudspeaker, how
to make, 762
Double - current telegraph
system, 2403
Double-focus X-ray tube, 624
Double-plate sounder, 1400
Double-pole switch, 336
Double squirrel-cage hightorque motors, 822
Dow-metal, 128
Drawing-room lighting, 790
Draw-out type unit, 869
D'ARSONVAL
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Drip-proof—
A.C. motors, 815
D.C. motors, 150
Drum controllers, z88
Drum controller-type direct
starter, 1305
Drying closet, making, 139
Drying out—
motor, 717
transformer, 670
Drysdale polar potentiometer,
1906
Dual frequency induction
motors, 825
" Dulrae " panel, 1917
Duddell thermo galvanometer, 1915
Duplex telegraphy, 1404
Duralumin, 128
Dust-proof lighting units, 652
Dynamo—
car, cut-in speed, 505
design of, 1759
electro-plating, for, 431
fault tracing in, 766
maintenance of, 87
motor car, 1215
repair of, 87
small generating sets, for
"79
train lighting, for, 889
when used as motor, 148
EARTH—
connections, 174
return systems, 1336
testing poles to, 23o
Earthed switch, 335
Earthing—
clip, 261
conduit, 112, 114, 227
H.T. lines, 1680
switch, fixing an, zoo
test for continuity, 173
Earths, wireless, 200, 1247
Edison screw-type lampholders,
419
Efficiency of motor, calculation
of, 1211
Electric—
bells, 1497
circuits, 740
circuit calculations, 1381
circuit, law of, 1384
clocks, 480
cookers—
installing, 845
repairing, 967
fires, 633
gramophone motors, 1007
horns, 1471
irons, 632, 1143
kettles, 63o
how to make, 584
lifts, 905, 1477
lighting Acts, 1744
motors, erection, 715
radiators, 633

Electric—colitd.
railways, 577
welding, 972
Electrical—
accessories, 409, 1471
business, how to start, 1780
Contractors'
Association,
1655
Engineers, Institution of,
1814
machines—
maintenance of, 1347
development of, 1161
special types, 1589
measuring instruments, 1111
tariffs, 1817
Electricity—
distribution of, 777
how bought, 781
how to obtain best results
with, 142
manifestations, 107
supply meters, 1048
use in home, 133
Electrode, welding, 98o
Electrodynamic machine, simplest form, 1162
Electrolytic—
condensers, 1433
copper, 1003
iron, 1828
Electromagnets, simplified calculations, 1644
Electro-medical apparatus, 390
Electromotive force, 1161
Electron, discovery of, 7
Electro-plating, 429, io81
"Electrorad" ceiling panel, 1917
Electrostatic voltmeters, 1113
Electrotyping, 449
Element wire, repairing, 97o
Eliminators, high tension, 216,
506, 1055
Elster-Geitel cell, 1714
Enclosed arc lamp, 1809
End-to-end joint, 14, 16
Engineering, electrical, how
research has helped, 3
Estimating for wiring contractors, 1730
" Everett-Edgcumbe "
frequency meter, 1119
Extra high-speed induction
motors, 825
Extra high tension transmission lines, 1662
" Eye " splice, 1486
FABROIL " pinion, 733
Faceplate starters, 284
Factory—
lighting, 893
maintenance of electrical
equipment, 926
" Fall of potential " test, 190o
Falling gin pole, 1677
Fan—
adjusting a noisy, 804
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Fan—contd.
cooled motors, 815
Farm, motors for, 2 54
Faults—
in dynamos, 766
in electric cables, 1893
in motors, 766
in rotary converters, 766
talking picture apparatus, in,
538
wireless sets, in, 455
Feeder boosters, 1597
Feeler gauge, how to use, 725
" Ferodo " brake band, 1203
" Ferranti " A.C. meter, 1049
Fibre, 805
Field—
magneto, 94, 1045
windings, calculation of,
1761
Field's test, 1583
Film recording, 958
Fires, electric, 633
Flaking a cable, 1706
Flame arc lamps, 1808
" Flameproof "—
ammeter, 6o2
enclosure, 816
Flashers, 328
Flash lamps, 1391
Flat-back switchboards, 854
" Flat hand rule," 1161
Flat—
lighting, 1465
wiring a, 1524
Flat rate tariff, 1817
Flex, hot, 122
Floodlighting, 328, 1288
for shops, 661
Floor fixings, 1193
Flush-type switches, 414
Flux, calculation of, 1724
Fluxes, soldering, 18o
" Fluxite," 181
Focusing, correct, 1395
Forced draught motors, 815
Foundations for motors, 72o
Four-valve circuit, 38o
Fractional—
H.P. motors, starters for, 280
H.P. D.C. motors, 153
Frame aerial, 1246
Frequency—
meters, 1118
power station, 1545
disc, 1548
" Fullerboard," 8o8
Fully rectified transformer, 62o
Furnaces, heat treatment, 605
Fuse—
box, overheated, 122
mending a, 119
renewing, 426
Fused switch, 338
Fuses, 427
motorcar, 1337
overloading of lighting, 115
renewing on switchgear, 807

