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Introduction
1. The information in this chapter on the care and servicing of generators deals primarily with
sizes from approximately 300 watt to 25 kVA and covers both direct current and alternating current
machines. A preliminary study of the exploded view of a typical generator given in fig. 1 (in this
case a 1250-watt 24-volt d.c. model) will assist the reader in obtaining a clearer picture in his mind
of the parts referred to.
2. The importance of maintaining a supply of electric current cannot be over emphasised and
it is therefore essential that strict attention is given to the servicing of generators. The absolute
cleanliness of the commutator and brushes and immediate attention to small defects which, if
neglected, lead to greater faults and the inevitable breakdown of the machine, will ensure continuity
of supply and the satisfactory and reliable operation of the generator. All the major repairs referred
to in this chapter must only be carried out by qualified personnel. Any exception to this rule
must be duly authorised by the Specialist Officer.
Storage
3. Generators in store must be kept in a dry place. Dampness or humid atmosphere causes
condensation on windings which will deteriorate insulation. Corrosive fumes from acid carboys
or in charging rooms may attack the metals and insulation and for this reason generators should
never be stored near accumulators.
4. If there is any reason to suspect that a generator is damp, or if it is a new generator from stores
it is advisable to make a megger test of the insulation resistance, which should not be less than 0.5
megohms. Methods of drying out are described in para. 7.
Foundations
5. Care should be taken to ensure that rigid foundations are provided. When the prime mover,
usually a petrol engine, is directly coupled to the generator it is mounted on a common bedplate
and this should be set level. On mobile generators check that the fixing bolts to the chassis frame
are tight.
External faults
6. It should be borne in mind that when a generator is reported out of order, the fault may be
in the external circuit. Each separate load circuit is provided with a fuse, so that the generator
cannot be overloaded. Generators supplying current for radio sets are also protected from the
high-frequency current emanating from the radio set by means of chokes connected in series with the
leads, and condensers between the leads and earth. The chokes and condensers have also the
important function of filtering out the high frequency currents generated by sparking at the commutator and preventing them from causing interference in the radio apparatus. Faults attributed
to a generator have often been traced to faulty connections or contacts in fuse and switch gear.
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Fig. 1.—Exploded view of generator
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SERVICING

Drying out a generator
7. If it is found necessary to dry out a generator before putting it into commission, one of the
following methods can be adopted:—
(i) Remove the generator to a warm, dry place, surround it with heaters, and/or place
carbon lamps in or adjacent to the armatures and field coils, maintaining a temperature
150-160 deg. F. Allow a slow air circulation.
When it is impossible to remove the generator or to find a dry, warm place, the insulation
can be dried out by passing a current through the windings. The current should be adjusted
so that the temperatures read by a thermometer placed on the windings never exceeds
70 deg. C (158 deg. F). It is quite safe to start off with the current at the full load value
as given on the generator name plate, taking care of course to reduce the current value
if the thermometer reading reaches the above figure.
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 permitting
re-absorption of moisture. During the drying out process, periodic megger tests must be taken
until a constant figure of not less than 0.5 megohms is attained.

Cleanliness
8. One of the first essentials for trouble-free service is absolute cleanliness of the generator.
Insulation failure 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.
9. A portable blower or a pair of bellows will be useful to keep the field coils, armatures, brush gear, etc., free from dust. This will be particularly necessary when new brushes have been fitted and
bedded in, or the mica between the commutator segments has been under-cut.

Commutator
10. The most common causes of trouble on direct current generators are (i) arcing brushes,
(ii) flashing, (iii) ring fire, (iv) grooving of the commutator, (v) chattering brushes, and (viLblackening
of the commutator.
11. One cause of arcing or flashing is bad commutation. Briefly, this means an incorrect setting
of the position of the brush assembly. The brush gear is carefully set by the makers and this position
is indicated by an arrow or line on the brush assembly ring or plate in true register with an arrow or
line on the generator frame. If an adjustment has to be made, it is only necessary, on small generators,
to slacken one screw fitted through a slot in the end frame, re-set the position of the brush assembly
and tighten up the screw securely. On larger types, the brush gear is usually mounted on an end plate
secured by four bolts or screws to the end frame. Similar procedure as described above should be
followed.
12. A more obvious cause of flashing or arcing will be poor contact between brush and
commutator. This may be due to oil on the commutator, to the brushes binding in the brush boxes,
or to the brushes not being properly bedded to the commutator over the whole of their surface.
Other causes are the brushes being worn very low or the brush pressure incorrect. The method of
dealing with brushes is described in para. 22.
13. The commutation may be bad owing to excessive vibration of the machine, or to some
irregularity of the commutator surface such as a flat on the commutator surface, high segments,
high micas, or loose segments. To remedy the first two causes it will be necessary to remove the
armature and have the commutator trued up in a lathe. The third cause necessitates undercutting
as described in para. 18. A loose segment can sometimes be remedied on a large generator by tightening the cone nuts or locking ring on tlafp hub or core of the commutator. On small generators it
generally entails fitting a new armature and returning the defective one for a new commutator to
be fitted.
14. Another possible cause of arcing and flashing between the brushes and the commutator
is overloading. The only remedy, when the brushes are properly set, and when no other trouble
is apparent, is to check the load on the ammeter and remove part of the load.
15. Ring fire in the form of sparking that completely encircles the commutator, is caused by
carbon dust, small particles of copper, or other foreign matter, lodging between adjacent commutator
bars on undercut commutators. Cleaning out these grooves will remedy this fault.

16.

Grooving of the commutator may be caused by oil on the commutator, by vibration, or

by incorrect setting of the brush spring pressure. A commutator stone applied while the armature
is turning may restore the condition, but this must be applied with great care. If this is not possible
it will be necessary to true the commutator in a lathe.
17. The commutator should normally have a rich, brown glaze when it is in good condition
and this should not be disturbed. If, however, the commutator blackens due to wrong type or grade
of brush, etc., it should be cleaned with a rag sparingly soaked in petrol, but if this method fails it
will be necessary to use a fine grade sandpaper. This is best applied by folding a strip of sandpaper,
grade 000, over a piece of wood with a flat end and pressing it lightly on the rotating commutator,
the brushes having been removed.
18. It is essential that the mica between the commutator segments be recessed below the surface
of the commutator, provided of course that the makers supplied the machine with the mica undercut.
Undercutting may be done by means of a piece of hack-saw blade clamped between two pieces of
wood, or any of the motor-driven undercutters that may be available. It is essential that the mica
should be cut down the full width of the recess and that afterwards the edges of the segments be
in.
properly rounded off. The depth of the cut should not exceed

Burred edges
Incorrectly
undercu t

Correct

Protruding
mica

Fig. 2.—Correct and faulty commutator mica
19. The sketch shown in fig. 2 indicates faulty and correct treatment. Reading from left to
right it illustrates mica protruding above the segments; mica badly undercut; then the mica correctly
recessed, but the burrs on the commutator bars have not been removed. If the burred edges are not
properly smoothed off the brushes are worn away rapidly and the leading edges of the segments
wear down to a sharp edge, whilst the trailing edges get turned over as shown. Finally, the sketch
illustrates the correct and finished groove.

Slip-rings
20. The care of slip-rings on a.c. generators is broadly similar to the servicing of commutators.
When a slip-ring is in good condition, it has a smooth and evenly-coloured contact surface. All
rings and their supports and insulation must be kept very clean so as to avoid leakage, flashing, or
creeping troubles with consequent breakdown. If the rings become roughened or scored it will be
necessary to treat them in accordance with the instructions in para. 17. If the brushes are noisy,
giving high-pitched squeaking noises with a slip-ring in perfect condition, a piece of rag on which
a very few drops of oil have been placed should be run once round each ring.

Brush gear
21. The correct brush gear position and the method of tangential adjustment has been dealt
with in para. 11. The brush stud or brush holders should be so set that they support the brushes as
close to the commutator surface as is practicable, i.e. approximately *in. to . in., depending on the
size of the generator.
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22. Brushes should move freely and smoothly in their holders. It is important that the correct
brush pressure is maintained, which is normally 2 to 21 lb. per square inch of brush contact area.
The pressure should be equal on all brushes. When new brushes are fitted it is necessary to bed them
in, as described in the next para.
23. On some types of generator new brushes are supplied with the contact face already shaped
to fit the commutator. It is only necessary to fit these into the brush holders and check that they
operate satisfactorily. If it is established that a new brush to be fitted requires bedding in, the
procedure is as follows :—A strip of sandpaper, grade 000, should be taken and placed in between
the brush contact face and the commutator slip-ring, with the rough side of the sandpaper
outermost, i.e. in contact with the brush, and this 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. When
the brush or set of brushes are fully bedded or ground in, all dust should be scrupulously removed,
the brushes should be lifted to ensure that they move freely, and the spring tension should be
checked. Ensure that brush flexible connections are clean and tight. Following this operation,
it is advisable to run the machine up on load for a short while to complete the bedding process and
ensure satisfactory commutation.

Lubrication
24. Ball and roller bearings are amongst the more robust and reliable equipment manufactured.
The very precision of manufacture which is the basic source of their superiority 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 lubricant.
25. The majority of generators of the type and size this chapter covers are fitted with ballbearings which are charged by the makers with the correct amount of grease, sufficient for the first
six months of normal duty.
26. When re-greasing becomes necessary, care should be taken not to over-grease, since grease
expands when heated and a certain amount is likely to be thrown off the bearing by centrifugal force,
resulting in damage to the insulation of the windings or clogging and deterioration of the brush gear
Grease cups should never be more than three-quarters filled. Strange as it may at first appear, it
is possible to cause overheating of the bearing by packing it too tightly with grease.
27. Care must be taken when re-greasing to avoid dirt or moisture getting into the grease .
grease cups or nipples. It is advisable to remove all dirt and superfluous grease from the vicinity
of the grease cups and bearings before re-greasing. Only the recommended grease must be used
which is either high melting-point grease (Stores Ref. No. 34A/84), Price's Belmoline R.B. grease,
or Price's low temperature grease H.

Ventilation
28. On generators of the ventilated type, a fan is fitted to the shaft of the generator and it is
important that the ventilation grill in the generator end housing is kept clean and free from obstruction.
The enclosed type of generator is usually pipe-ventilated with an air filter incorporated. Regular
cleaning of air filters is necessary.

Generator faults chart
29.
Fault
I.

Voltage fails to
build up

Cause
(1) Residual magnetism destroyed

Remedy
(i)

(2) Commutator dirty
(3) Brush gear faulty
(4) Fault on external circuit

(ii)
(iv)

(5) Open circuit in field coils
(6) Wrong field connections
(7) Short-circuit in generator

(v)
(vi)
(vii)

Connect a battery momentarily to
fields with correct polarity
Clean as described in para. 17
Check and adjust. See paras. 21, 22
Examine line, connections, etc., and
repair.
Return to depot for rewind
Reverse connections
Return to depot for rewind

2. Voltage too low

(I)
(2)
(3)
(4)

3. Voltage too
high

(1) Speed of prime mover too great
(2) Insufficient resistance in field
(3) Faulty regulator

4. Brush gear
noise, vibration,
or sparking

(I) Rough commutator

Load on generator too great
Field too weak
Regulator setting too low
Speed of prime mover too low

(21 Loose commutator bars
(3) Defective brushes
(4) Scored slip rings
(5) Open circuit in armature
(6) Short-circuit in armature
(7) Flat in commutator, or
high segments
(8) High mica
(9) Brush pressure too great
(10) Brush pressure too low
(11) Brush holders loose, or
brush assembly slack
(12) Brush rocker or plate not set in
correct position
(13) Brushes sticking in brush holders
(14) Excessively worn brushes
(15) Overload on generator

5. Generator
running very
hot

Remedy

Cause

Fault

(1)
(2)
(3)
(4)

Worn bearings
Lack or excess of grease
Armature hot all over
Armature out of centre between
poles and rubbing pole pieces due
to worn bearings
(5) Short-circuit in armature

(i)
(ii)
(iii)
(iv)

Reduce load
Reduce resistance by rheostat
Check and adjust voltage regulator
Increase speed

(i) Reduce speed
(ii) Adjust rheostat
(iii) Adjust or renew regulator, return
faulty one to repair depot
(i) Grind commutator or undercut mica.

See paras. 16, 17, 18

(ii) Tighten cone nuts. Seb para. 13

Renew brushes or re-bed
(iv) Apply rag with a few drops of oil, or
clean as described in para. 20
(v) Return to Repair Depot
(vi) Return to Repair Depot
(vii) Remove armature and true up in a
lathe
(viii) Trim mica level or undercut according
to the original condition
(ix) Adjust spring tension
(x) Adjust spring tension
(xi) Tighten all fixing nuts and bolts
(xii)

Loosen brush assembly screw or bolts
in end 'frame and adjust position
(xiii) Clean brush holders and ensure
smooth fit
(xiv) Fit new brushes
(xv) Check ammeter and reduce load
(i) Return to depot for repair
(ii) Clean out and refill with grease
(iii) Reduce load
(iv) Return to depot
(v)

Return to depot
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Introduction
1. The "Alco" Featherweight battery charging set has been produced to charge 12-\ olt
batteries, the whole equipment, being self-contained and light, is easily portable and is known as the
R.A.F. Pack Transport type. The output is 360 watts and cells of varying capacity may be charged,
in series or in parallel up to the capacity of the set. The set is mounted on an aluminium base in
a tubular framework so that no part protrudes and an instrument panel is fitted with a canvas or
metal protecting cover. It has been designed to work efficiently under difficult weather conditions
and is effectively air cooled for use in tropical countries.

General

DESCRIPTION

2. The charging set consists of a light 1 h.p. 4-stroke engine, driving a generator with an output
of 360 watts. The total weight is 85 lb. and the dimensions are, height 22 in., length 24 in., and
breadth 15 in. The generator is coupled to the engine by means of a flexible coupling, a detachable
handle being provided for starting. The total load on the generator must not exceed 18 amp. at 20
volts.
Engine
3. For details of the engine, its working principles and servicing, reference should be made to
A.P.2173. Vol. I, Sect. 1, Chap. 6.
Generator
4. The "Alco" generator is of the two-brush type. Fitted with ball bearings the armature
carries the laminated soft iron core, the armature winding and commutator. To the yoke are fitted
the two pole pieces and the field 'windings are wound round them. The brush position is fixed for
sparkless commutation, and the position as originally set must not be altered. The driven end of the
body terminates in a flange with three open bolt holes and three bolts are used to fix the generator
to the engine casing. The engine drive is taken up by a flexible disc mounted on the armature
shaft. A ventilated cover is fitted at the commutator end and there is an air outlet at the driven
end. The output of the generator is 360 watts, 18 amps at 20 volts being the maximum load.
Switchboard
5. The switchboard is mounted in a teak box, and in it are the ammeter, 0-30 amps, the field
regulator, main switch, and fuse. A cut-out, type A, Stores Ref. 5C/584, is fitted above the ammeter,
and terminals are mounted at the bottom of the box.

FELD
REGULATOR..

MAIN
SWITCH
OUTPUT
TERMINALS

Fig. 1.—Accumulator charging set
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OPERATION

Setting up
6. When preparing the set for use, the following order of operation should be followed:—
(i) Stand the unit on level ground, arranging the flexible exhaust pipe leading down wind from
the rest of the set.
(ii) Fit starting handle in correct position on starting crank.
(iii) Fill petrol tank. The tank capacity is of a gallon and the consumption is approximately
one pint per hour. Make sure the breather hole in the tank cap is clear of dirt.
(iv) Fill the oil sump with M220 oil (Stores Ref. 34A/35). The capacity of the sump is of
a pint, and the consumption very small. Check the oil level every six hours of running.
The oil level is marked on the dipstick.
(v) Check the generator brushes to see that they are bearing evenly on the commutator and
are free in their boxes.
(vi) Set field resistance at "in" i.e. with the slides nearest bottom of the board.
(vii) Set main switch to OFF position.
(viii) Start engine.

Charging
7. The accumulators should now be connected to the switchboard. Any number of batteries
may be charged in series or in parallel, up to the capacity of the set. When the accumulators have
been connected,
(i) Set the switch to the ON position.
(ii) Adjust the field regulator by moving the slider up until the cut-out operates, which is
shown by a reading on the ammeter.
(iii) Continue to adjust the field regulator until the required current is shown on the ammeter.
Note.—Do not overload the set. Maximum load 18 amps. at 20 volts.

Shutting down
8. To stop charging and close down the set.
(i) Return field regulator to the bottom of its travel.
(ii) Set switch to OFF position.
(iii) Stop the engine by"pressing magneto button, keeping it pressed until the engine stops.
(iv) Push petrol tap to OFF position.
(v) Disconnect batteries from switchboard by disconnecting at the batteries first.
SERVICING

General
9. Troubles in generation are nearly always due to incorrect commutation and this generally
denotes brush wear, or dirty commutator. The generator should be examined from time to time,
and particularly, if, at any time, a falling off in the charging rate is noticed. The inspection should
cover the following important points :—
(i) Cleanliness.
(ii) The brushes.
(iii) The commutator.
(iv) The connections.
(v) Lubrication.

Cleanliness
10. After being in use for a long period the generator may become internally dirty owing to
dust due to brush wear. This should be blown away by means of a bellows or blower. Compressed
air is not recommended owing to the presence of moisture in it. Excessive lubrication may also be
the cause of a dirty commutator and the commutator should in this case be cleaned with a cloth
moistened with petrol.
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Brushes
11. The brushes are fixed in position in these generators and should not be altered. They
should be examined to see if they have slipped, or they may be worn, cracked or tight in their boxes.
If worn away more than a of their original length they should be renewed. The brush springs should
rest evenly on the brushes and give sufficient tension, and the brushes should ride evenly on the
commutator. If not, sparking will occur and they must be bedded in until they fit the curvature of
the commutator.
Commutator
12. This should be clean, free from grease and carbon dust. The commutator should take on
a brown glaze when in use and this should not be cleaned off.
Connections
13. All connections should be clean and tight at all times. The leads should be examined
from time to time for worn or perished insulation, and any faults taped up immediately with insulating
tape.
Lubrication
14. This should be regular but not overdone. Much trouble may be caused on the electrical
side by over lubrication. Every six months the bearings should be examined and packed with
H.M.P. grease to of their capacity.
Reference
15. For more detailed servicing on generators reference should be made to A.P.1095G, Vol. I,
Sect. 1, Chap. 1, on care and servicing of Alternators and Generators, together with A.P.2173,
Vol. I, Sect. 1, Chap. 6 on the operation, care and servicing of the "Alco" Featherweight engine.
Fault-finding chart
16.
Generator not charging ...

Drive disconnected
Brushes sticking in boxes
Broken or loose connections in charging circuit
Commutator greasy or dirty
Faulty generator

Generator output low or intermittent

Loose drive
Loose connections
Commutator or brushes greasy
Brushes badly worn
Brushes fitting badly
Brushes wrong type
Batteries sulphated

Generator giving high output ...

j
[

One or more battery cells internally shorted

A.P.1186E, Vol. I, Sect. 1
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Introduction
1. A 1.25 kVA petrol-electric set mounted in a cradle has been developed to supply singlephase alternating current at a voltage of 220. A Higgs A.C. generator is directly driven by a
Petter, type A, engine (see A.P.2173) and the exciter is belt driven from the generator. A detachable
switchboard at one end houses an ammeter, voltmeter, voltmeter push-button switch, voltage
regulator suppressor and double pole main switch.
DESCRIPTION
Alternator
2. The alternator is a four-pole rotating armature machine rated at 1.25 kVA, 220 volts,
50 cycles, single-phase at a speed of 1,500 r.p.m. and is secured to the bedplate by means of four
bolts. Cooling is assisted by a fan mounted on the armature shaft and ventilation is achieved by
openings in the sides of the endshields at each end, protection being afforded by means of a metal
grille. The machine is directly driven by the petrol engine through a cush drive. An inspection
plate is provided in each side of the slip-ring endshield to facilitate adjustment to the brushgear.
The exciter is mounted on top of the alternator and is belt driven from it at the coupling end.
3. The armature has a double layer lap winding, wound in 19 slots with 28 turns per coil
of 0.044 in. diameter enamelled and single cotton covered wire. The coil pitch is from slot 1 to 6
and there are two coil sides per slot. The resistance of the whole winding is four ohms.
4. The slots are slightly skewed and binding wire prevents armature coil ends loosening owing
to the effect of centrifugal force. At the driven end of the armature is a hub to which the fan is
bolted; this forces cool air over the armature and between the field coils, emitting it at the slip-ring end.
5. The armature is carried on ball bearings at both ends. The drive from the engine is picked
up by a coupling keyed to the shaft and fitted with studs which engage in alternate holes in a flexible
disc. A similar half coupling with studs which fit into the remaining holes in the disc is fitted to the
engine shaft. The coupling studs are made of hardened steel in order to withstand the pulsations

Fig. 1.—Alternator dismantled
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Fig. 2.--Exeiter dismantled
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of the petrol engine. A pulley is fixed on the armature shaft between the coupling and the endshield
to carry the belt of the drive to the exciter. At the slip-ring end a tachometer is directly coupled
to the shaft, thus enabling a check on the speed to be made.
Field coils
6. The four field coils are wound with 0.048 in. diameter wire, each coil consisting of 580 turns
of wire. The internal connections are shown in fig. 5 and the total resistance of all four coils connected
in series is 10.25 ohms.
Brush gear
7. The brush rocker is clamped to a shoulder on the endshield and is set centrally, the brushes
being situated 90 deg. apart on the slip-rings. Helical coil springs provide the brush pressure and
notches are provided to facilitate adjustment of this pressure. Connections to the terminals are
made from a point where the brush pillars are screwed to the rocker. Before removing the endshield
it is necessary to take off the field coil terminals from the terminal bar, when the endshield complete
with brush rocker will readily come away. This is clearly shown in fig. 1. In order to minimise radio
interference a condenser is connected from each brush to earth.

Exciter
8. This is a shunt wound two-pole D.C. generator with an output of 3.33 amp. at 45 volts at
a speed of 3000 r.p.m. and is mounted on the alternator and belt driven from it. Ventilation louvres
are provided at the commutator end, a propeller type fan facilitating air circulation. The terminal
block is mounted on the yoke at this end.
Armature
9. The armature is lap wound with 0.036 in. diameter enamelled and single cotton covered
wire then being 30 conductors per slot. The coil pitch is 1-9 and the commutator has 57 segments.
The resistance (cold) between the commutator segments under positive and negative brushes is
0.5 ohm. The armature runs on Skefko C203 (17 x 40 x 12) bearings at each end.

TO REGULATOR
AZ

Fig. 4.—Connection diagram for exciter
Field coils
10. Each field coil is wound with 340 turns of 0.018 in. diameter enamelled wire, jointed on
to and followed up with 600 turns of 0.020 in. diameter enamelled wire. The two field coils connected
in series have a resistance of 55 ohms (cold) and the internal connections are shown in fig. 4.
Brush gear
11. The brush boxes are carried on a rocker on a shoulder of the endshield and two brushes
in parallel are used for each pole. Helical coil springs provide the necessary pressure but no adjustment of pressure is possible. Inspection plates are provided at each side of the brush gear. The brush
rocker is set with brush centrally in opening of end shield.

Switchboard
12. A detachable switchboard is mounted at the end of the set and carries a voltage regulator,
which is of the Stones type described in Sect. 3, Chap. 1, a voltmeter and voltmeter push-button
switch, interference suppressor, ammeter and switch fuse. The Stones voltage regulator, type V.S.25/5,
is connected to the exciter with screened cable and a Niphan plug provides the A.C. output from
the alternator. An earthing spike is also provided.

X Al A2 XX

Fig. 5.—Connection diagram for alternator

Tools
13. A toolbox containing a roll of spanners, a filling funnel and a screwdriver, together with
engine magnets and regulator spares, is provided. A wiring diagram of the switchboard appears
in fig. 3.
SERVICING

Alternator
14. The routine servicing on the alternator is confined to greasing of bearings and examination of the brushes, which are of the Link 5 grade measuring, when new, 1 in. by 1 in. by 1 in.
They should be replaced when worn to a length of i in. If it is desired to dismantle the alternator
for overhaul, the following method should be employed. First take out the four bolts and two dowel
pins which hold the alternator to the channel steel bed, slide the alternator away from the engine
until the coupling is disengaged, the alternator can then be slewed round through 90 degrees so that
its shaft is across the bed. In this position it is much more accessible. Next remove the belt and
take out the bearing cap screws from the slip-ring end of the alternator, also the small grub screw
which attaches the tachometer coupling to the alternator shaft. Next remove the four bolts which
hold the driving end cover to the alternator yoke and then the armature, complete with fan, driving
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end shield, pulley and half coupling can be removed. If it is desired to remove the half coupling
from the shaft, pulley drawers must be used. The fan is fitted on to a cast-iron hub and secured by
screws and lock-washers, the hub is keyed to the alternator shaft. If only the coupling requires
servicing it will be easier to leave the alternator in position and to remove the engine. If new
coupling studs are required, be sure that these are hardened before fitting them.
15. The endshield at the slip-ring end is secured by four screws to the frame and terminals on
the end of the brushgear leads enable the endshield to be removed without disconnecting the leads
from the brush boxes. The brush rocker itself is mounted on a flange on the inner side of the endshield and can be withdrawn after slackening the screw which clamps it.

Exciter
16. This should be afforded the normal servicing given to D.C. generators (see Chap. 1). The
bearings should not be allowed to run dry, but on the other hand, should never be filled more than
two-thirds full of grease. Brush replacement should take place when they have worn to a minimum
length of 132 mm. and the correct replacement brush is Link 5, 11.3 by 7.3 mm. The endshields
can be removed in the normal manner, the bearings remaining in the housings. The brush rocker
is clamped to a shoulder on the inside of the endshield and when being replaced should be set in
the neutral position so that with the field excited, the voltage developed by the armature rotating
at a given speed is the same in each direction. It is, therefore, advisable to mark the position of
the brush rocker before dismantling. In other respects the exciter is maintained in the manner laid
down for D.C. generators in Chap. 1 of this section.

A.P.1186E, Vol. I, Sect. 1
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Introduction
1. The generating set described in this chapter is usually installed in a heavy vehicle, the
engine, alternator, and switchboard all being mounted on a common baseplate. The generator set
is made in two forms, the 400 volt 3 phase 10 kVA described in this chapter and a 230 volt single
phase 10 kVA to be dealt with in a chapter to be issued later.
2. An illustration of the complete generating set is shown in fig. 1 and consists of a Tangye
VCR2 vertical two cylinder diesel engine, 17 B.H.P., 1,000 r.p.m. mounted on a fabricated steel
bedplate extended to carry the alternator with overhung exciter. The totally enclosed switch panel
is mounted on a channel iron frame over the exciter. The last three items are made by the Electric
Construction Co., Ltd.
3. Voltage regulation is achieved by a Met.-Vick Type V.P. automatic voltage regulator.
It is possible that on some generators a Stones carbon pile regulator may be fitted instead.

DESCRIPTION

Alternator
4. The alternator is designed to carry an exciter on the extended tapered shaft at the slip-ring
end. The alternator is flexibly coupled to the engine by a Mills coupling. It is important that it is
lined up truely on the baseplate so that the pins and sockets of the two half couplings are in true
register. The alternator is then moved forward until the pins and sockets engage and it is then
securely bolted to the baseplate. To "break" the coupling it is only necessary to loosen the fixing
bolts on the alternator and move it away from the engine until the pins are clear of the sockets. The
driving end is fitted with a roller bearing (5), fig. 2, mounted in the cast iron bearing bracket (11)
and protected against the ingress of fine sand by an outer (2) and inner (4) bearing cap. A ball
bearing (29) is fitted at the slip-ring end and is similarly protected. The sectional drawing in fig. 2-depicts the general arrangement.

5. The alternator is of the revolving armature type with six field coils (10) bolted to a
fabricated steel magnet frame (13). The armature core (8) is made of high permeability laminated
iron with DCC copper windings, the ends of coils being brought out to the slip-ring assembly which
is shrunk on to a mica covered cast iron hub (21) and is keyed on to the shaft.

Fig. 1.—View of complete generator set
6. The field coils are wound round laminated iron pole pieces (18) the latter having sheet steel
pole liners compressed and held together by steel pole rivets (12). Copper pole damping studs (9)
are bolted through the extremities of the pole pieces (18) clamping the copper end plates (15).
7. Four cables connect the brush holders to the switchgear and are marked red, yellow, and
blue, for phases and green for neutral: they are brought out through the cable bush (25). The only
other cables brought out through this same bush being the alternator field and exciter field. A
double set of brush collects gear is provided. The brush boxes are clamped on to micanite insulated
brush supports (23) with micanite spacers (24). The eight carbon brushes (2 per slip ring) are
x in. The slip ring brush supports (23) are screwed into the end
Morgan Crucible EG12, f
bearing bracket (26). Access to the slip-rings and brush gear is obtained by removing leatheroid
lined cover plates (50). The sectional. drawing in fig. 3 illustrates these constructional features.

Exciter
8. The exciter is a four pole totally enclosed d.c. generator. To the cast iron magnet frame(48) are bolted the laminated iron pole pieces (37). The field coils are in two parts, the inner being
shunt wound (34) and the outer a series winding (32), the latter carries the exciter main current
and assists the shunt winding. The coils of each winding are connected in series. A sectional end
' view of the exciter will be found in fig. 4.
9. The armature (38) comprises a soft iron core with 25 slots on which are wound size •052 in.
D.C.C. copper wire. The commutator consists of 75 hard drawn copper bars built up radially and
clamped together on a mica insulated hub (44). The whole commutator is secured by a locking nut
(43) on the commutator hub. This is normally done while it is hot and under presspre at the
maker's works. A bolt and washer (45) on the end of the shaft locks and completes the assembly.
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Fig. 3.—End view sections of alternator
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10. There are four brush pillars (40) each carrying two brushes with type EG11 Morgan
Crucible brushes, s in. x is in. adjustable brush holders. The brush holders are fixed by two
nuts and bolts on to lugs on the end plate (41). This end plate is fixed to the commutator end
cover (46) by four bolts. Adjustment of the brush gear is effected by slackening these four bolts
and moving the plate round as required. The correct position is indicated by a line on this plate
in true register with a line on the exciter magnet frame (48).

Ventilation
11. Ventilation of the alternator is by means of a fan (6) mounted on the shaft at the driving
end. The perforated panels (1) each side of the alternator must be kept clean and free from
obstruction to ensure an adequate flow of air.

Switchboard
12. The switch panel is constructed of sheet steel, all removable panels being fitted with dust
excluding gaskets. It is mounted on shock absorbers on a channel iron frame above the exciter,
see fig. 5. A terminal box with bushed cable entry is at the bottom front of the panel and easily
accessible for connecting up outgoing cables. All "live" equipment is mounted inside the switchpanel
and fuses and switchgear are mounted on the front of the panel with the exception of the auto voltage
control coil rheostat which will be found at the top left-hand side. The hinged side panel is secured
by four knurled nuts and inside will be found a diagram of connections shown in fig. 6.
13. A preliminary study of the switch panel depicted in fig. 5 will assist in identifying the
instruments and switchgear, etc., mounted on the front panel and tabulated below:
(i)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)
(viii)
(ix)
(x)

Frequency meter, 45-55 cycles
4 in. voltmeter, 0-500 volts
Exciter field regulator
3 4-in. ammeters, 0-20 amperes
3 Slydlock fuses
Rotary type V.R. selector switch
30 amp. triple-pole main switch
2 voltmeter selector switches
1 Slydlock auto-regulator' fuse
3 30-amp. main fuses and neutral link

It will be noted that the handle of the main switch is so arranged that when the switch is in the
ON position it is impossible to open the door panel to gain access to the main fuses.
14.

Mounted inside the switch panel will be found :—
(i) Met-Vick. auto voltage regulator, Type V.P.
(ii) Auto-voltage regulator resistance
(iii) Small voltmeter resistance
(iv) Terminal block
(v) Auto-voltage control coil rheostat

The control handle of item (v) will be found accessible by opening or removing a panel at the top
left-hand side.
Voltage regulator
15. The Met-Vick. regulator Type V.P. should maintain the voltage within approximately
+ 2 per cent. of normal from no load to full load of the machine.
16. This regulator embodies a metal carbon rheostat consisting of two stacks of rectangular
carbon plates. Near the front of each carbon plate pad at the bottom and passing right through it,
is a silver contact and near the rear edge a high resistance spacer. Each stack of plates can be
tilted forward or backward by means of a rod and lever pivoted at, and under, the control of
a solenoid energised directly by the a.c. output. Hunting is prevented by the damping action of an
air dashpot. The regulator slider resistances, mounted inside the panel on the right-hand side, are
carefully checked and set by the maker and should not be interfered with at any time.

17. When the a.c. supply voltage falls below a predetermined value the stacks are tilted
forward so that the silver contacts are closed and all the resistance in the regulator is short-circuited.
A small rise in the a.c. voltage causes the closed silver contacts to open in succession until the
increase in the resistance of the stacks is sufficient to restore the regulated voltage to its correct value.
18. A 5 amp. Slydlock fuse is mounted on the panel to protect the circuit of the auto-voltage
regulator. Details of this regulator together with illustrations will be found in A.P.1186E, Vol. I,
Sect. 3, Chap. 3.
19. During operation, when the generator is started up, the field regulator should be set with all
the resistance in circuit, i.e. the position marked LOWERED, and as the set builds up voltage, the
resistance is entirely cut out until a true voltage reading is obtained. The auto-voltage rheostat
on the left hand side of the switch panel is used for trimming in conjunction with the exciter field
regulator until the best regulation is obtained for all loading conditions. A further note on voltage
regulator operation appears in para. 27 under operational notes.

FREQUENCY
METER
EXCITER FIELD
REGU LATOR
AMMETERS
SLYDLOCK FUSES
V. R. SE LECTOR
SW ITCH
VOLTMETER
SELECTOR SWITCHES
AUTO REG.FUSE
MAIN SWITCH
MAIN FUSES -

Fig. 5.—View of the switch panel
Field rheostat
20. In the event of the auto-regulator failing while in service the exciter field rheostat
provides hand control. The rheostat is normally short circuited by the rotary voltage regulator
selector switch when this switch is set to the position marked AUTO. For hand control the switch
should be moved to the position marked HAND and manipulation of the field regulator will then enable
the operator to maintain regulated voltage. Re-adjustment of voltage is necessary after each change
of load, and an operator must therefore stand by continuously.
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Ammeters
21. The three ammeters are of the moving iron, flush mounted type, and from left to right
are connected to red, yellow and blue phases respectively.
Voltmeter selector switches
22. These two switches are for connecting the voltmeter between phases and also from phases
to neutral. It will be observed that the yellow phase is marked on the switch "yellow or white".
This is in case this type of switch is used on a set where the yellow phase is referred to as white phase.
INSTALLATION AND OPERATION

Foundation
23. Normally the set will be in a heavy vehicle and it is necessary to ensure that the vehicle
is in a level position. If the generating set is not mounted, ensure that reasonably solid foundations
are provided as it is important that vibration should be reduced to a minimum.

Starting up
24. A chart of operating instructions with annotated diagram of the engine is supplied by the
makers with each engine. If a new generator set is being put into commission it is desirable to read
these instructions and follow the advice given before starting up the set.
25. It is important to unpack carefully the auto voltage regulator inside the switch panel.
Remove all the packing, usually consisting of grey cardboard secured by string and elastic bands
round the carbon piles and the solenoid at the bottom, especial care being taken to remove the felt
pad and piece of cardboard from the back of the carbon pile stacks. This packing should be
carefully stored as it is necessary to re-pack the auto regulator when the vehicle is to be removed to
another site.
Starting the engine
26.
(i) Place decompressor lever with wired control in up position.
(ii) Place fuel pump sprag lever in DOWN position.
(iii) Place timing control lever in START position.
(iv) Fill the priming cup on the air intake pipe with fuel oil and release one charge only
into the air pipe, close the cock.
(v) Turn the engine with starting handle up to maximum effort. Drop the decompressor
control smartly, continue turning until the engine fires.
(vi) Set the timing control lever to LOAD position.
(vii) Give the handle of the lubricating oil filter two or three turns and observe that the
oil pressure gauge is registering. TO STOP, raise the fuel pump sprag lever only.
Running up the generator
27. (i) Check that the switch panel main switch is in the OFF position.
(ii) Check that the exciter field regulator is in the LOWERED position.
(iii) Put the voltage regulator switch to the HAND positipn.
(iv) Ensure that the voltmeter selector switches are set at a phase reading and not at
OFF position to ensure the voltmeter records.
When the engine is up to speed, raise the voltage to the required figure by turning
the exciter field regulator to the RAISED position.
Trim or adjust the voltage with the auto voltage control coil rheostat.
Turn the voltage regulator selector switch to AUTO.
Switch the main switch oN.
SERVICING

Alternator and exciter
28. Periodical examination for cleanliness is essential for trouble-free service, special attention
being given to the slip-rings, commutator and brush gear. The slip-rings should normally have a
smooth and evenly coloured contact surface. The commutator of the exciter should have a rich
brown glaze when it is in good condition and this should not be disturbed. The brushes should

move freely and smoothly in their holders. It is important that the correct brush pressure is
maintained, adjustments can be made by altering the tension of the helical spring on each brush.
Full details on the care and maintenance of generators will be found in A.P.1186E, Vol. I, Sect. 1,
Chap. 1.
ALTERNATOR

sW

NLL

FUSE

/ MAIN
SWITCH
AUTO-VOLTAGE
RHEOSTAT

RESIS

VOLTAGE
REGULATO
WITCH

NEUTRAL
LINK

FUSES

AUTO-VOLT
REGULATOR

VOLTMETER SELECTOR
SWITCHES

o6
V

Fig. 6.—Wiring diagram
29. The following table will be found useful when testing the generator set to ensure that the
insulation resistance values are correct and the machine is in good order.
Alternator armature (cold) ...
•75 ohms
Alternator field (cold) 4 coils in series
65 ohms
Air gap ...
•02 in.
Exciter armature (cold)
15 ohms
Exciter field (cold) 2 coils in series ...
300 ohms
Air gap ...
•016 in.

Dismantling the alternator
30. The following instructions will be found helpful when dismantling the alternator and
exciter for repair or overhaul. It will be necessary to lift the alternator away from the set and this
should be undertaken as follows:—
Disconnect all the cables from the alternator to the switch panel.
Disconnect the fuel pipe union at the fuel tank.
Unbolt the switch panel and fuel tank frame supports from the baseplate and lift
them clear of the set, complete with the switch panel and fuel tank.
Remove the flywheel guard.
Unbolt the alternator coupling.
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Unbolt the alternator from the baseplate.

Lift the alternator clear from the engine—shims fitted under the alternator feet must
be kept together for insertion in the same position when reassembling.
The alternator having been removed from the engine, can now be dismantled as follows:—
(viii) Remove all the cover plates (47), (49), (50), fig. 2.
(ix) Lift the exciter brushes out of the holders and disconnect the leads from the brushes
and from the field coils.
(x) Remove 4 bolts securing the exciter magnet frame (48) to the slip-ring bearing
bracket (26).
(xi) Remove the exciter magnet frame (48).
(xii) Remove the armature centre bolt (45).
(xiii) Withdraw the exciter armature (38), (39), complete, using a a in. Whit. bolt,
approximately 5 in. long.
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Fig. 7.—Typical coupling withdrawing tool
Then, to remove the alternator armature, commence at the driving end, assemble suitable coupling
withdrawal gear and draw off the half coupling. Typical coupling withdrawal gear is illustrated in
fig. 7.
(xiv) Remove the outer end cap (2).
(xv) Insert suitable packing between the alternator armature and the bottom pole shoe.
(xvi) Remove 4 bolts of the driving and bearing bracket (11) and withdraw the bracket from
the magnet frame (13).
(xvii) Lift the slip-ring brushes out of the brush boxes.
(xviii)
Remove the bolts of the slip-ring end outer end cap (30) and withdraw cap.
(xix) Withdraw the alternator armature (7), (8), with fan still in position, leaving the slipring brush gear in position on the bearing bracket (26).
Access to the alternator field coils (10) is now obtainable. When replacing a field coil ensure that
the pole piece is dead true before tightening up the two fixing bolts.
Re-assembly
31. When re-assembling the alternator, the above procedure is reversed, the complete
armature being inserted inside the poles on the magnet frame. It is advisable to use packing, i.e.
a suitable thickness of cardboard, between the armature and the poles to suit the air gap. This
will avoid undue strain and damage to the ball bearing (29). As soon as the driving end bearing is
in position in the bearing bracket this packing can be removed. Proceed to re-assemble exciter
reversing the procedure outlined in para. 30.
Bearing renewal
Driving end bearing
32. The removal of this bearing involves lifting the alternator away from the set to give easy
access for dismantling and should be undertaken as follows:—

(i) Disconnect the fuel pipe union at the fuel tank.
(ii) Disconnect the leads from the switchboard to the alternator.
(iii) Unbolt the switch panel and fuel tank frame supports from the baseplate and lift
clear of the set, complete with the switch panel and fuel tank.
(iv) Remove the flywheel guard.
(v) Unbolt the alternator coupling.
(vi) Unbolt the alternator from the baseplate by removing the four securing bolts and the
2 square-headed dowels used for alignment purposes.
(vii) Lift the alternator clear from the engine. Any shims fitted under the generator feet
must be kept together for insertion in the same position when re-assembling.
(viii) Assemble a suitable coupling withdrawal gear and draw off the half coupling.
(ix) Remove the cover plates (1).
(x) Remove four bolts of the outer bearing cap (2) and withdraw the cap.
(xi) Remove the slip-ring end cover plate (50) and insert suitable packing between the
alternator armature and the bottom pole shoe.
(xii) Unbolt the four bolts securing the driving end bearing bracket (11) to the magnet
frame (13) and withdraw the bearing bracket.
(xiii) Push the inner bearing cap (4) away from the bearing; assemble a suitable bearing
withdrawal tool and by applying steady even pressure withdraw the bearing from
the shaft. A typical bearing withdrawing tool is illustrated in fig. 8.
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Fig. 8.—Typieal bearing withdrawal tool
33. To replace the bearing, obtain a piece of tube of suitable diameter and placing the bearing
on the shaft, ensuring it is square to the shaft, gently tap it into position. Avoid dealing heavy
blows, as they are likely to cause damage to the ball bearing at the slip-ring end.
34. The remaining operations can then be carried out in the reverse order to that employed
during dismantling. Remember to remove the packing between the armature and the pole piece
before refitting the slip-ring cover plates.
Slip-ring end bearing
35. The removal of this bearing involves dismantling the exciter and should be undertaken
as follows:—
(i) Remove all exciter cover plates (47), (49), (50).
(ii) Disconnect all the cables from the switchboard to the alternator that pass through
the cable bush (25).
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(iii)
(iv)

Lift the exciter brushes from the brush boxes.
Remove the slip-ring end bearing lubricator pipe and remove the four bolts securing
the exciter magnet frame (48) to the slip-ring bearing bracket (26) and withdraw the
exciter magnet frame clear of the armature, the exciter brush assembly remaining in
position.
(v) Remove the armature centre bolt (45).
(vi) Withdraw the exciter armature by screwing a in. Whitworth bolt (approximately
5 in. long) into the hole provided in the end of the exciter armature centre (39).
(vii) Insert suitable packing between the alternator armature and the bottom pole shoe to
avoid imposing unnecessary strain upon the roller bearing (5) at the driving end.
(viii) Remove the four bolts of the slip-ring end outer bearing cap (30) and withdraw the
bearing cap.
(ix) Lift the slip-ring brushes from the brush boxes.
(x) Remove the four bolts securing the slip-ring end bearing bracket (26) to the alternator
magnet frame (13) and withdraw the bearing bracket (26).
(xi) Remove the grub screw securing the loose ring (31), then push the inner bearing cap
(28) away from the bearing, assemble a suitable bearing withdrawal tool and by
applying a steady even pressure withdraw the bearing and loose ring from the shaft.

Lubrication
36. The roller bearing (5) at the driving end of the alternator and the ball bearing (29) at the
exciter end have grease nipples fitted and both bearings are charged with the correct amount of
grease by the makers, sufficient for the first six months normal duty. When re-greasing, great care
should be taken not to overgrease as this is one of the greatest potential sources of damage to the
generator set windings, slip-rings and commutator. It is necessary to remove all dirt and superfluous
grease from the vicinity of the grease nipples and bearings before re-greasing. Only the recommended
grease must be used, which is either high melting point grease (Stores Ref. No. 34A/84) or the makers'
recommended grease.

Stores reference numbers
37.

Generating set
Alternator
Exciter
Carbon brushes—
Alternator ...
Exciter
Bearing grease ...

Stores ref. No. 42LL/1

Stores ref. No. 42LL/3
Stores ref. No. 42LL/4
Stores ref. No. 42LL/12
Stores ref. No. 42LL/13
Stores ref. No. 34A/84

This leaf issued in reprint dated
March, 1946

A.P.1186E, Vol. I, Sect. 1

CHAPTER 10
D.C. GENERATOR., B.T.H. Type D.Y. (Exciter) 480 W.
LIST OF CONTENTS
Introduction
Description
Yoke and field coils
...
End shields and bearings
Armature
Brush gear
Servicing
General ...
•••
Dismantling
•••
1' •
Fitting or removing drive couplings
Renewal of ball bearings
Assembling
Positioning brushes

Para.
1
2
3
4
5
6
7
8
9
10
11

Adjusting brush-spring pressure
Bedding new brushes ...
Commutator
...
...
Electrical connections ...
Electrical tests ...
...
...
...
...
...
...
Test lamp
Testing field coils for leakage to earth
Testing field coils for continuity
...
Testing for internal short circuits in field
...
...
...
coils
...
...
Testing armature windings
...
...
Testing commutator for leakages to earth
Testing brush gear
...
...
...

Para
12
13
14
18
19
20
21
22
23
24
25
26

LIST OF ILLUSTRATIONS
D.C. generator, Type D.Y., Exciter
Ball bearing withdrawal tool
Correct and faulty commutator mica ...

Fig.
1
2
3

Electrical connections
Test lamp ...
Armature drop test

Fig.
4
6

Introduction
1. The B.T.H. type D.Y. Exciter is a direct-current generator of the enclosed ventilated type
having an output, at a speed of 1,500 r.p.m., of 4.80 amperes at 100 volts. It is used for the purpose
of providing current for the excitation of the field of certain types of alternators such as the B.T.H. type
A. J. The exciter weighs 120 lb. and the overall length is 1 ft. 51 in.; the outside diameter of the
yoke is approximately 10 in. and the height of the centre of the armature shaft from the base is 5 in.
The armature shaft is mounted on ball bearings, consequently when the exciter is driven by means
of direct-coupled drives, precautions must be taken to ensure that the alignment is exact, otherwise
severe strains will be imposed on the shafts. A description of the generator components, together
with information regarding the servicing of the generator, is given in the following paragraphs.

Yoke and field coils

DESCRIPTION

2. The yoke is a single steel casting, cylindrical in shape and machined at each end for the
attachment of end shields, which are held in position by means of eight set-screws, four at each end
of the yoke. It stands upon four supports cast integrally, each support being drilled to receive a
base-mounting bolt. Provision is made on the top of the casting for the attachment of a junction
box to which the internal and external cable connections are made; the junction box is provided
with a flange into which a 1 in. B.S. conduit can be fitted if required. The field coils are mounted
within the yoke on pole-pieces held in position by means of two set-screws in each.

End shields and bearings
3. End shields are fitted to each end of the yoke and they are held in position by means of
four set-screws in each. The machined face of each end shield forms a spigot joint with the opposing
face on the yoke, in order that the alignment of the armature bearings housed in the end shields

. may be maintained. BaIl bearings are fitted to this machine and are held in position in the housings
by means of bearing caps, one inner and one outer cap for each bearing; the bearing caps are faced
on one side, each being spigoted into the end shield and secured by three set-screws. The end shields
are provided with open sides to give access to the brush gear and to assist ventilation; detachable
open-mesh guards are fitted and are held in position on each end shield by means of two clamp screws
in each, guard.

Bearing cap
(cuter).

Insulated brush bar.
Brush sear.
Fig. 1.—D.C. generator, Type D.Y. (Exciter)
Armature
4. The armature is mounted on ball bearings, positioned one at each end of the shaft and
locked by means of circlips. The commutator is at the opposite end of the armature shaft to the
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drive, whilst a fan, which is a built-up construction of sheet steel, is mounted on a flange at the
opposite end of the shaft between the bearing and the armature winding. A keyway is machined
in the driving end of the shaft to provide for the attachment of a suitable coupling or pulley.

Brush gear
5. The brush gear (see fig. 1) is mounted on a flange secured to the end shield at the commutator
end of the generator and a limited amount of adjustment of the brush gear is provided by slots in
the flange through which the locking screws pass. The two brush-holders are clamped on insulated
square-section bars which are eccentrically mounted in order to provide means for the adjustment
of the brush-holders during the initial setting and during servicing operations.
The brushes
are fitted in pairs in each holder and are held by separate springs and pressure arms; the adjustment
for regulating the pressure of the springs on the brushes is by means of a series of slots arranged
around the flange of each pressure arm to which the springs are anchored.

General

SERVICING

6. To ensure that the generator is kept in a serviceable condition it should be cleaned and
examined at frequent intervals. The interior and the exterior should be kept free from dirt, water,
oil, or surplus grease. The bearings should be lubricated periodically with the approved lubricant,
care being taken to avoid over-filling, otherwise they will run hot and grease will be forced out of
the bearings and on to the brush gear; the bearings should be kept approximately two-thirds full,
and this amount should not be exceeded. The armature shaft should be rotated by hand periodically,
whilst the drive is released, in order to test the bearings; the armature should revolve freely and
smoothly without end-play. Immediate investigation should be made into the cause of any roughness
or end-play noticed when turning the armature by hand; furthermore when the generator is in
operation the cause of excessive sparking, over-heating or any unusual noise in the machine should
be investigated. The guards should be kept in position on the end shields whilst the generator is in
operation, ensuring that the clamp screws are set at the lowest position, and in line with the centre
of the shaft. otherwise the air inlet and outlet will be obstructed and the efficiency of the ventilation
impaired. When the generator is not in use it should be kept dry and after it has been standing
for a long period under damp conditions, the insulation resistance of the armature and the field
windings should be tested by means of a megger. If the resistance is less than one megohm the
machine should be dried, either by passing a low-voltage current through the windings or by placing
the machine in a warm dry place for a day or two.

Dismantling
7. When dismantling the generator, the drive coupling or pulley should first be withdrawn
from the armature shaft, by means of a withdrawal tool, and the key extracted from the keyway,
after which the three screws in the outer bearing cap at the commutator end of the generator should
be unscrewed. The end shield guards should now be removed, thus giving access to the end shield
set-screws and the brush gear, then the internal connections from the field coils and the junction box
to the brush-holders should be released and the brushes lifted from their holders. The end shield
set-screws at the commutator end of the generator should now be unscrewed and the end shield
withdrawn from the yoke and the bearing. The rear end shield at the opposite end to the commutator
should then be removed together with the armature, taking care to support the weight until the
armature is clear of the pole-pieces; the armature should be separated from the end shield whilst
both are supported on the bench. At this stage of the dismantling all parts are accessible for
examination and test. Further dismantling operations may be necessary however and details of
these will be found in the servicing operations described for various components in the paragraphs
which follow.

Fitting or removing drive couplings
8. When the drive coupling is fitted or removed care should be taken to prevent damage
being sustained by the generator during the operation. It is essential that any form of drive
coupling intended to be fitted to the armature shaft should be a good fit both on the shaft and
on the key, and also that it should be fitted as near to the bearing as possible. Before any
attempt is made to drive the coupling on to the armature shaft, the set-screws in the outer
bearing cap at the driving-end should first be slackened and the outer bearing cap, at the
opposite end, removed. Lateral movement of the shaft should be prevented, when the coupling
is being driven on, by means of a solid brass punch applied endwise to the opposite end of the, shaft,
whilst at the same time a heavy weight or a sledge hammer is held in contact with the outer end
of the punch the punch should he slightly smaller in diameter than the armature shaft, and the
centre of the punch end making contact with the shaft should be concave, to prevent the shaft centre

from becoming burred. A hide hammer, a piece of hardwood, or a lead block should be used to drive
the coupling on; heavy blows should not be necessary. After the coupling has been fitted satisfactorily the bearing caps should be replaced in position and the set-screws tightened. For the purpose
of removing a coupling, a withdrawal tool should be used and if such a tool is not available one may
be made up to suit the type of coupling.