1924
Fuses—contd.
small house, in, 228
telephone, for, 1868
very small current, for, 359
wireless sets, for, 36o
Fusible cut-outs, 425
GALVANOMETER, 1893, 1907
Gall co-ordinate potentiometer,
1908
Ganged condensers, 1433
Garage lighting, 575, 796
Gear drives, 245, 733
Geared motors for trains, 580
Generating sets,installing, 1177
Generators—
high tension, 618
water-driven, I17o
Gilding, 454
Gillett and Johnston's clock
system, 48S
Glass, 882
transmission values of, 1577
" Glazite," 53
Glo Clad lead covered wiring
System, 270
Gold film fuses, 359
Gold-plating, 453
" Graves " bulb, 1393
Grid circuits, 377
" Grid " system, 1599
Gramme ring, 1164
Gramophone motors, 1007
record-changing, 1133
pick-ups, 871
Ground floor lighting, 789
Grouting-m, 724
Guarding for H.T. lines, 1690
Gun-metal, ioo6
Gutta-percha, 371
HAIRDRESSERS' equipment,473
Half-wave apparatus, 619
Hall lighting, 790
Hard soldering, 177
Harmonic motion, 955
Headphones, 295
Heat treatment furnaces, 605
Heating—
circuit calculations, 1389
trains, on, 582, 889
wiring diagrams, 1842
Helsby ebonite wiring system,
272
Henley bonding clamp, 261
Highfield booster, 1594
High frequency—
electric horn, 1471
flashover, 644
transformers, 1328, 1641
High pressure testing apparatus, 1898
High-rate discharge test, 996
High tension—
eliminators, 506
eliminator transformer, 216
generators, 618
supply transformer, 207
supply units, 1055

INDEX
High tension—contd.
transformers, 618
transmission, 1602
" Hill-Shotter " maximum demand meter, 1053
Home Office type lampholders,
421
Hopkinson test, 1581
Horse-shoe magnets, 276
Hospital lighting, 1437
Hotel lighting, 1468
Hot-wire ammeters, 1113
House—
lighting installation, how ,to
plan, 751
services, 1609
telephone systems, 1533
use of electricity in, 133
wiring for electric light, 217
wiring for, 137
Hypernik, ,8z8
IGNITION systems, motor car,
1444
Illumination, 404
domestic installation, 789
(see also Lighting)
Illuminated letter signs, 321
Immersion heater, 628
Impedance, A.C. circuit, of,
1565
Impulse starter, 1454
Indicators, 1501
Indoor aerial, 201, 1245
Inductance, 1541
Inductor-type loudspeaker, 316
Induction meters, 1048
Industrial motors, A.0 , 809
D.0 , 149
Inking devices, 1122
Installation—
domestic, 789
electric motors, of, 715
electrical, faults and dangers,
113
electric cookers, of, 845
generating sets, of, 1177
how to plan, 747
power transformer, of a, 673
small motors, of, 231
testing, 23o
testing a lighting, 167
testing, in small house, 229
wireless sets, of, 1235
Intermediate switch, 333
" International " time system,
493
" Internalite," 655
Institution of Electrical Engineers, 1814
Instrument transformers, 1637
Instruments, measuring, III,
Insulation—
faults in rubber, 113
materials for, 643
repairing defects in, 113
resistance of a motor, 716
resistance test, 931