Renewal of ball bearings
9. When the ball bearings are to be replaced with new ones the circlips at the outer end of
each bearing should be sprung out of the grooves in the armature shaft and the bearings then removed
by means of a withdrawal tool. This tool (see fig. 2) may be made up locally from a steel disc 4 in.
thick and of the same diameter as the bearing-cap. A hole should be drilled and tapped to suit a
in. B.S.F. setscrew, and three holes jz in. dia. should also be drilled in the disc in exact alignment

Armature shaft

Inner bearing

Steel disc

Ball bearing.

cap
II

-it

ffgfeWPI

,11

Hole. for
Tommy bar

Brass Pad

►
V.

!
1
i
ii.

Nuts welded to studs
Fig. 2.—Ball-bearing withdrawal tool
with the setscrew holes in the outer bearing cap; the three outer holes may be slotted as shown
in fig. 2 in order to allow for slight errors in drilling. Three suitable studs should be obtained, of
the same size thread as the holes in the inner bearing caps and of sufficient length when in position
in the disc, to engage with the threaded holes in the inner bearing cap; a nut should be welded in
position midway along each of the studs which should then be screwed into the three holes in the
inner bearing cap. When the threads in the cap are fully engaged, and the disc held in position,
the 4 in. B.S.F. setscrew should be tightened up to the end of the shaft until the bearing is withdrawn.
When the new bearing is being fitted it should be pressed on to the shaft in an arbor press, taking
care afterwards to ensure that the inner race is drawn back to the circlip after it has been sprung
into its groove. Suitable precautions are to be taken at all times to prevent the entry of any foreign
matter into the ball races.

Assembling
10. In order to assemble the generator the armature should be mounted, with all its component
parts in position, in the rear end shield, which should then be offered up to the yoke, guiding the
armature carefully through the pole pieces whilst supporting the weight of the end shield. The
end shield set-screws should be entered loosely in their positions in the yoke and, with the joint faces
parallel and the spigot entered, the screws should be tightened evenly; the end shield for the opposite
end may then be offered up to the yoke and the set-screws tightened in a similar manner. It will be
necessary before fitting the end caps to pack the bearings with the approved lubricant until each
is approximately two-thirds full, after which the outer bearing caps should be replaced and the
set-screws tightened. Serviceable commutator brushes should be replaced in position in their respective holders and the internal electrical cable connections made to the brush gear; brushes worn
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down to 4 in. in length, or damaged, should be replaced by new ones. If new brushes are fitted
they should be bedded to the commutator in the manner described in para. 13; furthermore before
fitting a coupling to the armature shaft, the information outlined in para. 8 for this operation should
be observed.

Positioning brushes
11. The brushes should be positioned in the holders in such a manner that the two pairs of
brushes bear evenly over the full width of the commutator, to prevent as far as possible the formation
of ridges. The brush-holder studs should be adjusted as necessary in order to compensate for wear
on the commutator; this may be effected by slackening the lock-nut and turning the stud until
the inner edges of the brush-holders adjacent to the commutator are at a distance of from A in
to A in. from the commutator surface. Whenever a serviceable brush is removed for examination,
care should be taken to replace it in its original position in the brush-holder.

Adjusting brush-spring pressure
12. The brush-spring pressures on all brushes are to be maintained at the correct value and
kept uniform; for ordinary carbon brushes the pressure should be from 14 to 2 lb./sq. in. whilst
for graphite brushes a pressure of from 24 to 3 lb./sq. in. is necessary. The spring should be tested
for correct tension by means of a suitable spring balance, taking the weight from the looped end
of the pressure arm immediately above the centre of each brush and in line with its axis.

Bedding new brushes
13. Brushes should be correctly bedded to the commutator surface and it is essential that
the operation is carefully effected, as brushes which are incorrectly bedded may alter the output
of the generator to a considerable extent. Prior to bedding new brushes, it should be ensured that
they are of the correct grade for the type of generator and the brush-holders should be adjusted
accurately to accommodate the new brushes in the manner outlined in para. 11. The bedding
operation should then be proceeded with, first inserting a strip of fine grade glass paper between
the brush and the commutator, with the prepared side of the paper against the brush, emery cloth
should not on any account be used, as particles of emery may become embedded in the brush or
in the commutator thus causing sparking and rapid wear. The glass paper should be pulled through
in the direction of armature rotation with the brush pressure applied, but the return stroke should
be made with the brush lifted from the glass paper, then, lowering the brush, repeat the operation
until a good surface contact is obtained between the brush and the commutator. When the operation
is completed the carbon dust which has been removed from the brushes should be cleaned from the
vicinity of the brush gear by means of a soft brush or the use of compressed air, after which the
brush pressure should be adjusted as described in para. 12. After the brushes have been
bedded by the method outlined above, the generator should be run for some time without load, in
order that the surface contact will be still further improved; before the load is then applied to the
generator, a brush should be removed from its holder to determine the condition of the contact surface
which should be as near as possible 100 per cent.

Commutator
14. The commutator should be kept clean and highly polished, and carbon dust should not
be allowed to collect in the grooves between the bars. If any sparking takes place the commutator
should be wiped while it is rotating with a piece of clean, lightly oiled rag. Should the sparking
persist after this operation the cause should be located and the fault remedied without delay; a
piece of fine grade glass paper applied to the commutator surface, while the brushes are raised and
the machine is running at full speed, will usually effect an improvement. A worn commutator
will require to be re-surfaced and the mica insulation undercut between commutator bars. The
following notes will be found useful when reconditioning a worn commutator:—
Reconditioning worn commutator
15. When a commutator is badly worn and flats or ridges have formed on the surface, it should
be turned in a lathe and highly polished. The lathe tool used should be of high-speed steel, diamondnosed, with a rake of approximately 30 deg.; fine cuts should be taken in one direction only, i.e.
towards the armature, and cutting lubricant should not be used. A minimum of metal should be
removed from the commutator, sufficient only to remove the evidence of wear; the safe limit to which
the commutator may be reduced is 24 in. diameter.

Undercutting the mica
16. After the commutator has been re-surfaced, the mica insulation between the bars should
be carefully undercut, and for this purpose, a piece of hacksaw blade fixed in a holder will be found
in. below the commutator surface, in
satisfactory. The mica should be recessed to a depth of
such a manner that the mica is removed squarely and to the full width of the groove. It is essential
after this operation to round off or chamfer the sharp edges of each bar as shown by the correct
example given in fig. 3; if the edges are not properly chamfered the brushes will wear rapidly whilst
the trailing edge of each bar will become turned over, and in consequence will tend to hold accumulations of carbon dust. Care should be taken during these operations to avoid scratching the
commutator surface and when the operations are completed the commutator should be highly
polished in the lathe using a fine grade of glass paper, finally removing all dust from the grooves with
a soft brush. After any reduction in the diameter of the ,commutator has been effected it will be
necessary to test it as described in para. 25 and afterwards to re-bed the brushes to the new surface
by the method outlined in para. 13.

e

Faulty soldered connections
17. The commutator should be examined periodically when any overheating has taken place,
in order to ascertain the conditions of the soldered connections of the armature winding to the lugs
on the commutator bars. If it is seen that the solder has been thrown, the connections should be
re-soldered, care being taken during the operation to avoid bridging adjacent bars with solder.
After the operation is completed the commutator and the armature windings should be tested as
described in paras. 24 and 25.

Burred edges
Incorrectly
undercut

Correct
Cart)9L1

Protruding
mica

aUST.

Fig. 3.—Correct and faulty commutator mica
Electrical connections
18. The internal electrical connections of the generator are made as shown in fig. 4, the letter
symbols being marked in the junction box of the generator, A and AA indicating the terminals of
armature leads including commutating pole windings, while Z and ZZ are the terminals of the main
shunt winding. The field coils are marked with an arrow and an I, or an 0, indicating inner and
outer ends of the winding respectively; the arrow denotes the direction of the wire in the coil leading
away from the terminal. The connections shown are for counter-clockwise rotation of the generator
when viewed from the commutator end. Main field windings should be connected from I to I or
from 0 to 0.

Electrical tests
19. Electrical tests should be given to the generator and its components when the output
of the generator has fallen below normal, in order to locate any fault which has developed and
which is not obvious on making a superficial examination of the machine. It should be ensured
that the speed of the generator is maintained and it should be checked periodically by means of a
revolution counter. Some faults show symptoms which leave no doubt as to their cause, therefore
much time can be saved by observing the behaviour of the faulty generator and noting the presence
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of such defects as general or local overheating, burnt or worn commutator bars, loose cable
connections, etc. Simple tests which can be effected by the use of a bridge-megger (Stores Ref.
5G/1708) in order to locate a fault, are outlined under appropriate headings in paras. 21 to 26. Under
conditions where the facilities for the actual repair are not available any defective components
should be returned to Stores as unserviceable and replaced by new ones. In instances where a
bridge-megger is not available leakages to earth can be located by the use of an insulation tester
(Stores Ref. 5G/975).

Field
winding

Junction box

Z Z (it

Commutator—,

AA

Z
Commutating
pole winding
Fig. 4.—Electrical connections

Test lamp
20. A test lamp may be employed to make tests for leakages to earth in the brush gear, the
armature, and the commutator, in an emergency when suitable instruments are not available.
Although the test lamp will not indicate the presence of high resistance leakages it will be found
useful for locating the majority of short-circuits in the parts named. The test lamp (see fig. 5)
can be made up locally as a fixture or to plug in to a suitable socket connected to the main supply
or to an accumulator, with the lamp voltage arranged accordingly. The pointed contacts or prods
should be made from brass rod, and fitted with insulated holders made from ebonite in order that
they may be handled safely when making tests. A standard bayonet socket will be required for
the lamp, whilst the plug-socket and the switch for the test-prod cables may be separate fittings
or combined as a plug-in switch.
Testing field coils for leakage to earth
21. To test the field coils for leakage to earth, the end connections of the coils should be
uncoupled from their terminals, and one lead from the megger coupled to both ends of the wires
and the other to the generator yoke at some point which is free from paint, preferably a machined
face. The resistance should not be less than 2 megohms; any value less than this will indicate
the presence of a leakage to earth in one or more of the field coils caused by moisture or a shortcircuit in the winding, in which case each field coil should be tested separately, with the inter-coil
connections bared, until the coil which is affected is located. Damp coils should be dried by passing
a low voltage current through them sufficient to raise the temperature to 50 deg. C. Faulty
coils should be removed and examined carefully on the parts adjacent to the pole pieces for burnt
or bare patches which, when found, should be coated with shellac and taped over. The pole piece
and the generator yoke should then be examined, especially at the position opposite the affected
portion of the field coil; any burrs or metal cuttings should be removed before the coil is replaced
in position. After the coils are fitted any inter-coil connections that have been uncoupled should
be re-made.

Testing field coils for continuity
22. To test the field coils for continuity the two end connections of the coils should be
uncoupled from their terminals, and the bridge-megger coupled to each wire end, when, if the wiring
is intact the resistance should be 75 ohms; if not, then a break in the winding or short-circuited
turns are indicated and the inter-coil connections should be bared, each coil then being tested
successively until the fault is located. If the fault in the winding is not obvious on making a
superficial examination of the affected coil, after it has been removed from the pole piece, it should
be replaced by a new one, and then any electrical connections which have been uncoupled should
be re-made, taking care when fitting new coils to ensure that they are placed on the pole pieces
with the winding in the correct direction, as indicated by the arrow markings.

r

Supply
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Fig. 5.—Test lamp

Testing for internal short circuit in field coils
23. When testing the field coils for suspected internal short circuit, the inter-coil connections
should be bared and the coils should be tested in turn, noting the reading given when the bridgemegger is applied across each one. The presence of an internal short circuit in a coil will be indicated
by a low reading given by one coil. The field resistance should normally be 75 ohms at a temperature
of 40 degrees C.

Testing armature windings
24. To test the armature for internal short-circuits and continuity, it is necessary to apply
a "drop" test, which is a method of comparing the resistance which exists across adjacent
commutator bars. For this test an accumulator, a milli-voltmeter and a resistance 'that will enable
a centre reading to be obtained on the milli-voltmeter will be required; current from the accumulator
should be applied to commutator bars 180 degrees apart and the reading taken, by means of the
milli-voltmeter, across adjacent pairs of bars in turn (see fig. 6). The needle deflection of the
milli-voltmeter obtained in each instance should be the same; a break in the winding will give a
high reading with unequal readings between the remaining bars. The resistance of the armature
windings should be 2 ohms at a temperature of 40 degrees C.

Testing commutator for leakages to earth
•>.,"25.', When testing the commutator for leakage to earth, the megger or test lamp connections
should• be made, one to the commutator bars and the other to the armature core, and if the lamp
lights, or the insulation resistance is less than 1 megohm as indicated by the megger, the cause of the
fault should be located and remedied, or the component replaced by a new one where the facilities
for repair are not available.

This leaf issued in reprint dated
March, 1946

A.P.1186E, Vol. I, Sect. 1, Chap. 10

Testing brush gear
26. The brush gear should be tested for leakage to earth by means of the insulation tester
or the megger. The resistance at this point should not be less than 1 megohm. A leakage may
be caused by damaged or faulty insulation on the brush-holder, and by the presence of moisture
or carbon dust; the faults should be rectified accordingly and a further test made until the condition
is remedied.
Millivoltmeter

Commutator

Resistance
Accumulator
III
Fig. 6.—Armature drop test
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Fig. 1.—General view of generator set

CHAPTER 14
CHOREHORSE GENERATOR SET, 350 Watt
Introduction
1. The Chorehorse generating set is a self-contained petrol electric engine and generator and
comprises a single-cylinder four-stroke air-cooled engine approximately 1 b.h.p. embodying a
built-in generator to which a control panel is fixed, the whole being mounted on a base, incorporating
a fuel tank.
2. There are several types in service, used for a variety of purposes. The type described in
this chapter is a 32 volt 350 watt, running at 2,000 r.p.m. and is normally used for charging the
accumulators of radio testing eqpipment. An illustration of a typical Chorehorse generator is shewn
in fig. 1. Minor variations will be apparent on some sets, such as the position of the field rheostat
and the starter button on the control panel.
DESCRIPTION
Engine
3. The crankcase incorporating a breather, oil filler and drain plug, is bolted to the cast iron
engine base which forms the fuel tank. The cylinder is inclined at an angle of 45 degrees and has
a detachable head. The valve stems are totally enclosed in the cylinder casting. The crankshaft
is carried in two ball bearings. On one end of the crankshaft is a flywheel which carries the rotating
components of the magneto. The contact breaker and condenser are positioned on the back-plate
behind the flywheel, and adjacent to the condenser is a spring-loaded earthing switch for stopping
the engine; the contact breaker operating, cam is integral with the crankshaft. The flywheel is
enclosed in a shroud.

BRUSH HOLDERS

MAGNET FRAME

IGNITION SHIELD

FIELD RHEOSTAT
CHOKE
CHOKE CONTROL
CABLE

STARTER
BUTTON

COMMUTATOR
BATTERY
ERMINAL ->,

GOVERNOR LINK
THROTTLE LEVER
\ NEEDLE VALVE

CUT-OUT

PACKING NUT

-"--<.HOKE LEVER
AIR VALVE

HEAT SHIELD
FEED LINE

Fig. 2.—End view of generator
4. A starting pulley is fitted to the extreme end of the crankshaft, outside the flywheel shroud,
for operation by means of a length of cord. This is in case it is impossible to start up on the
accumulators.
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Generator
5. The generator is mounted on an overhanging extension of the crankshaft and is enclosed.
It is a four-pole shunt-wound machine with a series winding for the purpose of motoring the engine
for starting it from the accumulators.
6. The perforated end plate bracket and magnet frame is screwed to the crankcase. The four
field coils on laminated pole pieces are screwed to the rolled steel yoke. The wave wound armature
windings on a laminated iron armature core are connected to the 25 segments of the commutator
which is built up radially on an insulated hub. The complete assembly together with a pressed metal
ventilating fan is mounted on the tapered shaft and locked on by a shaft bolt. This feature is
illustrated in fig. 2, except that the fan has been removed.

Ventilation
7. Cooling of the generator is provided by the fan referred to in the previous paragraph. Air
is drawn in through the sheet metal end cover at the commutator end which is perforated and passes
over the windings and out through the perforated end plate bracket at the D.E. Care must be
taken to keep the sheet metal end cover clean and free from obstruction. It is well to bear in mind
the light construction of this end cover and avoid damage through careless handling, as it is easily
dented. It will be obvious that a serious dent will foul the fan which in turn will result in considerable
damage to the generator.

Brush assembly
8. A pressed metal plate with four
brush holders riveted to it, comprises the
brush assembly, which is secured to the
face of the magnet frame by four screws.
Upon examination it will be observed
that two of the brush holders are mounted on insulated washers, the other two
being connected to earth. The four carbon brushes have suitable coil springs to
provide the correct brush tension. The
brush assembly is clearly depicted in fig.
2. The leads from the generator are
brought out through a bushed hole in the
magnet frame to the switch panel bolted
to the side of the generator.

KNOB WI
CHARGING

•

Switch panel
9. There are slight variations of the
positions of the controls on the switch
panels of some sets, but in general the
arrangement is as shown in fig. 3. A
small field rheostat is mounted either at
the top or on the side of the switch panel. It is wired in series with the shunt
field for controlling the output of the
generator by varying the excitation in
the shunt field.

Fig. 3.—Switch panel

10. The output of the generator is indicated by an ammeter mounted in the centre of the
switch panel and is calibrated 30-0-30 amps.
11. An automatic cut-out is mounted in the base of the switch panel and automatically
connects the generator to the batteries when the engine is started and disconnects the batteries
when the engine stops. This prevents the battery from being discharged back through the generator
after stopping or if the voltage of the generator falls below that of the battery.
12. For engine starting a starter button or switch is mounted on the front of the switch panel.
The correct method of starting up the set is described in para. 17.
13. The choke control of the carburettor is mounted on the top left-hand side of the switch
panel.
14. Two output terminals are mounted on the front of the switch panel on each side of the
ammeter, for connecting suitable leads to the accumulators: the positive one on the right, and the
negative one on the left of the ammeter.
15. The wiring connections are clearly depicted in fig. 2 and a wiring diagram in fig. 4 shews
the simplicity of the circuit.

INSTALLATION AND OPERATION

Foundation
16. Fixing lugs are provided on the cast iron base and it is important that the generator is
fixed securely to whatever mounting is available in order to reduce vibration to the minimum.
Ensure that the fixing screws or nuts of the cover plates of the generator and engine are kept tight
and thus avoid mechanical and electrical faults developing. Many needless repairs can be prevented
by the intelligent and reasonable handling of these generating sets.

Starting the engine
17. Ensure that the fuel tank is
topped up and the oil in the sump is level
with the filler plug. The position of the
fuel-feed needle-valve on the carburettor
should be checked. The average setting
for starting up a cold engine is approximately 11 turns out. Pull out the choke,
which is located at the upper left-hand
corner of the switch panel, see fig. 3. The
field rheostat control knob must be turned fully in a clockwise direction to the
HIGH position—this is important, in order
that the starter will develop its maximum power when cranking the engine.
Now firmly depress the starter button
and release. After the engine has made a
few revolutions the choke should be slowFig. 4.—Wiring diagram
ly pushed in, allowing time for the engine
to warm up and run steadily. When
the engine is warm it is necessary to adjust the needle-valve until it is a z to turn from the fully
closed position. Never turn the needle-valve too tightly against its seat as this will damage both
the needle-valve and the seating.
18. Should the accumulators be discharged to the point where they will no longer turn the
engine when the starter button is depressed, operate the choke and the needle-valve as described
in the previous paragraph, wrap the starting rope around the starting pulley with the knot engaged
in the slot, and spin the engine with a quick steady pull.
19. To stop the engine, depress the stop button, located on the back of the magnet plate,
see fig. 1, and hold down until the engine has completely stopped turning.

Generator

SERVICING

20. Periodical examination for cleanliness is essential for trouble-free service. Special
attention must be given to the commutator and brush gear. The commutator should have a rich
brown glaze when it is in good condition and this should not be disturbed. Ensure the brush gear
and windings are clean and free from dust and that the brushes are in good condition and move
smoothly in the brush holders. Worn brushes should be replaced by new ones as required and all
electrical connections tightened carefully.

21. Full details on the care and servicing of generators will be found in A.P.1186E, Vol. I,
Sect. 1, Chap. 1.
Dismantling the generator
22. The procedure for dismantling the generator is very simple and the stages described in the
following paragraphs will be found helpful. The necessity for dismantling will of course only arise
if a fault develops in either the armature or field coils and it is inconvenient or impossible to return
the complete generating set to a Maintenance Unit.
(i) Remove the outer cover. It may be necessary to loosen, but not remove, the switch
panel in order to be able to withdraw the outer cover.
(ii) Unscrew the shaft bolt and withdraw the ventilating fan.
(iii) Unbolt the four bolts securing the brush assembly to the magnet frame, disconnecting
any leads by the brushes as required and withdraw the assembly.
(iv) Apply a drift to the end of the shaft and by gently hitting the drift, draw off the armature
from the tapered shaft.

Lubrication
23. As the armature is mounted on an extension of the crank shaft, no lubrication is required
other than that provided automatically by the engine.
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Introduction
1. The B.T.H. type A.J. alternator (see fig. 1) is of the stationary field pattern designed for
excitation from a separate source and the output potential is automatically maintained against
fluctuation under varying load and temperature conditions by means of an Isenthal type A.C/M.S.
automatic voltage regulator. The source of field excitation can be arranged to be taken from a
local direct-current supply, or alternatively, from a direct-coupled exciter driven from the alternator
rotor shaft. With a speed of 1,500 r.p.m. the frequency is 50 cycles per second, and a 230-volt
single-phase output of approximately 9 kVA at 0-80 power factor may be obtained. The height
of the centre of the rotor shaft is 9 in. whilst the overall length of the alternator without the coupling
is 2 ft. 6 in., the width being 1 ft. 6 in. A description of the components of the alternator together
with information on their servicing is given in the following paragraphs under their respective
headings.
DESCRIPTION
Yoke and field coils
2. The yoke is a single steel casting, cylindrical in shape, machined at each end for the
attachment of two end shields in which the ball-bearings are housed. Four feet are cast
integrally with the yoke, each foot being drilled to provide for mounting the alternator upon a
suitable base. Two steel eyes are welded to the upper surface of the yoke for slinging purposes
when the alternator is being hoisted. Provision is made for the reception of a terminal block by
means of a slot in the top of the yoke. Four field coils are held in position on separate pole-pieces
within the interior of the yoke by means of two set-screws in each pole-piece. Sections of copper
strip are attached to each end of the pole-pieces and when assembled the strips form two complete
hoops, each section of which is bolted to the adjacent section. Adjacent field coil windings are
electrically connected together, leaving two free ends between the two coils nearest the terminal
block. The coil connections are supported on the copper strip, at the slip-ring end of the alternator,
by means of insulation tape. The free ends of the field winding are taken to two terminals marked
X1 and X2 on the terminal block; a plan of the junction box is shown in fig. 2, from which it will
be seen that two other terminals are provided marked Al and A2 from which connections are made
to the brush holder coupling strips.

End shields and bearings
3. End shields are fitted to each end of the yoke and each is held in position by Means of four
set-screws. A machined face on•each end shield forms a spigot joint with the opposing face of the
yoke in order that the alignment of the rotor bearings will be maintained. The bearings are of the
ball type housed in the outer end of each end shield and held in position between the inner and

Mounted on base with
exciter and automatic
voltage regulator.

Fig. 1.-9 kVA B.T.H. Alternator, Type Al.
outer bearing caps which are bolted to the end shields. The bearing caps are faced on one side and
are concentrically mounted on the end shields, the joints being spigoted; three set-screws pass through
each of the outer bearing caps and the end shields into threaded holes provided in each of the inner
bearing caps. The end shields are open at the sides for servicing and ventilation purposes and
detachable wire-mesh guards are fitted in order to enclose the slip-rings and the fan and to prevent
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the entry of foreign matter which would damage the rotor. The end shield which is fitted at the
slip-ring end of the alternator supports the collector brush gear on square-section bars which are
screwed into the end shield 180 deg. apart and locked in• position by means of lock-nuts.
•

XI

0

0

OD
El

0
X2

A2

Slip ring

I-in B.S. Condui

end of alternator

Fig. 2.—Plan of junction box
Rotor
4. The rotor is mounted on ball bearings which are positioned at each end of the shaft by
means of circlips.. A keyway is machined in the shaft at the driving end to fit a suitable drive
coupling and three phosphor-bronze slip-rings are fitted on an insulated steel bush, keyed to the
opposite end of the shaft. There are three rotor winding connections separately coupled to each
of the slip-rings by means of studs; two of the connecting studs pass through holes in the flanges
of the slip-rings from which they are insulated by means of fibre bushes. For single-phase purposes,
the outer slip-rings only are fitted with collector brushes whilst the centre slip-ring, although coupled
to a rotor winding connection, is not used. For ventilating the interior of the alternator a fan is
provided which is a built-up construction of sheet steel bolted to a flange mounted on the rotor
shaft and positioned at the driving end of the alternator between the rotor windings and the ball
bearings. Another flange which is positioned on the rotor between the slip-rings and the bearing
is provided for the purpose of balancing the rotor; the flange is drilled and tapped at evenly spaced
intervals around the outer edges, and small balance weights held by means of set-screws, are correctly
positioned during the course of manufacture.
Collector brush gear
5. The collector brush gear (see fig. 3) is mounted on the end shield on two square-section
bars situated at the slip-ring end of the alternator. Each bar screws into the end shield and is
insulated on the square portion, on which two brush holders are fitted in such a manner that the
brushes bear on the outer slip-rings, each pair being arranged 180 deg. apart and opposing holders are
coupled by means of bridge pieces providing 2 brushes per slip-ring. The brush-holders are secured in
position on the square-section bars by means of square-headed set-screws and clamp plates which
tighten on to the insulation, the bridge pieces being held by the set-screw lock-nuts. The brushes
are 11 in. x s in. x 11 in. and looped coil springs are provided for maintaining good contact
between the slip-ring surface and the brushes. Adjustment for regulating the pressure of the springs
on the brushes is provided by means of a pivoted pressure arm which has four slots arranged around
the centre flange; the slots form the anchorage for the inner loop of the brush springs and, by
altering the position of the spring anchorage, the pressure on the brushes can be varied in amount
as required for initial adjustment, or to compensate for any reduction in the brush pressure due to
wear on the brushes.

SERVICING
General
6. In order to ensure that the alternator is kept in a serviceable condition it should be examined
and cleaned at regular intervals. The bearings should be lubricated periodically with the approved
lubricant and tested for wear and smooth running with the drive couplings released, the rotor shaft
being rotated by hand in order to ensure that it revolves freely. If the bearings appear to be tight

End shield.

Connections to

Bridge pieces .

junction box.
Lubricator plus.
Rotor wincing
Clamp screw.—

connections.
Adjustment for

Insulated
brush bar.

spring pressure.

Bearing cap
(outer).

Rotor balancing flange.
Shp rind s.

Fig. 3.— Collector brush gear and slip-rings

or uneven or if any end-play is present, the cause should be located at once and the necessary action
taken to remedy the fault. The interior and exterior of the alternator should be kept free from
dirt, water, oil, or grease. Electrical connections should be kept tight and all guards and covers
kept in position when the alternator is in use. Immediate investigation should be made into the
cause of excessive sparking, over-heating or any unusual noise in the alternator.
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Dismantling
7. In order to dismantle the alternator, any drive couplings which have been fitted should
be withdrawn from the rotor shaft, using a withdrawal tool, after which the key should be extracted
from the keyway. • Remove the three set-screws from the bearing cap at the slip-ring end of the
alternator and then remove the outer bearing cap. The four wire-mesh guards should now be
removed from the sides of the end shields so'giving access to the end shield set-screws and the collector
brush gear, after which the cable connections should be released from the bridge-piece terminals
and the brushes lifted clear of the holders. Unscrew the end shield set-screws at the slip-ring end
of the alternator and lift the end shield clear of the ball race on the rotor shaft. If it is found that
the ball race is tight in the housing, the end shield should be carefully levered away from the yoke,
two levers being used for the purpose, each inserted between the joint faces at points diametrically
opposite, whilst the weight of the end shield is supported. Care should be taken during this operation
to avoid trapping the brushes between the slip-rings. The end shield at the driving end of the
alternator should now be removed by unscrewing the set-screws and levering the end shield away
from the yoke; during this operation the rotor with the end shield will be withdrawn from the yoke,
after which the rotor should be removed from the end shield whilst supported on the bench. All
parts of the alternator are now accessible for examination and test and any further operations that
may be required are described in the servicing operations for the various components in paragraphs
8 to 14. The rotor shaft bearings should not be removed from the shaft except when necessary for
servicing purposes, in which case they should be removed in accordance with the method outlined
in para. 9.

Fitting and removing drive-couplings
8. When fitting or removing a drive-coupling, care should be taken to prevent damage being
sustained by the alternator. It is essential that any form of drive which is fitted to the end of the
rotor shaft should be a good fit on the shaft and on the key, and that the coupling or pulley should
be fitted as near to the bearing as possible. When a coupling is being fitted and before it is driven
on to the rotor shaft, the screws in the outer bearing cap at the driving end should be slackened
and the outer bearing cap at the opposite end of the alternator should be removed. The coupling
should then be driven on to the shaft with the key in position using a hide hammer, or a heavy hand
hammer and a piece of hardwood, at the same time lateral movement of the rotor should be prevented
by means of a heavy brass punch and a sledge hammer applied to the other end of the rotor shaft;
the weight of the sledge hammer should be sufficient to absorb the blows from the coupling end of the
shaft; the brass punch which is used should be slightly less in diameter than the rotor shaft and
the end of the punch should be drilled in order to prevent the shaft centre from becoming burred.
After the coupling has been fitted satisfactorily the bearing cap and the bearing cap set-screws should
be replaced in position and tightened. When it is required to remove a coupling or pulley from
the rotor shaft a withdrawal tool should be used and if a special tool is not available one may be
made up to suit the type of coupling.

Renewal of rotor shaft ball-bearings
9. When the rotor shaft ball-bearings are to be replaced with new ones the circlips should
first be removed from their grooves in the shaft, after which the defective bearings should be
withdrawn from the shaft, for which purpose a withdrawal tool should be employed. A suitable
tool (see fig. 4) may be made up locally from a steel disc approximately 1 in. thick and of the same
diameter as the inner bearing cap; a hole should be drilled and tapped in the centre of the disc to
take a 1 in. B.S.F. set-screw. Three slots of the same width as the set-screws, should then be
cut in exact alignment with the set-screw holes in the outer bearing cap. Three suitable studs
should be obtained, of the same size thread as the holes in the inner bearing cap and of sufficient
length when in position in the disc, to engage the threaded holes in the inner bearing cap. A nut
should be welded in position midway along each of the studs which should then be screwed into the
three holes in the inner bearing cap. When the threads in the cap are fully engaged, and the disc
held in position, the i in. B.S.F. set-screw should be tightened up to the end of the shaft until the
bearing is withdrawn. When a bearing is replaced in position care should be taken to ensure that
it is drawn back along the shaft up to the circlip, after the circlip has been sprung into its groove.
Precautions should be taken at all times to prevent the entry of any foreign matter into the races.

Re-surfacing slip-rings
10. When the slip rings are scored and uneven on the brush contact surfaces they
should be re-surfaced. For this purpose the rotor should be mounted between the centres of a
lathe and a series of light cuts taken across the worn surface until all evidence of wear has been

removed; the cutting speed and the tool should be suitable for cutting phosphor bronze. After
this operation is completed, the surface of the slip-ring should be highly polished by the application
of a piece of fine grade glass paper mounted on a suitable fiat wooden holder. The sharp edges
of the slip-rings should be removed carefully during the polishing process after which the rotor should
be removed from the lathe and carefully cleaned free from metal cuttings and dust. The minimum
diameter to which the slip rings may be safely reduced is 51 in.
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Fig. 4.—Ball-bearing withdrawal tool
Assembling
11. In order to assemble the alternator, the rotor should be mounted with all its component
parts in position in the end shield for the driving end; the rotor and end shield should then be offered
up to the yoke together, at the same time guiding the rotor carefully through the pole pieces. The
end shield set-screws should be entered in position and loosely screwed into the yoke, the end shield
1).?.ing supported with the joint faces parallel, until it is seen that the spigot has engaged squarely,
after which the four set-screws should be tightened evenly; the other end shield should then be offered
up to the yoke and tightened up in a similar manner The bearings must be packed approximately
two-thirds full with the approved lubricant, care being taken to prevent the entry of foreign matter;
when the bearings have been correctly lubricated the outer bearing caps should be replaced in
position and the set-screws tightened. The collector brushes should be replaced in position in their
holders and the internal cable connections coupled to the terminal screws on the bridge pieces. The
brush gear should finally be adjusted as described in para. 12.
Positioning brushes
12. The brushes should be examined to ensure that they are in alignment with the slip-rings.
If it is found that any of the brushes acre not in line with the slip-rings the square-headed clamp
screw should be released and the brush holder moved along the square bar until the brush is in a
central position; the clamp screw should afterwards be tightened and locked securely. The brushes
should also be in line diametrically with the slip-rings in which case the lock-nut which secures the
square bar should be released and the bar turned in the required direction, care being taken afterwards
to tighten the lock-nut securely. The wire mesh guards should be replaced in position at both ends
of the alternator after the brush pressures have been adjusted as described in para. 14.
Collector brush gear
13. During servicing of the collector brush gear the following points should be observed :—
(i) The collector brush gear should be kept clean and free from moisture or accumulations
of dirt and oil; dust should not be allowed to collect on the insulating sleeve between the
slip-rings.
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The brushes should move freely in the brush-holders and the brush springs should be kept
in adjustment to compensate for wear on the brushes.
Whenever a serviceable brush is removed from the holder for cleaning purposes, etc., it
should be replaced in the same position when the operation is completed, otherwise the
brush will require bedding to the slip-ring.
Brushes which are worn down to a length of I in. should be replaced with new ones; new
replacement brushes should be of the same quality as the old ones. The grade is usually
marked on the sides of the brushes.
The brush pressure should be maintained at approximately 12 lb. per sq. in. of brush
contact surface; if sparking occurs between the brushes and the slip-rings the pressure
may be increased slightly.
Brushes should make good contact with the slip-rings and for this purpose the slip-ring
contact surface should be kept polished by means of a piece of glass paper (grade F) mounted
on a wooden holder having a flat surface and a width slightly greater than that of the
slip-ring.

Bedding brushes
14. When new brushes are fitted they should be carefully bedded to the slip-rings by passing
glass paper between the brush and the slip-ring with the rough side of the paper against the brush.
The glass paper should then be drawn to and fro until it is seen that the brush is making good contact
with the slip-ring surface, after which the glass paper should be moved in the direction of rotation
of the rotor, whilst on the return stroke, the brush should be lifted from contact with the glass paper,
the operation being repeated in this manner until a perfect surface contact is obtained between the
brush and the slip-ring. When the operation is completed all carbon dust should be removed from
the vicinity of the brush gear, afterwards adjusting the brush pressure to the correct amount. The
brush pressure should be measured by means of a spring balance graduated every 2 oz. up to
approximately 31 lb.; the pull of the brush spring should be taken from the looped end of the pressure
arm immediately above the centre of the brush.
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CHAPTER 16
BLUE DIAMOND GENERATOR
Introduction
1. The generating set described in this chapter is normally regarded as a standby set and is
used in the event of a failure of the a.c. mains supply. Having a d.c. output, it can be used for
charging accumulators as well.
2. The Blue Diamond set, Stores Ref. 142BB/1, has an engine similar to that on the Chorehorse
generating set, described in Sect. 1, Chap. 14. It comprises a single-cylinder four-stroke air cooled
engine of approximately b.h.p., embodying a built-in generator to which a switch panel is fixed,
the whole being mounted on a cast iron base incorporating a fuel tank.
3. Its chief characteristic is that it has both a direct-current and an alternating-current output.
The 12-volt d.c. output for charging purposes is 10 amps. (maximum). Provision is made for a
slow charging rate of approximately 1 amp. This feature is described in para. 19 and 20. The
a.c. output is 225 watts at 230 volts 50 cycles. An illustration of the Blue Diamond generating set
is shown in fig. 1.
BUT TON (STARTER)

STARTER CHOKE

SUPPRESSOR
CONDENSER

SUPPRESSOR
CHOKE

BATTERY
TER MI NALS

MAGNET FRAME
D.C. BRUSH
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END
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CONDENSER
BRUSH
ASSEMBLY

ANGLE
BRACKET

CONDENSER

FAN

SHAFT BOLT

Fig. 2.—End view of generator
DESCRIPTION
Engine
4. The crankcase of the engine, incorporating a breather, oil filler, and a drain plug, is bolted
to the cast iron base which forms the fuel tank. The cylinder is inclined at an angle of 45 degrees
and has a detachable head. The crankshaft is carried in two sleeve bearings. On one end of the
crankshaft is a flywheel which carries the rotating components of the magneto. The contact breaker
and condenser are positioned on the back-plate behind the flywheel, and adjacent to the condenser
is a spring-leaf earthing switch for stopping the engine; the contact breaker operating cam is integral
with the crankshaft. The flywheel is enclosed in a shroud which acts as a ventilating trunk for
cooling the engine. A fully screened ignition lead and ignition plug cap is provided.
5. A starting pulley is fitted to the extreme end of the crankshaft, outside the flywheel shroud,
for operating by means of a cord. This is in case there are either no accumulators available, or the
accumulators are discharged to the point where they will no longer turn the engine when the starting
button is depressed.
Generator
6. The generator is mounted on an overhanging extension of the crankshaft. It is a fourpole shunt wound machine with a series winding for the purpose of motoring the engine for starting
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it from the accumulators. The armature, which is wave wound, has an inner winding for the a.c.
generation, the leads being carried through the commutator assembly to the two bronze slip rings
secured to a moulded Bakelite insulated hub mounted direct on to a tubular shaft. The d.c. windings
surround the a.c. inner windings on the armature core and are connected to the 25 copper segments
of the commutator, which is built up radially on an insulated cone, also mounted on the tubular shaft.
The slip-rings and commutator can be seen in fig. 2. The complete assembly, together with a metal
ventilating fan is mounted on to the tapered shaft and locked on by a shaft bolt. The end cover,
fan and suppressor panel cover only have been detached in fig. 2 to show the brush assembly,
commutator, and slip-rings.
Brush assembly
7. A pressed metal plate with four brush holders riveted to it, comprises the brush assembly
for the d.c. .output of the machine. The two positive brushes are mounted on insulated washers
while the two negative brushes, which are earthed, are mounted direct on the metal plate. The brush
assembly is secured to the face of the magnet frame by four screws.

CUTOUT

STARTER CONTACT

A.C. OUTPUT

RESISTOR

LOW CHARGE
TERMINAL

HIGH CHARGE
TERMINAL
BATTERY TERMINAL
Fig. 3.—Top view showing switch panel cover detached
8. The two a.c. metal brush holders are secured to two metal studs or pillars mounted in insulated
bushes on the metal brush plate, and extend out over the commutator to the slip-rings.
9. The pressure on the four commutator brushes is achieved by coil springs anchored to the
brush tails. The brushes are Morgan Crucible HM8 and are supplied complete with springs on the
brush tails.
10. Tension on the two slip-ring brushes is achieved by springs in the metal brush holders
and the brushes, which are Morgan Crucible HM8 of a smaller size, have only brush tails supplied.
The brush assembly is clearly depicted in fig. 2.
11. The leads from the generator are brought up through a bushed hole in the outer cover to
the switch panel mounted on top of the magnet frame.

Ventilation
12. Cooling of the generator is provided by the pressed metal fan mounted on the extremity
of the shaft. Air is drawn in through the perforated metal end cover and passes over the windings
and out through the cast iron end plate bracket.
13. Care must be taken to keep the end cover clean and free from obstruction. It is advisable
to bear in mind the light construction of this end cover and avoid damaging it through careless
handling, as it is easily dented. A heavy blow will dent the end cover which will then foul the fan
and in turn result in considerable damage to the generator.
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1.3
CO •

MIS

G-

SERIES
FIELD
SHUNT
FIELD

Fig. 4.—Circuit diagram
Switch-panel
14. There are variations in the switch-panels mounted on Blue Diamond generators. One
type has neither ammeter or voltmeter fitted as illustrated in fig. 1. Another type has a voltmeter
only and a third type is fitted with a voltmeter and ammeter. The circuit diagram in fig. 4 shows
both a voltmeter and ammeter. The amendments to the circuit will be obvious if either or both
these instruments are omitted.
15. The ammeter, if fitted, is mounted on the top of the switch-panel and is calibrated 30-0-30
amps. to indicate the charging current.
16. The voltmeter 0-300 volts, when fitted, is for registering the a.c. voltage only.
17. An automatic cut-out is mounted in the switch panel as shown in fig. 3 and automatically
connects the generator to the batteries when the engine is started and disconnects the batteries when
the engine stops, thus preventing the battery from being discharged back through the generator.
18. A Bulgin 2-pin plug and socket is provided on the switch panel for connecting up the
a.c. output.
Charging rates
19. As indicated in para. 3 facilities for a low and a high charging rate are provided. Three
terminals with wing nuts are mounted on the side of the switch panel. The negative stud, being
earthed and the two positive terminals being suitably insulated. The abbreviated words In cHG
and LO CHG appear against the respective terminals.
20. A low charge rate resistor of 7 ohms 7 watts is mounted inside the switch panel as shown
in fig. 3. When the generator is used for charging purposes it is only necessary to connect the
accumulators to the negative terminal and to one of the positive terminals, depending upon the rate
of charge desired-1 amp. low or 10 amp. high.
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Starting arrangement
21. When the set is connected to accumulators which are in a charged condition, the engine
can be started up by using the starter button, which closes the circuit of the series winding of the
generator, thereby using the generator as a motor. The starter button is mounted on the front of
the switch panel. It is important to check that correct connections are made between the accumulator and the terminals on the switch panel. The lead from the negative pillar on the accumulator
is connected to the negative terminal and the lead from the positive pillar must be connected to the
"low" charge terminal. The reason will be obvious on examination of the switch panel, for the starter
button contact shown in fig. 3 makes contact with the terminal lug inside the switch panel when the
button is depressed. Full details of the method of starting up the set will be found in para. 27 to 29.

Suppression
22. In order to eliminate electrical interference on radio equipment, suppressors are incorporated
in the circuit, as shown in fig. 4. Condensers are also connected to the brushgear of the generator.
23. To each brush on the slip-rings one 0.1 µF condenser is connected and a 1.0 liF condenser
is connected to each positive brush on the commutator.
24. The suppressor unit, comprising an insulated panel with a metal cover, is mounted on the
front face of the switch panel and incorporates two chokes for the a.c. circuit and one choke for
the d.c. circuits, two a.c. 0.1 ,uF smoothing condensers and one d.c. 1.0 ,uF smoothing condenser.
These are shown in fig. 2.
CUT OUT
OUTPUT

HIGH

RESISTOR

+
SERIES
FIELD

CHARGE
LOW
TERMINALS

-o_
STARTER
BUTTON

SHUNT
FIELD

AC.
DC
Fig. 5.—Simplified circuit diagram
INSTALLATION AND OPERATION

Foundation
25. Fixing lugs are provided in the cast iron base of the generator set and it is important that
a suitable foundation is provided in order to minimise vibration and prevent damage to the set. A
number of generators have had a steel angle bracket fitted, secured to the cast iron base and the bottom
of the magnet frame to ensure greater rigidity. This feature is illustrated in fig. 2. It is inadvisable
to mount the set directly on a concrete base or floor. A suitable wood foundation can be provided
by using 2 in. by 4 in. planks. Counterbore the holes used for the mounting bolts so that the heads
of the bolts will clear the bottom part of the plank, thus permitting the plank to sit flat on the ground
or floor surface. Use a lock-washer under the nut of each foundation bolt.

Starting the engine
26. Ensure that the fuel tank is topped up and the oil in the sump is at the proper level. The
position of the fuel-feed needle-valve on the carburettor should be checked. The approximate
setting with the engine warm and under load is i to 4 turn to the left from the fully closed position.

When turned to the right as far as it will go, the needle valve is fully closed. Do not turn the needlevalve too tightly against its seating as this will damage both the needle-valve and the seating and
result in faulty adjustment of the carburettor.
27. When starting up the engine from cold it may be necessary to turn the needle-valve 12
turns out from the closed position. The choke button, which is usually secured to the top of the flywheel shroud, must be pulled out. Firmly depress the starter button and after the engine has made
several revolutions the choke should be slowly pushed in until the engine starts to fire and run under
its own power. Then release the starter button and slowly push the choke all the way in, allowing
sufficient time for the engine to warm up and run steadily.
28. Should the accumulators be discharged to the point where they will no longer turn the
engine when the starter button is depressed, or if no accumulators are available when the set is to be
started up, operate the needle-valve and choke as described in the previous paragraph, wind the
starting rope around the starting pulley with the knot engaged in the slot, and spin the engine with
a quick, steady pull.
29. To stop the engine, depress the stop button located on the back plate behind the flywheel,
shown in fig. 1, and hold down until the engine has completely stopped turning.

SERVICING

Generator
30. Periodical examination for cleanliness is essential for trouble-free service, and special attention must be given to the commutator, slip-rings, and brushgear. The commutator should have a
rich brown glaze when it is in good condition and this should not be disturbed. The slip-rings should
have a highly polished appearance. Ensure that brushes are in good condition and move smoothly
in the brush holders. Worn brushes should be replaced by new ones as required and all electrical
connections carefully tightened.
31. If the brush assembly is dismantled it is important to note the correct position of the brushes
when re-assembling. Looking at the generator from the commutator end, the top right-hand brush
is a positive brush. It will follow that the other positive brush will be at the bottom left-hand.
The right-hand a.c. brush is in contact with the outside slip-ring.
32. The armature and field coils must be kept clean and free from dust and scrupulous care
taken to keep the windings, commutator and slip-rings free from oil or grease. Full details on the
care and maintenance of generators will be found in A.P. 1186 E, Vol. I, Sect. 1, Chap. 1.

Dismantling the generator
33. The procedure for dismantling the generator is very simple and the stages described in the
following paragraphs will be found helpful. The necessity for dismantling will, of course, only arise
if a fault develops in either the armature or field coils and it is inconvenient or impossible to return
• the complete generating set to a Maintenance Unit.
(i) Remove the outer cover,
(ii) Unscrew the shaft bolt and withdraw the ventilating fan,
(iii) Lift the brushes from the slip rings and commutator,
(iv) Disconnect all leads from the brush assembly, lifting the switch panel a little, to give access
to the top right-hand brush,
(v) Apply a drift into the hollow shaft of the armature and after a few sharp blows with a
hammer the armature will slide off the tapered shaft.
Remove
the brush assembly secured by four screws to the yoke of the magnet frame,
(vi)

Lubrication
34. As the armature is mounted on an extension of the crankshaft no lubrication is required
other than that provided automatically by the engine.
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Introduction
1. The generating_ set described in this chapter is for installation in a heavy vehicle, the engine,
generator, and switchbtard all being mounted on a common baseplate. The generator is 230-volt
single phase 10kVA. The 400-volt 3-phase version is described in chapter 6.
2. An illustration of the complete generating set is shown in fig. 1, and consists of a Tangye
VCR 2 vertical two-cylinder Diesel engine, 17 B.H.P., 1,000 r.p.m., mounted on a fabricated steel
bedplate extended to carry the alternator and switchboard. The exciter, which is belt driven, is
mounted on top of the alternator. The alternator and exciter is made by the Lancashire Dynamo and
Crypto Co. Ltd., and the switch panel by Crompton Parkinson & Co. Ltd.
3. Voltage regulation is achieved by a Stones Type M25T automatic voltage regulator mounted
on the switch panel.
DESCRIPTION

Alternator
4. The alternator is designed to carry the exciter on brackets at the top, and it is flexibly
coupled to the engine by a Mills coupling. As the engine is fitted with a Meehanite crankshaft it is
important that special attention is given to the alignment and coupling. This is dealt with fully in
paragraph 31. At the slip-ring end a double groove pulley is fitted for the two Vee belts for driving
the exciter mounted immediately above.
5. A roller bearing mounted in the cast-iron bearing bracket (24), fig. 2, and protected against
the ingress of dust and fine sand by a dust excluder and outer (27) and inner (25) bearing caps are
provided at the driving end. A ball bearing (6) is fitted at the slip-ring end and is similarly protected.

Fig. 1.—View of complete generator get
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6. The sectional drawing in fig. 2 depicts the general arrangement of the alternator. The
machine is of the revolving armature type, wound with D.C.C. wire. The armature core is made of
high permeability laminated iron, mounted directly on to the shaft. The armature leads are brought
out to the slip-ring assembly which is shrunk on to a cast-iron hub keyed on to the shaft.
7. Six field coils (18) are bolted to the rolled steel magnet frame (16). The field coils are former
wound and mounted on laminated steel pole pieces (17), the body of which is insulated with micanite
and presspahn. The coil is carried on a brass plate (20) located on the pole horn, being protected by
micanite and presspahn washers (21). Four copper damping studs (19) pass through each pole
piece, bolting copper plates or links at each end. These plates or links are continued from one pole
piece to the next, forming a complete ring on each side. The sectional end view of the alternator in
fig. 3 illustrates this constructional feature. The 6 field coils are connected in series and the leads
are brought out through a bush in the slip-ring end bearing bracket up to the exciter mounted above.
8. Two solid bronze slip-rings (9) are shrunk on to the cast-iron hub. They carry moulded
mica insulated brass studs for connections to armature winding. The leads from the brush gear are
taken out to a terminal box bolted on the side of the magnet frame of the alternator. A double set
of brush collector gear is provided for each slip-ring. The bakelised paper insulated brush arms (11)
are bolted into lugs on the end frame. A set of brush gear, consisting of two carbon brushes (12)
clamped on the brush arms with coil springs for maintaining good brush pressure, is illustrated in
fig. 3. The brushes are either EG 12 Morgan Crucible or EG 3398 Le Carbon, Stores Ref. No.
42NN/13.
Ventilation
9. A sheet steel fan, the hub of which is keyed on to the shaft and secured by a grub screw, half
of which is in the hub and half in the key, is mounted at the driving end and draws air from the
slip-ring end over the windings. The air inlet is at the bottom of the slip-ring end bracket and is
ready for suitable pipe ventilation and an air filter to be fitted, when necessary. The perforated
panels on the driving end bracket must be kept clean and free from obstruction to ensure an adequate
flow of air.

Exciter
10. The exciter depicted in fig. 4 is a totally enclosed shunt wound interpole machine with an
output of 5.3 amps. at 63 volts at a speed of 2,000 r.p.m. To the cast-iron magnet frame (17) are
bolted the pole pieces, shown dotted, which are of cast-iron with laminated iron shoes (23). Each of
the field coils which are in series, are wound with 1,400 turns of 0.026 in. diameter enamelled wire
The two interpole coils (22), which are in series with each other and with the armature to ensure
sparkless commutation, are wound with 105 turns of 0.064 in diameter enamelled wire.
11. The armature comprises a soft iron core with 16 slots, on which are wound 64 sections comprising five turns per section of 0.052 in. diameter D.C.C. wire (26). The commutator (12), consisting
of 64 hard-drawn copper bars built up radially, are clamped between mica insulated steel Vee rings
(11) mounted on a mica insulated bush (8).
12. There are two -brush pillars (14) of moulded insulated steel clamped into the isplit rocker
assembly (13). Each pillar carries two brushes in boxes (15) secured by two bolts and nuts to the
pillars. The brushes are Morgan Crucible type C.2, s in. x A in. (Stores Ref. No. 42L/362). The
split rocker assembly is mounted on the inside bearing cap (9) and secured by a screw. The adjustment of the brush rocker is achieved by slackening this screw and moving the brush rocker round as
required.
13. The connections (1) for the armature are brought out through a bushed hole at the bottom
of the magnet frame. A porcelain terminal block (20) mounted in a cast-iron box (19) with removable
lid (18) is at the top of the exciter. The internal connections of the exciter are shown in fig. 5.
Ventilation
14. Ventilation is achieved by a sheet steel fan (28) at the driving end keyed on to the shaft.
The driving end bracket (29) has suitable inlets to allow air to be drawn in by the fan, and a cowl
(27) fitted over the end bracket directs the flow of air over the outside of the magnet frame towards
the commutator end.
Bearings
15. Ball bearings (7) and (31) are fitted at each end of the shaft of the exciter and are protected
against the ingress of fine sand by inner (9) and outer (5) die cast bearing caps with felt dust excluders.

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

S.R.E. cover plate
Belt guard
Shaft nut
Outer bearing cap
Pulley
Ball bearing
Inner bearing cap
Dust excluder
Slip-ring
Brush holder
Brush arm

12. Carbon brush
13. S.R.E: bearing bracket
14. Exciter
15. Exciter pulley
16. Magnet frame
17. Pole piece
18. Field coil
19. Damping stud
20. Brass plate
21. Micanite washer
Fig. 2.- sectional view of alternator

22.
23.
24.
25.
26.
27.
28.
29.
30.
31.

Armature windings
Fan
Bearing bracket
Inner bearing cap
Grease stauffer
Outer bearing cap
Roller bearing
Dust excluder
Shaft
D.E. cover
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The driving end bearing is positioned in the driving end bracket (29), the two caps being clamped by
three nuts and bolts enclosing this bearing. The commutator end bearing is positioned in the cast
ribbed bearing bracket (16), which is secured to the magnet frame by four bolts. This bearing is
locked on to the shaft by a nut (6) and entirely enclosed by the inner and outer bearing caps. This
is clearly indicated in the sectional diagram in fig. 4.

FIELD COIL

•

DAMPING STUD

POLE PIECE

TERMINAL BOX

SLIP RING BRUSH

SLIP RING

Fig. 3.—Sectional view:ol slip-ring endrol alternator
Switchboard
16. The switchboard is constructed of sheet steel, welded and enclosed with a removable bottom
plate and a removable back panel that is louvred for ventilation purposes. It is mounted on shock
absorbers on a fabricated steel frame secured to the base plate, see fig. 1.
17. Flexible conduits carrying the cables from the exciter and alternator are brought into the
back of the switchboard and secured by conduit adaptors with a lock nut. Terminals with a Sindanyo
cable cleat for the outgoing cables are mounted at the front of the panel and protected by a metal
cover. All "live" equipment is mounted inside the switchboard. The control handle of the main
switch is mounted on the front panel in the centre and the two 60 amp. Artic main fuses adjacent to it.
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1 1 1 1 1 I1 1 1 1 1 1 1 1 1 1 1 unnumi'
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13
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Fig. 4.-Sectional view of exciter

1. Cables
2. Fixing bolt holes
3. Cover plates
4. Shaft
5. Outer bearing cap (commutator end)
6. Shaft nut (commutator
end)
7. Ball bearing (commutator
end)
8. Commutator hub
9. Inner bearing cap (commutator end)
10. Grease plug
11. Commutator Vee ring
12. Commutator
13. Brush rocker
14. Brush arm
15. Brush box
16. Bearing bracket (commutator end)
17. Magnet frame
18. Terminal box lid
19. Terminal box
20. Terminal block
21. Inter pole piece
22. Inter pole coil
23. Pole shoe
24. Field coil
25. Armature binding
26. Armature
27. Cowl
28. Fan
29. Bearing bracket (driving
end)
30. Inner bearing cap (driving
end)
31. Ball bearing
32. Outer bearing cap
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18. A preliminary study of the switchboard
depicted in fig. 6 will assist in identifying the instruments and switchgear mounted on the front panel
and tablulated below :—
(i)

Two Slydlock fuses, 2-amp.

(iii)

4 in. ammeter. 0-60 amps.

(iv)

4 in. voltmeter, 0-300 volts.

(v)

Auto regulator selector switch.
De Renzi Holmes exciter field rheostat.

(vii)

Outgoing supply terminals.

(viii)

80 amp. D.P. main switch.

(ix)

FIELD
PECULATOR

TO LOAD

Frequency meter, 45-55 cycles.

(ii)

(vi)
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60 amp. Artic main fuses.

The Stones Type M25/T automatic voltage regulator
is actually mounted in a recess of the switchboard on
a Sindanyo base secured to the switchboard. A sheet
steel strip surrounds this Sindanyo base overlapping
the joint of the metal cover of the regulator and
making it drip-proof.
19. Mounted inside the switchboard will be
found:—
(i)
(ii)
(iii)
(iv)
(v)
(vi)

Auto voltage regulator transformer.
Auto voltage regulator resistance.
Voltmeter resistance.
De Renzi Holmes slider resistance.
80 amp. D.P. main switch.
A copper braid secured to the steel
casing for earthing.

Fig. 5.—Field rheostat wiring diagram

A diagram of the wiring as viewed from the front of the switchboard is shown in fig. 7.
nections to the alternator and exciter are included in this diagram.

The con-

Manual field rheostat
20. In the event of the auto-regulator failing while in service the exciter field rheostat provides
hand control. The rheostat is normally short circuited by the voltage regulator selector switch,
when this switch is set to the position marked "auto". For hand control, the switch should be moved
to the position marked "hand", and manipulation of the field rheostat will then enable the operator
to maintain regulated voltage. Re-adjustment of voltage is necessary after each change of load,
and an operator must therefore stand by continuously. The field rheostat connections in the exciter
circuit are shown in the wiring diagram, fig. 5.
21. The exciter field regulator fitted is a type 3BC9 De Renzi Holmes cable operated slider
pattern, having a resistance of 150 ohms to carry 1.6 to 0.3 amperes, with an additional winding of
75 ohms, making a total resistance of 225 ohms.
22. A sherardised steel back plate is clamped to the back of the switchboard by three screws.
A bakelite control knob and indicator plate is mounted on the front. Two die cast end frames bolted
to the backplate, position a 1,-I„ in. diameter vitreous enamelled steel tube on which is wound four
grades of oxydised "ferry" wire with all joints brazed. Additional insulation for the tube is provided
by hot pressed mica bushes at each end. Two brass slide bars are mounted in the lugs of the end
frames and insulated by mica sleeves and washers.
23. The operation of the brush carrier which holds the laminated phosphor bronze contacts,
and mows along the two slide bars, is controlled by two flexible steel cables, one of each being located
in a bakelite anchor block fixed to the brush carrier. The bakelite mouldings encase cushion springs
to ensure undue strain is not imposed on the cables when the brush carrier reaches the limit of travel.

Each cable is passed over a guide pulley on the end frames then over the main operating pulley.
The fixing of the cable ends to the pulley is obtained by passing the cables through a small hole in
the periphery of the pulley and under the washers of the locking screw on the pulley face.
24. If the necessity of replacing the cable arises, care should be taken to see that the fixing
screw of the pulley is in a vertical position with the brush carrier in the centre position on the slide
bars.
25. Looking at the back of the regulator the heavy gauge winding must be on the left-hand side
for true registration with the indicator plate mounted on the front of the switchboard. A rear view
of the regulator will be found in fig. 8.

FREQUENCY METER
INSTRUMENT
FUSE
AMMETER
A.R. SELECTOR
SWITCH
AUTO REG.
FIELD
RHEOSTAT
MAIN
SWITCH
OUTPUT
TERMINALS
MAIN
FUSES

Fig. 6.—View of switchboard
Automatic voltage regulator
26. The Stone Type M25/T automatic voltage regulator is provided to ensure a steady line
voltage, irrespective of load or speed fluctuations. It is virtually an automatic shunt field regulator,
and in this application the resistance medium for the purpose consists of a carbon pile or stack of
carbon rings, normally held in compression and therefore in a state of minimum resistance, by the
action of a control spring.
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Fig. 7.—Switchboard wiring diagram

27. The magnet movement under the influence of the operating coil is in opposition to the control
spring and, as the coil is virtually connected across the load circuit, the pile is progressively decompressed should there be any tendency for the line voltage to rise with load reduction, or alternator
speed increase; in this manner the excitation is reduced and the line voltage restored to normal.
Conversely a reduction in line voltage will obtain the recompression of the pile, a strengthening of the
excitation field, and a prompt resumption of the normal working voltage.

Fig. 8.—Rear view of field regulator
28. Before leaving the maker's
works the regulators are adjusted to give
the correct voltage when the equipment
is warm, but when first put into operation
there may be a slight variation due to
temperature and no re-adjustment should
be made until the equipment has been
working for at least twenty minutes.
29. The stability of the automatic
voltage regulator is achieved by means
of a stabilising transformer, which is
mounted in the switch panel at the top
left-hand side. The method of adjustment, together with the general servicing
of this voltage regulator, will be found in
paragraphs 39 to 46. A full description
of the regulator will appear in a chapter
in A.P. 1186E, Vol. I, Sect. 3.
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INSTALLATION GAUGE

WHEN BOLTING THIS SET DOWN
TO ITS FOUNDATION, THE'
ALIGNMENT MUST BE CHECKED BY
MEANS OF THIS GAUGE WHICH
.GIVES THE CORRECT DISTANCE
APART OF THE COUPLING FLANGES,
THE GAP BEING UNIFORM ALL ROUND.
0-d
BEFORE USING GAUGE INSERT

k

A LEVER BETWEEN COUPLING
FLANGES TO TAKE UP ANY END
FLOAT IN BEARINGS.
IT MAY BE NECESSARY TO
INSERT SHIMS OR PACKING
BETWEEN THE MAIN FRAME AND
FOUNDATION TO CORRECT THE ALIGNMENT

.SET NO.

TANCYES
Fig. 9.—Coupling alignment gauge

INSTALLATION AND OPERATION •
Foundation
30. Normally the set will be in a heavy vehicle, and it is necessary to ensure that the vehicle
is in a horizontal position. If the generating set is not mounted, ensure that reasonably solid
foundations are provided as it is important that vibration should be reduced to a minimum.
Alignment
31. The Tangye diesel engine of this generating set is fitted with a Meehanite crankshaft, and
it is especially important that absolute alignment of the engine and generator is maintained, otherwise
strain will be imposed upon the crankshaft resulting in uneven wear and a breakdown.
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32. In order to check for alignment a width installation gauge for the coupling is supplied with
each set, see fig. 9. Each gauge bears the same number as the individual set, as it has been filed and
checked by the makers before leaving the works.
33. When installing the set, the alignment must be checked by means of this gauge, which gives
the correct distance apart of the coupling flanges, the gap being uniform all the way round. Before
using the gauge, insert a lever between the coupling flanges to take up any end float in the bearings.
It may be necessary to insert shims or packing between the main frame and the foundation or the
bedplate to correct the alignment. Instructions to this effect are given on each gauge.

Starting up
34. A chart of operating instructions with annotated diagram of the engine is supplied by
the makers with each engine. If a new set is being put into commission it is desirable to read these
instructions and take the appropriate action before starting up the set.
Starting the engine
35. (i) Place decompressor lever with wired control in UP position.
(ii) Place fuel pump sprag lever in DOWN position.
(iii) Place timing control lever in START position.
(iv) Fill priming cup on air intake pipe with fuel oil and release one charge only into air
pipe. Close cock.
(v) Turn engine with starting handle up to maximum effort. Drop decompressor control
smartly, continue turning until engine fires.
(vi) Set timing control lever to LOAD position.
(vii) Give handle of lubricating oil filter two or three turns and observe that oil procure
gauge is registering.
To stop, raise fuel pump sprag lever only.
Running up with generator
36. (i) See that switchboard panel main switch is in OFF position
(ii) See that exciter field regulator is in LOWERED position.
(iii) Put the voltage regulator switch to the HAND position.
(iv) When the engine is up to speed raise the voltage to the required figure by turning the
exciter field rheostat to the RAISED position.
(v) Turn voltage regulator selector switch to AUTO.
(vi) Switch main switch ON.

SERVICING

Generator
37. Periodical examination for cleanliness is essential for trouble-free service, special attention
being given to the slip-rings, commutator, and brushgear. The slip-rings should normally have a
smooth and evenly coloured contact surface. The commutator of the exciter should have a rich
brown glaze when it is in good condition, and this should not be disturbed. The brushes should
move freely and smoothly in their holders. It is important that the correct brush pressure is maintained, adjustments can be made by altering the tension of the spring on each brush. Full details
on the care and maintenance of generators will be found in A.P.1186E, Vol. I, Sect. 1. chapter 1.
38. The following table will be found useful when testing the generator to ensure that the
resistance values are correct and the machine is in good order:—
Alternator armature (cold) ...
...
...
...
•25 ohms
Alternator field (6 coils in series) ...
ohms
9.5
Air gap ...
...
...
...
•055 in.
Exciter armature (cold)
...
•45 ohms
Exciter field (2 in series)
...
...
48.0
ohms
Exciter field interpoles (2 in series)...
.2
ohms
Air gap
...
...
.025 in. — •030 in

Automatic voltage regulator
39. It is possible to make a few minor adjustments to the automatic voltage regulator as set
out in the following paragraphs. If, however, it becomes necessary to renew the carbon pile or any
other major components it is desirable to return the complete regulator to the appropriate depot
for repair.
Voltage adjustment
40. The controlled voltage can be accurately set by manipulation of the screw head which
projects through the outer cover. An engraved plate indicates which way this should be turned to
raise or lower the regulated voltage.
TRANSFORMER
BALANCINGRESISTANCE
CARBON
PILE
REGULATOR
OPERATING
COIL

RECTIFIER

TEMP
CO MPENSATIN
RESISTAN CE
VOLTAGE
CALIBRATING
RHEOSTAT

DP I

FI

oF2

AC

2

TR-A

CHANGE
OVER
REST STANCE
FIELD
RHEOSTAT

EXCITER

ELECTOR
WITCH

Fc•
e•

HAND

EXCITER
FIELD

ALTERNATOR

ALT ERNATOR
FIELD

Fig. 10.—Automatic voltage regulator wiring diagram
Pile shrinkage
41. It is possible that a "settling down" process will occur in which the pile tends to shorten
slightly. When the regulator is at normal air temperature the gap between the fixed abutment and
the compression lever can be adjusted by turning the knurled nut until the gap is 0.015 in. A gauge
is provided with the regulator for obtaining this setting.
Stability
42. There should be no tendency for the regulator to hunt over the working range from no load
to maximum load or when switching abruptly from one condition to the other. As stated in paragraph
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29 the correcting force to ensure that hunting does not occur is obtained by the incorporation of a
stabilising transformer which is mounted independently of the automatic voltage regulator and will
be found at the top left-hand side of the switch panel.
43.

The only occasions which are likely to give rise to excessive hunting are :—
(i) The result of a defect in the main load circuit including, of course, the generator itself.
(ii) Following the replacement and fitting of another generator to the set, which may have
a different time constant.

44. In dealing with the first, it should be borne in mind that, as a result of a defect in the main
circuit, the polarity of the excitation circuit in relation to the primary of the stabilising transformer
is reversed. The remedy is either to correct the polarity of the exciter, or to reverse the primary
coil connection of the choke.
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ilEMEIBEEMP.;
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i ,.

CIRCULAR
DRAWING PLATE

Fig. 11.—Typical coupling withdrawing tool
45. The second cause will obviously only arise when the complete breakdown of the original
generator has necessitated it being replaced by another generator and this new generator may have
a different time constant. The remedy is either to adjust the variable resistance in series with the
primary of the choke, see wiring diagram in fig. 10, or by alteration of the air gap in the iron core of
the transformer by the insertion or withdrawal of the non-magnetic packing strips in the gap.
46. This is effected by slackening off the clamps and prising open the gap with the blade of a
penknife. After any such adjustment the upper core should be pressed down evenly until the
stampings bed down evenly, after which the clamps should be retightened. Generators with a
large time constant will require a gap of about 0.003 in., whilst those with a low time constant may
require up to 0.125 in. in the gap, but this adjustment is not critical and should rarely be necessary.
Very rapid "hunting" indicates too small a gap or insufficient primary resistance, of the choke or
the reverse in the case of slow "hunting".
Lubrication
47. The roller bearing at the driving end of the alternator and the ball bearing at the slip-ring
end have grease stauffers fitted and both bearings are charged with the correct amount of grease
by the makers, sufficient for the first six months' normal duty.
Two ball bearings are fitted on the exciter. At the driving end a grease cup is fitted but the
commutator end is not fitted with a grease cup. It is a simple matter to replenish the grease direct
by removing the screwed plug.
48. When re-greasing, great care should be taken not to over-grease as this is one of the most
potential sources of damage to generator windings, slip-rings and commutators. It is necessary to
remove all dirt and superfluous grease from the vicinity of the grease stauffers and bearings before
re-greasing. Only the recommended grease must be used which is high melting point grease (Stores
Ref. No. 34A/84.
Bearings
49. When it becomes desirable to thoroughly overhaul the bearings or if for any reason it is
necessary to effect replacement, the procedure outlined below will be found helpful.

Alternator driving end roller bearing
50. The removal of this bearing involves the lifting of the generator (with the exciter left in
position) away from the set, and should be undertaken as follows :—
(i)
(ii)
(iii)
(iv)
(v)
(vi)

(vii)
(viii)

Remove the flywheel screens.
Disconnect the cables from the exciter and alternator to the switchboard.
Unbolt the fixing bolts of the switch panel supports from the base plate and lift clear
of the generator.
Unbolt the alternator coupling, being careful to preserve the packing.
Unbolt the alternator from the baseplate, preserving any shims or packing.
Lift the generator clear from the engine to give sufficient room for the next stage. The
shims fitted under the alternator feet must be kept together for insertion in the same
position on re-assembly.
Assemble a suitable coupling withdrawing gear and draw the half coupling off. A
typical coupling withdrawal gear is illustrated in fig. 11.
Remove the dust excluder secured by a grub-screw.

(ix)

Unscrew the three screws of the outer bearing cap (27 Fig. 2) and withdraw the cap
with screws.

(x)

Remove the perforated cover plates to give access to fixing bolts of D.E. hearing
bracket.

Inner bearing
cap

Armature shaft
Bail bearing.

Steel disc

itrroF
4' 7#
off
Brass Pad

Hole. for
Tommy bar

Nuts welded to studs .
Fig. 12.—Typical ball bearing withdrawal tool
(xi)

Insert suitable packing from the slip-ring end, between the armature and the bottom
pole piece to avoid putting undue strain on the ball bearing when the D.E. bearing
bracket is removed.

(xii)

Remove the four bolts securing the driving end bracket (24) to the magnet frame and
withdraw the bearing end bracket (24) by tapping it off the spigot of the magnet frame
seating.

(xiii)

Remove the outer roller bearing race unless it has come away with the end bearing
bracket.
(xiv) Obtain three 4 in. by in. set-screws and insert into the tapped holes of the inner bearing
cap (25) until they engage in the dimples on the fan hub. Continue screwing alternate
screws evenly and so withdraw the inner race of the roller bearing.
To replace the bearing, obtain a piece of tube of suitable diameter and, placing the bearing on the
shaft, ensuring it is square to the shaft, gently tap it into position. Avoid dealing heavy blows, as
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they are likely to cause damage to the ball bearing at the slip-ring end. The remaining operations can
then be carried out in the reverse order to that employed during dismantling. Remember to remove
the packing between the armature and pole piece before refitting the slip-ring end cover plate.
Alternator slip-ring end ball bearing
51. (i) Remove the guard and Vee driving belts to the exciter.
(ii) Remove the Vee pulley on the alternator shaft secured by a grub-screw. Insert a
screwdriver through a hole in the outer Vee groove of the pulley to locate this grub screw.
(iii) Remove three nuts from the bearing studs that secure the outer bearing cap.
(iv)
(v)
(vi)
(vii)
(viii)
(ix)
(x)

(xi)
(xii)
(xiii)

Withdraw outer bearing cap (4), fig. 2.
Break the two taped joints on the leads between the exciter and the alternator fields.
These are accessible through the slip-ring end cover openings.
Remove the exciter by unscrewing the four fixing bolts, carefully preserving any shims,
fitted under the feet.
Remove cover plates (1) to gain access to the four set-screws securing the slip-ring end
bearing bracket (13) to the magnet frame (16).
Lift the slip-ring brushes from their holders (10) and remove the terminal leads from
the brush holders.
Insert packing between the armature and the bottom pole piece to avoid imposing a
strain on the D.E. roller bearing when the bearing bracket is removed.
Remove the four set-screws securing the slip-ring bearing bracket (13) to the magnet
frame (16) and, by tapping the bearing bracket off from the spigot on the magnet frame,
withdraw the bearing bracket complete with the brush gear.
Remove the shaft nut (3) by slackening the small grub screw at the base of the nut.
Remove the grub screw of the inner dust excluder and push both the dust excluder and
the inner bearing cap (7) along the shaft towards the slip-ring assembly.
Assemble a suitable bearing withdrawal tool and, by applying steady even pressure,
withdraw the bearing from the shaft. A typical bearing withdrawing tool is depicted
in fig. 12.

To replace this bearing proceed in a similar way to that described at the end of paragraph 50.
Exciter driven end bearing
52. (i) Remove the guard (2), fig. 2, and Vee driving belts.
(ii) Remove the Vee pulley (5) keyed on to the shaft; the key is locked by a grub screw which
must be slackened off. A suitable withdrawing tool should be used for releasing the
pulley.
(iii) Remove the 3 bolts of the outer bearing cap (32), fig. 4, and withdraw the bearing cap.
(iv) Remove the cowl (27) secured to the bearing bracket (29) by three screws.
(v) Remove the shaft nut by first slackening the securing grub screw.
(vi) Remove the four bolts securing the bearing bracket (29) to the magnet frame (17) and
withdraw the bearing bracket (29).
(vii) Push the inner bearing cap (30) along the shaft towards the fan hub.
(viii) Assemble a suitable bearing withdrawal tool and, by applying steady even pressure,
withdraw the bearing from the shaft.
To replace this bearing, obtain a piece of tube of suitable diameter and, placing the bearing on the
shaft, ensuring it is square to the shaft, gently tap it into position. Avoid dealing heavy blows as
they are likely to cause damage to the ball bearing at the commutator end.
Exciter commutator end bearing
53. (i) Remove the cover plates (3).
(ii) Lift the brushes out of the brush boxes (15).
(iii) Remove the three bolts of the outer end cap (5) and withdraw the end cap.

(iv)
(v)
(vi)
(vii)

Remove the shaft nut (6), first slackening the locking grub screw.
Remove the four bolts securing the bearing bracket (16) to the magnet frame (17) and
withdraw the bearing bracket.
Push the inner bearing cap (9) on which is mounted the brush rocker (13) towards the
commutator and so clear of the bearing (7).
Assemble a suitable bearing withdrawal tool and, by applying steady even pressure,
withdraw the bearing from the shaft.

Dismantling the alternator
54. If a fault develops in a field coil or in the armature itself, the procedure outlined below will
be found useful for dismantling the machine:—
(i) Proceed along the lines indicated in para. 50 (i) to (xii).
(ii) Then commence to dismantle the slip-ring end by following the procedure outlined in
para. 51 (i) to (x).
(in) The armature with both bearings and the ventilation fan may now be withdrawn from
the magnet frame. It may be necessary to remove the packing between the armature
and lower field coil before withdrawing the armature.
Dismantling the exciter
55. The procedure will follow along very similar lines and the applicable stages outlined in
paragraph 50 and 51 should be carried out.
NOMENCLATURE OF PARTS
Stores reference numbers
56. Complete generating set
230-volt 10 kVA single phase alternator
Exciter ...
Carbon brushes
Alternator ...
Exciter
Grease for bearings

Stores Ref. No. 42NN/1
Stores Ref. No. 42NN/10
Stores Ref. No. 42NN/15
Stores Ref. No. 42N N/13
Stores Ref. No. 42L/362
Stores Ref. No. 34A/84
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Introduction
1. The Crompton motor described in this chapter is a 12 h.p. continuously rated repulsioninduction machine, having an input of 230-250 volts, 50 cycles, single phase, with a working speed
of 1,400 r.p.m. For a description of the test set type 88 in which this motor is used, reference should
be made to Sect. 4, of this publication.
DESCRIPTION

Field system
2. The stator frame consists of a rolled steel shell into which the core is pressed. The stator
core laminations are built up of magnetic iron stampings, suitably insulated to prevent eddy currents,
and assembled and built up under hydraulic pressure. In the winding of the stator each pole is concentric and wound without a break, the coils are firmly bound to prevent movement or vibration,
and finally wedged in their slots by fibre wedges.

Rotor and commutator
3. The laminated rotor is built up on a shaft of high tensile steel the windings being carried
in skewed slots, and held in position by fibre slot wedges. Of heavy section copper segments, built
up radially on the shaft, the commutator is assembled under hydraulic pressure, mica being employed
throughout to insulate the segments from the shaft and from each other. The connections from the
rotor windings are taken out and soldered to the appropriate commutator rises and bound to secure
them against centrifugal stresses.

Brush and short circuiting gear
4. The brush rocker is a heavy metal die casting, spigoted on the motor end shield, and clamped
in position. The dimension of the brushes are -I+ in. by I in., by I in. and they are of grade I.M.8032.
Pressure is maintained by spring brush fingers which maintain an even pressure throughout the
useful life of the brush and electrical connection is by flexible copper pigtails.
5. The short circuiting gear consists of a single phosphor bronze disc backed by a strong
compresssion spring mounted on a sliding bush which carries the brush lifting ring. It is operated
by a centrifugal governor through tension rods, and short circuits the end of the commutator bars
when the rotor is running at full load speed.

End shield and terminal base
6. The end shield and shell are spigoted to ensure rigidity and concentricity, the end shields
being secured to the shell by four hexagon nuts on through bolts. The cast feet on which the machine
rests are screwed and dowelled to the shell. To facilitate interchangeability, the underside of the
motor feet is machined after assembly to definite limits, thus obviating the use of shims or packing,
and slotted holes give lateral adjustment for belt tightening or lining up.

7. The metal frame carrying the terminal block is screwed for conduit or can be provided with
an insulating bush. A moulded terminal base carries pillar type teiniinals, designed to facilitate
connection without soldering. The terminal assembly is mounted on a metal frame fitted with an
insulating bush. The steel cover is so designed that it can be removed for purposes of inspection
without disturbing the wiring, and a diagram of connections will be found inside each terminal cover.

Fig. 1.--General view of motor

Bearings and lubrication
8. Sleeve type bearings are employed, a plate secured by four countersunk screws being fitted
to the outside of the end shield to exclude any foreign matter. The bearing housing is so designed
that the bearing is leak proof, no matter what position it occupies. A large oil well enables oil sufficient
for two years' normal running to be introduced before the machine leaves the works. Oiling is by
wool wick, and a separate wick fitted directly from the main oil supply to the thrust collars lubricates
the thrust surfaces of the shaft collars. The thrust washer in rubbing contact with the bearing is
keyed to the shaft, thus preventing relative rotation between the thrust washer and any packing
shims, so reducing both wear and endplay.
SERVICING
9. The motors when not in use should be stored in a clean dry place and kept as far as is
practicable from rooms used for accumulator charging or the storage of electrolyte. Brushes should
bed down firmly over at least 80 per cent. of their contact area, be free to move easily in, their holders,
and must be maintained at the correct pressure. To avoid failure during operational periods they must
be replaced before they are completely worn down by brushes of the correct size and grade which
must be correctly bedded down before being put into service. Should the brush pigtails. show signs of
abrasion replacement of the brushes will also be necessary. New brushes should slide easily in their
holders, and, if too tight the brush boxes may be cleaned with petrol, or, if this proves ineffective,
the brushes themselves may be carefully smoothed down with fine glass paper grade 0000. Commutators when in good condition should develop a healthy brown glaze, dirt and dust must not be
allowed to collect, and may be removed with a rag sparingly moistened with petrol. Further details
will be found in the care and servicing chapter ifi this section.
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Introduction
1. Selsyn units are types of electric machine similar in many respects to an induction motor
but of special characteristics to enable two or more units to be so operated that angular motion
or torque can be transmitted electrically from one to the other. This system is comparable to an
infinitely flexible shaft transmission, and as such can be used in circumstances where the usual methods
such as shafting, belting and gearing are not practicable.
2. By the employment of selsyns it is possible to operate in synchronism two or more separate
machines which may be situated some distance apart, or a number of pieces of apparatus situated
in different places, and it is also possible to maintain proportionally the speed of several different
parts of a machine. When reading the following paragraphs it should be remembered that both
text and illustrations give general information only, specific types of selsyns will be dealt with in
later chapters.
Principles of operation
3. A selsyn system, in its simplest form, consists of two machines, a transmitter and a receiver.
These operate in a very similar manner to an alternator supplying a synchronous motor, but, in the
case of an alternator d.c. excitation is supplied to provide the magnetic field, while in the case of a
selsyn, a.c. excitation is used. It will be seen that with a d.c. field no torque can be produced at
standstill since there is no movement of the field with respect to the armature. Mechanical motion
is not necessary to produce torque when a.c. excitation is employed and the transmitter and receiver
can lock together at all speeds including standstill. A torque applied to the transmitter will be delivered
by the receiver, and, if the latter is free to move any angular motion of the transmitter will be copied
by the receiver.
4. While the machines are in coincident angular positions, the EMF's induced in the secondaries
are equal and opposite and no secondary current flows. If there exists an angular displacement
between them the balance is upset and current flows in the secondaries to produce torques tending
to restore the machines to coincident positions. If one machine is perfectly free to move it will follow
exactly the movement of the other. If, in order to move, the follower machine has to exert a torque,
it will follow the movement of its leader with an angular lag depending on the torque, provided that
the latter is within the machines working limits.

5. The selsyn system thus becomes analogous to an infinitely flexible shaft transmission, also,
by choosing suitable numbers of poles, selsyns can be made to perform the function of gearing.
If it is desirable to disengage the drive, this simply involves interrupting the electric circuit and this
may be carried out in a convenient position remote from either the driving or the driven apparatus.
In the event of momentary overload no damage is likely to occur as the machines simply pull out
of step. Protection against sustained overload can be obtained by the use of suitable control devices.
The system possesses a certain elasticity and, if called upon to transmit torque, there is likely to be
an angular difference between the transmitter and receiver positions. Therefore if the receiver is
required to give a precise indication of the transmitter position it is desirable that the torque delivered
by the receiver should be an absolute minimum. Where an appreciable torque must also be delivered
by the receiving apparatus it is better to use the selsyn system as a relay to transmit the required
angular movement, and operate control gear to control one or more motors to do the work.

THREE-PHASE
Y CONNECTED
STATOR WINDING
ROTOR WINDING
CONNECTED TO
SLIP-RINGS.
RECEIVER OR
TRANSMITTER
TRANSMITTER
OR RECEIVER
A2
SINGLE—PHASE SUPPLY

■
A2

Fig. 1.—Typical circuit of transmitter and receiver
6. A further development is the differential selsyn system which in its simplest form consists
of three machines, so designed and operated that the motion of one is the algebraic sum of the motions
of the other two. The electrical connections are given in fig. 2 and it will be seen that both left and
right-hand machines are similar to those shown in fig. 1, whilst that shown in the centre is the
differential selsyn and both its primary and secondary windings are three-phase.

TRANSMITTER
SELSYN

TRANSMITTER
SELSYN

Fig. 2.—Circuit diagram showing differential selsyn
7. If the differential selsyn is locked it will act as a transformer in the secondary circuit of the
other two selsyns. These two will therefore function in much the same manner as those described
in para. 3-6 but it must be remembered that the relative angular position of the two outer selsyns
when exerting no torque will depend upon the angular setting of the differential. Conversely, if the
differential selsyn is free to rotate it will take up a position depending upon the relative position of
the two outer selsyns. If these latter are rotated by different angular amounts, the differential
selsyn will move by the algebraic sum or difference of the movement of the two outers depending
on the phase rotation of the interconnections.
8. It will be seen from the preceding paragraph that if each of the transmitter selsyns are driven
at a different speed, a differential connected between them would revolve at the difference in speed,
quite irrespective of the actual speed of each. When the two transmitters are identical in speed ,
the differential selsyn will be stationary, and its angular position will provide an indication of the
angular relationship between the transmitters.
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9. The differential selsyn can be used as a means -of obtaining mutual synchronism between
two variable speed machines. If one transmitter is driven by each machine, any difference in speed
will be indicated by the differential selsyn which can be coupled to a device for directly controlling
the speed of one of them, and it will continue to operate speed control until the speeds are identical,
any tendency to relative variation resulting in an immediate adjustment of the speed control to correct
the variation.
10. This method of control could also be applied as a. means of synchronizing prime movers,
but the control is very sensitive and, without modification is only capable of being applied to engines
or machines whose speeds are initially very nearly the same.
11. As has already been explained, while there is a difference in the speeds of the two transmitters the differential selsyn will revolve, the rate of revolution being dependent on the speed
difference, and at zero speed difference the differential selsyn will be stationary. If the speed difference
becomes negative, and the originally slow transmitter is made to run faster than its companion the
differential selsyn will rotate in the reverse direction. It is thus suitable for operating two way
contact devices.

Fig. 3.—Typieal selsyn unit

INSTALLATION
Coupling up
12. When coupling up to mechanisms the motions of which are to be transmitted, pointers,
recording mechanisms, etc., care should be taken to avoid any end thrust on the rotor bearings as
this will introduce friction and impair accuracy. It should be remembered that the diagrams shown
are typical only and the connections may vary with differing types of selsyn.

Connections
13. Connect the units in accordance with the diagrams given in figs. 1 and 2. The transmitter
is the machine which is coupled to the mechanism which initiates the motion and the receiver is
coupled to the indicating or recording mechanism. This should be remembered as the machines are
not as a rule interchangeable.
14. Referring to fig. 1, the rotor circuits Al and A2 of both transmitter and receiver must be
energised from the same a.c. supply of specified voltage and frequency. The stator circuits are not
connected to any supply line but simply interconnected through three pilot wires of low resistance
as follows, D to D, E to E, and F to F. Should it be necessary to reverse the movement of the
transmitter relative to that of the receiver this may be done by interchanging two stator connections,
i.e. connecting E of the receiver to D of the transmitter and vice versa, leaving F.F. connected as
before.
15. Selsyn systems must not be operated with one unit only excited unless specially designed
for use under these conditions. If for any reason the excitation of one machine should be absent
excessive heating will be experienced, particularly in the machine which remains excited.

Fuses
16. Fuses in the primary circuit should be in the common supply line so as to interrupt both
primary circuits simultaneously. Primary fuses give protection against short circuit or insulation
breakdown only. For torque overload protection it is necessary to employ fuses in the secondary
circuits between the machines.
SERVICING
17. The following paragraphs give general instructions only, particular instructions for
individual types of selsyn will be found in the appropriate chapter to which reference must be made.

Examination
18. When receiving new or reconditioned machines always examine them for signs of damage.
Turn each rotor by hand to ascertain that it revolves freely in its bearings.

Bearings
19. Some units do not require lubrication, the bearings being sufficiently packed with lubricant
by the makers for lifetime use. Where occasional lubrication is required great care must be exercised
to avoid the introduction of dirt or any other foreign matter into the bearings, particularly if the
operation involves the removal of the end shields. Where sleeve bearings are employed these are
sometimes wool-yarn packed and are primed with sufficient oil to last the life of the machine when
employed on intermittent service. Where the machine is being run continuously at high speed,
approximately one teaspoonful of best quality light oil should be added to each bearing every twelve
months.

Slip-rings and brush gear
20. These should be periodically examined; this is especially important in applications where
the movement of the selsyns would be very gradual or where they remain stationary for long periods.
The rings, if dirty, should be wiped with a clean rag moistened with petrol or benzine. It should be
noted that the slip-rings employed in some types are of fine silver and must not be cleaned with
abrasive material. The black film which may form on these rings is not detrimental and need not
be removed. To ensure good electrical contact with a minimum of friction, and to resist corrosion,
silver graphite brushes are sometimes used. The correct type of brush must always be used for
replacement. Periodical examination of the brushes is necessary to ensure that they are not sticking
in the holders. When removing the brushes from their holders they should be marked to enable them
to be replaced correctly. To avoid failure during operational periods they must be renewed before
they are completely worn down.
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Fig. 1.—A typical selsyn, type 26, dismantled
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CHAPTER 3

SELSYNS, TYPES 26, 40, 47, 54, 60, 68, 118, 160 and 161
General
1. Various types of selsyns are available, according to the application for which they are
required. In general the selsyn motors are used in the R.A.F. for two purposes :—
(i) Position indication
(ii) Torque transmission
2. The first group covers the normal application in which a selsyn motor is used to indicate
the position of movement of a piece of apparatus. In this application the selsyn transmitter is actuated
mechanically by the apparatus and transmits sufficient torque to the receiver selsyn to cause it to
rotate and move an indicating pointer over a scale. This application necessitates high angular
accuracy and for this reason a high degree of manufacturing accuracy is required, with low bearing
resistance. Selsyns of this type include types 40, 47, 54, 60, 118, 160 and 161 which are termed the
"Precision" type and are manufactured to a specification tolerance of ± 1 deg. angular accuracy of
correspondence.
3. The second catagory allows an angular error between the transmitter and receiver and as
there is less need to minimise friction a more robust construction may be employed, particularly
with regards to bearing construction. The type 68 is a typical example of this class and the angular
accuracy of this type generally falls within ± 5 degrees. Where still larger mechanical torque outputs are required the selsyns can be built into slip-ring induction motor frames and they are then
known as power selsyns.
4. The curves reproduced in this chapter indicate the torque exerted by receiver selsyns for
varying angles of error between transmitter and receiver. The primary current is also indicated.
As precision selsyns are normally used for indication only, needing a low torque for their operation,
the angle of lag will be almost zero.
5. One transmitter may be used to operate more than one receiver and the torque obtained is
directly dependent upon the number of receivers. If all the receivers exert the same torque, and if
the frame size of the receivers is the same as that of the transmitter the available torque from each
2
receiver will be
times that obtainable when a single receiver only is employed, n being the
n+ 1
number of receivers. The torque required to rotate the transmitter will always be the sum of the
torques exerted by the receivers, plus the internal friction of all the machines.
6. When operated over a distance of miles the torque performance is reduced by the resistance
of the secondary conductor wires, but this can be largely overcome by using special 100— or 250-volt
secondary windings. The standard winding is satisfactory up to about half a mile, using 1/.072 in. or
7/.028 in. copper conductor. The effect of a long secondary circuit transmission lines is shown in fig. 2.
7. With standard general purpose selsyns, particularly those of a small size, employed for
continuous rotation duties, the pull out torque diminishes somewhat with increasing speed. This
effect is shown in the graph in fig. 3. General purpose selsyns, with the exception of the size 1406
should not be run at speeds over 1500 r.p.m. or there will be some danger of them pulling out of step.
These machines operate most economically with an angular lag of about 20 deg. when used for torque
transmission.
8. The illustration in fig. 4 shows the method of employing a direct reading selsyn indicator
together with a vernier arrangement to obtain even greater accuracy of indication. The main
indicator will provide an accuracy of ± 1 deg. and the vernier selsyn will sub-divide this with an
accuracy dependent upon the gear ratio employed.
9. The selsyn is also used for drive and position indication in the manner shown in fig. 5. Here
torque is applied by hand to the transmitter selsyn which transmits the torque to a drive receiver
selsyn geared to the driven mechanism This driven mechanism may be a control for power drive of
the equipment (as in the case of aerial turning gear type 13), or it may be a direct drive as shown
in the illustration. An additional transmitter and receiver are used to give an indication of the position
of the driven equipment. As described in the previous chapter various selsyns may be used as
differential selsyns.

Slope of Torque/Error

Curves showing the effect of long secondary-circuit

curve at Point
of Zero Error

transmission lines on performance assuming the
transmission wires are of 1/072" or 7/.028 'copper.

0.50T
I.00•
UJ

Curve A - with standard (50 volts) secondary winding
Curve 6- with special 000 volt secondary winding.

0

Curve C - with special (250 volts) secondary winding.

a' 0.30

0.20

0.10
0

0

I

2

3

4

5 6 7 8 9
Miles
Transmission Distance between Transmitter & Receiver:

10

Fig. 2.—Graph showing effect of transmission distance

100

90

Type 4-7

D
4r•

hoar

nu§er•

70

f. •
•
'NI Type 26

60

50

0

500

1000

Speed - R.P.M.
Fig. 3.—Relation of pull-out torque and speed

1500

This leaf issued in reprint dated
March, 1946

.4.P.1186E, Vol. I, Sect. 2, Chap.

MAIN
RECEIVER
DIAL.

VERNIER
RECEIVER
DIAL.

GEAR.

MAI N
SELSYN
TRANSMITTER.

VERNIER
SELSYN
" TRANSMITTER...

Fig. 4.—Direct reading selsyn with vernier

INDICATOR
SELSYN
RECEIVER.

GEAR.

INDICATION
TRANSMITTER
SELSYN.

DRIVE
RECEIVER
SELSYN.

Fig. 5.—Selsyn for drive and position indication

DRIVE
SELSYN
TRANSMITTER.

/

30

/

/

/

/

/

./

.... '''',.

\

\

/

\

\

\

\

\

N

A.,

N

N

\
N\

oT

N

\

N
N

-k

P.
I111111111
, 49'
*
ssC O 4\0°
t°J
V .

0°

3
2
I

50 OIV

30°

ECONDARYAMP,
S

....4 099170uki
- ,Y-'

)

N_

INPUT•WATTSPER. MACHIN3A

041

90°
60°
120°
150°
Fig. 6.—Performance characteristics, type 26

30
N
-20
`\
.5
N
1 A— •2
__

•1
‘

180°

INPUT
WATTS

14

70

12

60
4,
o..)
ct

10

50
18

8

14 2

14
0
16

12

a
ee
0

10

2

zo

r

6
4

,0

30°

60°

90°

120°

Fig. 7.—Performan.ce characteristics, type 40

150°

180°

This leaf issued in reprint dated
March, 1946

A.P.1186E, Vol. I, Sect. 2, Chap. 3

10. The units are generally totally enclosed, the stator windings being carried in slots in the
bore of the yoke, and the wires for exterior connection to the secondary circuit brought out through
the top of the yoke. The rotor is fitted to the main shaft which rotates in ball bearings, except in the
case of type 68 which has sleeve bearings. Brush windows provide access to the brush gear and special
silver-graphite composition brushes are employed in order to secure good electrical connection and
to ensure freedom from corrosion. Electrical connection is by flexible pigtails and the connections
to the primary circuit are taken out through the slip ring end frame. Brush pressure is maintained
by helical springs and the pressure is not adjustable. Each end frame is secured to the yoke by four
hexagon headed bolts. Three bolts tapped into the inner bearing plates pass through holes in the
end frames and through similar holes in the outer bearing cover plates, the assembly being held
together by nuts and spring washers. This assembly of a type 26 selsyn is shown in fig. 1.

TABLE 1
Type

Brushes
Stores Ref.

26, 40, 54, 60,
118, 160 and 161

10KB/628

47

10KB/1666

68

IOKB/1685

11. Below are given brief details of the various types of selsyns used in the R.A.F., together
with graphs showing the main characteristics of their performance.

Type 26 (Stores Ref. 10KB/301)
12. This is a small general purpose selsyn suitable for transmitting small torques such as are
obtained in indicator duties. The transmitter and indicator selsyns are identical. The primary
voltage in each case is normally 230/250 volts single phase and the secondary voltage 50. The
performance characteristic is shown in fig. 6.

Type 40 (Stores Ref. 10KB/349)
13. This is a smaller selsyn than the type 26 and is designed for indicating duty. The primary
and secondary windings are both rated at 50 volts, 50 cycles. Performance characteristics are given
in fig. 7.

Type 47 (Stores Ref. 10KB/384)
14. This type of selsyn is designed for transmitting small torques and operating the larger types
of indicating instrument. The transmitter and receiver units are of identical construction and are
suitable for operating a number of type 160 receivers in parallel. The input voltage rating is 230/250
cycles single phase and the secondary voltage is 50. Performance characteristics are given in fig. 8.

Type 54 (Stores Ref. 10KB/418)
15. This machine has a blue label and is a selsyn receiver only and can be used only in conjunction
with a type 60 transmitter. This unit is employed as a voltage generator only and the shaft has to
be rotated by equipment with which the selsyn is associated. The maximum output voltage is 50
volts 50 cycles and this voltage falls to zero when the selsyn is in the correct correspondence position.
The accuracy of this system is such that the output voltage will fall to zero within 0.25 degrees of the
theoretically correct position at any part of the scale. The secondary voltage is 83.

Type 60 (Stores Ref. 10KB/440)
16. This has a red label and is a selsyn transmitter only used in conjunction with the type 54
receiver described above. It is suitable for an input of 50 volts, 50 cycles single-phase and the stator
or secondary voltage is 83. The standstill current taken by this transmitter when connected to a
type 54 receiver is 0.65 A. with the transmitter and receiver in correspondence.
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Type 68 (Stores Ref. 10KB/539)
17. This selsyn is designed for use as a torque transmitter and receiver only. The input voltage
is 230 volts, 50 cycles, single-phase, the stator being wound for a secondary voltage of 285 volts.
The performance characteristics are given in fig. 9.
Type 118 (Stores Ref. 10KB/1134)
18. These are differential selsyns the principle of which is described in Chapter 1. Both the
stator and rotor are rated at 50 volts, 50 cycle 3-phase. An internal mechanical oscillation damper is
incorporated and the performance characteristics of the machine are similar to type 26.
Types 160 and 161 (Stores Ref. 10KB/1846 and 10KB/1847)
19. These are similar to the type 118 except that no internal mechanical oscillation damper is
incorporated. The type 160 has a 50 volt secondary and primary and the type 161 has a 100 volt
secondary and primary. The performance of these as differential selsyns is given in fig. 10.
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SERVICING
Lubrication
20. Indicating selsyns have bearings coated thinly with transformer oil during assembly and
no further greasing is required. The bearing caps should not be removed as this may cause the ingress
of dirt. Power selsyns are lubricated with grease (Stores Ref. 34A/84 or 34A/89), and this should be
used during overhaul. The type 68 has a sleeve bearing which is packed with wool yarn and should
not need further lubrication except in cases of very arduous duty when a teaspoonful of light oil
should be applied to wool yarn every twelve months.
Brushes
21. The correct replacement brushes for the various types of selsyns are listed in Table 1.
The minimum length to which they may be allowed to wear before replacement is as follows :—
Stores Ref. 10KB/62,8
-A- in.
Stores Ref. 10KB/1666
in.
Stores Ref. 10KB/1685
in.
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CHAPTER 4
MAGSLIPS (GENERAL PRINCIPLES)
Introduction
1. Two magslip systems have been developed, one for remote control indication transmission
and the other for power control. The latter is used for the sensitive electrical control of air or oil
motors, electrical servos and similar apparatus which, in turn, may drive indicators or other equipment connected with the unit concerned. The system is incorporated in aerial turning gear, Leigh
light installations, Link trainers, gun fire control gear and other instances where remote control or
indication is required.
2. The principal advantages over other systems are as follows :—
(i) After installation the gear is self-aligning; this eliminates the necessity for an electrical
lining-up procedure before use or in the event of a temporary failure of power.
(ii) When used with an air or oil motor, an infinitely variable speed of transmission or follow-up
is obtained, and is only restricted by its maximum speed, whilst synchronous units and
other electrical power follow-up motors are restricted to two or three set speeds. In
addition, when velocity compensating gear is fitted, the lag in the follow-up system is
almost completely eliminated.
(iii) The elements are designed to run for a period of years without attention.
3. The magslip elements are small electrical machines similar to induction motors, but wound
so that when one or more are coupled together electrically, motion or torque can be transmitted
from one to the other. They are normally operated from a 50-volt, 50-cycle, single-phase, a.c. supply,
but various types and modified versions are available for operation on higher voltages and frequencies,
to meet special requirements. General information only on the standard elements is given in this
chapter and details concerning the special types in use in the R.A.F. will be found in Chap. 5 of this
Section.
INDICATION SYSTEM
4. This system comprises a transmitter and one or more receivers connected in parallel. The
rotor of the transmitter is mechanically coupled to the mechanism from which the motion is to be
transmitted, and its angular displacement is passed on to the receiver or receivers in the form of an
electrical signal. The receiver rotors operate pointers at the receiving position and register the
angular displacement of the transmitter rotor. Where further movement is to be added to or
subtracted from movement of the transmitter rotor and the resultant angular displacement indicated,
a second transmitter, known as the follow-through transmitter, is connected between the transmitter
and the receivers,as shown in fig. 10. Details of these three types of magslip element and the principles
of operation are given in the following paragraphs.
The transmitter
5. The transmitter element is distinguished by a black terminal cover and can be used for
both indication and power control purposes. Two and three inch diameter machines are supplied,
the former also being in limited use for power control. Assembled and partly-dismantled views of
a 2 in. slip-ring machine are given in fig. 1 and 2 respectively, and with a sectional diagram in fig. 3.
6. The iron stator is wound with three-phase windings, star connected. Each phase is split
into two sections, the sections being located diametrically opposite each other in the stator. Further,
each section is divided into six coils, the coils being symmetrically spaced each side of a centre line.
The coils are graduated in size and in their number of turns. The smaller the coil, the fewer the
turns in it. All the coils of one phase are connected together in series. This method of winding
gives an almost exactly equal change of flux linkages for a given rotor movement past any part of
the stator. The live end of each phase winding is connected to terminals 1, 2 and 3 respectively.
7. The rotor is of "H" form for a 2 in. transmitter and of slotted construction for a 3 in. transmitter and is wound with a single-phase exciting winding fed through slip-rings or flexible connections.
The rotor shaft is mounted on light ball bearings and the mechanical drive to the rotor is via a
coupling which is secured to the end of the rotor spindle by a tapered pin. This coupling has a slot
in it so that the rotor can be locked when lining-up.
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8. An extra winding of one turn is incorporated in the rotor of a 3 in. transmitter. This is
known as a neutralising winding and is wound at right-angles to the exciting winding and shortcircuited. The function of this turn is to minimise the effect of stator reaction. Normally, no current
flows in it since it cuts no flux. If the stator produces a flux displaced relatively to the main exciting
flux, viz., when an unbalanced load is imposed upon the stator of the transmitter due to defects in
the system such as a short-circuited or broken phase winding, then the stator flux has a component
at right-angles to the main flux which cuts the short-circuited winding. A current then flows in the
latter, producing a flux which tends to counteract the disturbing influence. In the 2 in. type with
"H" form rotors, there is a large magnetic reluctance at right-angles to the main flux which serves
the purpose of a short-circuited winding.
9. The 2 in. magslip transmitters are all fitted with slip-rings, but the 3 in. elements are supplied
u ith or without slip-rings. The a.c. input to the rotor windings of the latter type is taken from the
two input terminals to the rotor windings by means of flexible leads, but the movement of the rotor
is restricted by means of stops to 330° to prevent over-twisting of the leads. This type of element
can only be used when the rotor is to gyrate through an angle of not more than 155° on each side of
zero.
10. Brush contact trouble is avoided in the slip-ring type since high spring pressure is permissible
with low speeds of rotation. Further, since the contacts are in the exciting circuit, the changes in
contact resistance affect only the strength of the inducing magnetic field and not the position of the
rotor.
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Fig. 4.—Transmitter brush gear details

11. The insulation resistance is in the region of infinity, although the essential working of the
machine is not impaired if the resistance between phase lines, or between a phase line and earth, is
as low as 5000 ohms.
12. The direct coupling of the transmitter to the driving mechanism is not recommended,
and the final drives should be made by precision metal gears. To minimise the effect of backlash, the number of tooth-meshings on th6 drive to the transmitter should be kept as low as possible.
13. An adjusting rack is incorporated at the driving end of the transmitter as shown in fig. 2,
so that the element can be brought into exact coincidence by means of a pinion, when the system is
initially lined up.
The follow-through transmitter
14. This machine is distinguished by a
brown terminal cover and is a slip-ring
element of similar construction to the standard transmitter but it has a three-phase,
star-connected, distributed winding on the
rotor, the live end of each winding being
brought out to the appropriate terminal
through the slip-rings and brushes. This
type of transmitter has six terminals, the
rotor windings being brought out to those
marked 1R, 2R and 3R, and the stator
windings to those marked IT, 2T and 3T.
To ensure the correct rotation, there is an
internal change-over between terminals and
windings 1R and 2R on the rotor, .and 1T
and 2T on the stator. This internal changeover is not marked in any way. Both 2 in.
and 3 in. models are available, but the latter
are normally only employed in power control
Circuits.