Insulation—contd.
rubber cable, 368
testing resistance, 23o
testing switchgear, 86,
Insulators—
fixing for aerial, 198
H.T. transmission, for, 1607
Insurance—
office lighting, 1097
points, 1800
Irons, 1143, 1827
electric, 632
soldering, i81
Iron-clad—
switches, 411
switchgear, 856
JACELITE switches, 414
Jobbing work, 1799
Jointing wires and cables, 8
Joints—
H.T. lines, for, 1689
testing resistance, 601
J. and P. lead-covered wiring
systems, 270
Junction boxes, 26,, 1457
Junctions, telephone, 1869
KALEECO lead-covered wiring
System, 27o
Kapp vibrator, 1773
Kelvin—
double bridge, 1910
galvanometer, 1911
Kettle—
electric, 63o
repair of, 1339
making a, 584
Key-switch holder, 337
Kitchen lighting, 75o, 795
LAMP-HOLDER, assembling, 121
Lampholders, 417
Lamps—
low voltage, 1391
i i7
L atradbelre,
,li
lighting
6
in, 574
gh
La, sen - Campbell pott ntiometer, 1909
Law and electrical engineers
and contractors, 1743
Lead, 964
acid cells, 1147
burning, 177, loot
covered cables, 1826
covered wiring system, 266,
1455
sheathing, 177
tin alloy fuses, 427
Lead-in, 1242
" Leatheroid," 8o8
Le Blanc's exciter, 177o
Leclanche cells, 129
Leyden jar, 964
Light—
sensitive cells, 784
wiring a house for, 217
Lifts electric, 905, 1477
Lighting—
architectural, 1571

INDEX
Lighting—contd.
churches, in, 947
circuit calculations, 1381
development of, 393
factory, 893
fitting additional points of
supply, 571
hospital, 1437
hotels, 1468
faults and remedies, 119
flats, 1465
how to provide adequate, 564
installation, how to plan, 747
office, 1091
overloading for fuses, 115
schemes, design of, 404
schools, 1279
shops, 652
street, 983
switches, 413
testing an installation, 167
theatre, 691
trains, on, 582, 888
units, how to space, 566
wiring diagrams, 1838
Lightning—
arresters, 1612
conductor earth plate, 599
Liquid—
dimmers, 695
starters, 1319
Load testing of D.C. and A.C.
machines, 1579
Loft, aerial in, 203, 1245
Loggia lighting, 793
Looping in, methods of, 266
Loudspeaker—
extensions, 1256
how to make a double-cone,
762
position of, 1251
Loudspeakers, 295
Lounge lighting, 747
" Lowa " dimming switch, 69
Low-frequency transformers, 1323,
1633
tension charger transformers,
215

D.C. transformer, 205
distribution, 1607
distribution lines, 1692
tests, 170
voltage lamps, 1391
Lubrication of motors, 1358
Lumen, 405
' Luxometer," 570
Lynite, ,z8

MACANITE wiring system, 272
Magazine flame arcs, 1808
" Magnavox " loudspeaker,
318
Magnet, lead-covered wiring
system, 270
Magneta clock systems, 498