Fig. 5.—Magslip receiver, type A.P.6549, Mk. II

The receiver
15. Two types of receiver are available, viz., Mk. I and Mk. II; both types are 2 in. diameter
elements, the major difference being that the former, possessing a heavier rotor, exerts the greater
torque. Mk. I is therefore used with longer pointers. A Mk. II machine is illustrated in fig. 5 and 6,
and a sectional diagram of this type of element is given in fig. 7.
16. The stator windings are identical with those described for the transmitter, the lines 1, 2
and 3 being connected to the lines 1, 2 and 3 from the transmitter stator windings.
17. The rotor is made of iron and revolves round a fixed polarising coil. It is designed to be
as light as possible and to move with the least possible friction. It consists of a strip of iron bent
at right-angles, mounted on a thin steel spindle and balanced statically with a brass balance weight.
It is mounted on the polarising coil which is fed from the 50-volt, 50-cycle, single-phase, a.c. supply
and is in parallel with the transmitter rotor exciting coil. When excited this coil will produce a
field which will pass through the iron core of the coil across an air gap to the radial portion of the
rotor, along this to the circumferential part, across the air gap to the stator and back to the base
of the polarising coil. the 'field thus gives the rotor of the indicator the appropriate polarity corresponding to that of thp stator field. at the same time instant, so that the rotor has only one resting
position in the stator field, and not two as it would otherwise have in the absence of the polarising
field. This method of polarising the rotor has given rise to the term "magslip", since the flux is
passed to the rotor through what may be called "magnetic slip-rings".
18. The construction is such that no change in the reluctance of the polarising system occurs
as the rotor turns, hence the polarising flux has 'no directive effect. The rotor will itself set in the
stator field so that its magnetic axis is common with that of the latter, the instantaneous North pole
of the rotor coinciding with the corresponding South pole of the stator field in all positions. Thus,
as the stator field is rotated the rotor will turn correspondingly, and if the latter is displaced mechanically from coincidence, it will automatically align itself in the true position when released.
19. The rotor is made to have a small axial dither to reduce the friction of the bearings which
are plain bronze bushes (as shown in the enlarged sectional view in fig. 8). The lower end of the rotor
spindle is held radially by a floating bronze bearing Which, together with the end of the rotor, rests on
a strip of steel known as the dither spring. As the current in the polarising coil alternates each side
of zero it pulls the rotor towards the coil and deflects the dither spring. The rotor will thus have
an axial movement which in practice is about cow in. at a frequency of 100 deflections per second.
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Principle of operation
20. The wiring circuit for a single transmitter and receiver•is given in fig. 9. The a.c. supply
applied to the transmitter rotor winding will produce an alternating flux in the rotor which will link
with the stator windings and induce an alternating current in them. This induced current will pass
to the receiver stator windings and induce a similar alternating flux in the receiver stator. The iron
rotor in the receiver will line up with this flux.
21. The alternating voltage induced in the transmitter stator coils is proportional to the flux
linkage and in any one coil this will vary from zero to maximum every 90° movement of the transmitter rotor. Therefore, for every 360° of movement, each coil will have two points of zero alternating
voltage and two points of maximum alternating voltage, these latter voltages being 180° out of
phase.
22. Current from the transmitter stator coils is supplied to the receiver stator coils, coil 1 of
the transmitter supplying all the coils 1 of the receiver, etc. In this way the relative strengths of
the currents in the three coils in each receiver are proportional to the voltages in the transmitter
coils, and the flux produced by these currents will exactly follow the direction of the transmitter
rotor flux. The free iron rotor in the receiver will therefore exactly follow the movements of the
transmitter rotor. The polarisation of the receiver rotors is necessary to prevent them from lining
up 180° out of phase with the field. It also helps to increase the torque on these rotors. The amount
of torque on a receiver rotor will of course drop to zero as it approaches coincidence with the field,
it is therefore, essential to reduce friction to a minimum.
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Fig. 6.—Receiver, partly dismantled
23. The number of receivers that can be controlled by one transmitter is limited by the amount
of current the transmitter can develop in its stator, and the minimum current that can be depended
upon to control a receiver's rotor. The maximum number of receivers to be controlled by one
transmitter is given in the following table:—
Size of transmitter

Type of magslip indicator

Maximum No. of indicators

I

2

Mk. II

5

Mk.

I

5

Mk. II

12

Mk.
2 in.

3 in.

24. When a follow-through transmitter is employed, the elements are connected as shown in
fig. 10. In this case the voltages transmitted by the first transmitter are received on the stator
windings of the follow-through element and the resulting current produces a field which follows
the position of the transmitter rotor. This field induces voltages in the follow-through transmitter
rotor, the value of which depends on the relative position of the stator field and the rotor, which is
coupled to the second controlling position. These induced voltages are passed on to the indicator
stator and the iron rotor of the receiver will line up with the field produced by the resulting current.
The accuracy of the receiver can be relied upon to indicate the position of the transmitter rotor
within +1 per cent. This error is not affected by the number of indicators used, and the addition
or removal of some of the indicators does not affect the accuracy of the reading appreciably, nor
is the datum position of the remaining elements altered.
25. The accuracy also remains true if some of the indicators are mechanically prevented from
simulating the motion of the transmitter rotor, but if one phase of an indicator becomes disconnected
an unbalanced load is imposed on the operating transmitter, causing errors in repetition which can
be as great as 4c. With the standard transmitter, the error due to speed lag is about 1° when the
transmitter rotor is revolved at a speed of 10 r.p.m.
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Fig. 7.—Sectional diagram of receiver

POWER CONTROL

General
26. Magshp power transmission or control normally consists of a two- or three-element chain,
or variations and combinations of these two systems, used for the operation of a power unit. A
four-element chain is used if the power unit is to be controlled from two remote positions simultaneously, the second transmitter being able to over-ride or add a further movement to that of the
first.
27. The equipment and the operation of standard three- and four-element chains are described
in the following paragraphs. Other forms of magslip power control have been developed for the operation of electrical servos, employing coincidence transmitters and amplifiers or coincidence transmitters, rectifiers and moving coil hunters. These elements are described in Chapter 5 of this Section.
28. The following types of standard magslips are used in the three- and four-element circuits
illustrated in fig. 14 and 15.
(i) A 3 in. slip-ring type of transmitter, as described in para. 4 under "Indicator".
(ii) A 3 in. follow-through supply transmitter. This is a 3 in. transmitter of similar construction to (i) but having a 50 per cent. greater core length to give an increased output
to a follow-through transmitter (iii). It is distinguished by a blue terminal cover.
(iii) A 3-in. follow-through transmitter, as described in para. 4, under "Indication".
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A hunter; this element receives the electrical signal from the transmitter or, when used
in a four-element chain, the resultant signal from the supply and follow-through transmitters and operates the sensitive valve controlling the power unit. This machine is
described in para. 29.
A resetting transmitter driven by the power unit. This is a standard 3-in. magshp transmitter used for re-centring the hunter to close the sensitive valve and stop the motor when
the power unit has turned the power drive the requisite amount.

Hunter
29. This machine has a red terminal cover, resembles the transmitter in external appearance
and is normally employed for power control only. A typical hunter is illustrated in fig. 11 and 12.
Both 2-in and 3-in. sizes are available and are used with transmitters of the corresponding size.
30. The function of this element is to operate the sensitive valve of the power motor in response
to the movements of the transmitter rotor (and follow--through transmitter rotor, if used in a fourelement chain). It consists of a rotor carried inside a hollow stator, both having three-phase, starconnected distributed windings. The element has six terminals. The stator windings are brought
out to those marked 1, 2 and 3 "Local", and the rotor windings through flexible ligaments to those
marked 1, 2 and 3 "Distant".
POLARISING
COIL

ROTOR

END FRAME

BEARING

\ BEARING
BACKING
SCREW

DITHER
SPRING

BALANCE
WEIGHT

Fig. 8.—Section of receiver rotor mechanism
31. It has been taken as a standard that clockwise rotation of the transmitter rotor shall
produce a clockwise rotation of the hunter rotor and that the resultant motion of the power unit
shall turn the resetter rotor anti-clockwise. To maintain this convention, lines I and 2 on the hunter
rotor are internally changed over. This internal change-over is not in any way marked. It causes
the hunter rotor flux to rotate with the transmitter rotor flux but in the reverse direction and 180° •
out of phase. The hunter stator flux rotates with the resetter rotor flux, in the same direction and
in phase with it.
32. All hunter elements are fitted with a balanced operating arm of standard design as illustrated in fig. 13, secured to the rotor spindle by a taper pin. The flexible operating rod carrying the
sensitive valve is threaded and is secured to the arm by a spring clip. This arrangement allows the
valve to be adjusted or removed. The particular model illustrated is used where it is desirable to
locate the sensitive valve gear either to the right or left of the hunter; the arm carrying the operating
rod can be unscrewed and placed on the opposite side of the rotor spindle on the balanced operating
arm.
33. Stops are provided to limit the rotation of the hunter arm to an amount in the operating
travel of the flexible operating rod and sensitive valve, which might otherwise be damaged. These
stops limit the movement of the rotor to about 10' either side of the central position and are used
to carry the loading springs of the operating arm.

RECEIVER

TRANSMITTER

S.
A.C.MAINS

•
Fig. 9.—Circuit diagram for single receiver operation

TRANSMITTER

FOLLOW THROUGH
TRANSMITTER

50V.. 50—
A.C. MAINS
Fig. 10.—Circuit diagram for differential indication

RECEIVER
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34. When energised, a free hunter will take up its zero position if the position of the two transmitters correspond. Due to the small torque developed per degree of misalignment, good sensitivity
and accuracy can only be obtained by keeping the mechanical load on the hunter element as small
as possible, any attachments statically balanced, and the axis horizontal.
35. To ensure stable operation it is essential that the.hunter rotor should be capable of moving
at a rate greater than that corresponding to the maximum acceleration of the power unit; the
maximum rate at which the hunter rotor is moved is determined by its natural period of oscillation.
36. In its normal free state the rotor has a natural period of 5 cycles per second and will give
stable operation up to speeds of 25° per second, with an accuracy of 0.25°. Where this rate and
accuracy is sufficient the hunter is used in its free state, but when higher rates and greater accuracy
are needed, the periodic time is decreased by the addition of loading springs. The best value of this
constrained periodic time for any given application is found by experiment. The spring loading
must be kept to a minimum consistent with stable operation, as it diminishes the rotor displacement
for a given angle at the transmitter and so reduces sensitivity and increases the operating lag. In
the event of a power failure, or when the power is switched off, the spring makes the hunter return
to its central position and closes the sensitive valve.

Fig. 11.—Magslip hunter, type A.P.10872
37. Each hunter must have its own separate controlling transmitter; any attempt at parallel
operation of hunters will result in serious errors due to inter-action. Even when only one hunter
is being controlled from a transmitter the hunter stator field induces currents in the hunter rotor
windings. Where the two hunter fields are not in coincidence the currents flowing in the hunter
rotor winding will distort the iotor field, but this is corrected by the neutralising winding on the
transmitter rotor.

Rotor bearings
38. The rotors of all elements, both transmitters and hunters, are carried on light-type ball
bearings and the bearing at the spindle or coupling end is located axially. The bearings are supplied
to the following specifications :— •
(i) "Tight", or pre-loaded for transmitters to prevent an audible hum from the rotor under
the influence of the a.c.
(ii) "Free", for some transmitters and all hunters to reduce friction to a minimum.
PRINCIPLE OF CHAIN SYSTEM

•

Three-element chain
39. This system is used for the remote, control of a power unit. It comprises :—
(i) A distant transmitter in the controlling position which is mechanically driven.
(ii) A hunter controlling the sensitive valve of the motor which drives the magslip indicator
transmitter or other apparatus.
(iii) A local or resetting transmitter driven by the motor.

TERMINAL BLOCK

STATOR WINDINGS

END FRAME
SPRING CLIP

ROTOR

COLLAR

OPERATING
ARM

ROTOR WINDING LEADS
STATOR

BALL BEARING

LIMIT STOPS
I
Fig. 12.- Hunter, partly dismantled
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4(1. The action of the system is the same as, and may be considered the electrical equivalent of,
a mechanical differential; the two transmitters represent the two sides of the differential, and the
hunter the intermediate wheels, which if the two sides are displaced by the same amount or rotated
at the same speed but in opposite directions, will remain fixed. If the two transmitters revolve
unequally the resultant displacement of the hunter rotor is a measure of the difference between input
and output and-opens the sensitive valVe.
•
41. The equipment is wired up as shown in the circuit diagram in fig. 15. Referring to this
diagram, it will be seen that the transmitter stator windings are connected to the hunter rotor windings
and the resetter stator windings are connected to the windings of the hunter stator. The rotors
of the transmitter and the resetter are fed from a single phase, 50-volt, 50-cycle, a.c. supply, normally
through slip-rings. They produce similar diametral magnetic fields in the hunter rotor and stator
respectively. In the balanced position the axes of these two fields are in coincidence and of opposite
polarity to prevent the hunter lining up 180° out of phase. The sensitive valve is adjusted so that the
power motor is stationary when the hunter fields are in this position.

LOADING SPRINGS

LIMIT STOPS
OPERATING ARM

BALANCE WEIGHT

Fig. 13.—Hunter, operating arm details

42. Turning the distant transmitter rotor anti-clockwise through any angle causes the field
in the hunter rotor to move through the same angle, but in the opposite direction due to lines 1 and 2
of the hunter rotor being reversed internally. The two hunter fields are now out.of alignment and
a torque, depending on this misalignment, is produced to turn the hunter rotor anti-clockwise to
bring the fields back into coincidence. This rocks the balanced -operating arm of the rotor, opens
the sensitive valve and causes the power motor to rotate. The power motor drives the necessary
gear and also turns the rotor of the resetter clockwise. This causes the hunter stator field to move
clockwise, i.e. in the same direction as that in which its rotor field moved due to the transmitter.
The hunter rotor, keeping the two fields in line, follows the stator field and turns clockwise starting
to close the sensitive valve. When the resetter rotor has moved through the same angle as the transmitter rotor, the hunter rotor has returned to its original central position, closes the sensitive valve,
and the power motor stops.
43. Under these conditions the two fields in the hunter are, again in coincidence but their
common axis is displaced from the original position by the angle transmitted. Since the power motor
is mechanically geared to the resetter rotor it will have turned the mechanism through exactly the
same angle as the input to the transmitter rotor.

Speed control
44. When the transmitter is being rotated at a constant speed the hunter rotor will be turned
to open the sensitive valve sufficiently to make the power motor run at the same speed as the transmitter. The sequence of events between the "Input" and the "Output" are as follows :—

The input rotates the transmitter rotor and hunter rotor field follows this movement. The hunter
rotor, keeping the two fields in alignment, starts to turn and the power motor accelerates until the
resetter is being driven at the same speed as the input. When this state is reached the hunter stator
and rotor fields are rotating at the same . speeds, the rotor stops turning and leaves the sensitive
valve open to give the necessary speed to the power motor.
45. If the power motor is running slower than the input, the stator field is rotating at a slower
speed than the rotor field, the hunter rotor keeps turning to maintain the two fields in line and opens
the sensitive valve further, causing the motor to speed up. Similarly, if the power motor were to run
fasten than the input, the stator field would be rotating at a greater speed than the rotor field, the
hunter rotor would tend to centre to keep the two fields in line and close the sensitive valve, causing
the motor to slow down.
46. Although the output runs at the same speed as the input it lags behind it by an amount
proportional to the speed of input. The reason for this lag is because the power motor can only
run if the sensitive valve is open; but the sensitive valve can only be open when the hunter rotor is
off-centre and this can only occur when the two hunter fields are not in coincidence. The hunter
fields follow the movements of their respective transmitters, therefore the transmitter cannot be in
line. Thus the output must lag behind the input so long as the input is moving and the output will
catch up the input when the latter stops.
TRANSMITTER

HUNTER

RESETTER

50V., 50—
A.C.MAI NS

50V.,50~
A.C.MAINS
POWER
UNIT

Fig. 14.—Typical power control circuit diagram (three-element chain)
47. This running lag is dependent on the time taken by the power motor to accelerate to the
speed of input, and therefore varies with the speed of input. At maximum speed of follow-up, using
a free hunter with a transmitter geared 1:1, the lag is in the region of /°, i.e., the hunter arm must
be offset /° to provide full valve opening. When using a spring loaded hunter (15 cycles) the lag
is increased about 11 times to 8°, i.e. the torque produced by 8° misalignment acting against the
loading springs, will only produce 1° movement on the hunter arm. However, spring loaded hunters
are used when the transmitter is geared 18:1 so that the resultant lag is actually only -1° of the
transmitter angle.
48. When the elimination of this running lag is important a mechanical arrangement known
as a Velocity compensation gear is fitted to the sensitive valve control for the power motor. The
effect of this gear is to keep the sensitive valve open longer than it would be normally, by delaying
the liner follow-up movement; the control valve is therefore opened more than necessary to make the
power motor run faster than the input. The sensitive valve thus returns to its central or "lagless"
position with the requisite valve opening for the motor being provided by the Velocity compensation

FOLLOW THROUGH
SUPPLY TRANSMITTER

FOLLOW THROUGH
TRANSMITTER

HUNTER

RESETTER

,cr-

x

50y.. 5O^"
A.C.MAINS
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Fig. 15.—Typical power control circuit diagram (four-element chain
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gear. In practice a small running lead is first obtained and thereafter the input and output run at
the same speed, the whole operation acting so quickly that synchronism is scarcely lost at any time.
The gear similarly will Accommodate itself to any changes in speed and, on the input stopping, there
will be a momentary over-shooting of the output drive while the motor reverses to remove the lead.

Four-element chain
49. The four-element chain enables the power motor to be controlled from two remote positions
simultaneously, the second position being able to over-ride or add a further movement to that of the
first. A simple circuit for this system is given in fig. 15, the motor running for the sum of the inputs
at the supply transmitter and the follow-through transmitter.
The system consists of the following elements :—
(i) A follow-through supply (F.T.S.), transmitter with its rotor geared to the first input.
(ii)
(iii)
(iv)

A follow-through (F.T.) transmitter with its rotor geared to the second input.
A hunter controlling the sensitive 17-alve of the power motor driving the Magslip indicator
transmitter or other equipment.
A resetting transmitter driven by the power motor.

50. Similarly disposed stator windings of the two transmitters are connected together and the
windings on the F.T. transmitter rotor are connected to similarly disposed windings on the hunter
rotor. The hunter stator windings are connected to similarly disposed windings on the resetter stator,
as for the three element chain. The rotors of the F.T.S. transmitter and the resetter are excited by
a 50-volt, 50-cycle, a.c. supply.
51. When the F.T.S. transmitter rotor is being turned and the F.T. transmitters rotor is held
stationary, the induced currents flowing in both transmitter stator windings will reproduce a diametrical
magnetic field in the F.T. transmitter. This field will move anti-clockwise when the F.T.S. transmitter
rotor is turned clockwise, due to the internal change-over of two line wires in the F.T. transmitter.
52. The F.T. transmitter stator and rotor windings merely act as a transformer, the currents
flowing in the stator, or primary windings,inducing similar currents in the rotor or secondary windings.
These induced currents flowing in the F.T. transmitter and hunter rotor windings will reproduce a
diametrical magnetic field in the hunter rotor. The internal change-over of two line wires causes the
hunter rotor field to move anti-clockwise as the F.T. transmitters field moves anti-clockwise. Thus
the two cross connections cancel each other and the hunter rotor field directly follows the position
of the F.T.S. transmitters rotor. The system, in effect, is operating as an ordinary three-element
chain, with the movement of the F.T.S. transmitter rotor offsetting the hunter rotor. This opens
the sensitive valve and the power motor runs, driving the equipment and the resetter rotor until the
two hunter fields are in coincidence.
53. If the operation is carried out with the F.T.S. transmitter rotor held stationary and the
F.T. transmitter rotor is turned, a fixed stator field is produced in the F.T. transmitter and as its
rotor is turned clockwise, this field appears to move anti-clockwise relative to the rotor.
54. The induced currents flowing in the rotor windings of the F.T. transmitter and hunter
will reproduce a diametrical magnetic field in the hunter rotor but, due to the internal change-over
of two lines on the F.T. transmitter rotor, the hunter field moves anti-clockwise and directly follows
the position of the F.T. transmitters rotor.
55. The hunter rotor field thus follows the movements of both the F.T.S. and F.T. transmitter
rotors and the power motor runs for the sum of the inputs of both elements. It should be noted that
if the rotors of both transmitters are being turned at the same speed but in different directions, the
hunter rotor field remains stationary and the power motor is inoperative, because the F.T. transmitter stator field is rotating in the same direction and at the same speed as its rotor and therefore
there is no angular displacement between them.
SPECIAL TYPES
56. The following magslip elements have been developed to meet special requirements and
differ slightly from the standard types.

Coincidence transmitter
57. This machine is a slip-ring element and identical electrically with the standard transmitter
except that the rotor is symmetrically wound, i.e. the conductors are equally spaced in slots. Its
normal application is as an error indicator in servo mechanisms where it is used in conjunction with
an amplifier.
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58. When used in this capacity the rotor winding is connected to the amplifier, and the stator
to the stator of the standard transmitter. The voltage at the amplifier is a measure of the difference
in position of the rotors of the two transmitters.
59. There are two possible positions when zero output is applied to the amplifier,but one is
unstable if polarity is considered. Hence there is one position of the motor of the coincidence transmitter for any given position of the rotor of the standard transmitter where no output is applied to
the amplifier.
Resolver transmitter
60. This transmitter has two phase, distributed windings on both stator and rotor, the stator
windings being brought out independently. The rotor windings vary according to the particular
type of resolver and may be either a single-phase winding or two single-phase windings at right angles
to each other with a common terminal connection.
61. The principal use of this type of magslip is to obtain stator output voltage directly proportional to the sine and the cosine of the rotor angular position, and is employed in predictors, scanner
circuits, etc.
INSTALLATION
Indication system
62. In order to facilitate lining up on installation a method has been developed by means of
which magslip transmitters and receivers may be installed and lined up independently of each other.
A conventional datum of zero position for the rotor of each element has been adopted. When in
this position, current of the same polarity will flow at the same time through the units from terminals
1 and 2 of the stators and from X to Y of the exciting or polarising coils.
63. The transmitters are provided with a slot in the rotor coupling and by inserting a pm through
this slot into a hole located in the transmitter casing, the rotor is locked in such a position that if
the rotor was excited and the stator coils connected to a receiver, the polarity on the stator coils
would be such that current would flow through terminals 1 and 2 only and in a particular direction,
i.e. the rotor is locked at right angles to phase three and in such a direction that the polarities of
1 and X are in phase.
To install a transmitter
64. (i) Turn the mechanism to which the transmitter is to be coupled, to the zero or datum
position.
(ii) Locate the transmitter in its housing and insert the lining-up pin.
(iii) Mesh the transmitter rotor gear and gear wheel to the driving mechanism.
(iv) Clamp the transmitter in position.
(v) Remove the lining-up pin.
(vi) Connect the external wires to the appropriate terminals.
To install a receiver
65. (i) Locate the receiver in its housing and clamp tightly.
(ii)

(iii)
(iv)
(v)
(vi)

Connect a 50-volt, 50-cycle, single-phase supply, one wire to terminals 1 and X (in parallel)
and the other to terminals 2 and Y. Switch on the current. The rotor will move to its
zero or datum position.
Fit the indicator pointer to the receiver and clamp it approximately in the zero position
on the dial.
Adjust the pointer to exactly zero by rotating the receiver stator. This may be done by
hand or, where fitted, by the gear provided.
Securely clamp the stator in this position.
Connect up the external leads to the appropriate terminals.

66. In systems using the follow-through transmitter, this transmitter is aligned to the datum
position by turning its stator, after lining up the first transmitter.
B (AL72)

Power control
67. The lining-up procedure for power control systems is similar to that for indicator transmitters, but it is dependent upon the type of equipment under control and the particular system
employed. It should be borne in mind that hunters must be adjusted so that the spring and electrical
zeros are exactly coincident. It is not possible to attach an indicator pointer, so this zero must be
found by test on installation. The power motor must be stationary at this position of the hunter arm.
68. If an oil motor is to be controlled, the dither motor should be switched on after lining
up the transmitter, or transmitters and resetter, to the datum position and before proceeding to
adjust the hunter arm screw. The final checks for exact coincidence should also be made with the
dither motor in operation.
69. In installations where alternative transmitters control a single power unit, coincidence is
first obtained by aligning the system to one transmitter. The remaining transmitters are aligned
to this datum position in the usual way by turning their stators.
70. The procedure is similar in principle for the four element chain. The F.T.S. and F.T.
transmitters are meshed in with their lining-up pegs inserted. The F.T.S. transmitter is adjusted
for exact coincidence by turning its stator.
71. After lining up, the system should be operated over the full working range in both directions,
and any departure between the controlling and controlled mechanisms must be corrected by further
adjustments to the transmitter.

Wiring
72. The resistance of any line wire, single- or three-phase, may be up to 5 ohms without affecting
the performance of the element, but inequality of resistance between the three control wires from any
transmitter will result in errors of transmitted angles. An increase in resistance of 0.5 ohm in any one
line of the three-phase circuits will produce an elliptical error of ± °. The control wires must therefore be balanced to within 0.2 ohm and every care must be taken to ensure good electrical contacts
throughout the circuit.
SERVICING

General

73. Very little servicing should be needed on these machines, apart from the items mentioned
in the following paragraphs, as they have been designed to run for a number of years without attention.

Lubrication
74. On assembly the bearings are lubricated with Jouvin chronometer oil, which is a high
grade, non-oxidising clock oil and should retain its lubricating properties for three years. No external
provision is made for lubrication, nor is it desirable, as under-oiling is preferable to over-oiling. When
lubrication is necessary the magslip has to be stripped, and it is recommended that a new one should
be fitted in its place and the old machine returned to the appropriate maintenance depot for relubrication and general overhaul.

Transmitters
75. The brushes should be inspected occasionally, to ensure that they are working freely, and
all connections checked over. The slip-rings should be kept clean by wiping them with a clean cloth
slightly moistened with carbon tetrachloride or pure methylated spirits. They must not be
skimmed or cleaned with any abrasive. The use of petrol for this purpose is not recommended as
it leaves a film.

Hunters
76. The dust cap may be removed to inspect the connections. No other servicing should be
undertaken.
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Introduction
I. The mechanical and electrical characteristics of the various magslip elements at present
in use in the Services are given in this chapter together with brief details of their principal applications. The information is divided into four groups, headed transmitters, hunters, receivers and
rectifiers, and is tabulated as far as possible for easy reference.
2. Chapter 4 of this section and publication should be referred to for details concerning the
principles of operation, mechanical construction and servicing of the standard elements.
Leading particulars
3. The machines listed below are for use on a 50 volt, 50 cycle, single phase supply unless
otherwise stated. The term "Colour code" applies to the colour of the terminal cover or block,
of the magslip concerned. It should be noted that in some cases additional markings are added
by means of colour spots applied to the cover or block.

(1) Transmitters
Terminal markings
Type

Diameter

Description

Colour
code

Type of
bearing

Stator

Rotor

A.P.6547

3 in.

R.F.X., Mk II
Slip-rings.

Black.

Pre-loaded,

1, 2, 3

A P.10428

3 in.

R.F.X , Mk. II
High frequency
supply, 20 volts,
1100 cycles.
Shp-rings.

Black
with two
white
spots.

Pre-loaded,
"S".

1, 2, 3

X, Y

A.P 10640

3 in

Resolver, No 1,
Mk. II. Sliprings

Brown
with two
yellow
spots.

Pre-loaded,
"5".

1T, 2T,
3T, 4T.

1R, 2R,
3R.

A.P.
(T.R.E. No. 1.)

3 in.

Mk. II.
Slip-rings.

Black

Pre-loaded,

1A, 2A,
1B, 2B.

X, Y.

A.P.10748
(T R E. No. 2c.)

3 in.

No 2c. Mk. II,
Slip-sings and
interruptor.

Brown
with two
green
spots.

Pre-loaded,
"S".

1A, 2A,
1B, 2B.

X, Y, IC ,
2C.

A.P.10852

3 in.

R.F.X., Mk. III,
High frequency
supply 20 volts,
1100 cyclds.

Black
with two
white
spots.

Pre-loaded,
"S".

1, 2, 3.

X, Y.

A.P.10860
(T.R.F. No. 2ca.)

3 in.

No. 2ca , Mk. II,
Shp-rings and
interruptot.

Brown
with
three
green
spots.

Pre-loaded,

1A, 2A,
1B, 2B.

X, Y, 1C,
2C.

A.P.10861

3 in.

No. 5, Mk. II,
High frequency
supply 15 volts,
1000 cycles.
Slip-rings.

Brown
with two
blue
spots.

Pre-loaded,
"S".

1T, 2T,
3T, 4T.

1R, 2R,
3R.

A.P 6550

2 in

R.F.H., Mk I,
Slip-rings.

Black.

Pre-loaded,

1, 2, 3.

X, Y.

A.P 10738

2 in

R.F.H., Mk. I.
High frequency
supply, 20 volts,
1100 cycles
Shp-rings.

Black
with two
white
pots.

Pre-loaded,
"S".

1, 2, 3.

X, Y.

A.P.10739
(Coincidence)

2 in

51k I, High
frequency supply,
20 s olts, 333 or
1100 cycles.
Slip-rings.

Green
with two
white
spots.

Pre-loaded,
"S"

1, 2, 3.

SX, SY.

A.P.10873
(T.R.E., No. llf.)

2 in

11k. I, with
ligaments.

Red with
two green
spots.

Free, "5".

1A, 2A,
1B, 2B.

X, Y.

A P.10874
T R.E No. 11c.)

2 in

51k. I
Slip-ring

Brown
with two
green
spots.

Pre-loaded,
"S".

1A, 2A,
1B 2B.

X, Y, 1C,
2C.

A.P 10875
(T.R.E. No. 12)

2 in.

Mk. I.
Slip-rings.

Free, "S".

1A, 2A,
1B, 2B.

X, Y.

X, Y.
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(ii) Hunters
Terminal markings
Type

Diameter

Description

Colour
code

Type of
bearing

Stator

Rotor

A.P.6548

3 in.

Mk. II, free
hunter.

Red.

Free, "S".

1, 2, 3.
Local.

1, 2, 3.
Distant.

A.P.6548B

3 in.

Mk. II, R.H. or
L.H. operation,
15 cycles, centring
springs.

Red.

Free, "S".

1, 2, 3
Local.

1, 2, 3.
Distant.

A.P.10854

3 in.

Mk. II, with light
drive slip-rings.

Red.

Magneto.

I, 2, 3.
Local.

1, 2, 3.
Distant.

A.P.10864

3 in.

Mk. I, moving
coil No. 1. Flexible
connections.

A.P.10872

2 in.

Mk. IM, with 17
cycles, centring
springs.

Natural •
(Paxolin).
Red.

Permanent C S D.
magnet.
Magneto.

1, 2, 3.
Local.

1, 2, 3.
Distant.

(iii) Receiver
Terminal markings
Type

A.P.6549

Diameter

2 in.

Description

Mk II.

Colour
code
Black.

Type of
bearing
Plain
(special).

Stator
1, 2, 3.

Polarising
winding
X, Y.

(iv) Rectifiers
Terminal markings
Type

Diameter

Description

Colour
code

Type of
bearing

Stator

Rotor

A.P.10850

3 in.

No. 1, Mk. I,
(complete with
polarised
synchronous
motor, No. 1).
Slip-rings.

Yellow.

Magneto,
with end
pressure
spring.

X, Y, Z.

A, B, C
D.

A.P.10863

3 in.

No. 2, Mk. I
(complete with
polarised
synchronous
motor, No. 2).
Slip-rings.

Yellow.

Magneto,
with end
pressure
spring.

X, Y, Z.

A, B, C,
D

DESCRIPTION
General
4. A brief description of the magslip types listed under "leading particulars" is given in the
following paragraphs together with notes on their principal applications.
Transmitters (3 in. diameter)
A .P .6547
5. This is the standard transmitter described in detail in Chap. 4 of this section. It is fitted
with slip-rings and brushes to permit continuous rotation of the rotor and is employed for general
purposes such as indication and power control.

A.P.10428
6. This element is of similar construction to A.P.6547 except that the number of turns of
windings is modified to suit a 20 volt, 1100 cycles supply. It is used in conjunction with a coincidence
transmitter and valve amplifier for remote power control. A typical circuit diagram is illustrate
in fig. 1.

TRANSMITTER

COINCIDENCE
TRANSMITTER

L-6(5()0(7----\

AMPLIFIER
Y

A.C. SUPPLY

900 ELECTRICAL
DISPLACEMENT
MOTOR
FIELD

.01.49.

LOAD

MECHANICAL
DRIVE FROM
CONTROLLINC
SHAFT

MECHANICAL DRIVE
FROM LOAD TO
COINCIDENCE
TRANSMITTER
ROTOR

SUPPLY

Fig. 1.--Coincidence transmitter and transmitter used with amplifier for remote power control
A .P.10852
7. The length of core has been increased 50% on this element as compared with A.P.10428,
to provide more power in similar installations.
A .P.10640
8. Two phase distributed windings are employed on both stator and rotor of this machine.
The stator windings are brought out to separate terminals, and the terminal 2R is common to both
rotor windings. The 50 volt, 50 cycles supply is normally connected to terminals 1R and 2R, and
the terminals 2R and 3R are shorted or connected to a balancing circuit. The principal use of this
magslip is to obtain output voltages directly proportional to the sine and cosine of the rotor angular
position, and it is incorporated in predictor and cathode ray tube installations, etc.
T .R.E., No. 1
9. This transmitter has a two phase, distributed winding on the stator, the four ends being
brought out to separate terminals. The rotor has a single phase winding without a cross winding
or iron wire, and is built up of special stalloy stampings, 0.0095 in. thick. The air gap between the
stator and rotor is 0.012 in. It is used as a goniometer where high speed operation is required and
is suitable for supply frequencies up to and exceeding 10,000 cycles per second.
A.P.10748 (T.R.E., No, 2c)
10. The design of this magslip is similar to the T.R.E. No. 1 type, with the addition of an
interruptor to give "ON" and "OFF" contacts for 180 deg. (+ 7 deg.) of the rotor position. Its
application is similar to the T.R.E. No. 1 transmitter, but it is employed in installation which require
the inclusion of an interruptor in a circuit associated with the magslip circuit.
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A.P.10860 (T.R.E., No. 2ca)
11. This magslip is identical with the type A.P.10748 (T.R.E., No. 2c), but with relaxed test
specification and is therefore used in cases where greater variations are permissible.
A.P.10861
12. Two phase 'tatoi and rotor windings are incorporated in this type, and for the resolver
type A.P.10640, but wound suitable for operation on a supply of 15 volts, 1000 cycles, so that it can
be used to effect phase changes in cathode ray signals.
Transmitters (2 in. diameter).
A .P.6550
13. This is a standard transmitter, fitted with shp-rings and having a single phase exciting
winding on an "H" form rotor, with a three phase distributed winding on the stator. It is used for
general purposes, mainly for transmitting to magslip receivers.
A .P.10738
14. The windings of this transmitter are suitable for operation on 20 volts, 1100 cycles supply
and the transformer ratio of stator to rotor is the same as for the 3 in. coincidence transmitter, type
A.P.10428. The rotor stampings are skewed to reduce "cogging". The magslip is otherwise as
type A.P.6550, but it is used in conjunction with the coincidence transmitter, type A.P.10379, and
valve amplifiers for remote power control.
A.P.10739 (Coincidence)
15. This element has a three phase, distributed winding on the stator and a single phase distributed winding on a slotted rotor, both wound to suit 333 and 1100 cycles operation. No binding
wire is used on the rotor. It is used in conjunction with the type A.P.10738 transmitter for smote
power control.
A.P.10873 (T.R.E., No. 11f)
16. There are two phase distributed windings on the stator and a single phase distributed
winding on the rotor of this transmitter. The rotor winding connections to the terminals are made
by means of ligaments and the rotor movement is limited to approximately ± 180 deg.
A.P.10874 (T.R.E., No. 11c)
17. This is a modified version of type A.P.10873, fitted with slip-rings for complete 360 deg.
rotation of the rotor and a commutator to give an "ON" contact for 180 deg. (± 7 deg.) of the rotor
movement, and an "OFF" position for 180 deg. (± 7 deg.). It is usually employed as a goniometer
for high speed operation and is suitable for frequencies up to 10,000 cycles per second, similar to type
A.P.10748, but for smaller outputs.
A.P.10875 (T.R.E., No. 12)
18. This transmitter is identical with the type A.P.10873, but it is fitted with light friction
slip-rings in place of ligaments for use where continuous rotation is required.
Hunters (3 in. diameter)
A.P.6548
19. This model is known as a free hunter, i.e., there are no centring springs for the arm. It
has three phase distributed windings on both stator and rotor, which are excited from the stators of
3 in. transmitters when the hunter is in service. It is normally used for general purposes such as the
operation of sensitive valves in oil unit power control systems. Now superseded by the type
A .P .6548B .
A .P .6548B
20. Centring springs are fitted to the operating arm of this hunter. The arm is constructed so
that the position of the operating lever can be changed for either right or left hand operation. Otherwise this machine is the same as the type A.P.6548.
A.P.10854
21. This hunter has been designed for use in cases where the complete rotation of the rotor
is required and light drive slip-rings are fitted instead of flexible connections. Apart from the sliprings this hunter is identical with the type A.P.6548B.
A .P .10864
22. A d.c. input is required for this hunter which has a permanent magnet stator and a spring
centered moving coil assembly on the operating spindle. It is employed in conjunction with a magslip
rectifier, to operate the pilot valve of an oil unit where low inertia and quick response is required.

Hunter (2 in. dia.)
23. This hunter is similar to A.P.6548B, but fitted with 17 cycles centring springs and magneto
type bearings in place of "free" bearings. It has been designed for oil unit control necessitating
high resetting rates.

Receiver
A.P.6549
24. This element has a three phase, distributed stator winding which is excited from A.P.6547
or A.P.6550 transmiti er staters, a specially shaped rotor and a polarising winding excited from a
50 volt, 50 cycles, single phase supply. It is fully described in Chap. 4 of this Section, and is used
for indication purposes.

Rectifiers
A .P.10850
25. The stator of this magslip is wound for a 3 phase, 50 volt, 50 cycles supply and has a squirrel
cage rotor with a polarising permanent magnet. The d.c. output is obtained by means of a commutator rectifier mounted on the extended rotor shaft. It is used to convert the a.c. output of a
coincidence transmitter to d.c. for the operation of a moving coil hunter (A.P.10864).
A .F.10863
26. This magslip is similar to type A.P.10850, but the stator winding is suitable for a 230 volt,
3 phase, 50 cycle supply. Its application is the same as for type A.P.10850.
SERVICING
27. Reference should be made to Chap. 4 of this Section for details of the servicing of this
equipment.
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Introduction
1. The "M" type motor and receiver are Admiralty designed step-by-step instruments for the
transmission of movement indication to a remote position. The information is transmitted in the
form of angular movement, from one position to one or more other positions. The system consists
essentially of a transmitter, which is either turned by hand or is geared to a mechanism whose movement it is desired to transmit, and one or more receivers electrically connected to the transmitters.
The electrical transmission received is arranged to move a pointer over a suitably graduated dial so
that from this dial it is possible to read off the movement made by the transmitter. The information
passed by these instruments is often in connection with the movement of aerial arrays but there are
many other applications.
DESCRIPTION

Transmitter
2. The transmitter is actually a rotary switch constructed in the form of a drum mounted on a
shaft which is supported in two ball bearings. The drum shaft is turned by an amount equal to
the movement it is desired to transmit and as a result electrical impulses are sent away to the receivers
by means of line wires. The drum is built up of phosphor bronze or monel metal segments of a particular shape which varies according to the type of transmitter, each segment is insulated from
its neighbour and from the shaft upon which it is mounted. Bearing upon the drum are
five Morganite brushes; two of them connected to the positive and negative supply of a 20-volt system
and the other three connected to the line wires connecting the receivers with the transmitter. When
the transmitter drum is revolved the three line wires are connected in sequence to the positive and

Fig. 1.—"M" Motor transmitters

negative supply as follows :—Each line wire is connected in turn to positive for five impulses and then
to negative for five impulses with a complete break between the two sets of five impulses. The
break is brought about by the fact that the segments on the drum are separated by small insulated
islands upon which the line brushes bear in certain positions of the transmitter drum. Without
these islands it would be possible for the line brushes to cause a short circuit between the positive
and negative segments of the drum as it revolved. The total number of combinations of impulses,
or steps as they are called, transmitted for each revolution of the drum varies with the type of transmitter and may be either 12 or 24.
3. .The above description refers to the drum or rotary switch type of transmitter which is
used for all normal "M" transmissions. There are a number of different varieties of drum type transmitter and they are distinguished by mark numbers; they differ in size, number of impulses
transmitted per revolution of the transmitter shaft, and in the number of brushes bearing on the
drum. They will each carry a certain number of receiver motors per set of line wires. This is fixed
by the amount of sparking that takes place across the brushes and drum due to the inductive nature
of the receiver motors, and by the size of the brushes and contact surface.
Receiver motor
4. If an "M" type transmitter is turned smoothly and steadily in a given direction a receiver
motor connected to it will turn and follow the movement but it will proceed in a series of jerks or
steps, hence the name step-by-step. Receiver motors are of two main types—two-pole and four-pole.
The value or size of the step depends upon the number of poles and is 30 deg. for a two-pole and 15
deg. for a four-pole receiver. This step value of 30 deg. or 15 deg. is the movement of the motor
rotor for each change in the sequence of impulses from the transmitter. lot will be seen, therefore,
that it requires 12 changes in the sequence of impulses from a 12-step transmitter to turn a two-pole
motor one revolution and 24 changes to turn a four-pole motor the same amount. The motor consists
of a cylindrical brass casing )with two end plates to carry the ball bearings which support the rotor
spindle. One end-plate carries the three terminal blocks to which the line wires are connected. Inside
the brass casing is a slotted laminated iron stator, secured in place by a grub screw, which can be
seen on the outside of the casing. The winding is arranged in the slots of the stator and consists of
a number of coils, star connected, the outer ends of the coils being connected to the three terminal
blocks on the end plate, and so to the line wires. The number of coils is six in a two-pole and twelye
in a four-pole motor. The coils are connected in three sets of two in series in the case of the twopole motor and in three sets of four in series in the case of the four-pole motor. The arrangement of
the coils produces a number of magnetic poles inside the stator tunnel when current flows through
them, so that when the transmitter is turned, these magnetic poles move around the inside of the
stator tunnel. In this way a rotating magnetic flux is produced.
5. The rotor is of cylindrical shape and is carried on a steel shaft supported by the ball bearings in
the end plates of the casing, the clearance between rotor and stator being small in order to minimise the
reluctance of the magnetic circuit. The body of the rotor is buqt up of magnetic iron cheeks and a
centre core, between which are alternate layers or laminations of magnetic iron and aluminium sheets.
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The reluctance of a magnetic path through the rotor is a minimum when the flux is in line with the
laminations and a maximum when the flux is at right angles to them, and, as a result of this construction the rotor will always turn to offer the path of least reluctance to the stator flux and thus follow
the movement of rotating magnetic field. The aluminium laminations act as conductance of low
resistance in the rotor and eddy currents flow in them whenever the magnetic flux is not exactly
in line with the laminations. The effect of these eddy currents is to produce magnetic poles in the
rotor which interact with the main flux and assist to turn the rotor laminations into line with the
main flux. In this way, the general effect of these laminations is to provide additional torque and
to make the motor more positive in action. They also prevent lag or over run of the rotor on the
magnetic field. The construction of the rotor for a two- and four-pole motor and the disposition
of the stator coils is shown in fig. 6 and 7. Motors with different values of torque are given different
mark numbers.
Principle of operation
6. If an "M" type transmitter is revolved once a sequence of energisation is transmitted to the
line wires. This sequence is tabulated below:—

STEP
LINES
1

1

2

3

4

+

+

+

0

+

+

2

0

3

—

5

6

7

8

9

—
+

+

+

0

—

0

+

+

+

10

11

12

0

+

+

—

—

—

+

+

0

It will be seen from this table that alternate steps consist of three- and two-line energisation, the
second set of six steps being the same as the first six with the direction of current reversed. Transmitters which send out 24 impulses per revolution repeat the 12 impulses during the second halfrevolution. If a receiver motor is connected to the line wires from a transmitter, current will flow
through the stator windings in a certain direction, dependent upon the polarity of the supply to the
different line wires. The total current taken from the 20-volt supply depends upon whether the
transmitter is on a two- or three-line energisation step, the current flowing being greater with two-line
than with three-line energisation.
Current distribution in motor stator coils
7. The resistance of the stator windings of different types of motors naturally varies and consequently the stator current also varies. Taking one particular example, the two-pole Mk. XII motor,
which has six stator coils, has a resistance between any two terminals of 40 ohms. If a motor of this
type is connected to a transmitter that is placed on step 1 as given in the table in para. 6, current
will flow in the stator coils in a certain direction and the value will be as shown in fig. 2. Each pair
of stator coils has a resistance of 20 ohms so that the total resistance in circuit with the transmitter
on step 1 is 30 ohms and with a 20 volt supply 0.6 amps will flow in line 1 pair of coils, this current
will split at the star connection and return to negative with 0.3 amps through each of the line 2 and
3 pairs of coils. Six consecutive steps with current distribution and resultant stator coil magnetic
polarity are shown in fig. 2. It will be seen that the total current taken from the supply fluctuates
between 0.5 amps. 'and 0.6 amps. on alternate steps.

Production of a rotating ma&netic field
8. Fig. 3 illustrates how the magnetic field which is produced by the current distribution in
the stator coils changes during a sequence of six consecutive steps. The stator coils in fig. 2 are
numbered and are given a polarity according to the direction of current flow. In fig. 3 the motor
stator is shown with the magnetic poles due to current in the stator coils in their relative positions
and numbered to correspond with fig. 2. It will be seen that, for each step of the transmitter, the

resultant flux across the stator tunnel moves onward 30° and the rotor will move with the flux the
same amount. If the transmitter were revolved in the opposite direction the sequence of energisation
would be as follows :—

STEP
LINES
1

1

12

+

11

10

+

0

9

0
0

+

+

7

6

5

4

3

2

0

2
3

8

+

+

+

-t

+

+

0

Fig. 2.—Current distribution and resultant magnetic polarity in stator coils of Mk. XII two-pole
"DV motor

0
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It will be seen from this that each step energisation remains the same, but that the transmitter sends
out the steps in the reverse order. The result of this is that current flowing in the stator coils produces
a magnetic flux which moves around the stator tunnel in the reverse direction. The rotor follows this
flux and therefore moves in one direction or the other according to which way the transmitter is
turned.

(a)

( b)

(d)

(e)

(f

Fig. 3.—Rotating magnetic field produced by current distribution in stator coils during the six consecutive
steps as shown in fig. 2
Four-pole "M" type motor
9. A glance at fig. 6 and•7 which depict the stator windings of a two- and four-pole motor, will
show that the coils of the stator of a four-pole motor span 90 deg. of the stator instead of 180 deg.
as in a two-pole machine. The four-pole rotor thus has four paths of low reluctance instead of two as
in a two-pole rotor. Each line has four coils in series—two pairs instead of one—consequently for a
given transmitter step, there will be twice as many magnetic poles produced in the stator of a fourpole motor. As a result of this, and due to the fact that the stator coil pitch and rotor pitch is halved,
the movement of the rotor is also halved and it moves in steps of 15 deg.
Speed of working
10. The maximum speed of transmission of the system is governed by the effect of inductance
on the rise and fall of current in the motor stator coils. Inductance will have its greatest effect when
the rate of change of current in the stator coils is at its maximum; this occurs when the transmitter
is being turned its maximum speed. A point may ultimately be reached where the back E.M.F. of
self inductance in the stator coils prevents the current rising to a value sufficient to provide the torque
necessary to keep the rotor turning at the high speed at which the flux is rotating. To sum up, it
may be said that if the transmitter is turned at a very high speed, the flux will continue to rotate at
that speed but will be reduced in value with the result that the torque will fall and the rotor will
eventually refuse to follow the flux. The system of "M" transmission will work satisfactorily up to
a transmitter speed of 200 steps/sec.; however, the normal working speed is limited in practice to

180 steps/sec. and where transmitters are driven by synchronous units the driving motor speed is
limited so that the transmission speed does not exceed this figure. Transmission at 180 steps/sec. is
equivalent to a speed of 450 r.p.m. in a four-pole motor and 900 r.p.m. in a two-pole motor.

Fig. 4.—"M" Motor receiver

Effect of inductance on the transmitter
11. In addition to limiting the speed of transmission, inductance has another unwelcome effect
on the transmission in that it increases wear and tear on the transmitter drum. Each pair of stator
windings is connected between two line wires and so the back E.M.F. of self induction in the coils
will be carried via the line wires back to the transmitter, and will be apparent in the form of a spark
between the drum and the line brushes. This would cause burning of the transmitter drum
if condensers were not used to reduce the size of the spark. The size of the spark will naturally increase
with the number of receivers connected to the transmitters, and in practice the number of receivers
is limited for a given transmitter even with condensers connected. Three types of condensers are
used in connection with "M" type transmission, they are as follows :—
A.P.3435
A.P.1163
A.P.1164

. 500 ptF
80 juF
- 2 itF

Electrolytic
Static

' 25 volts working
25
„
„
„
25

Static condensers are connected between lines in delta as shown in fig. 5. Delta connection is unsatisfactory for electrolytic condensers as they must always be connected to terminals of the correct
polarity, the condenser terminals being marked positive and negative. If they are connected to
the wrong polarity the condenser will be damaged- and its efficiency reduced. Electrolytic condensers
are connected in star between lines for this reason and all positive terminals are connected to lines
and negative terminals to the common star point as shown in fig. 5. It should be noticed that the
working voltage of these condensers is only 25 volts and they will probably break down to earth if
high test voltages are used; for this reason the condensers should always be disconnected when testing
an "M" type circuit with a "Megger" or insulation resistance tester.

Electrical separation
12. ".M" type transmitters, depending upon the type, will operate from 4 to 12 receivers. If
more than this number are required a second transmitter is geared to the first and the additional
receivers are connected to this. This is advantageous in that it gives electrical separation, each transmitter having its own supply fuses, so that if a fault develops on one receiver it can, at the most,
only affect receivers connected to that transmitter.
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LINE I
FROM TRANSMITTER
LINE 2

T

LINE 3

T

DELTA CONNECT ION FOR STATIC CONDENSERS
LINE I
FROM TRANSMITTER

TO RECEIVERS

LINE 2

LINE 3

STAR CONNECTION

STAR CONNECTION FOR ELECTROLYTIC CONDENSERS
Fig. 5.—Connections for condensers
Lining up the transmission
13. The main disadvantage of the transmission is that it is not self-aligning and therefore
requires lining up before use and also, in the event of failure of power, all receivers get out of line. This
being so it becomes necessary to adopt a certain convention and to have a certain routine for getting
receivers into line. It should be remembered that we usually have more than one receiver on each
transmitter and for this reason it is necessary to ensure that when the transmitter is in a certain
position, or in other words, on a certain step, we must have the same stator coils energised in all
receiver motors; if this were not so the rotors in the different motors would not be in the same relative
position. All "M" type transmitters have two or four lining up positions, 12-step transmitters have 2,
and 24-step transmitters 4 lining up positions. The transmitter is said to be in its lining up position
when the drum is feeding line 1 positively and lines 2 and 3 negatively, or alternatively, line 1 negatively
and lines 2 and 3 positively, this is so because it represents the same position of the magnetic flux in
the receiver motor although the direction of the flux is reversed. Direction of flux is immaterial
as the rotor is not polarized and occupies the same angular position in either case. It will be seen
from the table of steps in para. 6 that the lining up energisation occurs twice in each revolution
of the drum for a 12-step transmitter, that is, on steps 1 and 7. On a-24-step transmitter the lining
up energisation occurs on steps 1, 7, 13 and 19. The routine for lining up the transmission consists
of first putting the transmitter to the lining up position and then setting the rotor of the receiver
motor to a predetermined lining up. position when all rotors will occupy the same position relative to
their stators.
14. This general statement must be modified because there are several different arrangements
of transmitters and receivers; in the case of transmitters it will be found that they are sometimes
geared to a mechanism that restricts their total movement to so many revolutions and that the movement is arrested by stops at each end of the travel; other transmitters are connected to a mechanism
which may be placed in the lining up position by bringing a pointer to a lining up mark but which is
unrestricted as regards its total movement: we call these two arrangements restricted and unrestricted transmitters. The same arrangement is fitted for receivers, they may be restricted and
only able to rotate between the limits set by two mechanical stops; or unrestricted, in which case
they rotate an unlimited amount but must be brought to the lining up mark or position by some

ALUMINIUM

I RON

Fig. 6.—Arrangement of windings and laminations—two-pole motor

ALUMINIUM

IRON

Fig. 7.—Arrangement of windings and laminations—four-pole motor
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external means, this is usually a knob fitted on the case of the receiver which can be engaged with
the rotor spindle of the motor to turn it to the required position; after use it can be disengaged.
Either of the two types of transmitters may be used to operate either of the two types of receiver and
the lining up procedure will be determined by the combination in use. It is arranged that when a
transmitter is geared to a director, fire control table, or any other form of mechanism, the transmitter
is in its electrical lining up position, with the correct energisation when the driving mechanism is
at its predetermined lining up position, this position varies with the type of information being passed,
but is sometimes denoted by a red cross engraved on the dial.
Summary of lining up routine
15. Lining up routine may be divided up into three groups, these are :—
(i)

Restricted transmitter controlling restricted receivers
Supply switches closed, then transmitters through full limits from stop to stop, this
will bring transmitter and all receivers to their stops together and automatically lines
up the transmission.

(ii)

Unrestricted transmitter controlling restricted receivers
Supply switches closed, turn transmitter in one direction until all receivers click on
stops, now turn transmitter in opposite direction until receivers click on stops, all
receivers will now be in line.

(iii)

Unrestricted transmitter controlling unrestricted receivers
Supply switches open, put mechanism which drives transmitter to lining up position,
line up all receivers by means of lining up knob. Close supply switches and receivers
should remain in lining up position and not jump.

Reversing of ".1V1" motors and stepping of lines
16. The lines from transmitters to "M" motors should be connected in sequence throughout the
installation, all lines 1 being connected together, lines 2, lines 3 and so on. If this is done, then
providing the appropriate routine in para. 15 has been carried out, all the motors will be in the lining
up position when the transmitter is also in the lining up position, and current is switched on. If
there are mistakes in the connections certain inaccuracies in lining up will occur and these may be
tabulated as follows:2-POLE "M" MOTORS
LINES

RESULT

1 and 2 reversed

Motor runs in wrong direction and lines up two steps or 60° out in an
anti-clockwise direction.

1 and 3 reversed

Motor runs in wrong direction and lines up two steps or 60° out in a
clockwise direction.

2 and 3 reversed

Motor runs in wrong direction but lines up correctly.

Stepped up 1-2, 2-3, 3-1

Motor runs in correct direction but lines up two steps or 60° out in a
clockwise direction.

Stepped down 1-3, 3-2, 2-1

Motor runs in correct direction but lines up two steps or 60° out in an
anti-clockwise direction.

Stepped up or down twice

Stepping up twice is the same as stepping down once and stepping down
twice is the same as stepping up once and gives the same results.

With a four-pole motor all the above results will be experienced, but as the step value is only 15' the
rotor will be 30° out instead of 60° when the connections are wrong.
17. In a four-pole Mk. III "M" motor the motor is correctly lined up when the driving clutch is
either in line with or at right angles to the register pin on the motor casing. This register pin
engages with a keyway in the motor housing and therefore determines the position of the motor and
its rotor driving clutch with relation to the female portion of the clutch inside the motor housing.

SERVICING
Transmitters
18. The sparking that occurs at the transmitter brushes, even when the condensers are used,
causes a certain amount of pitting at the edges of the transmitter contacts segments. The effect of
this pitting is to reduce the percentage brush contact per revolution, and it eventually becomes
necessary to skim the drums in a lathe to remove the pitted portions, for this reason all transmitters
are designed to allow for the removal of a certain amount of metal before they are condemned as
worn out. The minimum diameters to which the various transmitters may be skimmed is given in
O.U. 6242 (R): when these minimum diameters have been reached the drums must be condemned
and replaced. Drums should not be skimmed unless the pitting is really serious and they should
acquire a hard bronze polish like a commutator in use, if the surface should get rough it should be
polished with crocus paper, care being taken to remove all dust with a clean dry rag. No lubricant
should be used on the drum. The slots between drum segments should be kept clear of dirt and carbon
dust by means of a soft brush or match-stick. A "Megger" should be used to test between the different
segments and insulated islands on the drum and it is more convenient to remove the drum from
the larger types of transmitters for this purpose. The transmitter drum shaft is supported in a
pair of ball bearings in all types and these should receive one or two drops of light oil quarterly, taking
care that an excess of oil does not run on the drum surface. Before removing transmitter drums or
transmitters complete it is best to place the gear in the lining up position, this facilitates removal
and replacements. Brush tension should be kept to the required figure but there is no adjustment
for this on some transmitters and in such cases springs must be replaced if they become weak; one
cause of low brush tension is excessive wear of the brushes and the length of the brush should always
be checked when low brush tension is suspected.
"M" type motors
19. All receiver motors should be removed from their housings and stripped periodically.
During this examination the following points should be checked.
(i) Insulation to earth of stator windings should be at least two megohms.
(ii) The rotor, rotor shaft and coupling and tunnel of stator should be free of any signs of
rust.
(iii) There must be no exudation of insulating varnish from stator windings.
(iv) Bearings should be free, if they are not they should be washed out with petrol and
lubricated with a few drops of thin oil.
Whenever an "M" motor is removed from a housing for overhaul, care should be taken to see that the
watertight washer on the housing cover •is perfect and of the correct thickness. If the washer is too
thick it will be found that the lining up clutch will not engage correctly.
20. A "Megger" insulation test should be made on all "M" type circuits every month and the
all-in reading should be at least 250,000 ohms, but don't forget to disconnect the condensers.
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(Stores Ref. 42EE/19)
LIST OF CONTENTS
Introduction
...
...
Regulator characteristics ...
Description
...
...
Carbon pile...
...
Stabilising transformer
Operating coil
...
...
...
...
Temperature compensating resistance ...
Voltage calibrating rheostat
...
...

Para.
1
3
4
5
7
8
9
11

Installation
Servicing—
Carbon pile
...
Control spring tape
Voltage calibrating rheostat
Regulator operating coil
Stabilising transformer ...

•••

Para.
12
13
17
19
20
24

LIST OF ILLUSTRATIONS
Fig.
1
2
3

Front view of panel
Side view of panel...
Circuit diagram ...

Introduction
1. This automatic voltage regulator, which is referred to in Sect. 1, Chap. 4, is mounted on
the switchboard of the 1.25 kVA Higgs alternator. The regulator is a self-contained unit mounted
on a panel of heat-resisting insulating material with removable front and back brass covers finished
matt-black.
2. The general arrangement of the regulator and panel is shown in fig. 1 and fig. 2 and the
description which follows will be better understood by a preliminary study of these two illustrations
and also of the circuit diagram in fig. 3.
Regulator characteristics
3. This regulator differs from many other types in that instead of a dashpot being fitted, a
stabilising transformer is incorporated to prevent surging of the current due to changes in the
generator speed or load. General characteristics of this regulator are as follows :—
Rating at maximum resistance
Rating at minimum resistance
Regulated volts ...
Pile circuit series resistance
Pile circuit diverter resistance ...
Transformer primary coil resistance
Transformer secondary coil resistance

. • •
• . •
• • •
• • •
• • .
• • .
• • •

9 watts at 90 ohms (warm)
18 watts at 3 ohms (warm)
220
15 ohms
100 ohms
26 ohms at 20°C.
158 ohms at 20°C.

1DESCRIPTION
4. The regulator is provided to control the a.c. line voltage by varying the current in the
exciter field. The resistance medium for this purpose consists of a carbon pile connected in series
with the field, the two in series being connected across the exciter armature.
Carbon pile
5. The carbon pile consists of a stack of carbon rings or washers supported on an insulated
rod; it is normally held in compression, and therefore in a state of minimum resistance, by a control
spring. The magnetic pull of the operating coil is in opposition to the pressure of the control spring,
and tends to decompress the pile, thus increasing its resistance.

TRANSFORMER
BALANCING
RESISTANCE

OPERATING
COIL

ROTOR
BEARING
BRACKETS

VOLTAGE
CALIBRATING
RHEOSTAT

Fig. 1.—Front view of panel
Key to Fig. 1 and 2
1.
2.
3.
4.
5.
6.

Pile screw (top)
Pile fixing screw (bottom)
Overhead lever locknut
Adjusting rod locknut
Adjusting rod locknut
Screw securing central iron
core of operating coil

7. Control spring locknut (top)
8. Control spring locknut (top)
9. Control spring locknut
(lower)
10. Control spring mandrel cap
nut
11. Adjusting screw of voltage
calibration rheostat
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Fig. 2.—Side view of panel

6. A rise in alternator voltage will consequently result in an increase in the pile resistance
and so produce a reduction of the exciter voltage, which in turn will bring the alternator voltage
down again to the correct level. The reverse applies should a reduction occur in alternator voltage
due to speed or load variation.

Stabilising transformer
7. To prevent the exciter voltage varying too rapidly on change of load or speed, a stabilising
transformer is installed, having a primary winding energized by the exciter and a secondary winding
in series with the regulator operating coil. The voltage developed in the secondary winding slows
up the change in the current flowing through the regulator coil and prevents hunting of the regulator
about its mean position.

Operating coil
8. As will be seen from the circuit diagram, fig. 3, the operating coil of the regulator is
connected across the output of the alternator. In series with it is a rectifier, the secondary of the
stabilising transformer, and two resistances, one being a temperature compensating resistance and
the other the voltage calibrating rheostat.

Temperature compensating resistance
9. On the back of the panel (shown in fig. 2) will be found the special temperature compensating
resistance. This, as indicated in para. 8, is in series with the operating coil and, together with the
voltage calibrating rheostat, absorbs approximately three quarters of the line voltage, and consequently
the operating coil of the regulator works at approximately a quarter of the line voltage.
10. This temperatue compensating resistance is composed of thin discs of a material which
has a negative temperature coefficient of resistance, sandwiched between steel spacers, and is
completely enclosed in a grey painted metal case. No attempt should be made to renew individual
discs, which required careful matching to obtain the desired temperature compensating feature.
Complete assembled units can of course be renewed if necessary.

Voltage calibrating rheostat
11. The voltage calibrating rheostat is mounted near the bottom of the panel with a screw head
(11, fig. 2) projecting through an engraved circular plate on the front of the regulator. Before it
leaves the makers' works the automatic voltage regulator is adjusted to give the correct a.c. voltage
of 220 on full load, when the equipment is warm. When the equipment Is cold the voltage may be
slightly different. Any slight adjustment can be made by means of the screw (11). The engraved
plate indicates which way to turn the screw to raise or lower the voltage.
INSTALLATION
12. It is advisable the regulator should be given a preliminary trial at reduced loads and a
check made to see that it is operating with freedom and precision. The load should then be gradually
increased with frequent checks made at various stages and loads up to the maximum. Under all
conditions the regulator should respond with decision.
SERVICING

Carbon pile
13. After a short initial period of use the pile may shorten slightly due to a settling down
process of the carbon discs. To check that this is in correct adjustment, the regulator should be
examined at rest and when cold. A white knife edge on the crank beneath the carbon pile will be
observed and this must be in alignment with the white line drawn on the bearing casing adjacent
to the crank on the left-hand side. If this knife edge is not in register with the line the locknut
(3, fig. 1) on the overhead lever at the top of the pile should be slackened off and the adjustment
effected by manipulation of the two nuts (4) and (5) fig. 2. The locknut (3) must be tightened up
after the adjustment has been made.
14. Under no circumstances should any attempt be made to renew individual carbon discs.
Deterioration takes the form of burning or softening of the carbon. A pile in good condition will
have a feeling of gritty hardness. A new complete pile assembly, Stores Ref. 42EE/20, should be
fitted when there is evidence of deterioration. These are supplied complete with a new pin
and washer packed in wadding in a sealed tin. A small instructional sheet is also enclosed.
15. To remove a faulty pile :—
(i) Disconnect the pile leads from the terminals
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(iii)
(iv)
(v)
(vi)

Remove the locknut from the top pile screw (1, fig. 2).
Bend down flat the locking washer under the bottom pile screw head (2).
With the thumb of the right hand push up and hold the pile operating crank, and remove
the bottom pile screw with the left hand.
Release the crank and hold the pile.
Remove the top pile screw and lift the pile out.
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Fig. 3.—Circuit diagram
16. To insert a new pile:—
(i) Place the new pile in position, insert and tighten the top pile screw.
(ii) With the thumb of right hand push up and hold the pile operating crank; insert the new
bottom pile screw and locking washer supplied with the pile; tighten the screw and bend
the washer down over the flat edge of the crank, and up over one of the flats on the head
of the screw.
(iii) Tighten the top pile screw locknut.
(iv) Connect the. leads and arrange them so that the collecting rings ride level when pile is
operated.
(v) Adjust the pointer on the crank to the white line on the bearing housing as follows:—
(a) Slacken the nut (3).
(b) Slacken the upper nut (4) on the adjusting rod.
(c) Adjust the pointer by means of the lower nut (5).
(d) Lock the upper nut (4).
(e) Lock the nut (3).
Control spring tape
17. To renew a damaged bronze tape, the control spring should first be released to relieve the

spring tension, which is done by unscrewing the nuts (7) and (8) at the top of the control spring
mandrel. Care must be taken not to disturb the cap nut (10) at the lower end of the mandrel, as
this determines the number of fixed turns of the threaded mandrel. The new tape is then secured
to the crank by the small cheeseheaded fixing screw, which must be locked in position; then the
eyelet end of the tape is threaded over the hook of the control spring.
18. The tension of the control spring must now be adjusted under load conditions. A low
reading ammeter should be connected between one of the coil leads and its terminal, and it will be
found that adjustment of the nut (8) to increase or decrease the spring tension will be accompanied
by variation in the value of coil current. The correct value of current in the coil when the regulator
is operated with the correct spring tension is 0.092 amps. When this adjustment is achieved, and
before the regulator is left to its own devices, the locknut (9) under the bracket should be firmly
secured to prevent disturbance by vibration.

Voltage calibrating rheostat
19. If a voltage calibrating rheostat fails it should be replaced by a new complete rheostat,
including adjusting screw. The method of replacement is very simple, as it is only necessary to
disconnect the leads at the top and to remove the four fixing screws which secure the bracket to the
panel.

Regulator operating coil
20. To renew the operating coil, the tension of the control spring must first be released by
unhooking the spring from the bronze tape. Disconnect the leads and remove the screw (6) securing
the central iron core. This screw will be observed in a hole recessed in the face of the magnet yoke.
In this operation the brackets housing the rotor bearings can be loosened by a twisting movement
on their spigot. The front portion of the magnet yoke can then be removed.
21. Great care must be taken to see that the end of the core is not damaged, and that the
non-magnetic shim if fitted between the core and the yoke is neither lost nor damaged, as it must be
put back on re-assembling.
22. Finally, the bronze tape should be carefully replaced upon the hook of the control spring,
and if the adjusting nuts on each side of the supporting bracket have not been disturbed no further
adjustment of the control spring tension should be necessary.
23. The resistance of the coil at 20°C is 326 ohms.

Stabilising transformer
24. The stability of the voltage regulator is achieved by the stabilising transformer and
particular attention should be paid to the rotor, which should move decisively and have no tendency
to hunt when the load is switched on and off. An adjustment to obtain greater stability can be made
to the transformer in two ways.
(i) By the re-adjustment of the balancing resistance.
(ii) By the adjustment of the air gap in the core of the transformer. If adjustment of the
balancing resistance does not prove effective in giving good stability it may be because
the transformer is not correctly adjusted in relation to the time constant of the alternator
and its exciter, and it will be necessary to make an adjustment to the air gap.
25. The air gap is set by the insertion of thin packing strips of non-magnetic material, such
as brass or leatheroid. This packing can be readily inserted by slacking off the clamps and prising
the core apart at the gap with the edge of a knife blade. The core can be held apart for altering
the thickness of the packing, the lower part being held down by hand and the upper part held up
by lifting the transformer coil. On completion of the adjustment, the top part of the core should
be pressed down by hand until the stampings bed properly, and the clamps re-tightened.
26. Apart from this adjustment of the air gap, no other servicing should be attempted, but
the complete unit renewed if faulty. To remove the stabilising transformer :—
(i) Disconnect the transformer coil leads.
(ii) Remove the plate marked P1 P2 Si. S2.
(iii) Take off the nuts on the pillars at each corner of the transformer and remove the clamping
strips.
(iv) It is now possible to remove the coil and stampings as one unit.
27. No colour scheme is used to differentiate between the primary and secondary windings
of the stabilising transformer. The following resistance values will enable them to be identified.
The approximate cold resistance of the primary winding is 26 ohms and the secondary winding
158 ohms.
28. If at any time the polarity of the excitation circuit should become reversed following a
fault in the main circuit, violent hunting will result and it will be necessary to reverse the connections
P1 and P, on the primary of the transformer.
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CHAPTER 2
STONE'S VOLTAGE REGULATOR, Type VS/75/18M
Introduction
1. The automatic voltage regulator, type VS/75/18M, is used with the Met-Vick 20 kVA Mk. II
generating set described in Section 1 of this publication. Of the carbon pile type, the regulator is
used for maintaining constant the voltage of the alternator under varying conditions of load. Access
to the regulator, when used with the above equipment, is through the,end cover on the right-hand end
of the switchboard, inside which it is mounted. A switch is provided in the circuit of the Mk. II
set which serves to isolate the voltage regulator if it should require adjustment whilst the switchboard
is in commission.
Regulator details
2. Details of the automatic voltage regulator will be found in table 1:—
Regulator type ...
Specification Number ...
Coil current
Minimum resistance ...
Maximum resistance ...
Dashpot setting...
Setting of regulator

SIDE

TABLE 1
•••
•••

V5/75/18M
T.R.560
0.265 amperes
2.3 ohms -1
- cold
215 ohms 5
18 seconds
230 volts

FRONT

Fig. 1.—Voltage regulator, type VS/75/18M
DESCRIPTION
3. An illustration of the automatic voltage regulator appears in fig. 1 The carbon pile of the
regulator is connected in the exciter field circuit and, by varying the pressure on the stack of carbons,
the resistance included in the exciter field circuit is varied. The pressure applied is controlled by
a rotary type magnet system which is energized through rectifiers by the alternator output. The
rectifiers are housed in the regulator base at the back of the panel. As long as the alternator output
voltage is equal to the correct figure, the rotor of the magnet system is stationary and a balance of
the controlling forces exists. Movement of the rotor varies the pressure on the carbon pile, which
is normally maintained in compression by a helical spring, through a crank and push rod.
Unbalance of the magnet system causes the rotor to move and, consequently, varies the resistance
of the carbon pile. This variation of resistance, and the resultant change in the exciter field current,
is effected in such a way that the regulator excitation is returned to the correct value for the restoration
of the balance of forces in the regulator. Any tendency for the alternator voltage to vary from the
value at which the regulator has been calibrated results in a movement of the rotor which automatically
maintains the alternator output at the correct figure.
4. The voltage calibrating resistance is designed to vary the level of the regulated voltage, and
the screwdriver adjustment is so arranged that it can be operated IA ithout removing the cover. The
spring-loaded dashpot renders the regulator dead beat, and it can be so adjusted that the speed of
response is suitable for the particular application to which the regulator is put. The terminal
connectors, appropriately marked, are mounted at the bottom of the panel, which is secured to the
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base by four hexagonal-headed fixing screws. A precision resistance is mounted in the base of
the unit, so arranged that the greatest possible use is made of the available rotor travel, thus contributing to the stability of the regulator. Holes are drilled for cable entry at the side, rear, and
bottom of the base. A threaded pillar affords attachment for the captive nut which holds the regulator
cover in position, and an engraved plate giving details of the type, voltage, etc., of the regulator, is
located over the magnet assembly. The panel upon which the regulator mechanism is mounted is
secured to the casing by four hexagonal-headed screws, and four fixing holes for mounting the unit
are provided, one in each corner of the panel. The unit is so designed that there is no sparking,
therefore radio interference is reduced to a minimum. The regulator will withstand reasonable
vibration.
INSTALLATION AND OPERATION
5. A schematic diagram of the automatic voltage regulator and its connections in the exciter
field circuit is given in Section 1, Chap. 9 of this publication.
Adjustment
6. If it should be necessary to vary the voltage of the regulator, the slotted adjusting screw
which passes through the cover should be turned, thus altering the setting of the voltage adjusting
rheostat. In order to obtain the highest speed of response, together with the best performance
from the regulator, some adjustment of the damping system may be required. This should be
effected by running the generator at various speeds on no load, with the regulator controlling it,
when the effective length of the dashpot connecting-leaf spring can be adjusted by moving the slider
until the best position is found. The spring can be critically adjusted by observing, with a well damped
voltmeter, the voltmeter recovery when the rotor of the magnet system is pulled fully in by hand and
then suddenly released. The spring adjustment which gives the most dead-beat recovery, i.e. that
which brings the voltage back to normal with the least oscillation round the mean position, should
be adopted. It is generally best to allow the maximum length of free spring which will prevent
the regulator from hunting.
7. If, after adjusting the spring as above, the response, when throwing a load on or off, appears
sluggish, the dashpot valve screw may be opened a fraction of a turn at a time, until the desired
result is obtained. It should be noted that Ak hen making this test the load changes should be the
greatest possible. As the adjustments of the dashpot spring and the dashpot valve setting are
interdependent, the spring must be re-adjusted for each valve setting tried. Too great a valve
opening or an incorrect spring adjustment will cause hunting, and in the final setting a margin over
the minimum setting required should be allowed to give stability Care must be taken to see that
the adjustments on the dashpot valve and the adjustable block are secured by means of the locknuts
provided, and it should be remembered that, in the case of the dashpot valve screw, this must be done
each time the screw is adjusted
SERVICING
General
8. It is important that only instruments of known accuracy be used when checking the setting
of the regulators. No adjustment should be made until the instructions given in this chapter have
been referred to.
Pile wear
9. If the operation of the regulator is to be satisfactory, periodical examination for pale wear is
essential. The regulator must be switched off and allowed to cool, and if on examination of the gap
at the top of the carbon pile, it is found that the abutments are touching or very close together these
should be adjusted as described below. Loss of gap causes the minimum resistance of the pile to
rise, preventing the regulator controlling the voltage to its correct value, with the generator
running on maximum load. Too great a gap will cause loss of resistance range and possible failure
of the regulator. The pile wear gap must be adjusted at reasonably frequent intervals, these being
shorter where the regulator is subject to excessive vibration, and in any case not exceeding three
months.
Taking up pile wear
10. The set must first be shut down and the regulator allowed to cool, when the lower abutment
of the gap should be screwed back. The crank may be moved backwards and forwards once or twice
to ascertain if the lever and the carbon pile are free and then allowed to return to the stop. A 0.015 in.
feeler is provided to which the gap must be adjusted. On no account should the gap be made greater
than the thickness of this feeler, which will be found located in a clip on the pole-piece of the magnet.
Checking performance
11. After taking up the pile wear as already described, if it is possible to vary the load on the set,
the voltage at the load terminals and the operation of the regulator may be checked, and by switching

the load on and off the stability of the regulator noted. Where it is not possible to vary the load on
the set, the voltage at the load terminals, and the operation of the regulator, should be checked at
maximum load and at no load.

Pile replacement
12. Failure to control the voltage at extreme values will probably be due to a high minimum, or
too low a maximum, pile resistance. The values of these resistances should be checked, preferably
with a testmeter, with the regulator cold. Where there are only two connections to the pile the flex
connection to the bottom of the pile may be disconnected and the resistance measured between the
flex and the top terminal. When the minimum resistance of the pile is high the pile wear gap should
be checked as above, but, if the maximum resistance is low a new pile should be fitted. The minimum
resistance of the pile measured when cold is 2.3 ohms, and the maximum resistance approximately
215 ohms. If the carbon discs show signs of extreme softness or disintegration the pile should be
renewed. A soft pile can be easily recognised by scraping the finger nail very gently up and down the
pile, when it will sink into the carbon with ease.

Removing old, and fitting new pile
13. After the set has been shut down the pile flex connectors must be disconnected from the
terminal posts, when the cage containing the carbon pile assembly can be removed by withdrawing
the bearing pins at the top of the cage. The new cage and pile should then be inserted, the pins
replaced, and the flexes reconnected in such a manner that they do not constrain the free movement
of the carbons. The top fork of the pile should be free and must not rub on either side of the pile
resetting lever. Before starting up the set, the gap is to be adjusted in the manner given in para. 10
and the maximum resistance should also be checked. It is very important that these instructions
be carried out.

Dashpot
14. When the adjustments given above have been made, should the stability and performance
of the regulator still prove unsatisfactory, it will be necessary to remove the dashpot and plunger.
This can be done by withdrawing the plunger bearing pin, slackening off the dashpot nut and withdrawing the assembly sideways. The dashpot and plunger can then be cleaned with soft tissue paper
only; on no account should oil, cotton waste, or any type of abrasive be used.

Replacing a worn dashpot
15. The dashpot can be removed by withdrawing the pin fixing the plunger to the leaf spring and
slackening off the nut at the top of the dashpot. Care should be taken when fitting the new dashpot
to see that the plunger connecting rod is free in the clevis, that the pivot pin slides freely in its
bearing, and that the dashpot is in true alignment. In some cases the alignment may be improved by
turning the plunger through 180 degrees and/or turning the dashpot slightly on its axis.

Coil replacement
16. A faulty coil is usually due to an internal open circuit and in this case it will be found that
the pile lever will always be held against the stop by the control spring. To renew a faulty coil
the coil leads must be disconnected, the screws which hold the magnet core in position withdrawn
and the core and coil removed During this operation care must be exercised to see that the ends
of the core are not damaged, and it is important when replacing the coil to see that the brass shims
which are situated one at each end of the core are retained in position.

Control spring tape
17. A broken or damaged tape will result in failure of the regulator to operate. When replacing
a damaged tape, and re-adjusting the spring tension, the upper nut on the spring anchorage must be
slackened off to relieve the tension on the tape. After the screw holding the tape to the crank is
withdrawn the tape may be slid off the control spring. It is essential that the fixing of the control
spring to the screwed mandrel remains unaltered. The new tape is fitted and the tension re-adjusted
as follows. An ammeter should be inserted in the shunt coil circuit of the regulator and the, tension
on the tape adjusted by means of the upper and lower nuts on the spring anchorage until the meter
reading agrees with the value given in the table to be found in para. 2 with the regulator operating
within its normal range. Clockwise rotation of the upper nut will increase and counter-clockwise
rotation will decrease the coil current. It must be ascertained that both the nuts are securely
tightened before putting the regulator into service.

Dashpot leaf spring
18. A damaged leaf spring will probably cause the regulator to hunt, and the spring should be
replaced as follows. Withdraw the swivel pin from the dashpot plunger, release the clamp, and remove
the screws holding the spring. The new pin with swivel pin bearing may then be fitted and the
dashpot adjusted as described in para. 14.
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Introduction
1. This type of voltage regulator is used to control the output voltage of the 5.6 kVA Crompton
alternator described in Sect. 1, Chap. 5. The regulator should be capable of maintaining the voltage
within ± 11 per cent. of normal from no load to full load of the machine, although in some cases the
variation may be ± 21 per cent.

Fig. 1.—Met-Vick voltage regulator, type V.P.
DESCRIPTION
2. The regulator, which is shown in fig. 1, embodies a metal-carbon rheostat consisting of two
stacks of rectangular carbon plates.
3. Near the front of each carbon plate pad passing right through it, is a silver contact and near
the rear edge a high resistance spacer. Under each plate is a metal spacer which acts as a fulcrum
upon which the plate can be rocked. Each stack of plates can be tilted forward or backward by
means of a rod and lever pivoted at, and under, the control of a solenoid energised directly by the
A.C. output.
4. When the stacks are tilted forward there is a path of negligible resistance through the silver
contacts, but when they are tilted backwards the carbon pile resistance is inserted in the shunt
field of the exciter. Hunting is prevented by the damping action of an air dashpot, the piston of
which is flexibly coupled to the operating lever.
OPERATION
5. When the control solenoid is de-energised—or the voltage of the A.C. supply falls below a
predetermined value—the stacks are tilted forward so that silver contacts are closed and all the
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Introduction
1. The Isenthal voltage regulator is used for the purpose of maintaining a steady output
potential, voltage regulation being automatic under varying load and temperature conditions. The
regulator is of the vibrating contact type, the contacts being mechanically operated by means of
separate cams mounted on a cam drive shaft and electrically controlled by means of a solenoid. The
cam drive shaft is driven from the end of the exciter armature shaft by means of a coil-spring coupling,
the regulator being bolted down to the exciter base plate. Accessories to the voltage regulator
include a potential transformer, a metal rectifier and a ballast resistance, all of which are fixed to
the main switchboard. A diagram of electrical connections to the regulator is given in fig. 2 in which
the position of the regulator and the accessories in the system are also shown. A description of
the v9itage regulator and information for its operation and servicing are given in the paragraphs
whicli follow.
DESCRIPTION
Regulator body and cover
2. The regulator body and cover (see fig. 1) are separate castings made from a tin-lead base alloy.
The body serves as a support for a main bearing plate, a solenoid, a cam drive shaft and vibrating
contacts, whilst the cover encloses these parts when in position, an observation window being
provided in the end of the cover in order that the contacts may be seen when in operation. A switch
control is positioned in the cover with a spring-loaded spindle, the end of which engages with a
commutator-type switch. The top of the regulator body forms a seat for the solenoid which is held
in position by means of a saddle clamp, while the lower portion of the body forms the base upon which
the regulator can be mounted on the exciter base plate.
Bearing plate
3. The bearing plate is a machined aluminium casting which is held in position on the regulator
body by means of four setscrews and to which all components except the solenoid are attached. The
main bearings for the cam drive shaft are housed in a hollow boss positioned in the centre of the bearing
plate. A switch, provided for the purpose of reversing the direction of the current through the contacts, is positioned on the bearing plate below the cam drive shaft by means of a screw which enters
the plate up to a shoulder, thus permitting rotary movement of the switch commutator without
endplay. Two blocks of high-grade white fibre are bolted to the bearing plate, one on each side of
the cam drive shaft, the blocks being provided for the purpose of mounting the vibrating contacts
and the switch contacts. The blocks are held in position by means of long studs which are extended
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for the purpose of holding the cover, correct alignment of the blocks being ensured by means of
dowels. A terminal block made from litholite is held by two screws to the lower portion of the bearing
plate, the same screws serving also to hold the clips of a 2-microfarad ganged condenser of the fixed
type comprised of four sections, each of a capacity of 0.50 microfarad, situated behind the bearing
plate.
Cam drive shaft and bearings
4. The cam drive shaft is built up in two parts, one of which is provided with two main bearings
of the ball journal type concentrically mounted, whilst the other part is fitted with two ball bearings
eccentrically mounted, forming cams each with a throw of 3 mm. arranged 180 deg. apart. The
latter part of the shaft is reduced at one end to fit the hole which is drilled in the former, a taper
pin holding the two parts together. The ball races are positioned on the cam drive shaft by means
of steel collars secured to the shaft by upper pins. Felt rings are provided for the purpose of excluding
dirt from the main bearings and to retain the lubricant within the housing.
Vibrating contacts
5. The vibrating contacts consist of two pairs of contacts riveted to the ends of flat steel springs,
each pair comprising an upper and a lower contact; the contact points are 5 mm. in depth when new,
which includes a tungsten tip with a depth of 1.50 mm. The opposite end of each of the steel springs
is slotted in order that the pairs of contact points can be aligned when the clamping screws in the
fibre blocks are released. The two pairs of vibrating contacts are interposed between the solenoid
and the cam ball bearings, the lower contacts being provided with fibre heels which rest lightly
upon the outer races of the cam bearings. The upper contacts engage at the tip of the blades with
an interrupter which is operated by the solenoid.
Solenoid
6. The solenoid (see fig. 1) consists of a cylindrical steel case in which a coil, having a moving
core, is fixed. The moving core is positioned in the centre of the coil by means of two nickel alloy
diaphragms which are held one at each end of the steel case by means of clamping rings. The
core is free to move endwise, the movement being limited to 4.50 mm. by means of a brass collar
which.is fixed to the core. The core is secured at the centres of the upper and lower diaphragms,
the ends of the core being reduced in diameter and threaded to receive the washers and nuts. The
lower diaphragm is held between brass washers against a shoulder on the core whilst a dowel pin
ensures the correct alignment of the diaphragm and an interrupter which is fitted on the core below
the diaphragm. The interrupter is provided with an insulated heel by means of which the upper
vibrating contacts are regulated by the action of the solenoid. The upper diaphragm is held at its
centre on a split sleeve type nut which screws on to the core in order that the position of the upper
diaphragm relative to the lower one can be adjusted within fine limits. An external adjustment
in the form of a sleeve is provided on the solenoid for the purpose of increasing or decreasing the
effect of the solenoid on the core by varying the pressure exerted by a coil spring above the upper
diaphragm.
PRINCIPLE OF OPERATION
7. The automatic control of the alternator output given by the voltage regulator is obtained
by the effect of the current supplied by the alternator upon the regulator solenoid. Current from
the alternator is passed through a double-wound potential transformer (see fig. 2) and applied to
a metal rectifier at a pressure of from 16 to 18 volts; a ballast resistance is placed in series with the
rectifier, across the secondary of the transformer for the purpose of adjusting this voltage. This
rectified current is employed to energise the coil of the regulator solenoid thereby raising the solenoid
core by amounts varying in accordance with any increase in the alternator output. When the core
is raised the interrupter engages with the ends of the upper vibrating contacts, increasing the distance
between the upper and lower contacts and reducing the duration of contact which is due to the movement of the cams. During the time the vibrating contacts are closed, a portion of the field rheostat
is shorted, and when the contacts are opened by the action of the solenoid, the strength of the alternator
field is reduced. The solenoid controls the vibrating contacts over the full range of positions from
closed to open after the core has been raised a distance of 1.50 mm. by the solenoid coil, and as the
contacts are lifted a distance of 3 mm. by the movement of the cams a further range of movement
of 3 mm. is allowed for the solenoid core.
Operating the voltage regulator
8. The voltage regulator is coupled to the alternator and other components as shown in fig. 2
and is driven from the exciter at a speed of 1,500 r.p.m. With the regulator switch in the OFF
position the alternator output is regulated manually by means of the hand control for the exciter
field rheostat on the main switchboard. In order to obtain automatic voltage control, the output
voltage should be reduced by means of the field rheostat control to approximately two-thirds of the

specified voltage, after which the regulator switch may be switched on to either side of the central
position, and any slight adjustment that may be required made by means of the ballast resistance
control. The output voltage should be reduced as described above on each occasion after it has
been manually controlled; for a specified output of 230 volts the voltage should be lowered to
approximately 160 volts. It is essential that the regulator switch is changed over from one side
of the central position to the other for each six hours' running time in order to prevent pitting of
the vibrating contacts which would otherwise take place.
SERVICING

Lubrication
9. The voltage regulator should be lubricated in accordance with the servicing schedule as laid
down in Volume II, Part 3, of this Air Publication. The cam ball bearings require the application
of one drop of an approved light lubricant, any surplus oil being carefully wiped off. The main
bearings of the cam drive shaft should be packed with the approved grease, and in order to do this
the cover and the drive coupling sleeve should first be removed, after which the four screws which
hold the bearing plate in the regulator body should be withdrawn; these screws are positioned around
the outer edge of the bearing plate, one above, and one below, each contact mounting block. When
the bearing plate has been released the screw in the top of the bearing housing should be removed
and a small amount of lubricant applied by means of a grease gun. The bearings should not be
packed too tightly with grease or there will be a tendency for them to heat up, due to the churning
action of the grease. The screw in the bearing housing, the bearing plate and the cover should then
be replaced in position and, before the spring coupling is engaged with the cam drive shaft end, a
small amount of grease should also be applied to the spring.

Reconditioning vibrating contacts
10. The vibrating contacts should be examined frequently for signs of burning and pitting,
which result in unstable regulation and rapid deterioration of the contacts. If the contacts have
become pitted they should be refaced by means of a magneto file and for this purpose they should
always he removed from the mounting blocks, otherwise there is a danger of metal dust entering
the cam bearings. Care should be taken when the contacts are being re-faced to remove the minimum
amount of metal necessary to remove the pitting and to ensure that the face of each contact is smooth,
flat and square with its axis. After facing, the contacts should be replaced in position on the mounting
blocks and examined in order to ensure that the contact faces are making good contact with one
another, and that they are in line with a vertical centre line from the cam drive shaft; this should be
done with the cam dead-centres arranged horizontally, half-way down the stroke. The pressure
of the upper contacts should be light and just sufficient to make good contact with the lower ones
when in the lowest position. The vibrating contacts should be replaced with new ones when the
tungsten on each contact has been reduced 0.50 mm. in depth.

Adjusting solenoid position
11. The solenoid position should be carefully adjusted after the regulator contacts have been
re-faced several times and, in order to ascertain whether such adjustment is necessary, the contacts
should be examined whilst the cam drive shaft is being turned by hand. When the solenoid core
is in its lowest position with a clearance of 1.50 mm. between the interrupter and the steel strip of
the contact spring, the contacts should remain closed throughout the full revolution of the cam drive
shaft. In the highest position of the core the upper contacts should be held by the interrupter on
the solenoid core, just clear of the lower contacts when these are at the highest point of the cam. If
this is not the case the saddle clamp screws should be slackened and the adjusting screw supporting
the solenoid screwed down and the solenoid raised or lowered as indicated until the continuous make
and break is obtained at the contacts. After the solenoid has been clamped in position the adjusting
screw should be re-set with its head screwed up to the base of the solenoid and locked in that position.
If the connections and the adjustments have been made correctly the solenoid core will tend to lift
the contacts when the alternator is running at its normal speed with the field rheostat adjusted
to give the specified output voltage.

Renewal of solenoid diaphragms
12. The solenoid diaphragms should be replaced with new ones if they are at all distorted
and the operation should be undertaken by skilled personnel only. Careful measurements should
be made in order to ensure that the slotted nut at the upper end of the solenoid core and other parts
may be replaced in the same relative position when reassembling. The lower diaphragm should
always be replaced with a new one if it is removed from the core, because the action of slackening
and tightening the locknut during dismantling and assembling, will invariably cause distortion.
The damaged diaphragm should be used as a template from which the dowel pin hole in the new
diaphragm is drilled; care should be taken to drill the hole with both diaphragms in perfect alignment.
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The upper diaphragm is usually supplied with the centre sleeve-nut separate, in which case the nut
should be screwed, slotted end first, on to a stud of the same size screw thread as the end of the
solenoid core, until the nut is level with the end of the stud. The nut should then be gripped up to
the shoulder at the slotted end in a suitable lathe chuck after which the diaphragm should be placed
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Fig. 2.—Simplified circuit diagram

on the outer end of the nut and the end of the nut burred over the centre hole in the diaphragm
by means of a hardened and highly polished ball-ended tool. The pressure of the tool should be
applied carefully to the edge of the nut whilst the chuck is revolving until sufficient metal is spun
or burred over to secure the diaphragm whilst permitting it to turn freely on the nut; a few drops
of oil should be applied to the end of the tool during the operation in order to prevent adhesion.

Regulator switch
13. It is of great importance that the regulator switch should be changed over at least once
a day from one ON position to the other; if the regulator is in continuous operation the change should
be made three or four times during each twenty-four hours. It is not necessary to switch the
regulator off when the power unit is to be shut down and the alternator can always be started up
with the regulator switched on after the controls have been initially adjusted. When the alternator
output has been manually controlled for any reason and automatic regulation is required, the output
voltage should be reduced to approximately two-thirds of the normal regulated voltage before the
regulator is switched on.
Renewal of worn parts
14. The parts which are subject to wear are the ball bearings and the vibrating contacts.
The ball races should be examined periodically and the cause of any noise or vibration in the regulator
should be investigated immediately. Periodical examination of all ball bearings should be made
when the contacts are re-faced, also when the main bearings are lubricated; for this purpose the
regulator should be removed from its base and the drive coupling detached and the cam drive shaft
rotated by hand. The shaft should turn freely and evenly and the outer race of each cam bearing
should remain stationary, held by the pressure of the heel of the vibrating contact. If the cam drive
shaft does not revolve smoothly the main ball bearings should be replaced with new ones. Should
the outer race of the cam bearings revolve with the shaft, the bearing should be washed out with
petrol, allowed to dry and then lubricated with clean oil; if this operation does not effect an improvement the bearing should be replaced with a new one (see sub-paragraph (i) ). During the renewal
of damaged parts the following points should be noted :—
(i)

Cam drive shafts are built up in two parts and these parts are not separately interchangeable,
therefore, when a shaft is to be replaced with a new one a complete shaft should be used.
(ii) Solenoid springs are not interchangeable and care should be taken, when exchanges are
being made, to ensure that the new spring has, as near as possible, the original characteristics
of the old one.
(ill) Solenoids, as complete units, are interchangeable and may be exchanged on regulators
of the same type.
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Introduction
1. The voltage regulators described in this chapter are similar in principle and design, varying
only in minor details, the differences being tabulated under the appropriate headings. Combining
a voltage regulator and current limiter in one unit, they are completely automatic in action and
they can be internally connected by means of a linking arrangement to give either a level or a slightly
falling voltage/load characteristic. When the supply system comprises a single generator the voltage
is maintained constant up to 110 per cent. load of the generator after which the current limiter
comes into operation, but with two or more generators connected in parallel, in order to ensure
that the load is approximately equally shared by the generators, the line voltage of each generator
decreases approximately 61 per cent., from no load to full load.
Types available
2. The characteristics and stores reference numbers of the regulators described in this chapter
are given in Table 1.
TABLE 1
Stores Ref.

Type

Length, of
pile

Voltage

Current

511/1013

C

if in.

29

20-40 amp.

5U/215

H

if in.

29

100 amp.

Used with generator type
H (500 watt), K (1,000 watt) and HZ
0 (3,000 watt)

DESCRIPTION
Voltage regulator, type C
3. The voltage regulator, type C, illustrated in fig. 2, consists essentially of two carbon pile
regulators which are connected in series with each other and with the generator field winding. The
voltage-operated unit (1), is that which is remote from the terminal block (6), whilst the current
limiting unit may be seen at (2).
4. Suspended over each electro-magnet (3) and (4) and directly underneath the pile is a spring
armature. Variations of the resistance of the pile are dependent on the pull of the electro-magnet

COVER
COMPRESSION
SCREW

CAPTIVE
SCREWS

LOCKING
SCREW
METAL
BRACKET
ALLOY
CASTING

TERMINAL
SCREW

CERAMIC
TUBE
THREADED
PILLARS

CENTRAL
CAST TUBE
PILE
ELEMENT

TERMINAL
SCREW

PLATE
SPRING

CARBON
INSERT

BI-METAL
RING

FIXING
SCREWS
ARMATURE
MAGNET
WINDING

MAGNET
CORE

LOCKING
SCREWS

END
PLATE

Fig. 1.—Sectional perspective, voltage regulator, type C
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against the spring armature, so that with increase of excitation in the operating coil the magnetic
force overcoming the pressure of the spring attracts the armature, the pressure on the pile is reduced
and pile resistance increased to a maximum. Conversely, a decrease in the excitation of the operating
coil results in spring pressure overcoming the pull of the magnet, release of the armature, compression
of the pile and a consequent reduction of its resistance.
5. The armature movement corresponding to the two extreme positions of the pile is very
small, usually of the order of 0.015 in., so that in the case of the voltage unit (where the coil is
connected across the line), any change in line voltage would vary the current in the coil sufficiently
to cause the pile to take up a new position such that the pile resistance alters the generator field
current to a value which will restore the line voltage to its original level.
6. Referring to the sectional illustration in fig. 1 it will be seen that the electro-magnet core
is mounted upon the detachable end plate of a cylindrical flanged yoke containing the magnet
windings. The end plate is threaded to receive the core of the electro-magnet, the core being slotted
at the threaded end for screwdriver adjustment and locked in position by two screws and washers.
The core projects through the magnet winding to operate the armature, which is suspended above it.
The armature is attached to a three-leaved plate spring resting upon the concave surface of a bi-metal
ring housed in a recessed portion of the magnet yoke. No bi-metal ring is fitted to the current unit,
a dished brass ring support is used instead. A plunger is screwed to the armature from which it is
insulated by mica plates, the fixing screws being fitted with bushes and washers. A pressed-up tag
fitted with a terminal screw provides cable connection to the plunger which in turn makes electrical
connection with the pile through a carbon insert.
7. Supported above the electro-magnet by three threaded pillars is an alloy casting with a
central integrally cast tube, the casting being specially designed for heat dissipation. The central tube
carries a ceramic tube which is located by a split pin and in which is housed the carbon pile element
consisting of z mm. thick discs. The carbon-capped insert on the armature projects into the ceramic
tube at the bottom and a similar carbon contact supported in an adjustable compression screw enters
in at the top. The compression screw is held in a threaded bracket which is insulated from, and
attached by screws to, the top of the casting. The bracket carries a terminal screw thus providing
electrical connection to the pile. A locking screw is used to secure the compression screw against
vibration.
8. Referring again to fig. 2 it will be seen that both pile units are clamped to the base by means
of a clamping plate (10) and screw (11), all screws and nuts being where necessary secured against
vibration by spring washers. Metal covers secured at the top by three captive screws, fig. 1, which
engage the threads of the screwed threaded pillars, are used to cover the pile assemblies.
9. The underside of the regulator baseplate is shown in fig. 3. The ballast resistance (1) has
an adjustable clip (2) which is set during manufacture and no further adjustment should be necessary.
Reference to fig. 4 will show the internal wiring of the regulator and it will be seen that a separate
winding on the current electro-magnet enables the unit to be used with either a 500-watt or a 1,000watt generator, two separate terminals being provided on the terminal block for this purpose. An
auxiliary winding on the voltage electro-magnet enables the regulator to be used when two or more
generators are running in parallel, and is used to convert the voltage/load curve from a level to a
falling characteristic. As may be seen in the theoretical circuit diagram, fig. 5, this winding can be
connected in series with the windings of the current electro-magnet by means of a movable link.
A trimmer resistance is included in some models to facilitate small voltage adjustments.
Voltage regulator, type H
10. The voltage regulator, type H, is designed to operate at a normal full load of 100 amp.,
the pile being fitted with 1 mm. thick discs having a maximum resistance of 35 ohms. The decompounding winding consists of one turn with a shunt so rated that with a full load of 100 amp., 40 amp. pass
through the coil and 60 amp. through the shunt. A circuit diagram of type H is given in fig. 6.
INSTALLATION
11. The regulators should be mounted in an upright position with the terminal block at the
bottom. The general scheme of the cable connections is given in the appropriate circuit diagram
in this chapter. Each of the type described in this chapter is fitted with a link box, and it is essential
to make the correct link connections for the specific installation. The links can be removed by withdrawing the screws, when the link may be placed in its new position, and the screws replaced, and
firmly tightened down. The correct link connections are given in the circuit diagram for each
regulator dealt with in this chapter.

1.—Voltage unit
2.—Current unit
3.—Voltage electromagnet
4.—Current electromagnet
5.—Base
6.—Terminal block
7.—Terminal cover
8.—Link box
9.—Link box cover
plate

9
5

8

10.—Clamp
11.—Clamp screw

4

12

12.—Pile cover

3-2762

Fig. 2.—Voltage regulator, type C
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SERVICING

General
12. All adjustments when making the following tests must be made by authorized personnel
only. An accurate measuring instrument must be used. It should be remembe red that any adjustment
of the pile compression screw alters the voltage level and the tests in para. 17 must be made and the

BALLAST RESISTANCE

2— CLIP

Fig. 3.—View under baseplate with cover removed, type C
unit adjusted as may be necessary. The locking screw must also be re-tightened and the pile screw

locked in position after the tests have been made, and a final test made to ensure that the pile setting
remains unaltered.