Magnetic—
circuits, 740, 1645
clutches, 801
substances, 870
Magnetiser, using the, 278
Magnetising force, estimation
of, 1762
Magnetite arc lamp, 1809,
Magneto—
how to remagnetise, 274
ignition, 1451
telephone exchange, 1864
testing set, how to make,
1708
Magnets and magnetism, 666
Main switches, 411
Mains—
aerial, 1247
unit, installing, 1254
Maintenance—
electrically equipped factory,
of an, 926
electric lift, of an, 911
electrical machines, of, 1347
electrically equipped stores,
of an, 2073
street lighting systems, of,
983
Making a small motor, 1029
Mandrel, 1362
Manganese steel, 1829
Mangle, driving a, 242
Marble, 882
Marine D.C. motors, 155
Married joints, 16
" Marvel " switch, 32
Master-clock systems, 483
Maximum demandsystem 1819
Mazak, 966
Measuring instruments, III I
" Megger, ' 1119
How to use, 34, 678, 772
Merz Price balanced current
transformers, 1638
Metal—
rectifiers, 2057
signs, 322
Meter, 1048
master frequency, 1547
supply, 123
telephone, 1867
" Metroln," 643, 112 1
" Metropolitan Vickers " maximum demand meter, 1053
Mica, 1275
Micafolium, 1277
Micamte, 1277
" Micro fuses," 359
galvanometer,
" Microid "
1176, 1239
Milking booster, 1596,
Mills, D.C. motors for, 158
Mine—
hoists, 159
lamps, 1398
" Minik " plating barrel, 1087
Model electric railway, 1857
Morganite heaters, 1917
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Morse—
inkers, 1401
sounder, 1400
Motors—
A.C. industrial, 809
controllers for signs, 328
A.C. types of, 809
D.C. types of, 149
electric train, 579
fault tracing in, 766
gramophone, 1007
installing, 715
installing small, 231
making a small, 1029
projector drive, 549
rewinding a small, 36
starters and control gear for
A.C., 1291
starters and control gear for
D C , 28o
starting D C , 615
talking picture apparatus, for,
525
testing, 1201
used as a dynamo, 148
Motor-car—
accessories, 1471
dynamos, starters and cutouts, 1215
electric horn, 1471
ignition systems, 1444
lamps, 1391
radiator heater, 640
switches, cables, connectors,
1333
Moulded compositions, 1344
Mountain railways, 891
Moving coil loudspeaker, 317
Moving iron ammeter, rill
Muffle chamber, rewinding, 611
Multiple switchboard, 1865
" Murray " loop test, 1894
NATIONAL register, 1803
Negate e boosters, 1598
Neon—
lighting for shops, 66o
tube, 324, 1142
" Neophone," 1536
Nickel, 1425
plating, 446
Non-alkaline batteries, 1150
Non-flush switches, 413
Non-magnetic cast steel, 1830
OFFICE lighting, 1091
Ohm, Intel national, 1909
Ohmmeters, 1119
Oil, 1462
for transformers, 685
switches, 86o
One-way underslung switch,
335
Open circuit faults, 1901
Oscillograph, cathode ray, 1821
Outdoor aerials, 195, 1241
Overhead—
lighting wires, 986
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Overhead—coil td.
lines, 2602
train system, 579
travelling crane, 1271
PANEL—
heaters, 1916
lighting, 1575
Panostat, 390
Pantry lighting, 795
Paper, 805
Paraffin wax, 1463
Parallel circuits, 21, 1566
Paste for battery plates, 1346
Pateras, how to fix, 267, 415
Pear switch, 329
Pedal-operated switch, 242
Pendants, 227, 117
Permalloy, 1828
Petrol—
borer, 1697
gauge, electric, 1476
pump, electric, 1475
Phase—
advancer, 1769
difference, 1561
Photo—
electric cells, 784, 892, 1713
emission cells, 1717
Photometers, 569
Pick-ups, gramophone, 871
Pilot light, 85
Pin-type insulators, 2668
Pipe ventilated—
A.C. motors, 815
D.C. motors, 150
Planning an installation, 747
Platform lighting, 889
Plating vats, 441
Platinum, 1422
Plug adaptor, using a, 574
Plugs and—
adaptors, 420
sockets, 423
Plug-in clocks, 480
Plumber's solder, 177
" Plymax," 50
Pneumatic electric lamps, 2398
Points—
electrically operated, 1264
of supply, fitting additional,
571
Polar inductor magneto, 1453
Polarity—
of magnets, 275
rule for, 1644
testing the, 275
Pole to pole test, 168
Poles, 2679, 1675
Polyphase machinery, 1169
Porcelain, 113
electrical properties of, 88o
Porch lamp, 571
Post office—
telephone transmitter, 1863
teleprinter circuit, 1400
Potential transformer, 870
Potentiometers, 1904