Voltage unit
Tests prior to installation
13. When the regulator is first installed, only minor adjustments to the voltage level should be
necessary. Testing should be carried out in the sequence laid down in the following paragraphs,

which apply to new and reconditioned regulators drawn from store. A diagram of connections for
the test circuit is given in fig. 7.
(i) Voltage settings of carbon pile regulators may vary considerably since set at the manufacturers' works due to the presence of moisture in the carbon piles. The extent of departure
from the original setting depends upon the amount of moisture absorbed, and may be
as much as 1.5 volts for the 24-volt regulator. A regulator which has been in store for
a long period will, in general, have absorbed more moisture than one just delivered from
the makers. It is, therefore, absolutely essential that before the regulators are checked
for voltage output, they shall be dried out by running on no load for approximately
20 minutes at a generator speed of between 3,000 and 4,000 r.p.m. using machine as
Table 1, since if regulators are set while moisture still remains in the pile the voltage level
will tend to drift after installation.
In view of the above remarks regulators should always be tested for voltage output and stability
before installation. The procedure is as follows:—
(ii) Fix the appropriate generator, according to the type of regulator, to a bench testing set
and connect the output terminals to the voltage regulator. Reference should be made
to Table 1, para. 2, to indicate which generator should be used. For generators rated at
up to 1,000-watt the test set used may be the 3 h.p. model (Stores Ref. 5G/2023 and 5G/2057),
which gives speeds of 4,000, 5,000 and 6,000 r.p.m. For the generator rated at 3,000 watt
the test set Stores Ref. 5G/336 is suitable. Instructions in the use of the bench testing
sets are given in A.P. 1095H. Connect a load and measuring instruments to the regulator.
The test circuit is given in fig. 7 and the load currents in Table 1. A test meter of known
accuracy should always be used for measurements.
(iii)

(iv)

(v)

Run the generator at the lowest
speed given by the bench testing
set (i.e. 3,200 or 4,000 r.p.m.) on
no load for twenty minutes,
with the regulator cover removed, to dry off moisture from
the carbon pile. At the end of
the run check the controlled
voltage, which should be 29
volts.
If this voltage is not obtained
after the regulator has dried out,
slacken the two locking screws
in the end plate and adjust the
magnet core, clockwise to reduce
and anti-clockwise to increase
the voltage level.
Having obtained the correct
voltage reading check the voltage at the three generator
speeds obtainable with the
bench testing set, reducing the
speed to zero between each test
so that the readings are taken
on the upward curve of the
hysteresis loop. If the voltage
is maintained within 2 volt of
correct voltage at all these
speeds, the regulator may be
subjected to a stability test (see
sub-para. (vi). If the voltage
varies more than this over this
speed range the regulator must
be regarded as seriously out of
adjustment and should be
returned to a Maintenance Unit
for setting up and a new regulator substituted. If a spare is not
available the instructions given
in para. 14-19 for defective
regulators should be followed.
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(vi) The regulator must next be checked for stability before installation. A variable resistance
load should be connected so that the correct load can be applied. The following checks
should then be made.
(a) Switch 75 per cent. of the generator full load on and off at least three times at the
three generator speeds.
(b) With no load the shunt field of the generator should be opened and closed three times
at the three generator speeds.
In each case the regulator should respond without any tendency to hunt. A 24-volt lamp
may be connected across the load to indicate hunting by the presence of lamp "flicker".
If the regulator is found to be stable in operation, it may now be installed. If, however,
hunting develops, the regulator should be regarded as unserviceable and should be set
up as described in para. 14 to 19.
Tests for regulators out of adjustment
14. These operations will normally be undertaken by Maintenance Units, but may be undertaken at other units by skilled personnel under the supervision of the specialist officer. An illustration
showing the method of adjustment is given in fig. 8. If the regulator is known to be completely
out of adjustment or if it fails to pass the installation tests given in para. 13 the following procedure
should be adopted, having first ascertained that the regulator is in a dry condition.
(i) Slacken the locking screw which holds the compression screw.
(ii) Remove the compression screw, complete with carbon insert.
(iii) Remove the carbon pile from the ceramic tube.
(iv) Examine the discs for pitting or burning and substitute a new pile if necessary. Carbon
washers or discs must not be handled and during removal the washers should be threaded
on a steel rod or piece of stiff wire.
(v) Should a new pile be needed, it must be examined to ensure that the discs or washers are
of the correct number and thickness and that the piles are of the required length (see Table 1).
Remove all dust by dry air if
this is available. These precautions should also be used when
refitting existing piles.
R
(vi) Examine the carbon insert in
ANV,the compression screw for
pitting and burning, and, if
necessary, clean the surface
GA
with glass paper grade 0000 or
other light abrasive material
0
B
PARALLEL
and finish off with velvet, or
RUNNING
very smooth abrasive material.
(vii) Re-assemble the unit by reversing the above procedure fitting
a new pile if it is considered
necessary. The new pile should
0
be threaded on a stiff wire and
0
blown thoroughly with a jet of
c
dry air if available, care being
B
taken to avoid the intrusion of
NON-PARALLEL
grease or other foreign matter.
0
RUNNING
sw c+ w-1
Voltage check during assembly
\
15. To obtain the correct setting
\of the carbon pile regulator for optimum
performance the following procedure
should be adopted. The current in the
operating coil at a nominal setting of
29 volts should be between the limits
0.5 and 0.6 amperes. It should not be
necessary to check the current unless it
is found that the regulator fails to
respond to adjustments and tests outlined
overleaf. The regulator manufacturer, on
Fig. 5.—Theoretical circuit diagram
initial setting of the regulator has set the
preset ballast so that the coil current lies
within the specified limits.

CE

Preliminary setting
16. Set the magnet core in the flush position as follows:—
(i) Slacken the two locking screws on the base on the magnet pot and turn the core anticlockwise until two threads are protruding.
(ii) Slacken the screw locking the pile compression screw. Turn the pile screw clockwise as
far as it will go without using undue force to crush the pile.
(iii) Turn the core clockwise until it comes in contact with the armature or spring support
assembly, i.e. until resistance to further movement of the core is felt. This is the flush
or zero position of the assembly. Temporarily lock the core in this position.
(iv) Turn the pile screw anti-clockwise I-turn and tighten locking screw.
Final adjustment
17. (i) The regulator should be connected to the generator which is driven by a bench testing
set. The adjustable arm of the regulator trimmer resistance must be set at the mid-position.
With the generator running at approximately 4,000 r.p.m. on no load, adjust the controlled
voltage level at 29 volts by means of the core. To reduce the voltage level turn the core
clockwise and to increase turn the core anti-clockwise.
(ii) Slacken the pile locking screw just sufficient to permit movement of the pile screw. Turn
the pile screw in a clockwise direction, observing the voltmeter very carefully, until the
voltage decreases to a minimum value. Should the voltage rise as the pile screw is turned
clockwise, reverse the direction on pile screw rotation and slowly turn the pile screw anticlockwise until the voltage falls to a minimum and just begin to rise again. The position
of minimum voltage, i.e. the dip, is the correct setting of the regulator for optimum
performance. The pile adjusting screw is then securely locked in this position. The
adjustment of the pile screw is delicate and must be made with the greatest care to obtain
this setting.
(iii) The core should then be adjusted to the correct voltage level.
Note.—It will be noted that in the preliminary setting the pile screw had been slackened back
from the zero gap position 1-turn. It will be found in practice that the minimum voltage
or dip position will be very close to this point. This preliminary adjustment also avoids
taking the pile screw through the "violent hunting" position to find the "dip".
Stability test
18. The regulator is now adjusted to give the optimum regulation with speed and load change
but it must be checked for stability to ensure that stable performance will be obtained after a long
period of service. After the regulator has been in service, individual discs or washers of the carbon
pile will wear. Wear of the carbon washers causes a shift in setting of the regulator, which is
equivalent to slackening of the pile compression screw. The stability test should
be carried out as follows.

VARIED VARIED
BY V
BY C

I
A C B
o

cat)

a
0

a
a

HEAVY DUTY

19. (i) Run the generator on no load
at its maximum speed, switch
on and off the generator field at
least 3 times. Under this condition, the regulator must
respond without tendency to
hunt.
(ii) Slacken the screw locking the
pile compression screw, then
turn the pile screw back I-turn
and repeat the above stability
test.
Under this condition,
the regulator must respond
without tendency to sustained
hunting.
(iii) Provided the regulator satisfies
the above tests, the pile screw is
to be restored to its original
setting and locked. If, however,
the regulator hunts when the
pile screw is slackened I-turn,
turn the pile screw slowly clockwise until hunting stops. From
this position turn the pile screw
a further I-turn and lock.

Fig. 6.—Circuit diagram, type H without trimmer
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At this setting of the pile screw adjust the core to give the correct voltage level.
Lock the core.

20. This new setting will not give the best regulation, but it is considered to be the safe setting for
service use allowing sufficient tolerance in hand to cover pile wear in service without running into
danger of hunting.
1 AMMETER SWITCH & I
I LOAD RESISTER
TO SUIT.

I

REGULATORS
TYPES C.OR D

PECULATORS
EJ& H
—

II

I TYPES

0'

Ic° 8

sw

Ao7

I

1J

%co
C- c-i

500

_.
SSW sw Ci• A-

SWITCHBOX-0
TYPE"B"
REF No Sc/5 4 —
TO SHUNT TERMINAL
OF GENERATOR.

W ICOO W

(OTHER CONNECTIONS
AS SHOWN ON THE LEFT
FOR TYPES C AND D)

O
Fig. 7.—Test circuit
TABLE 2
Regulator type

Full load current
amps.

H and HZ

C (500 W)

20

22.5

K

C (1,000 W)

40

45

0

11

100

110

Generator type

Limiting current
amps.

Current unit
21. It is not expected that this unit will require much attention, but if adjustment becomes
necessary the following instructions must be carried out, remembering that the current unit is that
nearest the terminal block. Connect the regulator to the appropriate generator as outlined in para.
13 (ii). A resistive load sufficient to reduce the voltage to half its nominal value is to be switched
on and under this condition the current output of the generator should not exceed the values in
the last column of Table 2.
To check for stability
22. (i) Switch the 75 per cent. load on and off at least three times. Under these conditions the
regulator should respond without any tendency to hunt.
(ii) Should this condition be fulfilled the compression screw must be slackened * turn and
test (i) repeated. Under these conditions the regulator should respond without any
tendency to sustained hunting.
(iii) If hunting continues the compression screw must be turned in a clockwise direction until
hunting stops. Mark this position and turn the compression screw a further turn in a
clockwise direction. The check for current limitation as given in para. 18 should be repeated,
and if the regulator still proves unsatisfactory it must be sent to a Maintenance Unit for
attention by authorized personnel.
Precautions
23. It should be borne in mind that regulators are correctly set by the manufacturers to give the
best regulation consistent with adequate stability tolerance to cover pile wear with service use.
24. It should not be necessary for service personnel to re-adjust the regulator apart from slight
adjustment to the voltage level which can easily be effected by means of the trimmer resistance.
Major adjustments as outlined should only be made by skilled personnel.

Left: If a trimmer
screw is fitted, this
adjustment MUST
be used first. Only
if this - method
fails to give the
required results
should magnet
core be adjusted
to alter the voltage level.

Right: Before turning the core
slacken the two locking
screws.

Left: Only a very
small movement
of the core should
be made at any
one time. Tighten
the locking screws
after core adjustment.

Fig. 8.—Method of adjustment
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Introduction
1. These regulators are similar in general principle to the types C and H described in Chapter 5,
but are larger and are designed to carry a higher current.

TRIMMER RESISTANCE
ADJUSTER

CURRENT
UNIT

.VOLTAGE
UNIT

Fig. 1.—Voltage regulator, type J

DESCRIPTION
2. The regulators are mounted on a baseplate containing the trimmer and ballast resistances,
and apart from details, are of similar mechanical construction to the type C and H described in
Chapter 5. They differ, however, in that the voltage unit is that nearest to the terminal block
and fins are used to dissipate the extra heat generated in the carbon pile. A variable trimmer
resistance in series with the voltage coil is fitted under the base so that the adjuster, which is slotted
for screwdriver operation, can be brought to the front through a hole. The type J operates at a
normal full load rating of 60 amp. and the J2 at 100 amp. and both have carbon piles with a length
of 1.875 in. • Connection from the pile to the external circuit is made through a silver disc at each end.
3. A wiring diagram is given in fig. 2, from which it will be seen that additional AN indings in
the voltage unit are used for stabilising. A high resistance winding is connected across the field,
acting in the same direction as, and superimposed on, the main voltage coil. A third coil is wound
in series with the pile to balance the effect of the shunt stabilising coil under steady conditions.
With rapid changes of speed and load the shunt stabilising coil acts as a damping device and prevents
hunting.
4. By means of
a link arrangement
the regulators can be
internally connected to
to give a level orrslightly falling char- I
acteristic; so that,
with the link set in
the C to B position,
the voltage is maintained constant up to
110 per cent, of full
load of the generator.
If two or more generators are connected
in parallel, the link
has to be set from A
to C. This ensures
that the load is
shared approximately equally by each
generator, the line
voltage of each decreasing by approximately 61 per cent.

CURRENT ELEMENT

20 AMP
SHUNT

VOLTAGE ELEMENT
-

STABILISER
SERIES

STABILISER

MAIN
COIL

Fol
PARALLEL
RUNNING
LINKING

5. The following is a summary of
the characteristics of
these two regulators:

NON-PARALLEL
RUNNING
ARRANGEMENT

[
8f_i

LINK BOX CONNECTIONS

Fig. 2.—Circuit diagram
Type J (JU/J 22)
Controlled voltage
...
Length of pile ...
...
Series current ...
Limiting current
...
Generator used with ...

... 29
... 1.875 in.
... 60 amp.
... 67 amp.
... type UK X

Type J2 (5E7 12,514)
Controlled voltage
Length of pile ...
Series current ...
Limiting current
Generator used with

• • •
•

•
•

• •
•

29
1.875 in.
100 amp.
110 amp.
type UO

INSTALLATION, OPERATION AND SERVICING
6. These instructions are the same for the types J and J2 as for the types C and H described
n Chapter 5 to which reference should be made. When adjusting the regulators' it should be borne
in mind that the voltage unit is the one nearest to the terminal block.
P10162 N110038/G267 5/46 5000 C & P Gp. 1
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CHAPTER 8

VOLTAGE REGULATOR, Type 23
Introduction
1. The voltage regulator, type 23, is of the enclosed carbon pile type and in the general
construction the pile unit is similar to the voltage unit of the regulator, type J.
It comprises,
however, a voltage unit only, with a series decompounding winding superimposed on the voltage
coil to give a steep falling volt load characteristic for use with generators operating in parallel.
2. The regulator is rated at 29 volts, 200 amp., and is intended to control the output of a
6-kW. engine-driven generator, type P, when connected in parallel on multi-engined aircraft under
all conditions of relative humidity and at any altitude from sea level to 45,000 feet. It operates
over an ambient temperature range of from —40 deg. to +50 deg. C.
3. A master regulator, type 32, is used with this regulator, and is described in Chapter 6 of
this section. A description of the type P generator will be found in Section 5, Chapter 13 of this
publication.

COMPRESSION
CREW LOCKING
SCREWS
COMPRESSION
SCREW
GENERATOR
+VE TERMINAL

PILE CONNECTION
TERMINAL

TERMINAL 4

TERMINAL 5

MAIN -FVE TERMINAL
TO LOAD

Fig. 2.—Voltage regulator, type 23, showing compression screw and terminal block

DESCRIPTION
4. General views of this regulator are shown in fig. 1, 2, and 3. Apart from certain mechanical
differences necessitated by the greater dissipation of energy required, the construction of the
regulator unit conforms basically to that of the voltage unit of the type J, the principle of operation
and construction of which is described in detail in Chapter 2. A finned cooler is fitted over the
ceramic tube housing the carbon discs since the carbon pile must be capable of dissipating 125 watts
continuously without deterioration of the carbon washers or discs through overheating. The pile
is capable of introducing into the generator field circuit a resistance of from 1.5 to 9.0 ohms without
arcing between the washers. The whole unit is mounted upon a base under which are housed
the ballast resistance and rectifier unit. The pile unit consists of 72 1 mm. washers.
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5. A circuit diagram is given in fig. 4 and from this it will be seen that the main coil operating
on the pile is connected through the rectifier and terminals 1 and 4 across the generator output,
through the pile of the master regulator, type 32. Voltage stabilisation is assisted by the provision
of a small shunt coil connected directly across the generator field through terminals 3 and 5. This
coil acts as a damping device and prevents hunting with rapid changes of speed and load. The
whole output of the generator is passed through the decompounding coil and gives a falling
volts/load characteristic of approximately 27 per cent. from no load to a full load of 200 amps. This
falling volts/load ratio limits the circulating current to 25 amps. with a difference of one volt in the
setting of individual generators.

BALLAST
RESISTANCE

TRIMMER

RECTIFIER

Fig. 3.—Underside of voltage regulator, type 23
6. The embodiment of such a high ratio of dropping volts/load characteristic has necessitated
the use of a master regulator to maintain the system approximately constant at 29 volts under all
conditions of load and speed.
7. Stability of the regulator under normal operating conditions is achieved by the use of a
shunt stabilising coil connected across the generator field, i.e. terminals 3 and 5 on the regulator. A
coil of low resistance is connected in series with the pile element, and wound in the opposite sense

to the shunt stabilising winding, to counterbalance its effect (i.e. ampere-turns) under steady
operating conditions.
8. A ballast resistance, pre-set by the manufacturers, is incorporated in the voltage coil
circuit, final vernier adjustment being made by the small trimmer resistance also in this circuit.
This trimmer adjuster, which is slotted for screwdriver operation, is brought to the front of the
regulator through a hole in the base plate as shown in fig. 1. It comprises a 5-ohm variable
resistance in series with the 26-ohm ballast resistance. The correct shunt coil current for this
regulator is 1.2 amps. A blocking rectifier is connected in series with the main control winding
on each regulator so that, in the event of one or more of the generators failing when working in
parallel the master regulator resistance shall still be effective.
INSTALLATION
9. The regulator should be mounted in an upright position with the terminal block at the
bottom. The general scheme of the cable connections is given in the circuit diagram in fig. 4,
but for the details of the installation reference should be made to Section 6 of the handbook issued
for the particular aircraft in which the regulator is installed. Care must be taken to ensure that
nothing is done to prevent free circulation of air round the regulator. Notes on the adjustment
of regulators installed in aircraft are given in para. 14.
RED
•

DECOMPOUNDINC
COIL

Ilk STABILISER
1.;# SERIES

■

PINK

STABILISER

is

RED

■
MP

MAIN
COIL

BLACK

BLACK

Fig. 4.—Circuit diagram of regulator showing external connections chain dotted

SERVICING
10. All adjustments when making the following tests must be made by authorised personnel
only. An accurate measuring instrument, such as a test meter, must be used, and not the aircraft
voltmeter. In any case do not interfere with a regulator until the instructions for adjustment have
been read.
Tests prior to installation
11. When the regulator is first installed only minor adjustments to the voltage level should be
necessary. Testing should be carried out in the sequence laid down in the following paragraphs
which apply to new and reconditioned regulators drawn from store. A diagram of the test circuit
is given in fig. 5. Defective regulators which have been removed from aircraft should be tested
according to the instructions given in para. 16 to 22.
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12. Before checking, the regulator should be dried out by running it on no load-for 20 minutes,
otherwise incorrect readings will be obtained and the voltage will tend to drift after installation in
aircraft. The procedure for checking the operation of the regulator is as follows:—
(i) Connect a 5-ohm resistance between terminal 4 and negative or earth.
(ii) Fit the generator type P to a bench testing set (Stores Ref. 5G/112) and connect the
output terminals to the regulator and load as shown in fig. 5. Instructions for using the
set are given in A.P.1095H, Vol. I.
Adjust the output voltage from the generator to 29 volts using the trimmer, taking care
not to force the contact arm past the stop. Movement of the vernier control in one
direction will increase the voltage and vice versa.
(iv) Using the bench testing set, check the voltage with generator on no load at all three
generator speeds, reducing the speed to zero between each test so that the readings are
taken on the upward curve of the hysterisis loop. If the voltage is maintained within
volt of the correct level at all these speeds, it may be assumed that regulation is
satisfactory and the regulator should then be subjected to a stability test (see para. 21).
If the voltage varies more than this over this speed range the regulator must be regarded
as being seriously out of adjustment and a new regulator should be substituted. If a
spare is not available the instructions given in para. 16 to 22 for defective regulators
should be followed.
(v) The regulator must next be checked for stability before installation, a variable resistance
being connected so that the correct load can be applied. The following checks should
then be applied:—
(a) Switch three-quarters of the full load on and off three times at each of the three
generator speeds.
(b) With no load connected, the shunt field of the generator should be opened and closed
three times at each of the three generator speeds.
In each case the generator should respond without any tendency to hunt. A 24-volt
lamp may be connected across the load to indicate hunting by the presence of flicker.
If the regulator proves stable in operation it may now be installed in the aircraft. If,
however, "hunting" develops, the regulator should be regarded as unserviceable and
should be set up as described in para. 16 to 22.
13. Before installing it, the regulator should be examined visually. The following notes
describe briefly the approximate position of the various adjustments on a correctly set up regulator.
(i) Ballast resistance.—The adjustable clip should be tight, and the connections to the
terminals unbroken. Check the resistance for damaged or broken wire.
(ii) Trimmer resistance.—The resistance should be examined for broken wires or loose contact
connections. All terminal points should be inspected.
Testing regulators in aircraft
14. When first installed in aircraft, the regulators should be checked as described below.
Each regulator should be tested separately after placing a link across terminals 3 and 4 on the master
regulator, type 32.
Place the flight switch in the "Ground" position.
Place the emergency switch in the "on" position.
Connect a testmeter, type D, of known accuracy across terminal 2 of the cut-out, type J,
and earth.
Check each regulator in turn by running each engine separately at 2,000 r.p.m. and
check that the regulator, type 23, maintains the line voltage at 23 not 29.

(v) Adjust the voltage to 23 if necessary by means of the trimmer or vernier resistance
embodied in the base of the regulator.
(vi) Increase the engine speed from 2,000 to 3,000 r.p.m. and check that the line voltage is
maintained within 0.5 volts.
(vii) Remove the shorting link from terminals 3 and 4 on the master regulator, type 32.
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RECTIFIER RESISTANCE!
•4
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RESISTOR

I
Fig. 5.—Test circuit

Pile settlement causing high voltage
15. If the regulator has been in service for 500 hours or more since last adjusted, it may be
necessary to increase the pressure on the pile compression screw slightly to take up for pile settlement.
This settlement tends to make the controlled voltage high and will increase any tendency towards
instability. The adjustment to counteract this is as follows:—
(i) Slacken the locking screw of the pile compression screw just sufficiently for the latter to
be moved.
(ii) Mark the position of the compression screw, then turn it clockwise up to 10 deg. Too
great an increase in pile compression will cause poor regulation, but within this limit it
should be possible to obtain an output voltage of 23 at all three generator speeds with the
pile of the master regulator short-circuited.
Check the regulator for stability (see para. 12 (v) ). If the regulator fails to give the correct
output it should be set up according to the instruction given in para. 16.
Setting up instructions for regulators out of adjustment
16. These operations will normally be undertaken by Maintenance Units but may be
undertaken at other units by skilled personnel under the supervision of a specialist officer. If the
regulator is known to be out of adjustment, or if it fails to pass the installation tests given in para.
12 to 13, the following procedure should be adopted having first ascertained that the regulator is
in a dry condition.
(i) Slacken the locking screw which holds the compression screw.
(ii) Remove the compression screw, and the small silver disc of the same diameter as the
carbon washers.
Invert the regulator and shake the washers out of the ceramic tube, together with the
second silver disc.
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(iv) Examine the washers visually for pitting or burning and substitute a new pile if necessary.
Carbon washers must not be handled more than is necessary during removal and all dust
and fragments should be blown out.
17. If necessary, a new pile should be fitted by following the procedure outlined below:—
(i) First insert the silver disc to make connection with the armature contact.
(ii) Insert the carbon pile on a mandrel or a stiff wire on which the washers must be threaded.
When the washers are correctly bedded down in the ceramic tube the mandrel may
be removed.
(iii) Replace the outer silver disc making sure that this enters the pile tube squarely. The
armature may be pressed down with the fingers while this last operation is carried out.
(iv) Screw up the compression screw until the springs start to deflect against the bi-metal ring.
Preliminary mechanical setting
18. Set the magnet core in the flush position in the following manner.
(i) Slacken the two locking screws on the base of the magnet pot and turn the core anticlockwise until two threads are protruding.
Slacken the screw locking the pile compression screw and turn the latter clockwise as far
as it will go without using undue force and damaging the pile.
(iii) Turn the core clockwise until it comes into contact with the armature or spring support
assembly, i.e. until resistance to further movement of the core is felt. This is the flush
or zero gap position of the assembly, and the core should be temporarily locked in this
position.
(iv) Turn the compression screw anti-clockwise / turn and tighten the locking screw.
Final voltage adjustment
19. Connect the regulator in the test circuit shown in fig. 5 using a generator, type P, driven
by a bench testing set (Stores Ref. 5G/112) with a suitable switchboard and loading panel. An
0-3 amp. ammeter should be fitted in the coil circuit and a suitable voltmeter measuring 0-30
volts connected across the output. The procedure for final adjustment is then as follows:—
(i) Run the generator at about 6,000 r.p.m. on no load and adjust the output voltage to 29
by means of the regulator core. To reduce the voltage level turn the core clockwise
and to increase the voltage turn the core anti-clockwise.
Set the trimmer resistance in the mid-position and check that the shunt coil current of
the regulator is between 1.2 amps. at 29 volts. Adjust it, if necessary, by means of the
pre-set ballast resistance and the core.
Slacken the locking screw with a screwdriver just sufficient to permit movement of the
compression screw.
(iv) Turn the compression screw clockwise, at the same time watching the voltmeter very
carefully, until the output voltage drops to a minimum and then commences to rise
again. Lock the compression screw at the position of lowest voltage. If it is found that,
on turning the compression screw clockwise the controlled voltage rises, reverse the
rotation of the screw until the minimum voltage is obtained.
(v) The core should then be unlocked, adjusted until the output voltage is again 29, and
re-locked.
Note.—It will be noted that in the preliminary setting the pile screw had been
slackened back from the zero gap position / turn. It will be found in practice that the
minimum voltage or "dip" position will be very close to this point. The preliminary
adjustment also avoids taking the compression screw through the violent hunting position
in order to find the dip.

20. The regulator can now be assumed to be adjusted for optimum regulation with speed
and load change but it must be checked for stability, to ensure that stable performance will be
obtained after a long period of service when the individual discs or washers in the pile have worn.
Wear of the pile causes a variation in the setting of the regulator, which is equivalent to slackening
off the pile compression screw.
Stability test
21. The stability of the regulator is checked in the following manner:—
(i) Run the generator on no load at the maximum speed of the test set and switch the
generator field on and off at least three times. Under these conditions the regulator
must respond without any tendency to hunt.
(ii) Slacken the screw locking the pile compression screw, then turn the compression screw
backs turn and repeat the above stability test. Under this condition the regulator must
respond without any tendency towards sustained hunting. Provided the regulator
satisfies these tests, the compression screw is to be restored to its original setting and
locked. If, however, the regulator continues to hunt when the compression screw is
slackened I turn, turn the screw slowly clockwise until hunting stops. From this
position turn the screw a further I turn and lock it.
(iii) Adjust the core to give the correct voltage level, i.e. 29 volts, and lock it with the two
screws.
22. This new setting will not give the best regulation, but it is considered to be the safe
setting for service use allowing sufficient tolerance in hand to cover pile wear in service without
running into danger of hunting.
23. It should be borne in mind that regulators are correctly set by the manufacturers to give
the best regulation consistent with adequate stability tolerance to cover pile wear in use.
24. It should not be necessary for service personnel to re-adjust the regulator apart from
slight adjustment to the voltage level which can easily be effected by means of the trimmer resistance.
Major adjustments should only be made by skilled personnel.
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common supply (see fig. 4). The operation of this regulator is the reverse from normal: with the
coil unexcited the carbon discs of the pile are held in a state of de-compression by the action of
the spring and pile resistance is therefore at a maximum. When the coil is energised, the pull of
the magnet counteracts the tension of the spring, the pile is compressed, and its resistance is reduced.

PILE INVERTER
RESISTANCE

TEMPERATURE
COMPENSATING
RESISTANCE

TRIMMER RESISTANCE

Fig. 3.—Underside view of regulator
5. The carbon pile of the master regulator, in conjunction with the diverter resistance, which
is rated at 37 to 40 watts, being connected in series with the operating coils of the various subsidiary
regulators, regulates the coil current in these regulators according to the line voltage.
6. In addition to the normal shunt control winding, a series winding is provided to give a
falling characteristic and thus prevent a high peak charge to the accumulator. Where this is not
required a copper shunt is connected across the series winding, i.e. terminals 1 and 2. When the
shunt is connected the output setting is reduced from 29 to 281 volts.
7. The regulator consists essentially of a carbon pile, the resistance of which is controlled
by a magnet system sensitive to the line voltage of the aircraft. The state of compression of the
carbon pile, and therefore its resistance, is determined by a magnet system which works in opposition
to a spring.
8. Under normal conditions, when no current is flowing, the carbon pile which consists of
42 1-mm. washers, is held in a state of decompression, that is, maximum resistance. When voltage
is applied to the operating coil the magnet armature is attracted against the pull of the spring, thus
compressing the carbon pile and decreasing its resistance. When the voltage across the shunt coil
reached the correct figure at which the regulator has been pre-set, i.e. when the pile forces are in
balance with the magnet force at all positions, the system is astatic and will consequently automatically
set itself to whatever pile resistance is required to produce the correct voltage.
9. The magnet movement, which is controlled by the current in the operating coil, is in
opposition to the control spring, and, as the coil is connected across the aircraft bus-bars, the magnet
will respond to any fluctuation in line voltage, with a consequential compression or decompression
of the carbon pile to bring the voltage back to its pre-determined level.
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DESCRIPTION
10. The magnet system of the regulators which are illustrated in fig. 1 and 2, has two slots
into which two armature tongues are attracted; these tongues are mounted on a Y-shaped clapper
which is carried on cross-spring hinges, providing a frictionless bearing. The control spring is also
attached to this clapper so as to de-compress the pile and oppose the magnet pull. The armature
is so tapered and shaped that the pull of the magnet on it at the correct voltage varies linearly with
movement, so that the characteristic can be readily matched by that of the control spring; adjustment
of the latter is carried out at the manufacturer's works and must not be subsequently interfered with.
11. The control spring is mounted on a strip of bi-metal for the purpose of temperature
compensation; this bi-metal strip is clamped to the magnet system and deflects so as to strengthen
or weaken the spring as may be required according to temperature. Attached to the clapper is a
balance weight to which is riveted a pointer or gauge; it has a white arrow scribed on it and there is
a corresponding line on a fixed scale, both being marked by the manufacturers when the regulator
is set. These two lines should register when the regulator is shut down, cold, and the press-button
pushed home. This indicates that the regulator is in a correct state of adjustment.
12. An air compression diaphragm type dashpot is incorporated to ensure stability under
conditions of rapid changes of load and speed. This is set by the manufacturers, and no attempt
should be made to effect further adjustment. In the event of obvious instability or hunting in the
regulator movement, the dashpot may have sustained mechanical damage, in which event a complete
new and adjusted dashpot should be substituted. A 20-ohm pile diverter resistance is connected
across the pile to dissipate, in conjunction with the pile, 37-40 watts. This resistance, together with
s
the vernier resistance, is situated -under the base as shown in fig. 3.
The following values are provided for information:—
Regulated voltage ...
Length of pile
...
Pile diverter resistance
Rating (pile only) ...
Rating (with diverter)
...
Maximum regulator resistance (pile plus
diverter and series resistance)
...
Minimum regulator resistance
Shunt coil current ...
Shunt coil resistance
Series coil turns and current

29V. compounded to 27V. at 40A.
42 mm. (42 washers)
20 ohms
30 watts
37 to 40 watts
12 ohms
1.5 ohms
0.75 amp.
10.5 ohms at 20°C.
1.3 turns 40 amp.

SERVICING

Testing regulators installed in aircraft
13. This regulator may be tested in aircraft in conjunction with the type 23 by following the
instructions outlined below:—
Remove the shorting strip from terminals 3 and 4 of the regulator if this was not done
when testing the type 23, which should already have been checked.
Check the mechanical setting of the regulator by the pre-set device (see para. 15).
Switch all isolating switches to "ON" and the Ground/Flight switch to "Ground".
Run two engines at 2,000 r.p.m. and note that the line voltage is maintained at 29,
measured by connecting the test meter across terminals 1 or 2 of the master regulator,
type 32 (whichever is the most convenient) and earth. If the line voltage is not 29, adjust
it to that value by means of the trimmer incorporated in the regulator.
(v) To check the complete regulation system for balance, switch one isolating switch to OFF
and connect a central zero 20 0 20 ammeter across terminals 1 and 2 of the open circuitbreaker. With both engines running at the same speed (2,000 r.p.m.), the readings over
the ammeter should be between 0 and ± 10 amps. If the reading is outside these limits
adjust the trimmer of one regulator, type 23, until the circulating current is reduced within
the limits.

(vi)

In the case of four-engined aircraft with four generators in parallel, the engines should
be run up in pairs using one engine as master, i.e. in the following sequence: 1 and 2,
1 and 3, and 1 and 4. In this case the isolating switch of No. 1 circuit-breaker is to be
switched off and the central zero ammeter connected across terminals 1 and 2 of No. 1
circuit-breaker.

(vii)

If any adjustment is required to reduce the circulating currents to within limits of 0 ± 10
amps. the trimmer, or vernier control, on No. 1 regulator must not be adjusted, the
necessary adjustment being made by means of the trimmer, or vernier, on No. 2, No. 3.
and No. 4 regulators respectively.

14. Provided the above conditions are met, then the system should operate satisfactorily.

Setting up regulator on the bench
15. It has already been explained in the above description that there are a pointer and scale
indicating the correct setting of the regulator. The carbon pile is apt to shrink slightly when in
use, especially when first put into service. In order that the setting of the pile may be checked
from time to time, and if necessary re-adjusted, the magnet system is provided with a press-button
and a calibrator. In order to check the setting, the regulator should be shut down, and the pressbutton should be pressed fully home so that the calibrated spring goes into engagement with the
magnet clapper. This clapper has attached to it a pointer engaging with a scale, and if the pile is
in correct adjustment the mark through the pointer will be exactly in line with the mark on the
scale. If these marks are not in line, then the fixed pile clapper should be re-adjusted in the manner
described below.
Adjustment of pile clapper
16. The regulator should be shut down and cold. The operaticns are then as follows:—
(i)

Push home and hold re-set button.

(ii)

Slacken the pile locking screw.

(iii)

Turn the pile adjusting ferrule until white scribe marks are in line.

(iv)

Re-tighten the pile locking screw.

(v)

Release the re-set button.

Trimmer adjustment for voltage level
17. The only other adjustment permissible in service is to the trimmer resistance for setting
the regulated voltage level. This resistance can be conveniently set with a screwdriver, and its
mounting bracket is marked with arrows and the letters "R" and "L" to indicate the direction of
turning required for raising and lowering the voltage. The voltage is lowered by turning in a
clockwise direction. Before adjusting the voltage, make sure that the pile setting is correct as
above.
Carbon pile
18. From time to time the pile should be examined by running the finger nail along the
surface. If the pile is in good condition it will have a feeling of gritty hardness: if, however, the
carbon washers appear to be soft so that the nail will sink in with ease, they should be replaced
with new, as follows :—
(i) Slacken off the locking plate by means of 6 B.A. cheese-headed screws at the right-hand
end of the pile.
Unscrew the adjusting ferrule, when the pile assembly may be withdrawn complete through
the base plate.
(iii)

Draw off all the old washers.

(iv)

Replace the complete set of new washers to make up a total length of 42 mm. when the
washers are held close together.
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(vi)

Replace the carbon pile assembly through the base plate and screw in the adjusting ferrule
until the white scribe lines coincide, when the re-set button is depressed. During this
operation do not handle the pile more than is necessary.
Re-tighten the locking plate.

Air dashpot
19. No attempt should be made to adjust the dashpot as this is carefully calibrated. If a
dashpot is damaged it should be removed and a new one substituted. The method of renewal is
as follows :—
(i) Release the cheese-head screw and Grover washer holding dashpot plunger rod at the
armature end.
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Fig. 5.—Test circuit diagram, regulator, type 32

(ii)

Release the three round nuts and Grover washers holding dashpot to the dashpot plate
and withdraw the dashpot assembly complete.

(iii)

Take a new dashpot assembly from its container and place it in the same position as
formerly occupied by the damaged dashpot.

(iv)

Replace the three round nuts and Grover washers and tighten them.

(v)

Move the clapper by hand until the fixing hole in the end of the dashpot plunger rod
coincides with the hole in the clapper, then fix it with the cheese-headed screw and Grover
washer.

(vi)

The carbon pile should then be re-set in accordance with the instructions given under
the heading of pile re-setting (para. 5).
Note.—DO NOT tamper with the air control screw as the air valve has been adjusted
ready for use before leaving the manufacturers.

Regulation
20.

The regulation test is as follows :—

(i)

Connect the regulator as shown in fig. 5, using a generator, type P, connected to a regulator,
type 23.

(ii)

Run the generator at a speed of 4,000 r.p.m. on no load, with the trimmer arm of regulator,
type 32, set in the mid position, adjust the regulator so that the voltage measured by V1
is maintained between the limits of 272 and 282 volts over a pile resistance range decreasing
from 10 ohms to 1.5 ohms and then increasing again to 10 ohms. This alteration of pile
resistance value is achieved by adjustment of the resistance R1. This cycle of operations
should be carried out twice, the voltage reading being taken during the second cycle.

Compensation
21. Remove the copper shunt (where fitted) across terminals 1 and 2. With the ammeter A2
indicating a current of 40 amps. flowing through the accumulator compounding winding, the line
voltage V1 must be maintained between the limits 26.8' and 27.2 volts with the regulator operating
over the resistance range as given in the preceding sub-para. (ii). This is to check that the series
winding is cumulative to the shunt winding, but for normal use the copper shunt should be connected
across terminals 1 and 2.

Stability
22. Run the generator at 6,000 r.p.m. and slacken the compression screw of the voltage
regulator type 23 s th turn and check for stability as follows :—
(i)
(ii)

Switch the generator field on and off at least three times with pile resistances of 4.5, 6.0,
and 10.0 ohms adjusting the pile resistance by means of R1.
A load of 40 amps. (indicated at A 2) connected between terminal number 2 and common
negative, should be switched on and off at least three times, the pile resistance should be
as sub-para. (1).

Under these conditions the regulator should show no tendency to hunt.
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Introduction
1. Generators are the basic source of supply for all electrical and radio equipment on an
aircraft and it is absolutely essential that their operation is reliable. No adjustment or fault
correction can be carried out during flight and every precaution must therefore be taken before
flight to ensure that the generator will operate satisfactorily.
2. Although generators vary considerably in design and output certain servicing operations
are common to all, and others to certain classes of generator. This common servicing information
is contained in the following paragraphs. For detailed servicing instructions, however, the section
and chapter dealing with the particular machine must be consulted.
Two principles for reliable generator operation can be laid down briefly as follows :—
(i) Absolute cleanliness of all parts, particularly the brush gear and commutator, is essential.
(ii) Any defect, however small, should be immediately investigated and a remedy effected.
3. Generators in store must be kept in a dry place and away from any acid as corrosive fumes
might attack the metal and insulation. Generators should never be stored near accumulators or in
charging rooms. If a generator is damp it should be kept in a dry atmosphere for some hours at
a temperature not exceeding 100°C. before being run up on load.
4. A special tool kit (Stores Ref. 5U/I201) is available for work on generators. A list of tools
is given below.
Stores Ref . No.

*5U/1202
5U/1203
5U/1204
5U/1205
5U/1254
5U/1206
5U/1207
5U/1253
5U/1208

Nomenclature

Blocks, stripping and assembly
Boxes, tool
Drifts, ball race assembling:No. 1
No. 2
No. 3
Extractors, ball race
Spanners :—
Box, special:—
-% in. B.S.F.
i. in. B.S.F.
Ring

Detail

Quantity

1
1
# in. dia.
11 in. dia.
0.63 in. bore

1
1
1
1

For commutator end

For driving end

1
1
1

* Stores Ref. 5U/1202 consists of a block with splined hole for accepting the driving end of the shaft and
supports the generator while dismantling and assembling.

Field system
5. The majority of aircraft generators are self-exciting, that is, they are dependent on the
residual magnetism in the pole pieces for their initial excitation. If the pole pieces or yokes are
subjected to a shock or sustained vibration the residual magnetism may be destroyed in which case
the generator will fail to excite. There is also a marked possibility of the polarity being reversed
once a machine has lost its residual magnetism. A test for reversed polarity is given in para. 27 (i).
6. Some generators are separately excited. These machines depend upon a separate source
of supply for the excitation of the field coils.
7. Connections between the field coils and to the terminal block should be checked to see
that they have sustained no damage, say by careless insertion of through bolts. All terminal block
connections should be properly secured to prevent damage by vibration or chafing. If there is break
in continuity within the coil winding, the coil should be renewed by authorized personnel only.
Also if the coil is loose on the pole shoe insulation failure may result, the generator therefore must
be passed to the authorized personnel for attention.

Bearings and lubrication
8. It is most important that the bearings should be free from dust and grit, as this and lack
of proper lubrication, constitute a very common cause of bearing trouble. Detailed inspection for
mechanical defects is also of primary importance.
9. When a generator is dismantled the bearings should be carefully drawn off the armature
shaft, using the ball race extractor provided in the tool kit. They should be then thoroughly
washed out in clean non-leaded petrol or Primer thinner, Stores Ref. 33B/510 (home) or 33B/512
(overseas), and blown clean by compressed air, if available. Examination should then be made for
the following points:—
(i)
(ii)

Roughness or excessive play
Wear or fracture of cages
Slack fit on shaft or bearing turning in its housing.

For defects under the first two of these points the bearing should be renewed. If the conditions
of sub-para. (iii) apply the bearing should be regarded as beyond Unit capacity for repair.
10. Bearings should be a light driving fit on the armature shaft. After a bearing has been
refitted to the shaft it should be checked by rotating the outer race by hand. If it feels tight or
rough, the bearing is probably too tight a fit on the shaft, and if another bearing of better fit is not
available the generator should be returned to a Maintenance Unit. The driving end bearing should
be a light driving fit, and the commutator end bearing a close sliding fit in their respective housings.
If in any doubt as to bearing fit, the generator should be returned to a Maintenance Unit.
11. Where grease lubrication is used one quarter only of the available space in the bearing is
to be packed with grease (Stores Ref. 34A/89) (1 lb. tins), surplus grease being removed. The inner
and miter races are then to be rotated in opposite directions to distribute the grease evenly around
the race surfaces. Any grease which has exuded during this operation is to be replaced evenly
between the races.
12. Where oil lubrication is used, all the felt pads on both sides of the bearing should be
thoroughly soaked with oil (Stores Ref. 34A/60) (1 quart tins), any surplus oil being wiped off. A
small quantity of oil should then be introduced into the bearing itself and worked in by hand, after
which the reservoirs and bearing should be assembled. It is most important that all the parts
of the oil reservoir system should be replaced correctly, and if the felts which make contact with
the shaft are worn, new felts should be fitted.
13. Special care should be taken to keep the bearings free from dirt or swarf when they are
being lubricated and refitted. Most generators require to be dismantled completely or partially
in order to be lubricated, and the work is therefore best done when the generator is dismantled
for inspection at the appropriate inspection period. In a few installations, however, experience may
indicate that more frequent lubrication is necessary.
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Brush gear
14. Cleanliness of all internal parts of a generator is of the utmost importance in ensuring
satisfactory operation. All dirt and brush dust should be removed by means of a clean cloth or
small brush, particularly from the insulating surfaces of the brush rocker, terminals, and connecting
rings (if fitted). If contaminated with oil or grease, the parts should be washed with a small quantity
of clean petrol and dried thoroughly, by compressed air if available. Several washings may be
necessary. Brushes which have been contaminated with even a small quantity of oil or grease
should never be refitted, but should be replaced by new ones. If this is not done the oil will exude
from the contaminated brushes when they warm up again in service, and will almost certainly cause
trouble. For corrosion of brush springs see para. 19. Check the brush spring pressure against the
figures quoted in the chapter dealing with the particular generator.
15. Brushes should generally be replaced when they have worn down to approximately half
their original length. This can best be checked by comparison with a new brush. In general, partly
worn brushes should be renewed if there is any doubt about their being able to give satisfactory
service for the requisite number of running hours before the generator will again be due for inspection.
If it is decided to replace the original brushes, they should be marked before being detached from
the generator, so that each may be replaced the correct way round and in the same box from which
it was removed. This is most important. All connections from the brush gear to the terminal block
should be checked and made secure against damage by vibration or chafing.
16. Most type of generator bushes are supplied with the contact faces already shaped to fit
the commutator. It is only necessary to fit these into the boxes and run the generator for a short
time for bedding purposes. They should then be removed and any high spots carefully scraped off.
Brushes on some older type generators are not shaped and must be bedded down. This should be
done by cutting a piece of fine glass paper to the width of the commutator and long enough to pass
completely round it with a considerable overlap. The glass paper is wrapped round the commutator
in a direction opposite to the direction of rotation, so that when the armature is turned the friction
of the brushes will tighten up the glass paper on the commutator. The armature is then rotated,
preferably by hand, with the brushes in position and with the normal spring pressure applied; it
must be rotated in the normal direction only and not backwards and forwards, so that the brushes
will be bedded down in exactly the position in the boxes that they will occupy in operation. After
the brushes have been roughly shaped in this way the glass paper should be removed and the
generator run for a short time with the brushes in position, after which the contact surfaces should
be examined and any high spots rubbed down. When new brushes have been fitted they should be
examined again after a few hours' running to ensure that they are still free in the boxes.
17. Owing to the atmospheric conditions obtaining at high altitudes it is found that standard
brushes on aircraft generators frequently wear at an excessively rapid rate. On aircraft which fly
at altitudes in excess of say 25,000 ft., special high altitude brushes must be used. These are
impregnated with a compound which provides a certain amount of lubrication and to a large extent
prevents the excessive wear. Generators fitted with such brushes should be marked with the
words "HA BRUSHES" in 1 in. white letters. Care must be taken to renew these brushes when
necessary with the correct type.
Method of checking brush position
18. (i) In order to obtain satisfactory commutation and avoid reversal of polarity, which may
occur through retarded brushes, the brushes on d.c. engine-driven shunt-wound
generators should be set between one half and one commutator segment in advance
of the neutral position, i.e. moved in the direction of rotation from the neutral position.
On generators now being manufactured the correct brush position is, or should be,
marked by corresponding white paint lines painted on the brush rocker and on the
commutator end frame or on some part rigidly attached to the end frame or by some
similar method.
If this has not been done, the correct brush position should be found as follows:—
Check that all brushes are bedding over their full width and at least 80 per cent. of their
area. If they are not, the generator must be run on the test bench with about onequarter full load until this condition is attained.

(iv)

Connect an accumulator of the appropriate voltage for the generator, through a
tapping key, across the field winding. Ensure that the accumulator connections are
made to terminals of corresponding polarity on the generator.

(v)

Connect a millivoltmeter (say a Testmeter type "D" on the 0.15 volt range) directly
across two adjacent brushes.

(vi)

Make and break the field circuit and note the direction and magnitude of the throw
of the millivoltmeter needle at "make". Turn the armature slightly and repeat for
about six positions of the armature. Always turn the armature in its normal direction
of rotation in order to maintain the brush seating.

(vii)

Slacken the brush rocker clamping nuts or screws, move the brush rocker slightly and
repeat (v) and (vi). If the average throw is increased, the rocker has been moved away
from the neutral position; if decreased, towards it. If the throw is reversed the rocker
has passed through the neutral position. Adjust the position of the rocker until the
throw is approximately zero. (Actually no brush position will be found for which the
millivoltmeter deflection is zero for any position of the armature. The neutral position is
that in which, when "making" the field circuit, roughly as many deflections are obtained
in one direction as are obtained in the other, for various positions of the armature.)

(viii)

Mark the neutral position thus obtained by pencil or other suitable means.

(ix)

Rotate the brush rocker in the direction of rotation of the generator by between half
and one commutator segment. Tighten the clamping screws or nuts and lock them.

(x)

Mark the position of the brush rocker relative to the commutator end frame as outlined
in (ii). Replace covers.

Cooling
19. Most aircraft generators employ a blast cooling system in which air passes over the
commutator and brush gear. This often leads to corrosion of the brush springs. The latter should,
therefore, be inspected and if necessary replaced with new.
20. Anti-corrosive treatment is to be applied to all air pipe caps, ring nuts and air pipe unions
on airborne engine-driven generators. These parts are to be coated all over with pigmented
lanolin (Stores Ref. 33C/524, 1 gal.; 33C/576, 2 gall.; 33C/585, 5 gall.), before and after assembly,
whenever a generator is replaced in an aircraft and at each appropriate inspection period.
21. As air pipes are usually of thin aluminium they are often and easily damaged. Particular
care should be taken to see that they are not bent or restricted, except as designed, especially at the
intake or outlet apertures.

Commutator
22. Commutators must always be kept in good condition; they must be clean and must run
perfectly true. Any dirt or irregularity will cause sparking which will quickly become worse and
finally cause serious damage.
23. A commutator in good condition has a smooth brown surface, which should not be disturbed
unless absolutely necessary. If it becomes uniformly blackened by sparking or by grease it should be
cleaned with a rag sparingly moistened with petrol. The brushes should also be cleaned in the same
way. If this treatment fails to remove the blackening the commutator must be lightly rubbed with
fine glass paper. This should be done by folding a strip of fine glass paper over a piece of wood with
a flat end and pressing it lightly on to the rotating commutator, the brushes having been removed.
The width of the wood and glass paper should be less than that of the commutator and they should
be moved from side to side to obtain an even action. No attempt must be made to remove more than
the surface film of the commutator by this method. If the surface is irregular or if there is bad local
blackening, the generator must be sent to a repair depot to have the commutator skimmed in a lathe.
24. The slots between the commutator segments, which have been formed by the cutting
away of the mica insulation should be cleaned out with a penknife blade or piece of hacksaw blade
which has been ground down to a suitable width so that it does not cut the copper segment. After
this operation the surface of the commutator should be polished lightly with fine glass cloth (Grade
00) (Stores Ref. 33C/890).
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Armature
25. If there is any sign of solder having been thrown from the binding wires or commutator
risers, or, if the commutator surface is worn or scored, or the splines on the driving shaft are
worn, the generator should be regarded as being beyond Unit capacity for repair. An armature
should not be washed in petrol or other liquid as this usually results in driving brush dust further
into the windings, thus encouraging breakdown. If the surface of the commutator is oily, however,
it may be cleaned with a rag lightly damped with clean petrol.

Insulation resistance
26. After the various parts have been examined and cleaned, and before assembly, the
following tests of insulation resistance should be made with a 250-volt insulation resistance tester.
(i)
(ii)
(iii)

Field winding to frame
Brush gear and terminals to frame
Armature winding to shaft.

The resistance in each case should not be less than 0.01E megohms (where E is the output voltage
of the generator being tested) or 0.2 megohms, whichever is the greater. The insulation resistance of
armatures may sometimes be found to be lower than the values given above although the armatures
may otherwise be in good order. This is almost invariably due to the presence of moisture, and the
trouble can usually be overcome by keeping the armature in a dry atmosphere at a temperature not
exceeding 100°C. for some hours. If after this treatment the insulation resistance fails to recover
to the values given above the armature should be renewed.

TESTS
27. Before installing a new, or serviced generator, the following tests should be carried out,
a bench testing set being used to drive the generator. Details of test circuits, equipment, and
generator loadings are given in the individual generator chapters.
(i)

Test for correct polarity by connecting a suitable moving coil voltmeter across the output
terminals. Run the generator in its correct direction of rotation. The voltmeter readings
should confirm the terminal markings. A central zero meter should not be used for this
test owing to the possiblity of confusion in interpreting the polarity. This test may be
carried out simultaneously with test (iii).

(ii)

See that the armature rotates freely without contact occurring at any point between the
driving end oil thrower (if fitted) and fixed parts, or excessive play in the bearings. A
very small radial play which can just be felt by the hand is permissible, provided the
movement lies within the bearing and not between the bearing and either the shaft or
the housing.

(iii)

Connect the generator in the appropriate test circuit and run up on no load to
approximately 4,000 r.p.m. Check that the correct voltage is attained and there is no
hesitation in build up.

(iv)

Switch on full load keeping the speed at approximately 4,000 r.p.m. In this condition
no sparking should be visible at the brushes.

(v)

Increase the speed to approximately the maximum value for continuous running. At this
speed and with full load output there should not be more than slight pinpoint sparking
at the brushes. The maximum speed of test set (Stores Ref. 5G/112), i.e. 6,450 r.p.m.
is permitted for this test.

(vi)

Run the generator with the commutator covers in place at its minimum speed for full
load output for a period quoted under Testing in the individual generator chapter (usually
about 10 minutes) without cooling air. At the end of this test the brushes should slide
freely in their boxes. The insulation resistance of all live parts together to the frame
should then be measured with a 250-volt insulation resistance tester. The reading should
not be less than 0.01E megohms (where E is the output voltage of the generator being

tested), or 0-2 megohms whichever is the greater. If the insulation resistance of any
generator is less than the figure specified it should be returned to a Maintenance Unit,
N.B.—The generator should not be run above the period specified for the foregoing
test without cooling air or there will be serious risk of overheating and consequent damage.
(vii) All screws and nut should have been tightened prior to the preceding tests, and these
should now be locked where this is required.

28.

TABLE OF FAULTS AND REMEDIES

Indication—Sparking at the commutator
- Remedy

Possible cause

(i) Brushes and brush-holders :—
(a) Brush not free in holder.

(a)

If brush fits tightly, it should be carefully
rubbed down with fine glass paper until it
is an easy fit in the holder, but not too loose.

(b) Brush inserted wrong way round in
holder.

(b)

See that efficient contact is obtained between
brush and commutator over the whole brush
area.

(c) Brush not properly bedded down.

(c)

Bed down the brush as described.

(d) Insufficient pressure on brush.

(d)

See that the full pressure of the spring is
acting on the brush, that the fingers (if any)
are not sticking at the pivots, and that the
springs are not catching on the brush holder.

(c) Edge of brush broken away.

(e)

Bed brush down as described until the full
area of contact is obtained. If too much
is broken away for this to be done a new
brush must be fitted. The cause of breakage
should be ascertained.
It may be:—
Defective brush—Brush should be changed
Proud mica (See (ii) (c))
High commutator segment—return generator
to repair depot.

(d) Brushes worn away and too short in
holder.

(f)

Replace by new brushes and bed down as
described. Unduly rapid wear of brushes is
an indication of other trouble such as a rough
or uneven commutator.

( g)

Dirt collected on brush.

(g)

Brush and commutator should be thoroughly
cleaned.

(h)

Where brushes are duplicated, one set
overloaded, due to poor contact of the
other set.

(h)

Examine the other set of brushes and their
connections.

(i)

Brush rocker loose or moved to incorrect
position, resulting in bad commutation.

(i)

If the brush rocker has been marked to show
its correct position it should be replaced in
that position and securely locked, otherwise
return the generator to repair depot for readjustment.

(j)

Brush-holder not rigid.

(j)

Tighten up all screws, bolts and nuts holding
the brush-holder in position.

(k) Brush-holder damaged or bent, resulting (k) The generator must be returned for overhaul
in small contact area between brush and
and repair.
commutator.
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Table of Faults and Remedies—cont.
Indication—Sparking at the commutator—cont.
Possible cause
(ii) Commutators:—
(a) Uniformly blackened.

(b) Blackened or pitted locally.

Remedy

(a) Clean the commutator as described in para.
23.
(b) Return the generator to repair depot.
(c) Return the generator to repair depot.

(c) Mica insulation between commutator
bars projecting above the surface of the
commutator ("proud mica").
This
produces intermittent contact between
brush and commutator.
(d) Wear in the commutator by the brushes (d) Return the generator to repair depot.
forming a shoulder against which the
brushes may bear.
(e) Formation of a flat on the commutator (e) Return the generator to repair depot.
by continuous sparking, a blow, or by
improper cleaning.
(f) Commutator out of truth, as shown by (f) Return the generator to repair depot.
up-and-down movement of brushes in
their holders.
(iii) Armature:—
(a) A broken coil or end connection. This (a) Test the armature windings by the voltage
will produce heavy sparking in one place
drop method applied between commutator
on the commutator which will rapidly pit
segments. If an open-circuit or short-circuit
the affected bar. It is readily distinguished
is detected the generator must be returned to
from sparking due to other causes.
depot for repair.
(b) Armature current excessive due to failure (b) Disconnect the generator from the external
of insulation.
circuit and test the insulation resistance.
If the insulation resistance of the armature
or field windings to earth, or between any
two separate windings is low (see para. 26),
the generator should be returned for repair.
29.

Indication—Low terminal voltage
(i) Failure to excite. A low voltage, derived only
from the residual magnetism, is obtained.
The failure may be due to :—
(a) Dirty commutator.
(b) A hard glazed surface of high resistance
may have been formed on the brushes
if the generator has been run for a
considerable period unexcited.
(c) Disconnection or high resistance in field
circuit.
(d) Incorrect direction cif rotation.
(e) Loss of residual magnetism.

(a) Clean the commutator and brushes as
described.
(b) Remove the hard surface by the method
described for bedding down brushes.

(c)

Ensure that all connections are clean and
tight and test the windings for continuity.
(d) Ensure that the direction of rotation is
correct.
(e) Remagnetise the field by connecting an
accumulator across the shunt field winding
only, negative to negative.
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Fig. 1.--Generator, type K
Introduction
1. The generator, type K, is an air cooled shunt wound machine which is suitable for use in
conjunction with a voltage regulator, type G, when ground testing power units, types 15 and 16.
Some form of prime mover which will give a speed of from 3,500 to 5,000 r.p.m. must be employed,
and, where available, test set type 88 can be adopted for this purpose. A description of this test set
will be found in A.P.1186E, Vol. I, Sect. 4, Chap. 1 to which reference may be.made if required.
The generator may be obtained for either clockwise (Stores Ref. 5U/976) or anti-clockwise (Stores
Ref. 5U/975) rotation, the full load output being 29 volts 40 amps. A service instruction sheet
No. 2392 dealing with this machine is available. A comprehensive chapter on engine-driven generators
already exists in A.P.1095C, Vol. I, Sect. 5, Chap. 4, so that it is considered unnecessary to give a
full description of the generator type K here, only the information needed for its use with radio test
equipment being included.

DESCRIPTION
2. Illustrated in fig. 1 the generator comprises a magnet system, the yoke being of soft iron
and the four laminated pole pieces are mounted in the bore, each pole piece carrying a suitably
insulated field winding. The armature is laminated, and the laminations are keyed to the shaft and
clamped together by means of a sleeve which is shrunk on. Slots are provided for the armature
windings which are held in position by bakelizing and steel wire bands. The connections to the
commutator risers are held by steel wire bands, the commutator segments are insulated with mica
and the whole assembly is pressed on to the armature spindle over a knurled portion. A dished
plate is provided to prevent oil or grease from the bearings leaking on to the commutator.
3. Ball bearings are employed, one at the drive end located in the engine fixing plate, whilst
another and smaller bearing is secured to the other end of the spindle by a castellated nut locked
by a split pin. The latter bearing is mounted in a recess in the brush gear cage at the commutator
end of the generator. Slots and spigots ensure the correct alignment of the yoke, brush gear cage
and engine fixing plate, these parts being held rigidly together by four bolts which engage with
bush nuts.
4. The brush gear is housed in the brush gear cage mounted on a rocker which can be rotated
through a few degrees, and is normally locked in position by two screws and nuts clamped to the
brush gear cage. The four brush holders are mounted on the rocker which is clamped to two insulated
metal rings. Diametrically opposite brushes are joined together, flexible connections from the
brushes being connected to two metal rings which are insulated from each other and from the brush
gear cage, the rings in turn being connected to the back of the positive and negative terminals of the
terminal block by flexible insulated cable. The four field windings are series connected, flexible
connections being brought out from the ends of the windings, one end connected to the positive
terminal and the other to the terminal marked S. The brush gear for clockwise and anti-clockwise
generators differs both in the angle at which the brushes are set, and also in the manner in which
they are connected up. The direction of rotation for which the generator is connected and the angle
of the brushes is indicated by an arrow engraved on the engine fixing plate. An air jacket provides
for the circulation of cooling air, and the brush gear is enclosed by strip bands which are clamped
over the brush cage openings. A further strip band covers the apertures between the outer jacket
and the brush gear cage. The terminal block carries three terminals engraved +, S or F, and —
and in some cases the core colours, yellow, grey and blue respectively are indicated over the terminals.
The brush gear and field connections are connected to the backs of the terminals housed in this
block. All fixing screws, nuts, and unions are locked by wire, metal punchings or centre popping
to prevent looseness due to vibration.
OPERATION
5. The voltage of the generator is controlled by an automatic voltage regulator of the carbon
pile type. A regulator, type G, is suitable when testing power units, type 15 and 16, with a variable
resistance 30 ohms, 1 amp., connected in series with the pile coil (see fig. 2). By this method it
should be possible with the generator driven at any speed between 3,500 and 5,000 r.p.m. to vary
the supply to the power unit from 5 to 35 volts. As these generators are specially cooled by air
from the slip stream it is not advisable to use them without special cooling for more than 20 minutes.

INSTALLATION
6. Four bolts are provided on the plate at the driving end of the generator for fixing, and the
generator may be coupled to the prime mover by means of vee belt and pulleys.

SERVICING
7. Cleanliness, periodical inspection, and checking the generator output, afford the best servicing
practice. The brush gear must be kept properly adjusted, the commutator clean, and all nuts and
fixing screws checked for tightness. Access to the brush gear is obtained by first removing the top
portion of the outer jacket and then loosening and removing the cover band. The brushes are
set diametrically opposite to each other and are fixed in position, their position in regard to the
commutator being approximately half to one commutator segment in advance of the neutral position.
Normally no adjustment is required but should this be necessary the brush gear ring can be rocked
by loosening the two nuts immediately behind the pipe union on the top of the brush gear cage, care
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being taken to re-lock the nuts immediately after adjustment. Brush pressure is approximately
12 oz. and this may be increased by loosening the nut at the base of the spring supporting column
and rotating the column in a clockwise direction by means of a screwdriver. The nut at the base
of the column must be tightened after adjustment.

+
YELLOW

GENERATOR
TYPE K

S ce F
GREY

MONS RESISTANCE

TO CARSON PILE
BLUE

Fig. 2.—Connections for generator
8. Bearings are grease packed, and providing they are kept eleanlittle or no attention is required.
When the generator is undergoing overhaul the bearings may be cleaned and repacked with grease,
high temperature (Stores Ref. 34A/89 or 34A/76). The grease must be packed tightly in one quadrant
only, surplus grease being removed, and the inner and outer recesses should then be rotated in opposite
directions to distribute the grease evenly. Grease which has exuded must be replaced evenly between
the recesses.

This leaf issued in reprint dated
March, 1946

A.P.1186E, Vol. I, Sect. 4
CHAPTER 3

GENERATORS, a.c., types R and S
LIST OF CONTENTS
Para.
1
4

Introduction ...
Types available
...
Description
•
Generator, type R
Generator, type S
Installation and operation
Servicing ...

5

12
14
17
LIST OF ILLUSTRATIONS
Fig.
1
2
3

Dismantled view of generator, type R
Schematic section of generator, type R
Cable connection to generator ...

Introduction
1. The generators, type R and S, are basically similar in design, the characteristic difference
of the type S being described in para. 12. When the generators are mounted in aircraft driven through
suitable gearing from the engine the excitation of the field is obtained from the aircraft general
service d.c. supply. As these generators are now used for ground equipment, chiefly on petrol electric
test sets, the d.c. supply for field excitation is obtained from a type HZ generator.
2. Both generators are designed to run at a variable speed, details of which are shown in the
following table. They can be run in either anti-clockwise or clockwise direction.

1. Magnet ring

2. Rotor

3. Rotor teeth

4. Stator teeth

Fig. 1.—Dismantled view of generator, type R

5. Stator winding

3. Since in this type of generator the armature reaction is high, a capacitor is required in series
with the output, and this is provided in an associated control panel. The output voltage is controlled
by a voltage regulator, type E, which is also situated in the control panel. A description of this item
of equipment is given in A.P.1186D, Vol. I, Sect. 2, Chap. 2.

Types available
4. The following table gives details of these generators and their chief characteristics:Output
Ref. No.

5IJ/1270
5U/1271
5U/1272

Type

R
R
S

Amps

Voltage

6.25
6.25
6.25

80
80
80

Excitation
voltage

Frequency (cls)

Series
condenser

Weight

12 /14
24/28
24/28

2,600 at 6,000 r.p.m.
2,600 at 6,000 r.p.m.
1,732 at 4,000 r.p.m.

5µF
5µF
8µF

20 lb.
20 lb.
25.25 lb.

DESCRIPTION

Generator, type R
5. The generator type R is of the inductor type and is illustrated in a dismantled view in fig. 1.
The d.c. field winding is wound round a magnet ring (1) which encloses the solid steel rotor (2). The
flux from this field is transmitted across the air gap between the magnet ring and the rotor, through
the rotor to the rotor teeth (3) then across the air gap to the stator teeth (4) and completes the circuit
through the stator iron and yoke. As the rotor revolves, the passage of these teeth past the stator
teeth (4) decreases the reluctance of the magnetic path and induces an alternating current in the
stator windings (5).
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22. Fixing hole
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22
Fig. 2.-Schematic section of generator, type R
6. There are 26 teeth on the rotor and 24 on the stator, so that a pair of teeth coincides every
of a revolution, thus inducing 26 peaks per revolution, or 2,600 cycles per second at a generator
speed of 6,000 r.p.m. The flux passing through the armature is always in the same direction, but
varies in density.
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7. A sectional perspective drawing of the generator is given in fig. 2 and from this it will be seen
that the generator is contained within a yoke (1) which is provided at the driving end, with a flange
by which the mounting of the generator is effected. The generator is totally enclosed and naturally
cooled, the yoke, and frame and bearing cap being finned to assist heat dissipation.
8. The driving end housing (2), which is of aluminium alloy, is secured to the yoke by four
screws (3) and houses a ball bearing (4). This bearing is held in position on the shaft by a bearing
nut (5) which is locked by punching into one of the splines on the shaft. These splines are shown in
the illustration covered by a protecting cap (23) which must be removed before installation. The
bearing is covered by an outer bearing plate (6) which contains an oil-soaked felt pad (7) for lubricating
the bearing. This plate is secured to the driving end housing by six studs with hexagonal nuts (8).
The inner bearing retaining plate (9) is held in position by six countersunk screws which are accessible
only after the outer bearing cap has been removed.
9. The stator is made up of laminated punchings, the windings being wound in the slots between
the teeth. The annular pole piece (21) round which the field coil is wound, is flanged and secured
to the yoke by eight screws. The bearing housing (10) opposite the driving end is an aluminium
die-casting. It is secured to the pole piece flange by six hexagonal nuts. The inner bearing cap (11)
is secured to the bearing housing by three countersunk screws, the heads of which are covered by
the outer bearing cap. This cap (12) is held in position by three studs with hexagonal nuts.
10. The ball bearing (13) which is smaller than that at the driving end, is secured in position
by a nut (14) which is locked by punching into a hole in the shaft. This bearing is lubricated by
a felt pad (15) within the outer bearing cap. The rotor (16) comprises a shaft and hub, at one end
of which a set of lamination is secured to form an inductor with 26 teeth.
White

Black

Yei tow

Sleeves supplied
with alternator

Note
Wires to enter on
left side of screw
thread to ensure
that they follow
the screw rotation

Red a yellow leads to terminal I
White
lead to terminal 2
Green
lead to terminal 3
Blue t, black leads to terminal 4

Fig. 3.—Cable connections to generator
Note.—The terminal block is shown in plan view
11. The terminal box (17) and cover are die castings attached to the top of the yoke. The
terminal block itself is an insulative moulding, the terminal inserts being arranged in the manner
shown in fig. 3. The terminals are marked by means of coloured spots, the excitation coil being
connected to the white and black terminals and the stator winding to the yellow and blue terminals.

Generator, type S
12. The electrical construction of this generator is generally the same as that of type R, but
the frequency of the output is 1732 c.p.s. at 4,000 r.p.m. Mechanically, the generators differ only
in the mounting and driving arrangements. The generator, type S, has a splined shaft extension
suitable for connecting the generator drive on American engines, and in addition incorporates a
flexible coupling which is retained in the special housing at the driving end of the generator. This
coupling connects the splined extension to the rotor shaft, through driving pegs and rubber buffers,
and assists in smoothing out torsional vibration in the drive.
13. The terminal connections are the same as on the generator, type R, and the machine is
suitable for 24-volt excitation only.
INSTALLATION AND OPERATION
14. Both generators are secured by bolts which pass through holes in the mounting flange.
The wiring to both types of generator is carried out with Sextomet 4 cable.
15. The a.c. output from both types of generator is obtained from the yellow and blue terminals
via a control panel; type 3 (Stores Ref. 5U/1269) or type 4 (Stores Ref. 5U/199), whichever generator
is used. Within the control panel, type 3, the condenser link must be adjusted to suit the type of
generator installed. For type R generator, 5 µF capacity is required, and for type S, 8 µF. With
control panel, type 4, in addition to the condenser setting, the two flexible leads on the terminal
block inside the panel must be adjusted to suit the excitation voltage of the generator. In order to
prevent excessive voltage surges the generator load should not be allowed to fall below 120 watts
while the field winding is excited.
16. When preparing Sextomet 4 cable the outer sheath should be cut to extend i in. beyond
the cable clamp and the wire should be severed about 11 in. beyond the sheathing, the insulation being
cut back slightly less than one inch.
SERVICING .
17. Very little servicing other than oiling should be required. At intervals of 120 running
hours the generator should be removed from its mounting and the outer bearing cap removed. The
felt lubricating pads should then be soaked in lubricating oil (Stores Ref. 34A/60) and then the bearing
cap replaced.
18. The connections in the terminal box should also be checked at intervals and, if necessary,
tightened. Should it be necessary to remove the rotor from the yoke the four bolts (3, fig. 2) should
be taken out, when the rotor may be withdrawn from the yoke complete with driving endplate.
19. At speeds between 3,000 and 6,000 r.p.m. the generator, type R, in conjunction with its
control panel, should give a full output of 6.25 amp., 80 volts RMS when connected to a non-inductive
load, and the normal maximum current in the field should not exceed 2 amp. at 28 volts and 4 amp.
at 14 volts, according to whether the generator is designed for operation on 12 or 24-volt supplies.
The frequency range over these speeds is from 1,300 to 2,600 cycles per second. The generator,
type S, should provide the same output at speeds between 2,000 and 4,000 r.p.m., the frequency range
being between 866 and 1,732 cycles per second.
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Introduction
1. Designed to provide a d.c. output of 60 amps. at 29 volts and an a.c. output of 15 amps.
at 80 volts, the engine-driven generator type UKX has a•frequency of 2,300 c/s at a speed of 6,000
r.p.m. The full rated d.c. output is obtainable at a minimum speed of 3,250 r.p.m., the maximum
speed for continuous running being 6,000 r.p.m. and 7,500 r.p.m. for five minutes. The full rated a.c.
output is obtainable over a speed range of from 3,250 to 6,000 r.p.m.. A carbon pile voltage regulator
type J controls the d.c. voltage and the a.c. voltage is regulated by a choke controlled by a voltage
regulator type E.

Types available
2. Details of the generator are as follows:—
Stores
Type
d.c. rating
a.c. rating
Ref.
UKX
• 29 volts
5U/421
80 volts
60 amps.
15 amps.

Frequency
2,300 at
6,000 r.p.m.

Series
condenser
15 + 1µF

Fig. 2.—Generator dismantled

Principle of operation
3. In this type of generator the alternating EMF is generated' by the local variation of flux
produced by the passage of the armature teeth past the slotted pole face which carries the armature
winding. Although similar in construction to the normal 4-pole d.c. machine used in aircraft, the
yoke and separate poles are replaced by stator punchings having four large slots for the field coils
(two sides per slot) and 32 smaller slots (eight per pole) for the a.c. winding. The shunt field winding
is connected and brought out to two terminals in the usual manner and to prevent flux distortion
in the pole face due to d.c. flowing in the armature a series compensating winding is also incorporated.
The a.c. coils are connected in series and are held in slots in the pole face. The armature is of normal
construction, but in order to obtain the desired frequency range there are fewer slots than usual.
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4. The flux density at any point on the surface of the pole face will vary from a maximum
when opposite an armature tooth to a minimum when opposite an armature slot. Therefore an
alternating EMF will be generated in each stator coil of such a frequency that the passage of the
armature tooth past a given point corresponds to one complete cycle. Bearing in mind that the
armature has 23 teeth it will be appreciated that the frequency at 6,000 r.p.m. will be 2,300 c/s.
Incorporated in the a.c. output is a 15it F series capacitor which compensates for the inductive
reactance of the field winding
5. In order to obtain the required ampere-turns in the restricted space available for the field
windings, their resistance has to be low-2.58 ohms cold as against approximately 7-5 ohms cold in
the normal machines. It will thus be appreciated that the maximum power to be dissipated in the
d.c. voltage regulator is considerably higher than that permissible for the standard F.24 regulator,
which is used with standard generators, type KX. For this reason a special regulator, type J, has
been developed. This regulator is described in A.P.1095C, Sect. 6, Chap. 2.
6. As in this type of single-armature dual-purpose generator the flux inside the machine is
determined solely by requirements of the d.c. output, the a.c. voltage regulation is obtained externally
by means of a saturable double wound choke connected across the a.c. terminals in the manner shown
in fig. 3. The second winding on the choke is supplied through a rectifier with d.c. from a bridge
circuit, of wIlich three arms are formed by fixed resistances and the fourth by the carbon pile of a
voltage regulator, type E. The coil of this regulator is energised by the a.c. output from the load
side of the series capacitor through the bridge rectifier embodied in the control panel, and the bridge
circuit incorporating the carbon pile is supplied with d.c. obtained from the d.c. side of the generator.
7. When the a.c. voltage is low, the carbon pile is closed, its resistance is low and the point
B is positive with relation to the point A. Current is, however, prevented by the rectifier in series
with the choke from flowing from B to A through the choke. In order to reduce to zero the small
amount of current which would normally flow through this rectifier in the reverse direction, a second
rectifier short-circuits B and A when the voltage is directed from B to A. In this condition, the choke

Voltage Regulator Type J

Home Jfflwarff-

A.0 winding
)

i i Choke
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1

1
I

Compensating; winding
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A
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Fig. 3.—Theoretical circuit diagram of generator and control equipment
has its maximum inductance and therefore takes only a small alternating current from the a.c.
generator. If the voltage tends to rise above the value at which the regulator, type E, is set, the
pile resistance increases and the point A becomes positive with relation to the point B. Current
then flows through the d.c. winding of the choke, partly saturating it and therefore reducing
the inductance of the a.c. winding of the choke, which now takes an increased current, and causes
the a.c. voltage to drop to its correct value. This equipment is contained within the control panel,
type 6, and its associated choke box, type 1, which are described in detail in A.P.1186D, Sect. 1,
Chap. 2.
DESCRIPTION
8. A detailed perspective general arrangement drawing is shown in fig. 4. The armature (13)
is built up on a shaft which runs on ball bearings at both ends, the inner race of the bearing at the
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Outer bearing cap
Felt oil reservoir
Driving end bearing
Oil wicks
Inner bearing cap
holding screw
6. Outer bearing capnut
7. Bearing clamping
disc
8. Inner bearing cap

1.
2.
3.
4.
5.
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9. Compensating winding
10. Field coil
11. Band wire
12. Stator
13. Armature
14. Commutator
15. Coil spring
16. Brush
17. Brush box

13

C9 C4) ®® Ill
18. End frame fixing
screw
19. Fixing screw for
brush box
20. Brush ring
21. End frame
22. Inner bearing cap,
23. Vellumoid washer
24. Felt washer
25. Vellumoid washer
26. Felt washer

Fig. 4.-General arrangement, generator, type ITKX
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27. Bearing retaining
sleeve
28. Outer bearing cap
29. Felt oil reservoir
30. Ball bearing
31. Bearing cap screw
32. Ferrule
33. Terminal block
34. Brush ring holding
bolt
35. Ferrule
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commutator end being attached to the shaft by the sleeve (27). The armature also acts as an
inductor type a.c. rotor, and has slots containing d.c. armature windings, which are wave wound and
brought out to a commutator (14). The field coils (10), and compensating winding (9), are wound in
slots in the stator (12) and the former encompass the stator coils which are also wound in between the
teeth of the stator. The resistance of the various windings is as follows :—
Field winding, 2.8 ohms; a.c. winding, 0.52 ohm; compensating winding, 0.02 ohm; armature
winding, 0.015 ohm.
The stator is a push fit in the yoke and is secured by welding in holes drilled in the yoke. The
connections from the stator a.c. coils are brought out to a terminal block on the top of the yoke
and those from the commutator and field are taken to a terminal block (33) on the commutator end
end frame (21), the latter being fixed to the yoke by screws (18). Both terminal blocks are fitted
with shrouds and covers, between which are clamped ferrules (32) and (35) through which the external
cables pass.
9 Each of the four brushes (16) is contained within a box (17) which, in turn, is secured to
the brush ring (20) by two screws (19). Since a compensating winding is incorporated, and the brushes
are fixed in the neutral position and the brush ring has not been made adjustable, two bolts (34)
being used to affix it to the end plate. The contact between each brush and the commutator surface
is maintained by a coil spring (15) on a pin which forms part of the brush box. The brushes are inserted
into the brush box so that the brush leads are on the side nearest to the brush ring and can thus be
easily connected to the terminals. Interconnections between opposite brush boxes are made by
leads which are bound to the field coils for support. A ball bearing (30) is fitted at the commutator
YELLOW
YELLOW

A.CTERMINAL BOX
BLUE

ALTERNATIVE
POSITION
OF LINK

L.

YELLOW

AC. COILS
FIELD COILS
COMPENSATING
COILS

Fig. 5.—Connection diagram, looking on driving end
end, and is enclosed by an inner bearing cap (22), secured by three countersunk screws and by three
hexagonal-headed screws (31) which also secure the outer bearing cap (28).
10. The outer bearing cap (28) contains felt (29) soaked in lubricating oil which percolates
into the two felt washers (24) and (26), which, in turn, rub on the bearing retaining sleeve and the
shaft respectively, oil being wiped from the felt washers and transferred to the bearing by creepage
and centrifugal force. The felt pads are secured to steel discs which are held in position by the bearing
caps and screws. Vellumoid washers (23) and (25) at each side of the steel discs prevent leakage of

oil. The bearing (3) at the driving end is similarly mounted, being located between the inner bearing
cap (8) and outer bearing cap (1), but in this case a bearing clamping disc (7) is fitted between the
cap and the end frame. The felt pads on each each side of the bearing are interconnected by three
wicks (4), which conduct oil from the reservoir (2) in the outer bearing cap to the inner felt pad. The
inner bearing plate is secured by six countersunk screws (5) and the outer cap is secured by six nuts (6).
11. Cooling of the generator is by air blown direct into the commutator chamber, provision
being made for pipes to be connected on either side of the end plate. The air emerges from the
interior of the generator through an exit at the a.c. end, alternative openings being provided on both
sides of the generator body for the connection of the pipes.
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INSTALLATION
12. When installing the generator in the aircraft, the mounting flange is bolted to the appropriate flange in the aero-engine mounting and Dumet 19 cable used between the W plug on the
control panel, type 6, and the blue and yellow terminals on the a.c. terminal block on the generator.
The generator is suitable for both clockwise and counter-clockwise rotation. This is provided for by
means of a link coloured yellow which connects between the positive shunt terminal and either of
the main (armature) terminals. To suit the required direction of rotation, the link is connected as
shown in fig. 6, the change being obtained by turning the link over so that the arrow indicates the
direction of rotation required. The link can only be connected in either of the positions shown and
the main (armature) terminal to which the link connects is always positive, the other main (armature)
terminal being negative. The negative shunt terminal is marked white. The three effective terminals
Fig. 6.—Method of reversing rotation of generator, type UKX

O
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END OF METAL BRAIDING
TO BE TRIMMED OFF TO
AVOID FRAYING

Fig. 7.—Preparation of A.C. cable

O

END OF METAL BRAIDING
TO BE TRIMMED OFF TO
AVOID FRAYING

Fig. 8.—Preparation of D.C. cable

are then connected to the suppressor and voltage regulator, type J, with Trigenmet No. 3 cable in the
orthodox manner. It should be noted that reversing the direction of rotation reverses the polarity
of the main terminals and the cable should be connected accordingly. The method of preparing the
cable ends is shown in fig. 7 and 8.
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13. When installing the generator, the direction indicating tag on the field link may be bent
down so that the wires can be connected easily. This should only be done after checking the direction
of rotation. Cable end fittings are not supplied with the generator and must be demanded separately.
SERVICING
14. These generators are fitted with felt oil reservoirs which should be removed with the outer
bearing cap and soaked in lubricating oil (Stores Ref. 34A/60) after every 120 flying hours. Care must
be taken to ensure that the washers between the felt pad and the bearing are correctly replaced,
in connection with which reference should be made to the sectional drawing in fig. 4. The connections
in the terminal boxes should be tightened at regular intervals.
15. When checking the a.c. output of the generator, it is important to ensure that the voltmeter used is correctly calibrated as, in the case of rectifier type instruments, the accuracy may
deteriorate with use on 1,000 to 2,000 c/s supplies.
16. Regular inspection should be made of the generator brush gear to ensure that all brushes
are properly free in their boxes and that all springs are bearing correctly on the brushes. The specified
brush pressure is 18 to 22 ounces. Further, the carbon brushes should have sufficient wearing length
which should never be less than 0.5 in. When in doubt fit new brushes, which must be of the correct
grade, i.e. CM9. Note that other engine-driven generators use brushes of a similar size but a different
grade.
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GENERATOR, A.C./D.C., Type RLX
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Introduction
1. The generator, type RLX, has been built up using the a.c. generator type R and a
standard d.c. generator to provide a tandem dual-purpose generator with an a.c. output of 80 volts
500 watts and a d.c. output of 12 volts 750 watts. This unit is designed to replace the type Q
combinations which are now obsolescent.

Types available
2.

The types of generator available for use in the Service are given in the following table:—
Type

Stores Ref.

Rotation

Output

Voltage

RLX

5U/193

Counter-clockwise

RLX

5U/194

Clockwise

750 w. D.C.
and
500 w. A.C.

12 v. D.C.
and
80 v. A.C.

DESCRIPTION
3. A typical a.c./d.c. generator is shown in fig. 1 and it will be seen that the a.c. rotor and
d.c. armature and commutator are assembled on a common shaft and housed in a common yoke.
Ball bearings are fitted at each end of the shaft and these are lubricated by oil retaining felt rings.
The armature (1) and rotor (2) complete with the driving and bearing housing (3) are shown removed
from the yoke. The bearing housing (4) is located at the commutator end and the brush rocker (9)
is shown in position, with the brushes (5) resting on the commutator (6).
4. The construction of the a.c. generator is similar to that of the type R, except that the
shaft is continuous with that of the d.c. generator, and therefore there is only one set of bearings.
5. Built up in a manner similar to the generator type K described in chapter 2 of this section,
the d.c. generator has an end bearing oil lubricated by a felt pad reservoir. The machine is wound
to give an output of 750 watts at a nominal 12 volts and is cooled by air blown directly on to the
commutator. Voltage outputs from both a.c. and d.c. sections are controlled by independent carbon
pile voltage regulators, and a capacitor of 5ittF is required in series with the a.c. output. A special
control panel contains the voltage regulator and the capacitor for the a.c. output.
INSTALLATION
6. The generator is secured by four bolts which pass through the holes in flange of the driving
end bearing housing. The direction of rotation is indicated by an arrow engraved on the back plate
at the end opposite the driving end of the machine. Separate terminal blocks are used for the
electrical connection to the a.c. and d.c. outputs and there are coloured identifications on both blocks.
On the d.c. terminal block, which is remote from the driving end, the yellow spot indicates the
terminal connected to the generator output (positive line); the grey spot indicates the connection
to the shunt field, and the blue spot indicates the generator negative line of the output circuit.

7. Similar markings are used on the a.c. generator terminal block, the black and white spots
indicating the field connections and blue and yellow spots the a.e. output from the ktator coils.
8. When lubricating, the felt pads should be soaked in oil (Stores Ref. 34A/60) at 120 hour
inspection periods, and at the same time a little oil should be squirted into the bearing itself.

1.—D.C. armature
2.—A.C. rotor
3.—Driving end shield
4.—Commutator end shield
5.—Brushes
6.—Commutator
7.—Coiled brush spring
8.—Flexible copper connections
9.—Brush rocker
10.—Holes for fixing bolts

Fig. 1.—Typical a.c./d.c. generator
Note.

The generator illustrated above, although not the type RLX, is very similar.
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ntroduction
1. Generator, Type UO, is a dual purpose machine, giving both a.c. and d.c. outputs. It
is driven by the aircraft engine through suitable gearing. The generator is suitable for either direction
of rotation without adjustment to the brush position. The output voltages are controlled by suitable
carbon pile voltage regulators acting on the shunt field winding of the d.c. section and on the
exciting winding of the a.c. section. The a.c. regulator is incorporated in the control panel, Type 5
or 5A.
Leading particulars
2. Details relevant to the generator are listed below:—
Generator, Type UO
S.I.S. No.
Weight
Full load output a.c.
Full load output d.c.
Continuous speed
Max. speed for 5 minutes
A (AL74)

3670
52 lb.
80 volts, 15 amp., 1,200-2,400
cycles per second
30 volts, 100 amp.
3,000-6,000 r.p.m.
7,500 r.p.m.

Stores Ref.
5U/2362

Stores Ref.
Resistance of windings
Armature
Field (shunt)
Exciter coil
Stator winding
D.C. compensating
Excitation voltage
Brushes
Brush spring pressure
D.

+ 10% at 20° C.
0.04 ohm
2.9 ohms
7.2 ohms
0.17 ohm
0.03 ohm
24-29 volts
E.G.O. H.A.M.
18-22 oz.
TERMINAL BOX

5U/4169

A.C. T ERM INAL BOX

DRIVING END
FRAM E
MOUNTING
FLANGE

COMMUTATOR
END FRAME

SPLI N ED
SHAFT

COVER- BAND

OUTLET
AIR PIPE UNION

Fig. 1.—General view from driving end
Lubrication
D.C. regulator
A.C. regulator
D.C. suppressor
Cables
A.C. stator
A.C. exciter
D.C.
Switchboard for testing
A.C. output
D.C. output

Oil, lubricating
Type, J.2
Control panel type 5
or type 5A
Type W
or Type W2

Stores Ref.
34A/60
5U/2573
5U/363
5U/3783
5C/1614
5C/3001

Dumet 7
Dumet 19
Trigenmet

5E/1348
5E/1349
5E/2159

Type K
with loading panel
Type E
with loading panel

5G/214
5G/215
5G/196
5G/197
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DESCRIPTION
General
3. Generator, Type UO, fig. 3 is a dual purpose machine generating both a.c. and d.c. current.
The a.c. stator windings and exciter coil and the d.c. field and compensating windings are enclosed
in a common yoke. The a c. rotor and the d.c. armature are mounted on a common shaft, but the
two sections are electrically separate.
Bearings and lubrication
4. The shaft is carried on two oil lubricated bearings, one located in the driving end frame,
and the other free to slide in an annular recess in the commutator end frame. Lubrication is effected
in the following way. An oil soaked reservoir, in, the form of felt washers, is housed in each outer
and inner bearing cap. A felt washer, making light rubbing contact on the shaft, and also in contact
A.C. TERMINAL BOX

OUTLET AIR
PIPE UNION

D.C. TERMINAL BOX

LINK FOR
CHANGING
DIRECTION
OF ROTATION

INLET AIR
PIPE UNION /.../

COVER BAND

OUTER BEARING
CAP
ALTERNATIVE POSITION
FOR AIR PIPE UNION
TERMINAL BOX COVERS

Fig. 2.—General view from commutator end

with the main reservoir, is attached to a thin metal disc and assembled on the outer and inner side
of each bearing. The metal disc, being adjacent to the bearing, prevents the felt being drawn into
the bearing and causing failure. Oil is transferred from the main reservoir by the felt wiping washer
to the shaft and passes into the bearing by centrifugal force as the shaft rotates.
5. An earlier version of this lubrication system and one which may be met with, employed
three wicks at the driving end for the purpose of transferring oil from the main reservoir to the
inner felt wiper washer at the driving end. It can be recognised by the fact that when the driving

D.C. FIELD WINDINGS

AC. TERMINAL BLOCK
STATOR WINDINGS
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COMMUTAIOR

D.C. ARMATURE
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°
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BRUSH
MOUNTING FLANGE

OUTLET AIR PIPE UNION
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Fig. 3. Sectional perspective of generator, Type UO
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end outer bearing cap is removed, a steel disc is exposed, the latter being secured to the inner bearing
cap by means of six countersunk screws. The main outer reservoir, in this case, is in the form of a
single thick strip of felt bent round and fitted into an annular recess in the outer bearing cap. There
is no inner felt reservoir. An early modification called for the removal of the wicks only, but a later
instruction modifies the system to that described in para. 4. If this earlier method is encountered
the instructions given in para. 19, 22 and 23 of this chapter are important.
MAIN A.C.
OUTPUT

EXCITING
WINDING

MAIN D.C.
OUTPUT

CONNECTIONS LOOKING
ON A.C. END

SHUNT
FIELD

CONNECTIONS LOOKING ON D.C.END

Fig. 4.—Diagram of connections
6. Fig. 8 and 9 illustrate the original wick feed method of lubrication at the driving and
commutator end respectively and fig. 10 and 11 the modified method.
Cooling
7. Cooling is normally effected by air from the slip stream, but where the generator is mounted
in a ground test set, an air blower is provided. The inlet air pipe is situated on the commutator
end frame. Air is circulated over the brush gear assembly and commutator, through the yoke, and
emitted through the air pipe union on the yoke at the driving end. Alternative positions are
provided for the air pipe unions. It should be noted that the air pipe union at the driving end
cannot be reversed as the fixing holes are not symmetrically placed in the mounting face.
A.C. Section
8. The principle of operation of the a.c. section of the generator Type UO is identical to that
of the Type U2, a description of which will be found in Chapter 11 of this Section. The excitation
voltage is given in para. 2. The frequency of the a.c. output is proportional to the speed of rotation
and is 1,200 cycles per second at 3,000 r.p.m. The arrangement of the a.c. winding and the excitation
winding is shown in fig. 4. The a.c. output is unaffected by change in direction of rotation of the
generator.
9. The a.c. terminal box is mounted on the yoke of the generator near the driving end frame.
The box contains four terminals which are arranged as follows. The leads from the a c winding
are taken to the two outer terminals which are marked yellow and blue respectively. The leads from
the exciting winding are taken to the two middle terminals which are marked white and black
respectively.

COVER BAND
MAIN FRAME

ALTERNATIVE
LOCATIONS FOR OUTLET
AIR PIPE UNION

COMMUTATOR
END FRAME

ALTERNATIVE
LOCATIONS
FOR INLET
AIR PIPE UNION

A.C. TERMINAL BOX
STATOR

COMMUTATOR

STATOR WINDING

D.C. ARMATURE
A.C. ROTOR

DRIVING END
OUTER BEARING CAP
OUTLET AIR PIPE UNION
COMMUTATOR END
OUTER BEARING CAP

Fig. 5.—Generator dismantled, view from driving end

This leaf issued with A.L. No. 74
September, 1946

A.P.1186E, Vol. I, Sect. 4, Chap. 6

10. A capacitance of 18 pF must be connected in series with the a.c. winding. This is provided
by a condenser unit incorporated in the control panel, the links on it enabling the correct capacitance
to be inserted.
D.C. Section
11. This section is a self-excited six-pole generator which has both shunt and compensating
field windings. The shunt coils are carried on the pole pieces, and the compensating winding is carried
in the slots in the faces of the pole pieces and connected in series with the armature. The compensating winding is included to prevent distortion of the magnetic field under the pole faces due
to the current flowing in the armature conductors, and thus assists in producing satisfactory commutation without moving the brushes from the magnetic neutral position.
12. The d.c. terminal block is mounted on the commutator end frame, and contains four
terminals. A special arrangement of terminals is provided, to enable the direction of rotation of
the generator to be reversed. Looking at the d.c. terminal block from the commutator end of the
machine, one end of the shunt field winding is attached to the small terminal on the left-hand side;
the external field connection is always made to this terminal. The other end of the shunt field
winding is attached to the small terminal between the two main terminals. A flat metal link is
provided to connect this field terminal to one or other of the main terminals according to the direction
of rotation required. The change in rotation is obtained by turning the link over so that the arrow
stamped on its upper face indicates the direction of rotation required. It will be seen from fig. 7,
which shows the d.c. connection to the voltage regulator for either direction of rotation, that the
polarity of the main terminals is reversed when the direction of rotation is reversed. The main
terminal to which the field link is connected is always negative, the free main terminal being positive.
13. The six carbon brushes are housed in aluminium alloy boxes mounted 60° apart on the
brush rocker which is spigoted on to the commutator end frame and secured to it by two screws.
Brush pressure is maintained by flat coil springs, supported on pillars adjacent to the brush boxes,
and bearing on the tops of the brushes. Alternate brushes are interconnected by glass insulated
tinned copper strips. The commutator end frame is secured by screws to the yoke and the brush gear
openings are enclosed by a cover band.
INSTALLATION
14. The splined end of the shaft protruding beyond the driving end frame should be protected
by a ferrule when the generator is not in use. In some installations a coupling member, which is
intended to engage with a corresponding member on the engine, is fitted to the generator shaft.
With this arrangement care should be taken to see that the coupling member is a close sliding fit
on the shaft, and that it is properly secured by an axial or clamping bolt which should be suitably
locked after tightening. In other installations the generator shaft engages directly with a suitably
splined driving member on the engine. In either case the shaft should first be coated lightly with
clean engine oil.
15. As cooling air pipes are usually of thin aluminium, care should be taken to see that they
are not bent or restricted, except as designed, especially at the inlet or outlet apertures.
OPERATION
16. The generator is controlled by external regulators designed to maintain the output voltages
at a steady figure, irrespective of fluctuating engine speed, or the load connected to the supply. For
information relating to the d.c. regulator, Type J2, reference should be made to Sect. 3, Chapter 7
of this publication. The a.c. control panel, Type 5, is described in A.P.1186D, Sect. 1, Chapter 1.
The link on the condenser in the control panel should be connected to give a capacity of 18 ,uF.
SERVICING
General
17. The following instructions on servicing are to be read in conjunction with the general
information given in Chapter 1 of this section. The generator should be inspected at the periods
laid down in the appropriate inspection schedule. The external connections should also be examined
for condition and security, and all nuts and fixing screws checked and tightened where necessary.
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Fig. 6.—Generator dismantled, view from commutator end
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The generator should be removed from its drive for more detailed examination and lubrication at
less frequent intervals in accordance with the inspection schedule. If it has to be inspected in the
open care should be taken to prevent the ingress of moisture into the generator or terminal boxes.
VOLTAGE REGULATOR TYPEJ2

VOLTAGE REGULATOR TYPEJ2

D.C.
OUTPUT

D.C.
OUTPUT

SLUE

SHUNT FIELD
TERMINALS

MAIN
TERMINALS

SHUNT FIELD
TERMINALS

MAIN
TERMINALS

D.C. TERMINAL BLOCK
D.C. TERMINAL BLOCK
ON GENERATOR
ON GENERATOR
(ANTI-CLOCKWISE)
!;CLOCKWISE)
Fig. 7.—D.C. terminal arrangement and connections to regulator
Lubrication

18. The bearings will require lubrication at the intervals laid down in the appropriate inspection schedule. The driving end and commutator end outer bearing caps must be removed, as
described in para. 22 and 23, and the felt reservoirs soaked in lubricating oil (Stores Ref. 34A/60).
After soaking, the felts should be replaced in their outer bearing caps and a little of the superfluous
oil exuded by depressing the felts lightly with the fingers, wiping the metal work after with a
piece of clean absorbent cloth. The outer felt retaining discs and wipers should be similarly lubricated.
The bearings and the ball race cages must be examined whilst the outer bearing caps and the felt
retaining discs and wipers are off.
19. With the earlier method of lubrication, it is not possible to inspect the driving end bearing
without removing the outer bearing cap disc. Before removing the disc reference should be made
to para. 22. For more detailed inspection of bearings, armature and the brush gear, the generator
must be dismantled.
General precautions

20. Special care should be taken to avoid damage to the ends of the armature shaft or the
armature itself. Unless the correct bearing extractor is available, no attempt must be made to
remove the bearings from the shaft. Where locating pins are provided, care should be taken when
assembling to see that they are in place and registering correctly with their appropriate slots before
any tightening up is attempted.
Dismantling

21. Remove the commutator cover band and raise the brushes in their boxes, allowing the
springs to rest on the side of the brushes to prevent them from coming together and chipping if
B (AL74)

the armature is removed. Take off the outer bearing cap at the commutator end and remove the
felt retaining disc and wiper, and Vellumoid gasket. Withdraw the three countersunk-headed screws
exposed when the Vellumoid gasket is removed, and which hold the inner bearing cap. Remove
the hexagon-headed screws which secure the driving end frame to the yoke. Screw three 0 B.A.
x 2i in. or 3 in. bolts into the three holes provided in the end frame, and evenly tighten them to
act as extractors and so draw the end frame off its spigot. The armature and end frame can then be
withdrawn.
22. To remove the outer bearing cap of the driving end, three 2 B.A. x 1 I in. screws or bolts
are necessary. Remove the six nuts which secure the outer bearing cap and, using the three 2 B.A.
bolts as extractors which must be screwed evenly into the three holes provided, draw out the cap.
If a steel outer bearing cap disc is exposed, denoting that the lubrication system is of the earlier type,
unless it is necessary to inspect the bearing, further dismantling should not be undertaken. To dismantle further in an emergency, remove the six countersunk headed screws which secure the inner
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bearing cap, inserting a guide pin (see para. 26) in one of the holes to keep the inner components in
place, before removing the last screw. The outer bearing cap disc can then be withdrawn with the
three 2 B.A. screws, in a similar manner to the outer bearing cap. The bearing, after removal of
the felt retaining disc and wiper, can then be inspected. If, and this is important, wicks are fitted,
they must be discarded as follows. Lightly tap the driving end frame from the bearing, remove the
three wicks from the channels on the end frame housing and discard them. Great care must be
exercised in preserving the cork and vellumoid gaskets.
23. The modified system of lubrication is dismantled at the driving end very similarly to that
described above. The bearing can be inspected, after the outer bearing cap and the felt retaining
disc and wiper have been removed, without any further dismantling in this case. The felt reservoirs
on the modified system comprise six plain felt washers. On no account must bearings be drawn off
unless extractors are available. If no extractor is available and any of the inner bearing lubrication
parts are unserviceable, the generator should be returned to a Maintenance Unit for repair.
24. To remove the commutator end frame, first remove the terminal nuts and then the two
screws which secure the terminal block to the commutator end frame. Bend the terminal block
connections gently and remove the terminal block and the bakelised fabric plate which is fitted between
the block and the end frame. Detach the connection between the compensating winding and the

A.P.1186E, Vol. I, Sect. 4, Chap. 6

This leaf issued with A.L. No. 74
September, 1946

brush rocker, i.e. the heavy connector which is attached to the brush box opposite to the right-hand
air intake aperture. Remove the eight screws securing the commutator end frame to the yoke.
The frame, complete with the brush rocker attached, can now be removed from the yoke by tapping
gently with a hide-faced hammer.
Note:—The commutator end frame can be removed from the yoke, complete with the brush
rocker, if required, without withdrawing the armature first.
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Insulation resistance
25. After the parts have been examined and cleaned, and before assembling, the following
tests of insulation resistance should be carried out with 250-volt insulation resistance tester:—
(i) Field winding to frame.
(ii) Brush gear terminals to frame.
(iii) Armature winding to shaft.
The resistance in each case should not be less than 0.01E megohms (where E is the output voltage of
the generator being tested) or 0.02 megohms, whichever is the greater. The insulation resistance
of the armature may be found to be lower than the values given above, although it may otherwise
be in good order. This is usually due to the presence of moisture and the trouble can be overcome
by keeping the armature in a dry atmosphere at a temperature not exceeding 100° C. for some hours.
If after this treatment the insulation resistance test is unsatisfactorily the armature should be renewed.
Assembling
26. Before assembling, check the positions of the lubricating components with fig. 8 and 9
or fig. 10 and 11, whichever applies. Note that felt-retaining discs and wipers are fitted with felt
AWAY from bearing. To assist in locating the holes in the inner lubrication components, a guide
pin is helpful. This consists of a 4 B.A. x 1 in. or 2 in. bolt with the head cut off, slightly tapering
or rounding the end after removing the head. Proceed as follows :—
(i) Assemble the driving end frame to the driving end of the shaft. If the bearing and
bearing nut have been removed, replace them with the inner lubrication components in
position on the shaft. Screw the guide pin, through an appropriate hole in the Vellumoid
gasket, into the inner bearing cap. Fit the driving end frame on the bearing, allowing
the guide pin to pass through an appropriate hole. Insert the inner bearing cap screws,
C (AL74)

removing the guide pin to facilitate the insertion of the last screw, and securely tighten.
Replace the Langite gasket, outer felt retaining disc and wiper, the six felt washers,
and the outer bearing cap. Fit on the nuts, tighten and lock. Assembling the early
system is exactly the same except for the disposition of the various components.
Assemble the commutator end frame to the yoke, replace and tighten up all connections.
Replace and tighten up the eight screws securing the end frame to the yoke and lock
securely.
Refit the bearing and sleeve on the shaft at the commutator end (if they have been
removed), together with the inner lubrication components, ensuring the latter are in their
correct positions. Screw the guide pin into the inner bearing cap through a suitable hole
in the inner Vellumoid gasket. Support the yoke, commutator end downwards, between
two wooden blocks and lower the armature and driving end frame into position, allowing
the guide pin to pass through an appropriate hole. Replace the driving end frame fixing
bolts, securely tighten and lock. At the commutator end, fit on the outer lubrication
components in the reverse order of dismantling, removing the guide pin when fitting
the last inner bearing cap screw.
(iv) Lower the brushes gently on to the commutator, fit on the terminal block and make
all connections secure.
Cleanliness
is of the utmost importance if the generator is to give satisfactory service.
27.
All dirt and dust should be removed by means of a clean cloth or small brush, particularly from the
surfaces of the brush rocker and terminal blocks. If contaminated with oil, the parts should be washed
with a small quantity of clean non-leaded petrol and dried thoroughly by compressed air if available.
28. Brushes which have been contaminated with even a small quantity of oil should not be
refitted, but should be replaced by new ones. Brushes should slide freely in their boxes. The brush
grade and spring pressure are given in para. 2. The recommended method of testing brush spring
pressure is by means of a 2 lb. spring balance (Stores Ref. 37A/4400) or similar type. It will be found
helpful if a small hook of stiff wire is attached to the spring balance and hooked into the eye of the
brush spring. The spring pressure is that recorded on the balance when the spring is held steadily,
by a radial pull, just clear of the top surface of the brush. Brushes should be replaced when they
are worn to half their original length. This can best be checked by comparison with a new brush
of the correct grade. New brushes should be carefully bedded over their full width. No provision
is made for adjusting the brush position as the brushes should remain set on the netural point.
29. Connections between the field coils and on terminal blocks should be checked to see
that they have not been damaged. Field coils should not fit loosely on the pole shoes, and all
connections should be properly secured to prevent damage by vibration or chafing.
30. If there is any sign of solder having been thrown from the commutator risers or binding
wire of the armature, the generator should be returned for repair. The armature should not be
washed in petrol or other liquid, but should be cleaned with a dry cloth or brush.
31. The servicing of commutators is dealt with in Chapter 1 of this section.
Testing
32. The generator should be connected to a bench test set, Stores Ref. No. 5C/112, 5C/336,
or any similar type, with the appropriate regulators installed. It is essential that the regulators
should be correctly set up in accordance with instructions given in the chapters referred to in para. 17.
Tests
33. The rotor and armature should rotate freely without excessive friction or shake in the
bearings, or contact between the moving and stationary parts. A very small radial play which can
just be felt by hand is permissible, provided the movement lies within the bearing and not between
the bearing and either the shaft or housing.
A.C. Section
34. Owing to the simplicity of the electrical circuits in this section it is only necessary for
satisfactory operation to ensure that there are no open circuits in either the a.c. or exciting windings
(a rare occurrence) and that the insulation resistance is satisfactory. Connect the generator to the
appropriate control panel, the latter being connected to a suitable source of d.c. supply and to a
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suitable load. Use the switchboard and loading panel given in para. 2. Run the generator at approximately 4,000 r.p.m. with an output current of 15 amps. for 10 minutes. At the end of this period
the insulation resistance of all live parts together to the frame should not be less than 1 megohm
when measured with a 250-volt insulation tester.
D.C. Section
35. (i) Connect the generator to its appropriate regulators and run at approximately 3,000
r.p.m. Check that the correct voltage is obtained, that there is no hesitation in build-up,
and that the polarity is correct in accordance with the terminal markings at the d.c. end
of the machine. A moving coil voltmeter should be used.
Switch on the full load and run at a speed of 4,000 r.p.m. Under these conditions there
should be no sparking at the brushes. At loads and speeds up to 100 amps. at 30 volts,
and 5,000 r.p.m. there should be not more than very slight sparking.
Run the generator on full load at approximately 4,000 r.p.m. for 10 minutes. At the end
of this period the fit of the brushes in their boxes should be checked. They should remain
free to slide without any trace of binding.
(iv) With the machine hot, i.e. after test
the insulation resistance should be measured
with a 250-volt insulation tester. The reading should be not less than 1 megohm between
the following points
a.c. winding to d.c. windings (including alternator field) and frame.
d.c. windings (including alternator field) to a.c. winding and frame.
Note:—The generator should not be run on load for longer than 10 minutes unless some
arrangement is made to provide air cooling. Other wise there will be serious risk of
overheating and consequent damage to the generator.
36. Screws and nuts, tightened prior to these tests, should now be locked where necessary.
The tests specified above, together with careful examination during servicing, are sufficient to ensure
that the generator gives satisfactory operation.
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Introduction
1. The a.c. generator, type VZ1, is designed for use with ground generating sets only. It has a
normal maximum output of 12.5 amps. at 80 volts, but in some sets this has been increased to 15
amps. by the provision of a flow of cooling air over the outer surface of the generator. Available for
24 volt excitation only it is suitable for either clockwise or counter-clockwise rotation. The exciting
current may be obtained from a suitable d.c. generator which forms part of the same generating set.
The generator, type VZ1, is intended to be driven at a fixed speed of 4,000 r.p.m., and the frequency
of the supply at this speed is 2,000 c/s. Voltage control is by an automatic carbon pile regulator type
E4 incorporated in a control panel type 7, which is described in A.P.1186D, Sect. 1, Chap. 5. A 5/4F
capacitor must be connected in series with the a.c. winding, and such a capacitor is fitted in the
control panel.
Types available
2. The Stores Reference number and information concerning this generator is given below.