INDEX
Power—
appliance.,, domestic, 625
cables, underground, 2700
factor, apparatus for correction of, 2769
factor calculation, 1212
factor meters, 1117
station frequency, control of,
1545
transformer, installing a, 673
transformers, small, 204
Prepayment meters, 2054
Prescott, lead covering wiring
system, 270
Presspahn, 8o8
Programme—
cabinet, 498
clocks, 1068
Proj ector—
drive motors, 549
floodlighting, 2288
Prony brake, 1584
Propulsion D.C. motors, 157
Protected type D.C. motors, 2 49
Protective gear, 1611
Pulley—
belts used on, 244
how to find size required, 246
Pul-syn-etic clock system, 492
Push-button trip, 869
" Pyrene " glass, 882
Pyrometers, 610
QUADRUPLEX telegraphy, 2406
Quartz, 882
RADIATOR heater, 640
Radiators, electric, 633
Radio—
fault tracing chart, 455
gramophone, making, 47
receiving circuits, 373, 590
transformers, 1323
Radiovisor bridge, 787
Railway—
engineers, how electricity
helps, 883
signalling, automatic, 753
tation, electrically equipped,
1259
telegraphs, 1399
Railways—
electric, 577
model electric, 1857
Rawlplugs," 261, 1193
Ray, ultra-violet, 143
" R C.A." photophone equipment, 539
Reactance, A.C. circuit, 1563
Reaction coils, 1544
Rebabbitting, 1360
Record - changing electric
gramophone motors, 1133
Recording of sound, 953
Rectifier cell, 1714
Rectifiers, 1057
Rectifying valves, 1523
for H T. eliminators, 507

Reed type loudspeaker, 304
Reflector
floodlighting by, 2289
illumination for, 566
shoplighting, for, 656
Refrigerators, 637
Relays, 98, 1401, 1503
track circuits for, 755
wireless ets for, ioo
Reluctance, 667
Remagnetising a magnet, 274
Remote control, wireless, 9S,
1257
Repulsion - induction motors,
823
Resin, 2462
-cored solder, 232
Resistance—
measurement of, 1909
of joints in conduit, 601
standard required by supply
companies, 230
Resistances—
for H.T. eliminators, 511
how to test fixed, 54
in theatres, 699
" Resilia " suspension, 607
Resistivity, 648
Reversible battery boosters,
1594
Revolution counter, 1204
Rheostatic starting, 1295
Root-mean-square values, 1561
Rope drives, 731
Ropes, lift, 1482
Rose, fixing a ceiling, 425
Rotary—
converter, 188
fault tracing in, 766
Rotating—
armature magneto, 1451
magnet magneto, 1454
Rotor resistance starter, 1297
Route indicators, 885, 1265
" Routiner," 188o
Rubber, 365
covered wiring system, 1455
insulation faults, 223
SACK cell, 1498
Saddle, for fixing conduit, 262
Safety—
belt, 1698
devices, 1639
rules, 599
Sags on overhead lines, 1667
Sal-ammoniac—
for Leclanche cells, 129
block for soldering, 183
Salesmanship, 1795
Sausage aerial, 1242
Scarf joint, 12
School buildings, lighting, 1279
Schrage type motors, 828
Scialytic fitting, 1441
Scott transformer, 1639
Screen—
protected A.G. motors, 815

INDEX
Screen—contd.
protected D.C. motors, 149
wipers, electric, 1472
Screened-grid wireless circuits,
38o
Screw head, a broken, 1826
Sealing compound, 188
Section pillars, 988
Selenium—
light cells, 784
substitutes for, 1716
Self-wound clocks, 48o
Series—
circuits, 22, 1565
methods of charging batteries, 1153
parallel circuits, 22
windings for D.C. motors,
163
wound A.C. motors, 835
Shades, for table lamps, 1617
Shaft, for small motor, 237
Shafting, small motor, 232, 237
Shaving mirror, 574
" Sheringham " unit, 655
Shop lighting, wiring, 652
Showrooms, 1793
Shunt windings for D.C. motors,
161
Signalling, 883
automatic railway, 753
Signals, 1265
Sign flashers, 1854
Signs—
letters, electric, and, 321
used in wireless diagrams,
374
Silicon steel, 1829
Silumin, 128
Silver, 1422
plating, 453
soldering, 18o
" Simplex " hexagon grip, 81
Simultaneous telegraphy and
telephony, 1418
" Sindanyo," 1192
Sine quantities, how calculated,
1560
Single-phase—
induction motors, 813
motors, 812
repulsion motors, 813
series-wound motors, 813
synchronous motors, 814
Slate, 882
Sleeve joints, 18
Sliprings, 1375
" Slow-to-release " relay, 1876
Small power transformers, 5552
Smoothing—
choke, 5064
chokes for H.T. eliminators,
509
Soft soldering, 178
" Solarium " bulb, 194
" Solderine," 181
Soldering, 1o, 177
irons, 182
tags, 54

" Soldo," 184
Solenoid brake, 941
Sound, recording of, 953
Sparking at brushes, 774
Specification for a lighting installation, 752
Specific resistance, 1381
Speech, transmission of, 1862
Speed indicators, 1125
Spindle, lengthening a motor,
2 54
Spirit lamp, an easily made,
199
Spirit level, using, 239
Stage lighting, 691
Stalloy, 215, 1557, 1828
Stampings, assembling, 213
Stannos wiring system, 271
Star-delta starters, 1305
Star quad cables, 1886
Starters, 123o
A.C. motors, for, 1291
wiring diagrams for, 1849
D.C. motors, for, 28o
wiring diagrams for, 1845
Start-stop telegraphs, 1414
Static balancer, 1592
Stays for H T. lines, 1681
Steatite, 881
Steel, 1827
tape, use of, 1531
tower line-, 1691
Steelworks, D.C. motors for,
158
" Stirrup " bind, 1688
Stoneware, 881
Storage batteries, 1147
Stores, maintenance of an
electrically equipped, 1073
Straining insulators, 1668
Street lighting, 983
Striplighting, 185
shops, for, 655
testing, 1076
Stripping deposits, 1088
Stroboscope, toil
Study lighting, 790
Sub-audio telegraphy, 1419
Submarine telegraphy, 1420
Substations, 1610
Sunk switch, 412
Sunray—
lamp, 148
Tricity cooker, 851
Superheterodyne receivers—
A.C. operated, 388
battery operated, 384
D.C. operated, 595
Supply—
meters, 1048
points, fitting additional,
571
Surface wiring systems, 1455
Surge protection, 1611
Suspension insulators, 1668
Switch—
control, 21
lampholders, 421
pedal operated, 242
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Switches—
branch, 411
car, 1333
dimmer, 69
fitting, 409
additional, 329
fixing, 227
main, 411
mounting, 3o, 33
" Uniselector," 1878
Switchgear, 1611
distribution, 853
erecting, 859
Synchronising clocks, 48o
" Synchronome " clock, 484
Synchronous-induction motors,
812
" Synclock," 1068
Synthetic-resin-paper boards,
8o8
T JOINT, 15
Table standard lamps, 1617
Tachometers, 1205
Talking picture apparatus, 521
Tariff, two-part, 14o
electrical, 1817
Telegraph systems, 1399
Telephone—
automatic, 469
engineering, 1861
engineering, traffic problems
of, 466
manual, 467
systems, house, 1533
testing, 1079
wiring diagrams, 1855
Teleprinter, 1415
Telescope joint, 17
Temperature rise, 1721
Testing—
brakes, 1201
D.C. and A.C. motors, 1201
" Texrope " belt drive, 732
Theatre lighting, 691
Theodolite, using a, 1670
Thermal relays, 1302
Thermionic valves, 1513
Thermo-couple ammeters, 1114
Thermostatic control, 628, 1918
Third-rail train systems, 578
Three-heat rotary switch, 631
Three-phase-Circuits, 25
commutator motors, 811
induction motors, 811
synchronous motors, 812
transformer, 622
Three-pin—
circuit, 379
socket switch, 33o
switch plug and socket, 422
Three-way—
switch, 332
two-pin plug adaptor, 572
Thyratron relay, 1720
Time lags, 861, 1299
Time switch for—
shop window lighting, 663
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Time switch for—coot.
street lighting, 991
Time switches, 328, io68
Tin, 964
Tmman's solder, 177
Tinned copper fuses, 427
Tinning, 183, 1083
Tinplate, model electric railway, 1857
Tinsley potentiometer, 1905
Tirrill voltage regulator, 1888
Tools, portable electric, 55
Torque, calculation of, 1725
Totally enclosed—
A.C, motors, 8,5
D.C. motors, 151
Touch welding, 978
Towel rail, electrically heated,
635
Track circuits, 754, 1267
Tracking for a pick-up, 879
Traction motors, D C. 161
Trade associations, 1802
Traffic—
lighting, 888, 1397
signals, 991
Tramway systems, 348
Transformer—
for all-mains set, 208
for metal rectifier, 1058
power, how to install, 673
radio, 1323
small power, making, 204
testing, 1635
theory and construction,
1633
valve rectifiers for, io6o
winding, resistance of, 1559
Transformers—
bell circuit, 1500
cooling, 1636
high tension, 6,8
designing small power, 1553
Transmission—
of electricity, 1602
lines and cables, 16bi
Telephone, 1881
Transmitters, telephone, 1862
Treadles, 76o
Treated fabrics, 8o6
Tnpcoils, 86o
Trolley-bus systems, 348
Truck-type switchgear, 856
Trunk exchanges, 1872
Tubular heaters, 1916
Tuned—
anode circuit, 38o
grid circuit, 38o
Tuning coils, 1541

INDEX
Turning a table lamp, 1618
Twin aerial, 1242
Two-way and off switch, 339
ULTRA-VIOLET ray apparatus,
143
Undercutting mica, 1379
Underground—
cables, 1612
power cables, 1700
Underslung switch, 335
" Uniselector " switch, 1878
Universal D.C. motors, 155
VACUUM cleaners, 640
Valve—
coupling circuits, 376
rectifiers, 1057
Valves, thermionic 1513
Variable—
area recording, 958
choke, how to make, 1831
condensers, 1432
density recording, 959
-Mu valves, 1523
Varnishes, 1462
Vats for electro-plating, 431
Vectors, 1562
" Venner " time switch, 1068
Vernier condensers, 1432
V.I.R. cables, 18,2
Violet-ray apparatus, 189, 1642
Voice frequency telegraphs,
1414
Volt, international, 1903
Voltage—
drop, calculation of, 157o,
1662
measurement of, 1903
regulator, 73, 1888
Voltaic cell, 1715
Voltmeters, III,
Vulcanising a joint, 368
" WAITING Train " clock, 493
Wall fixings, 1193
Ward-Leonard B.T.H. planer
equipment, 154
" Warren " synchronous motor, 1118, 1546
Wash boiler, 642
Washing machines, 634
Water-cooled brake, 1208
Water-driven generators, 1170
Water, heating, 142, 627
Watertight—
fitting for light, 572
surface wiring, 1461

Wattmeters, 1114
Wave-changing switches, 1543
Wayleaves, 1675
Welding, 972
" Western Electric " talking
picture apparatus, 524
" Westinghouse "—
metal rectifier, 1057
optical route indicator, 885
Weston cell, 1903
Wheatstone automatic telegraph system, 1408
bridge, 1893, 1910
" Whittle " belt drive, 732
Winding—
armature, an, 340
machine, how to make, 297
resistances of, 1721
Wireless—
condensers, 1429
fault tracing chart, 455
headphones, 296
inductances, 1541
loud-speakers, 296
photo electric cells for, 785
receiving circuits, 373, 590
remote control, 98, 1257
sets, installing, 1235
transformers, 1323
tuning coils, 1541
valves, 1513
Wire—
aerial, 199
Wires, sizes of, 116
Wiring—
conduit system, 75
diagrams, useful, 1836
estimating for, 1730
flats, 1524
"looped," 116
regulations, 18o1
shops, for, 652
systems, 272
srf
surface,
e, 1455
" Won peace " insulator, 169
Wood, 1190
casing, wiring system, 272
Wringer, driving a, 242
X-RAY—
apparatus, 616
transformers for, 1643
Y-ALLOY, 128
ZEIss fitting, 1441
Zinc, 964
plating, 1081
rods for Leclanche cells, 131