Stores Ref.

Type

Excitation Voltage

Field resistance
ohms

S.I.S. No.

5U/559

VZ1

24/29

12.7

3059

Principle of operation
3. This generator is of the inductor type and the principle of operation is the same as that
already given for the generator type U described in Chap. 3 of this section.

DESCRIPTION
4. The generator, type VZ1, is generally similar in construction to the type U. A driving pulley
is carried on a taper shaft to which it is secured by a locking nut and key. There is no circulation
of air through the generator, cooling being effected by radiation from the fins on the outer surface of
the yoke. The end frame opposite the driving end is also finned. The driving end bearing is retained
by a bearing sleeve which is pressed on to the shaft, instead of by a clamping nut. Two 2 B.A. tapped
holes are provided in the sleeve to enable it to be withdrawn. The generator also differs from some of
the generators described in this section in that it is grease lubricated. Fixing is by six screws which
are tapped into the yoke at the driving end. The terminal arrangement is the same as on the generator,
type U, and the terminals are marked by means of coloured spots, the excitation coil being connected
to the terminals marked white and black, and the stator winding to the terminals marked yellow and
blue.

SERVICING
5. Grease nipples are fitted to enable the bearings to be lubricated without dismantling the
generator or removing the pulley. The nipple for the driving end bearing is on the end of the shaft
and that for the bearing at the opposite end is on the outer bearing cap. At intervals of approximately
120 hours running time a small additional quantity of grease (Stores Ref. 34A/89) should be introduced
by means of a grease gun, particular care being taken not to overfill the bearing. At intervals of not
more than 250 hours running time the bearings should be inspected, the outer bearing caps having
first being removed. At intervals of not more than 1,000 hours running time the bearings should be
removed, washed out with petrol, and if possible, blown clean by the use of compressed air, at the
same time care must be taken to see that all old grease is removed from the bearing housings. One
quarter of the available space in the bearing should be packed tightly with grease, which should then
be worked in by hand. Any grease exuded must be replaced evenly between the races, after which
the bearings should be refitted and the bearing caps replaced. During this operation special care
must be taken to ensure that no dirt or swarf gets into the bearings or housings.
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Introduction
1. Generator, type HZ, is a d.c. generator intended for use with ground equipment. It may
be driven, usually by means of a V-belt, from a petrol engine or electric motor and its direction of
rotation is anti-clockwise, viewed from the driving end of the machine. The voltage is controlled
by a carbon pile voltage regulator acting on the field of the generator.
Leading particulars

1.
Stores Ref.
Full load output
Service Instruction Sheet
Weight ...
Cables
Suppressor
Brushes ...

Brush spring pressure- ...
Type of bearing lubricant
Type of regulator
Type of switchboard (for testing)
Speed range
Resistance of field winding

5U/517 (anti-clockwise)
20 amps. at 29 volts.
No. 3023.
23 lb.
Trigenmet No. 1 (Stores Ref. 5E/2013) if screening is required,
otherwise Univin 19 (main) and Univin 7 (field).
Type 112 (Stores Ref. 5C/1005) if required.
Grade EGO (Stores Ref. 5U/741), which should be used for all
replacements. Early models of the generator are fitted with
brushes, grade CM6 (Stores Ref. 5U/788).
10-12 oz.
Grease, Stores Ref. 34A/89 (in 1 lb. tins), or Stores Ref. 34A/84
(in 14 lb. drums).
A or C.
B
4,000-5,000 r.p.m.
13 ohms ± 10 per cent at 20° C.

' DESCRIPTION
3. Generator, type HZ, a general view of which is given in fig. 1, is shunt wound, self-excited,
and is of four pole construction. The terminal markings are as follows :—
Positive — Yellow spot
Negative — Blue spot
Field
— Small terminal—unmarked
One end of the field winding is connected internally to the positive terminal and the other end to the
field terminal. These connections are shown in fig. 2. Figs. 3, 4 and 5 show details of the components
of the generator.

Bearings
4. The armature is carried in two grease-lubricated ball bearings, one located in the driving
end frame, and the other free to slide in an annular recess in the commutator end frame. The driving
end bearing is secured to the armature shaft by a combined oil-thrower and lock-nut, and the
commutator end bearing by the nut and split pin which retain the fan.

Brush gear
5. Four brushes are set diametrically about the commutator, and opposite brushes are
interconnected as shown in fig. 2. One pair is connected to the positive terminal, and the other pair
to the negative terminal, by flexible leads. The brush rocker is secured to the commutator end
sframe by two hexagon-headed screws which pass through slots in the end frame. To adjust the brush

Fig. 1.—General view of generator, type HZ
position these screws must be loosened. The correct position of the brush rocker is marked by
corresponding white lines painted on the rocker and on the commutator end frame. In order to
minimise radio interference from the generator, a small condenser (Stores Ref. 5U/745) is connected
between each pair of brushes and the frame. The brush gear is enclosed by the cover band, which
is clamped over the brush gear apertures in the yoke.

Cooling
6. The generator is self-cooled by means of a fan which is keyed to an extension of the armature
shaft at the commutator end. It is retained by a castellated nut and split pin. Air is drawn in
through the aperture in the commutator end cover, circulates round the air jacket, and leaves through
the open end of the jacket near the driving end frame. The end cover encloses the tan and the
commutator end of the machine, and forms an extension of the air jacket.
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INSTALLATION
7. The usual method of driving this generator is by V-belt. The armature shaft at the driving
end is tapered, and a suitable pulley is secured in position on the shaft by a castellated nut and
split pin. The pulley is also keyed to the shaft for additional security. The generator is intended
to be bolted to a suitable bracket by means of four bolts passing through hole's in the driving end
frame. Where a belt drive is employed it is usual to provide means of moving the generator in
order to adjust the tension of the belt. A V-belt should be run with a slight amount of slack, since
too tight a belt imposes a heavy strain on the driving end bearing.
OPERATION
8. The ratio of the belt pulleys should be
such that the speed of the generator on full load
is as stated in para. 2.
The generator is
controlled by an external regulator which is
designed to maintain the output voltage at a
steady figure, irrespective of fluctuating engine
speed, or the load connected to the supply.
SERVICING
9. The following instructions on servicing
should be read in conjunction with the general
information given in Sect. 1, Chap. 1, of this
publication (Care and servicing of generators).

BLUE
FIELD
UNMARKED

YELLOW +

Fig. 2.—Internal connections for generator
10. Generators should be inspected at the periods laid down in the appropriate Inspection
Schedule. In general it will be necessary to remove the covers.and inspect the generator carefully
at intervals of approximately 50 hours running time. The external connections should also be
checked for condition and security, and all nuts and fixing screws examined and tightened where
necessary.
11. Generators should be removed from their drives for more detailed examination and
lubrication at intervals of approximately 250 hours running time. When, however, experience
with a particular installation clearly indicates that the generator is capable of running for longer
periods without requiring inspection or lubrication, the length of time between inspections may be
increased. When generators are inspected in the open, every care should be taken to prevent moisture
entering the machines or terminal boxes.
Bearings and lubrication
12. This generator requires to be dismantled for lubrication. When a generator is dismantled,
the bearings should be carefully drawn off the armature shaft with a bearing puller (see Kits, tool,
special, Stores Ref. 5U/1201). They should be thoroughly washed out in clean, non-leaded petrol,
and blown clean by compressed air, if available. If examination then reveals that a bearing is fit
for further service, one quarter of the available space in the bearing should be tightly packed with
grease (Stores Ref. 34A/84) and any surplus grease removed. The inner and outer races should then
be rotated in opposite directions to distribute the grease evenly around the surfaces of the ball races.
Any grease which has exuded during this operation should be replaced evenly between the races.
Special care should be taken to keep bearings free from dirt or swarf when they are being lubricated
or re-fitted.
Dismantling and assembling
General note
13. Particular care should be taken to avoid damage to the ends of the armature shaft of the
threads thereon. If it is necessary to strike or grip them, a piece of hardwood or soft metal should
always be interposed. The core of an armature should never be gripped tightly, in a vice, as this
causes distortion of the laminations with consequent breakdown of the insulation. When locating
pins are provided, care should be taken in assembly to see that they are in place and registering
correctly with their appropriate slots before screws are tightened up. When commutator end
frames are removed from their yokes, it is usually necessary to remove a number of connections.
Their positions should, therefore, first be noted carefully so that they may be replaced correctly.
Dismantling
14. To dismantle the generator the following procedure should be adopted :—
(i) Remove the end cover and the commutator cover band. Lift the brushes.
(ii) Remove the fan, taking care not to lose the key (see special note at end of para. 15).
(iii) Take off the commutator end bearing cap which is held by three screws.

24
1.
2.
3.
4.
5.

Commutator end casing
Commutator cover band
Terminal block cover
Terminal block
Yoke casing (air jacket)

6. Lug for fixing commutator end casing
7. Pole shoe
8. Field coil
9. Condensers
10. Brush box

11. Brush pressure spring
12. Brush rocker
13. ' Commutator end frame
14. Brush
15. Brush terminal screw

16. End bearing plate and
screws
17. Driving end frame
18. Armature
19. Commutator
20. Inner bearing plate

Fig. 3.—Generator, type HZ, exploded view

21.
22.
23.
24.

Bearing
Fan
Washer
Fan retaining nut and
split pin
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Remove the three countersunk screws which hold the inner bearing plate at the commutator
end. These screws are exposed when the bearing cap is removed.
Remove the screws holding the driving end frame to the yoke. The armature and driving
end frame can now be removed complete by tapping gently on the commutator end of the
armature shaft.
To dismantle the driving end bearing, unscrew the oil thrower disc nut, and remove the three
countersunk screws in the driving end frame, holding the inner bearing retaining plate.
Tap the armature gently out of the end frame.

POLE PIECES
COMBINED OIL THROWER
AND LOCK NUT

KEY

FIELD
WINDINGS

COMMUTATOR
END CASING

DRIVING END
FRAME
TAPERED
SHAFT

Fig., 4.—Generator, type HZ, horn driving end
Assembling
15. Assemble in the reverse order and see that all screws are locked as required. When
re-fitting the armature to the yoke, it will be found helpful to screw a piece of 6 B.A. rod of suitable
length into one of the threaded holes in the inner bearing plate at the commutator end to act as a
locating pin. This can afterwards be withdrawn from the outside.

COMMUTATOR
END COVER

COMMUTATOR
END CASING

Fig. 5.—Generator, type HZ, from commutator end

Special Note.—In early models of this generator the key which secures the fan to the shaft is
not square, but has sides measuring 0.126 in. and 0.12 in. The width of the keyway in both the fan
and commutator end of the shaft is 0.12 in. Care should therefore be taken to insert this key the
right way round. In the latest models the key is square, having sides of 0.126 in. (the same as the
key for the driving end of the shaft in all models), and the width of the keyway in both shaft and
fan is 0.126 in. It will be noted, therefore, from the above that fans and keys are not all
interchangeable.

Brush gear, field coils and armature
16. Cleanliness of the generator is of the utmost importance in securing satisfactory operation.
All dirt and dust should be removed with a clean cloth or small brush, particularly from the surfaces
of the brush rocker and terminal block. If contaminated with oil or grease, the parts should be
washed with a small quantity of clean, non-leaded petrol and dried thoroughly by compressed air,
if available.
17. Brushes which have been contaminated with even a small quantity of oil or grease should
never be re-fitted, but should be renewed, with the grade of brush given, with the brush spring
pressure, in para. 2. The brushes should slide freely in their boxes. The recommended method
of testing brush spring pressure is by means of a 2 lb. spring balance (Stores Ref. 37A/4400), or
similar type. It will be found helpful to make a small hook of stiff wire which can be attached to
the spring balance and hooked into the eye of the spring. The spring pressure is that recorded on
the balance, when the spring is held steadily, by a radial pull, just clear of the top surface of the
brush. Brushes should be renewed when they have worn down to half their original length: this
can best be checked by comparison with a new brush of the correct grade. To adjust the position
of the brushes the two screws securing the brush rocker should be slackened off. (It is necessary
first to remove the fan.) If it is necessary to remove the brush rocker, the screws must be removed.
18. The connections between the field coils, and on the terminal block should be checked to
see that they have not been damaged. The field coils should not be loose on the pole shoes, and all
connections should be properly secured to prevent damage by vibration or chafing.
19. If there is any sign of solder having been thrown from the commutator risers or binding
wire of the armature, the generator should be sent for repair. An armature should not be washed
in petrol or any other liquid, but should be cleaned with a dry cloth or brush.
20. Detailed instructions for servicing of commutators will be found in Section 1, Chapter 1,
of this publication.

Testing
21. For testing, the generator may be fitted to its normal drive, and connected up to a voltage
regulator, type C. It is essential that the regulator shall be correctly set in accordance with the
instructions laid down in A.P. 1186E, Vol. I, Sect. 3, Chap. 5. The link should connect terminals
B and C (the position for non-parallel running as a single unit), and the voltage under all conditions
of load should be approximately constant at 29 volts. The negative terminal of the generator
should be connected to terminal G—(500 watts) on the regulator. All screws and nuts should be
tightened before proceeding with the following tests.
Tests
22.
(i) See that the armature rotates freely, without contact occurring at any point between the
driving end oil thrower and fixed parts. There should not be excessive play on the bearings.
A very small radial play, which can just be felt by hand is permissible, provided the movement lies within the bearing and not between the bearing and either the shaft or the housing.
(ii) Connect the generator to its appropriate regulator, and run at approximately 4,000 r.p.m.
Check that the correct voltage is obtained, that there is no hesitation in build-up, and that
the polarity is correct in accordance with the terminal markings. A moving coil voltmeter,
such as test meter type D (Stores Ref. 10A/10610) should be used.
(iii) Switch on full load, and run at approximately 4,000 r.p.m. Under these conditions no
sparking should be visible at the brushes.
(iv) Run the generator on full load at approximately 4,000 r.p.m. for twenty minutes. At
the end of this period the brushes should slide freely on their boxes. The insulation
resistance between all live parts together and the frame, measured with a 250 volt
insulation resistance tester, should be not less than 0.25 megohms.
Note.—The generator should not be run on load for longer than twenty minutes, without
the fan and covers in place, or there will be serious risk of overheating and consequent
damage.
(v) Screws and nuts, tightened prior to the above tests, should now be locked where necessary.
The tests specified above, combined with careful examination during servicing are sufficient
to ensure that the generator is fit for service.
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GENERATOR, TYPE 0
Introduction
1. This chapter deals with a d.c. aircraft generator having an output of 3 kilowatts, and
intended to be driven through gearing from the aircraft engine. The voltage of the generator is
controlled by a carbon pile voltage regulator acting on the field.
Leading particulars
2. Generator, Type 0, S.I.S. No. 3066

Anti-clockwise rotation
Clockwise rotation

Output, 30 volts, 100 amps. full load
Speed range, 3,300-6,000 r.p.m. continuous operation
7,500 r.p.m. max. speed for 5 mins.
Brushes, Grade EG3
...
Brush pressure 15-20 oz.
Resistance, Field windings at 20° C. 8.5 ohms ± 10 per cent.
...
Oil ...
Lubricant
...
...
...
...
...
55 lb.
...
Weight
...
...
Cable, Trigenmet 3 ...
Suppressor
...
Type W
or
Type W2
...
Regulator
Type H
...
...
Switchboard ...
Type E
Used with loading panel

Stores Ref.
5U/237
5U/2848

5U/3299
34A/60
5E/2159
5C/1614
5C/3001
5U/215
5G/196
5G/197

DESCRIPTION
3. This generator is self-excited, shunt-wound, and of four-pole construction. Both ends
of the field winding are brought out to separate terminals on the commutator end frame, and one
of these terminals is then connected to the positive main terminal by a special link (see fig. 4 and
para. 30).
The terminal markings are as follows:—
Marked on the link connecting field and main terminals.
Positive ...
The link is also painted yellow.
Not marked.
Negative ...
Small isolated terminal, not marked.
Field
A general view and a dismantled view of the generator are shown in figs. 1 and 5 respectively. A
sectional drawing is shown in fig. 2.
Bearings
4. The armature is carried in two oil-lubricated ball bearings, one of which is located in the
driving end frame, the other being free to slide in an annular recess in the commutator end frame.
The bearing at the driving end is secured in position on the shaft by a bearing clamp nut, and
that at the commutator end by a clamp plate and screw.
5. Lubrication of the driving end bearing is effected as follows. On each side of the bearing
an oil-soaked felt reservoir is contained in an annular recess in the outer and inner bearing cover.
Each reservoir is in contact, through an intermediate felt washer, with a felt washer arranged to
make wiping contact with the shaft near the bearing. Oil thus passes from the reservoir to the
shaft, and thence to the bearing under the action of centrifugal force. The wiping felt washers
are attached to cup-shaped brass washers. These brass washers must always be assembled next
to the bearing on each side, their purpose being to prevent the wiping felt washers being drawn
into the bearing.

6. Lubrication of the commutator end bearing is effected in a similar manner, except that
here the inner felt reservoir is contained in an annular recess in the inner bearing cover, while the
outer felt reservoir is attached to the outer bearing plate. The lubrication arrangements may be
seen clearly by reference to fig. 2.

NEGATIVE NOT MARKED 111

POSITIVE
MARKED YELLOW

1p

BRUSH

NEGATIVE NOT MARKED

A
BRUSH

BRUSH

CLOCKWISE ROTATION

BRUSH

COUNTER-CLOCKWISE ROTATION

Fig. 3.—Diagram of connections, looking on commutator end

Brush gear
7. Four brush-holders are secured to, and insulated from, the commutator end frame. Each
holder is attached by two studs which pass through insulating bushes and are locked on the outer
face of the end frame by a clamp plate and two nuts. Insulating plates are fitted on each side of the
end frame. Two brushes are mounted side-by-side in each box and heavy gauge wire interconnects
diametrically opposite pairs of brushes as shown in the wiring diagram at fig. 3. The commutator
end frame has a limited rotational movement so that the brush position may be adjusted. To do this
the four holding bolts which secure the end frame to the yoke must first be slackened off. The
correct position of the brushes is indicated by a line on the commutator end frame coinciding with
one of two lines on a plate attached to the yoke, according to the direction of rotation of the generator
(see para. 30).
8. It is important that the brushes should be placed in these boxes so that the pressure of the
brush springs on the chamfered tops tends to keep them against the trailing side of the brush boxes
for the direction of rotation being used, as shown in fig. 4.
Cooling
9. The generator is intended to be cooled by air from the slipstream. The brush gear is
enclosed by a cover band which is clamped over the apertures in the commutator end of the yoke.
Air enters through the inlet air pipe union on the cover band, and then passes over the brush gear
assembly and commutator, and through the yoke, and leaves by way of the outlet air pipe union
at the driving end of the yoke. The inlet air pipe union may be fitted in any of four alternative
positions by rotation of the cover band. It has a limited range of adjustment in each position.
The outlet air pipe union may also be fitted in any of four alternative positions, according to the
requirements of the particular installation. The direction of airflow through the generator must
not, however, be reversed.
10. The arrangement of air pipes used for each installation is decided during manufacture
of the aircraft, and should not be altered without authority.
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Fig. 4.—Brush positions and modifications for change of rotation

INSTALLATION
11. The arrangements for the mounting of an engine-driven generator in an aircraft depend
primarily upon the type of engine, and in some cases also on the particular type of aircraft in which
it is installed. There are thus a number of different arrangements for each generator. Reference
may be made to the Service Instruction Sheet 3066 in which general instructions for the installation
of type 0 generator are given.
12. Before fitting a generator, check that the direction of rotation and type are correct for
the particular engine and aircraft. These details are given on the nameplate attached to each
generator. The direction of rotation is that in which the armature rotates when looking at the driving
end of the generator.
13. The splined end of the shaft protruding beyond the driving end frame should be protected
by a ferrule when the generator is not in use.
14. In some installations a coupling member, which is intended to engage with a corresponding
member on the engine, is fitted to the generator shaft. With this arrangement, care should be taken
to see that the coupling member is a close sliding fit on the shaft, and that it is properly secured

by an axial or clamping bolt which should be suitably locked after tightening. In other installations
the generator shaft engages directly with a suitably splined driving member on the engine. In
either case the shaft should first be coated lightly with clean engine oil.
15. Anti-corrosive treatment is to be applied to certain components after installing a generator.
Information on this subject is given in para. 20, Chapter 1 of this Section.
16. The cooling air pipes are usually of thin aluminium, and are therefore liable to damage,
and particular care should be taken to see that they are not bent or restricted except as designed,
especially at the intake and outlet apertures.
OPERATION
17. Reference should be made to the chapter in this section on general principles of
operation. The generator is coupled to the aero-engine through gearing. It may be fitted either
on the engine or on an auxiliary gearbox. The gear ratio is so arranged that over the speed range
of the particular engine, the speed range of the generator drive is within the limits quoted in para. 2.
18. The generator is controlled by an external voltage regulator, which is designed to maintain
the output voltage at a steady figure, irrespective of fluctuating engine speed, the state of charge
of the accumulator, or the load connected to the supply. The accumulator is connected in parallel
with the generator, and supplies all the general services loads when the generator is not running
or when, due to a reduction in engine speed, the voltage of the generator falls below the figure at
which the cut-out opens.
Parallel operation of generators
19. Where two or more generators are used in parallel, it is essential that the regulators should
be correctly connected for this purpose, as otherwise the generators will not share the load equally,
and considerable trouble may be experienced. Reference should, therefore, be made to Section 3
of this publication, in which the regulators used are described, and full operating instructions are
given.
SERVICING
20. The following instructions on servicing are to be read in conjunction with the general
information on this subject given in Chapter 1 of this Section. Generators are to be inspected at
the periods laid down in the appropriate Aircraft Inspection Schedule. In general, they should
be inspected carefully at each minor inspection, by removal of the commutator covers. The external
connections should be checked for condition and security, and all the nuts, union caps and fixing
screws should be checked and tightened where necessary.
21. Generators should be removed from the engine for more detailed examination and
lubrication after every period of approximately 120 flying hours (or nearest equivalent inspection)
and at every major inspection. Where, however, experience with a particular installation
clearly indicates that the generator is capable of running for longer periods without requiring
inspection or lubrication, the length of flying time between inspections and removals may be increased.
22. When inspecting generators on aircraft dispersed in the open, every care should be taken
to prevent ingress of moisture into the generators or terminal boxes.
Bearings and lubrication
23. The bearings of this generator are oil lubricated. For general instructions on servicing
and lubrication of bearings, see para. 8 of Chapter 1 of this section.
24. Generator, type 0, can be lubricated without dismantling completely. When the
generator has been removed from the engine, if thorough inspection reveals that it is fit for further
service until the time of the next removal, proceed as follows:—
(i) Lift the brushes, and turn the armature shaft by hand to check for freedom and smooth
running of the bearings.
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(ii) Check for excessive play in the driving end bearing by gripping the drive shaft in the hand
and endeavouring to move radially.
(iii) Remove the four nuts from the studs which hold the outer bearing cover at the driving
end, and remove the oil reservoir and wiping washer assembly, taking care not to break
the laminated cork oil-seal washer.
(iv) Examine the bearing for any sign of damage or wear.
(v) If the condition of the bearing is satisfactory, replace nuts on two opposite studs in order
to pull the inner bearing cover into position (use washers under the nuts if the threads
on the pins are not long enough for this purpose). Support the generator With the -s-haft
vertical and insert not more than twenty drops of oil (Stores Ref. 34A/60) into the
bearing. Allow the generator to remain in this position for a short time, rotating the
armature occasionally to distribute the oil, which will be absorbed gradually by the felts
in the inner reservoir. (See further under sub-para. viii).
(vi) Soak the felts in the outer reservoir assembly with oil, remove any surplus oil, and replace
the assembly. The cup-shaped brass washer, to which the wiping felt washer is attached,
must be next to the bearing.
(vii) Proceed similarly for the commutator end, inserting not more than ten drops of oil into
the bearings.
(viii) When the bearing covers are removed, if the felts still contain a fair amount of oil, the
quantity of fresh oil introduced should be reduced accordingly. Too much oil in the
bearing should be avoided. Adequate lubrication will be ensured if the felts are well
saturated and there is a light film of oil over the whole surface of the bearing.
Dismantling
25. General note.—Special care should be taken to avoid damage to the ends of armature
shafts or the threads thereon. If it is necessary to strike or grip them, a piece of hardwood or soft
metal should always be interposed. The core of an armature should never be gripped tightly in
a vice as this causes distortion of the laminations, with consequent breakdown of the insulation.
Where locating pins are provided, care should be taken in assembly to see that they are in place
and registering correctly with their appropriate slots, before tightening up. When removing the
commutator end frame from the yoke, it is usually necessary to remove a number of connections, and
their respective positions should therefore first be carefully noted so that they may be replaced
correctly.
26. To dismantle the generator, proceed as follows. Remove the four nuts from the studs
which hold the outer bearing cover at the driving end, and remove the cover, taking care not to break
the laminated cork oil-seal washer. Remove the commutator cover band. Remove all external
nuts and washers from the two field terminals at the commutator end frame. Take off the clips
which secure the field connections to the yoke, putting them carefully on one side. Remove the four
hexagon-headed bolts which hold the commutator end frame and rotate the frame slightly. Push
the field terminals through the end bracket into the generator, and bend the field connections back
out of the way, again taking care not to lose any of the insulating washers. Carefully draw out the
armature and commutator end frame complete by tapping gently on the shaft at the driving end.
Remove the four nuts on the studs which hold the outer bearing plate at the commutator end and
remove the plate. Lift the brushes and remove the armature from the commutator end frame
by tapping gently on the commutator end of the armature shaft.
Insulation resistance
27. Before assembling components, refer to para. 26, Chapter 1, of this Section.
Assembling
28. Assemble in the reverse order, except that the outer bearing plate on the commutator end
should not be refitted until the armature is in position in the yoke, as it may be necessary to tap the
armature into place when introducing the driving end bearing into its housing.

29. Special care should be taken to see that the, brushes are replaced in their boxes so that
the spring pressure on the chamfered tops tends to keep them up against the trailing side of the brush
boxes for the direction of rotation being used, as shown in fig. 4. It is also important that each
brush should be replaced in the box from which it was removed. The field connections of generator
type 0 are shown in fig. 3. A dismantled view is shown in fig. 5.
COMMUTATOR
END BAND
COVER
AIR PIPE OUTLET

BRUSH CONNECTIONS
BRUSHES

DRIVEN END
BEARING
SPLINED
DRIVE

MAIN
OUTPUT
TERMINALS
BRUSH SPRINGS
COMMUTATOR
END BEARING
OIL RESERVOIR
OUTER DRIVING
LUBRICATING FELT
EN
TERMINAL COVER

Fig. 5.—Dismantled view, generator, type 0
Change of rotation
30. Although the generator type 0 is supplied under two different reference numbers for
counter-clockwise and clockwise rotation, the direction of rotation of any generator of this type
can be reversed quite simply, if necessary, as follows. Note, however, that this method must not
be used in preference to demanding a generator of the opposite direction cf rotation. It is to be
used in cases of necessity only.
Referring to fig. 4, remove the field link, turn it over, and refit in the alternative position
as shown. Tighten and lock all nuts again. It must be realised that this operation
changes the polarity of the main terminals. The positive terminal is always that
to which the field link is attached, as indicated by the + on the face of the link.
(ii) On the surface of the yoke will be found the brush position plate, bearing two lines with
direction-indicating arrows. A line on the edge of the commutator end frame should
correspond with one of them. Slacken off the four holding bolts and rotate the commutator
end frame until the line on it is opposite the other marking on the yoke plate. Tighten
and lock the bolts. The red paint should now be removed from the line and arrow
being used, and the line and arrow formerly used should be painted out with red paint.
Remove the brushes from their boxes, turn them round and replace them so that the
chamfer on the top, in relation to the direction of rotation required, is as indicated in
fig. 4.
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(iv) Remove the nameplate and replace by one corresponding to the new direction of rotation,
or alter the existing plate if a new one is not available. Note that the Stores Ref. will
be different as well as the direction of rotation.
Brush gear
31. The brush type and spring pressure are given in para. 2. The recommended method of
testing spring pressure is by means of a 2 lb. spring balance (Stores Ref. 37A/4400) or similar
type. It will be found helpful if a small hook of stiff wire is made to_attach to the balance and hook
into the eye on the end of the spring. The spring pressure is that recorded on the balance when
the end of the spring is held steadily, by a radial pull, just clear of the top of the surface brush.
Instructions on the servicing of brush gear and brushes are given in para. 14 of Chapter 1 of this
Section.
32. The method of adjusting the brush position is given in para. 7. If it is considered necessary to check the brush position, reference should be made to para. 18, Chapter 1 of the Section.
When making this check, the positive terminal of the accumulator should be connected to the main
positive terminal on the generator (the field link being in position, see para. 3), and the negative
terminal of the accumulator should be connected, through the tapping key, to the isolated field
terminal.
Commutator, armature and field coils
33. Information on the servicing of these items is contained in Chapter 1 of this Section.
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Fig. 6.—Test circuit diagram

TESTS
34. Instructions for testing, applicable to generator type 0, are given in para. 27 of Chapter 1
of this Section. The appropriate test circuit diagram is given in fig. 6 of this chapter, and this
should be used in conjunction with the information given in para. 2. The 3 kilowatt test set (Stores
Ref. 5G/336), or any similar test set of adequate power, may be used.
35. Note that although the generator is rated at 30 volts, the correct setting for the voltage
regulator is 29 volts. This is because this type of generator will normally be installed in a large
aircraft, and allowance has therefore been made for an increased volt drop in the length of cable
between generator and regulator.
36. It is essential that the regulator used in any test circuit should be correctly set in accordance
with the instructions given in Section 3 of this publication. The link should connect terminals B
B (AL75)

and C (position for non-parallel running as a single unit), when the generator voltage for all loads
up to full load should be 29.
Note.—For the purpose of the test described in sub-para. (v) of para. 27 of Chapter 1, the
maximum speed of 6,450 r.p.m. of Test Set (Stores Ref. 5G/112) is permissible.
For the purpose of the test described in sub-para. (vi), the generator should be run on
full load for 10 minutes.
37. The generator should not be run continuously at any output greater than 30 volts 20
amperes without cooling air, or serious damage due to overheating will occur.
38. The tests specified above, with careful examination during servicing, are sufficient to
ensure that a generator is fit for service.
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Introduction
1. The alternating current generators, types U and U2, have been designed to provide a larger
output than two other similar generators, types R and S, and have a maximum output of 15 amperes
at 80 volts.
2. They gre essentially an aircraft generator, intended to be driven through gearing from the
engine of the aircraft. Types U and U2 for use with British engines, are designed to run at a variable
speed of up to 6,000 r.p.m. continuous maximum, and 7,500 r.p.m. maximum for periods up to
5 minutes. The minimum speed for full load output is approximately 3,000 r.p.m. The frequency
of the supply is proportional to the speed; for type U it is 1,400 cycle per second, and for type U2
1,200 cycles per second at 3,000 r.p.m.
3. Normally the exciting current for the field is obtained from the aircraft general service
d.c. supply. When it is mounted on a transportable generating set, this is of course provided by
the type HZ generator mounted on the same generator bracket as the U or U2 generator.
4. The type U and U2 are suitable for either anti-clockwise or clockwise rotation. Generator
type U is available with exciting windings for either 12-Volt or 24-Volt excitation, but type U2
is available for 24-Volt excitation only.
5. The output voltage of the generators is controlled by voltage regulators of a suitable type
which are situated within the control panel type 7A fully described in this publication.

Types available
6.

The Stores Reference numbers and certain useful information is given in the following

table:—
Stores
Ref.

Type

Output

Excitation
Voltage

Field
resistance

Series
condenser

Approx.
weight

Frequency
(cis)

12/14.5
24/29
24/29

1.8 ohms
7.45 ohms
7.2 ohms

11 µF
11 ,uF
18 µF

35 lb.
35 lb.
20 lb.

1,400 at 3,000 r.p.m.
1,400 at 3,000 r.p.m.
1,200 at 3,000 r.p.m.

Volts Amps.

5U/348
5U/349
5U/2617

U
U
U2

80
80
80

15
15
15

Fig. 1.—A.C. generator, type U
TYPE U

Principle of operation
7. This generator, shown in fig. 1 and 2, is of the homopolar type, in which unidirectional
field of constant value passes across an air gap between the rotor and the stator. Both the rotor
and' the stator are provided with laminated teeth; the slots of the latter carry the a.c. winding.
As the rotor turns, the reluctance of the air gap at any tooth of the stator will vary from a minimum
when a tooth of the rotor is opposite it, to a maximum when a slot is opposite. The flux linking a
conductor of the winding at that point will vary correspondingly between maximum and minimum
values, and an E.M.F. will be induced in the conductor. If there were the same number of slots
in the rotor and the stator, the flux linking the conductors in each slot would, at any instant, be
varying in the same direction, and consequently the E.M.F's. in every conductor would have the
same sense, and to complete the winding it would be necessary to make connections behind the

This leaf issued in reprint dated
March, 1946

A.P.1186E, Vol. I, Sect. 4, Chap. 11

stator punchings. If, however, the number of slots in the rotor is made to differ slightly from the
number in the stator. (say by 2), there will be two diametrically opposite points at which the relative
positions of rotor teeth and stator conductor are identical—say, for example, with a rotor tooth
opposite to stator tooth, corresponding to maximum flux. At two points 90 deg. from the first
two, a rotor slot will be opposite to a stator tooth, corresponding to minimum flux. The E.M.F.
induced in the conductors at the second pair of points will consequently be of opposite sense, i.e.
180 degrees, to that generated at the first pair of points.

Fig. 2.—Generator, type II, dismantled

8. The conditions are thus similar to those for a normal four pole winding, and the coil sides
for a full pitched winding would be 90 degrees (mechanical) apart. The frequency depends on the
rate of passage of the rotor teeth past any given point on the stator, i.e. upon the speed of rotation
and the number of rotor teeth, and not upon the number of stator teeth, or the apparent number
of poles in the a.c. winding.
Description
9. This generator is cooled by through ventilation, air being circulated through the machine
by a small fan built into the rotor. Cooling is assisted by fins on the yoke, end frame, and bearing
cap. Fig. 1 shows a general view of the generator, and fig. 2 shows a dismantled view, and reference
should be made to these illustrations when following the description of the generator.
10. The magnetic circuit is arranged so that d.c. excitation current flowing in the annular
field coil which surrounds one end of the rotor and is fitted to a circular pole piece, sets up, a flux
which passes from the pole piece across an air gap to the solid portion of the rotor, then to the
laminated rotor teeth and across a second air gap to the laminations of the stator, the magnetic
circuit being completed through the yoke.

11. The mild steel yoke is flanged at the driving.end to provide a means of attachment for the
generator to the engine. The driving end frame, which is of aluminium alloy, is spigoted to this
flange and secured to it by four countersunk screws. It carries the driving end bearing which is
held in position in its housing by the inner and outer bearing plates. The stator laminations are
spot welded in position inside the yoke. The a.c. winding is arranged in the slots in the stator
laminations.
12. The mild steel circular pole piece is integral with the end frame opposite the driving end.
The exciting coil is held in position on the pole piece by a large washer and a circlip. The bearing
at this end is carried in an aluminium alloy housing which is spigoted to the end frame and attached
to it by 8 screws. The housing is enclosed by the inner bearing plate and the outer bearing cap.
The terminal block is also attached to this end frame and is shrouded by a split box of aluminium
alloy which has two entries for the connecting cables. The a.c. winding is connected to the two
outer terminals which are marked with a yellow and a blue spot respectively. The exciting winding
is connected to the two middle terminals which are marked with a white and a black spot respectively.
These terminal connections are shown in fig. 7.
13. The driving end bearing is retained on the shaft by a nut. In early models, the bearing
at the opposite end is also retained by a nut, but in later designs it is retained by a sleeve which is
pressed on to the end of the shaft.
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Fig. 3.—Principle of generator, type U2
14. The bearings are oil lubricated; two systems are in use. In early models, as shown in
fig. 2, an oil-soaked felt ring housed in the outer bearing cap forms the oil reservoir for the system
and transfer of oil from the reservoir to the bearing is effected solely by surface tension of the oil,
This system has now been superseded, and any generator found still to incorporate it should be
returned to M.U. for modification. Later models incorporate an improved system, which is illustrated in the sectional drawing fig. 6. In this a felt washer is attached to a thin metal disc at the
outer side of both bearings which serves to prevent the washer being drawn into the bearing. This
felt washer makes light rubbing contact on the shaft sleeve, and it is also in contact with the main
reservoir felt in the bearing cap. Oil is thus transferred from the reservoir to the shaft sleeve by the
felt wiping washer, and then passes to the bearing under the action of centrifugal force. A similar
wiping washer is fitted on the inner side of the bearing, and at the driving end is fed by oil from
the main reservoir felt by capillary action through three wicks. These wicks are, however, omitted
at the opposite end.
TYPE U2
Principle of operation
15. This generator (fig. 4, 5 and 6) is of heteropolar type, with four poles, and four exciting
coils connected in series. The coils of the a.c. winding are concentrated in single slots in the centre
of each pole, each coil spanning one pole pitch. Referring to fig. 3A and considering one pair of
poles only, it will be seen that with the rotor in the position shown, almost the whole flux will be
concentrated along the path indicated by the green dotted lines, since the reluctance of the air gap
is at a minimum where the teeth of the rotor are opposite to those of the stator. When, however,
the rotor is moved one-half tooth pitch to the position shown in fig. 3B, the concentration of flux
will now be as indicated by the green dotted line in this figure. A further movement of the rotor

This leaf issued in reprint dated
March, 1946

A.P.1186E, Vol. I, Sect. 4, Chap. 11

Fig. 4.—Generator, type U2
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Fig. 5.—Generator, type U2, dismantled
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Fig. 6.—Generator, type U2, sectional view
one-half tooth pitch in the same direction of rotation restores the flux conditions to those shown in
fig. 3A. Similar conditions apply at the same instant for the other pair of poles. It will thus be
seen that a movement of the rotor through a distance equal to one tooth pitch causes a complete
cyclic change of the flux linking with each of the coils of the a.c. windings, and an a.c. voltage is
induced in them accordingly. The frequency of the induced voltage thus depends on the number
of teeth in the rotor, and the speed of rotation.

WHITE

YELLOW

RED

- LACK

BLUE

BLUE

NOTE :- WIRES TO ENTER ON LEFT
SIDE OF SCREW THREAD TO ENSURE
THAT THEY FOLLGW THE SCREW
ROTATION.

Fig. 7.—Terminal connections for generators U and U2
Description
16. Generator type U2 is semi-enclosed and is cooled by through ventilation, a fan being
incorporated in the rotor. Air is taken in through apertures in the end frame opposite to the driving
end and flows through axial vents in the rotor, then back through the gap air and the spaces between
the rotor teeth, and is expelled through peripheral openings in the yoke. Fig. 4 show's a general
view of the generator, fig. 5 shows a dismantled view and a sectional drawing is provided in fig. 6.
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17. The driving end frame, of aluminium alloy, has two flanges, one for attachment to the
yoke and the other to provide a means of attaching the generator to the engine of the aircraft. The
opposite end frame, also of aluminium alloy, is bolted to the yoke and carries a shrouded terminal
block identical with that described in para. 12 for generator type U and illustrated in fig. 1 and 6.
The pole and stator assembly is spot welded to the yoke. The arrangement of the magnetic circuit
and the windings has already been described in para. 15 and illustrated in fig. 3A and 3B. Fig. 8
is a diagram of connections for the exciting coils and the stator windings, and the coloured spots
indicated distinguish the connections.
18. The bearings are oil lubricated, and are carried in the end frames. The driving end
bearing is retained on the shaft by a nut. The bearing at the opposite end is retained by a sleeve
tapered externally, which is pressed on to the end of the shaft. The asembly of the bearings and
the lubrication arrangements are almost identical with those described in para. 14 for generator
type U (later models) and illustrated in fig. 9.
SERVICING TYPES U AND 1:2
19. These generators should not require any servicing other than lubrication of the bearings,
and inspection for tightness of bolts, screws and terminal connections.
20. In general the bearings of these generators will require to be lubricated after approximately
250 running hours or nearest equivalent inspection period. Where, however, experience with a
particular installation clearly indicates that the generator will run for shorter or longer periods
without requiring lubrication, the number of running hours between lubrication periods may be
adjusted. In order to lubricate the generator it should be removed from the generator bracket.

Procedure for oiling
21. It is usual when replenishing
the oil reservoir to inspect the bearings
and check that they are in sound mechanical condition. By referring to fig. 9
it will be seen that in order to inspect
the driving end bearing, it is necessary
to withdraw the bearing cap disc. During
the operation, unless suitable precautions
are taken, the inner bearing cap may
twist or fall out of position, see further
note in para. 24.

BLACK
BLUE

WHITE
YELLOW

22. If, therefore, the inspection of
this bearing is not to be effected, but
only the oil reservoir is to be replenished,
proceed as follows : Remove the driving
end outer bearing cap which is secured
by six nuts, using three 2 B.A. screws
inserted into the tapped holes provided,
being careful not to damage the Vellumoid gasket. Thoroughly soak the felt
pads in oil (Stores Ref. 34A/60). Then
press the felt pads lightly with the fingers
to exude all surplus oil, gripe the metal
face of the bearing cap and replace it,
carefully tightening up the six nuts.
23. At the opposite driving end
remove the outer bearing cap secured by
three screws. This will free two Vellumoid
gaskets and a felt wiping washer and
retaining disc. Soak the outer bearing
cap or the felt wiping washer in lubricating oil and after soaking them shake
and wipe off all surplus oil from the
metal parts. Re-fit the components in
the following order. First a Vellumoid

Fig. 8.—Internal connections of field and stator
windings, generator 112
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Fig. O.—Modified lubrication system
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gasket then the wiping washer and retaining disc (felt AWAY from the bearing), then the second
Vellumoid gasket and finally the outer bearing cap. Secure the three fixings screws and lock the tab
washers.
24. The countersunk screws under the bearing caps, at both the driving end and opposite
driving end, secure the other lubricating components and inner bearing caps and should not be
removed. If these are removed the generator must be fully dismantled and the lubricating components re-assembled in their correct order by a definite method as laid down in A.P.1095C, Vol. II,
Part 3, Sect. 5, Chap. 8 which is applicable to Maintenance Units only.

Dismantling
25. Beyond dismantling and lubricating the outer bearing cap felts as explained, the dismantling of the generator should only be carried out by a Maintenance Unit in accordance with the
instructions laid down in the air publication referred to in the previous paragraph.

Testing
26. Owing to the simplicity of the electrical circuits in these generators, it is only necessary
for satisfactory operation to ensure that there are no open circuits in either the stator or exciting
windings (a rare occurrence), and that the insulation resistance is satisfactory.
27. The generator should therefore be connected to the appropriate control panel, this latter
being connected to a suitable source of d.c. supply and to a suitable load. Switchboard, type K
(Stores Ref. 5G/214), and loading panel (Stores Ref. 5G/215) are available for this purpose. The
generator should then be run at approximately 4,000 r.p.m. with an output current of 15 amperes
for a period of 20 minutes. At the end of this period the insulation resistance of all live parts
together to the frame should not be less than 1 megohm when tested with a 250 volt insulation
tester.
28. A check should also be made to see that the rotor revolves freely without noise or excessive
play in the bearings.
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Fig. 1.—Dynamotor, type D
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CHAPTER 13
DYNAMOTOR, Type D
Introduction
1. This is a dual purpose machine intended primarily for use in conjunction with a petrol
engine, as an auxiliary power unit for installation in aircraft, or for ground use. It serves firstly
as an electric motor supplied from an accumulator to start the petrol engine and secondly as a
self-cooled generator when driven by the engine. When in use as a generator the output voltage is
controlled by a carbon pile voltage regulator acting on the shunt field. The machine may be
coupled to the engine either directly or by means of a suitable belt drive.
Leading particulars
2.
Dynamotor, type D
Anti-clockwise
Clockwise
Full output as a motor

Full output as a generator

Speed range for continuous operation
as a generator
Maximum speed for 5 min.
Brushes
Brush spring pressure
Lubricant
Weight
Type of cable used
Suppressor used
Voltage regulator
Switchboard for testing
•••
Resistance, field winding at 20° C....

Stores Ref.
S.I.S. No. 3749
5U/4156
5U/520
50 lb. in. torque at 1,000 r.p.m. approx.
(Input 24 volts 50 amp. approx.)
Rating-1 min.
29 volts 40 amp.
Rating—continuous
Note.—If the machine is working as
a generator in an ambient temperature exceeding 30° C. (86° F.) the
continuous output should not exceed
29 volts 33 amp.
4,000-5,000 r.p.m.
6,000 r.p.m.
Grade—EGO
18-24 oz.
Oil
42 lb.
Quadragenmet 2
Type L
Type C
Type B
Shunt 11.0 ohms1
Series 0.098 ohms f , 10 per cent.

5U/3659
34A/60
5E/1519
5C/924
5U/1013

DESCRIPTION
3. A general view of the dynamotor, type D, is shown in fig. 1 and a partly dismantled view
and a sectional perspective drawing in fig. 2 and fig. 3 respectively.
4. This machine is of four pole construction and has both series and shunt field windings
assembled on the same pole pieces. These field windings are so connected in circuit by means of
a single and a two-way solenoid switch, that the series winding is disconnected when the machine
is running as a dynamo, and is brought into circuit when the push-button is operated and the
machine runs as a compound wound motor. The solenoid switches are so connected that they are
both operated by the same push-button switch.
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Fig. 3.—Sectional perspective drawing of the dynamotor, type D
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5. One end of the shunt field is connected internally to the positive terminal and the other to
the'shunt field terminal and one end of the series field is connected internally to the negative terminal
and the other to the series field terminal.
6.

The terminal markings are as follows (see fig. 4) :—
Positive

Yellow spot

Negative ...

Blue spot

Shunt field

Small terminal adjacent to the positive terminal

Series field

Terminal adjacent to the negative terminal

Bearings
7. The armature is carried in two oil lubricated ball bearings, one of which is located in the
driving end frame, the other being free to slide in an annular recess in the commutator end frame.
The driving end bearing is held in place on the shaft by a lock-nut and the commutator end bearing
by the castellated nut which secures the fan.
Lubrication
8. At the driving end, the outer bearing cap is secured to the end frame by four studs and nuts,
and carries a large oil-soaked felt ring which acts as a reservoir. In contact with this reservoir felt
is the outer wiping felt washer which also rubs lightly on the nut securing the bearing to the shaft.
Oil is thus transferred from the reservoir to the shaft and then flows to the bearing when the generator
is running, .under the action of centrifugal force. A similar wiping felt washer is fitted at the inner
side of the bearing and is housed in a recess in the inner bearing cap. Oil is fed from the reservoir
felt to the inner wiping felt washer by means of four wicks which pass through holes in the end
frame. One -end of each wick is inserted between the inner bearing cap and the inner wiping felt
washer, the other end being inserted between the outer wiping felt washer and the reservoir felt.
Note particularly that a brass washer is fitted between each wiping felt and the bearing. The
purpose of these washers is to prevent the wiping felt washers from being drawn into the bearing
when the generator is running, and it is most important that they should always be assembled in
their correct positions.
9. The lubrication arrangements for the commutator end bearing are similar, except that
the wicks between the inner and outer wiping felts are omitted. Again note the position of the
brass washers between the wiping felt washers and the bearing.
Brush gear
10. Four brushes are employed, set diametrically about the commutator. Diametrically
opposite brushes are interconnected, one pair being connected to the positive terminal and the
other pair to the negative terminal, by means of flexible leads. The brush rocker is secured to the
commutator end frame by two countersunk head screws which pass through holes in the end frame.
Access to these screws is obtained by removing the outer bearing cap (held by three studs and nuts)
and the cork gasket, at the commutator end. To adjust the brush position these screws must first
be slackened off. The correct position of the brush rocker is marked by a white line painted on the
brush rocker, which should correspond with the brass pointer fixed to the end frame.
Cooling
11. The dynamotor, when running as a generator is self-cooled by means of a fan fitted to
an extension of the shaft. This fan is located on the shaft extension by a cylindrical distance piece
which is a sliding fit on the shaft, and is secured by a key and a castellated nut and split pin. An
air jacket surrounds the yoke, and an end casing, which covers the fan and the commutator end
frame, is attached by four screws and forms an extension of the air jacket. Air is drawn in through
the large aperture in the end casing, passes over the brush gear apertures, along the yoke and leaves
through the open end of the jacket near the driving end frame.

INSTALLATION
12. Reference should be made to the Service Instruction Sheet (see para. 2) in which general
instructions for the installation of this dynamotor are given.
13. Before fitting a dynamotor, check that the direction of rotation and type are correct
for the particular engine and aircraft. These details are given on the name-plate attached to the
yoke of the machine. Note that the direction of rotation is taken when looking at the driving end
of the machine.

Fig. 4.—Internal wiring diagram
14. The splined end of the shaft protruding beyond the driving end frame should be protected
by a ferrule when the generator is not in use. Before installation this ferrule must be removed.
In some installations a coupling member, which is intended to engage with a corresponding member
on the engine, or a belt pulley, is fitted to the dynamotor shaft. With this arrangement, care should
be taken to see that the coupling member or pulley is a close sliding fit on the shaft and that it is
properly secured by an axial or clamping bolt which should be suitably locked after tightening.
In other installations the dynamotor shaft engages directly with a suitably splined driving member
on the engine. In either case the shaft should first be coated lightly with clean engine oil.
15. Belt drives usually employ a vee belt. This type of belt should always be run with a slight
amount of slack to avoid imposing a heavy load on the driving end bearing.
OPERATION
16. Whether the dynamotor is directly coupled to an engine or belt driven, the drive should.be
so arranged that over the speed range of the engine used, the speed range of the dynamotor when
employed as a generator, is within the limits quoted in para. 2.
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17. The machine is controlled by an external regulator which is designed to maintain the
output voltage at a steady figure, irrespective of fluctuating engine speed, the state of charge of the
accumulator, or the load connected to the supply. In an airborne installation the accumulator is
connected in parallel with the dynamotor, and supplies all the general services loads when the
generator is not running or when, due to a reduction in engine speed, the voltage of the dynamotor
falls below the figure at which the cut-out opens. In a ground installation, the accumulator and
consequently the solenoid switches and the cut-out are usually omitted. The full circuit diagram
is shown in fig. 5.

Parallel operation of dynamotors
18. Where two or more dynamotors are employed in parallel or a dynamotor is connected
in parallel with an engine driven generator it is essential that the regulator should be correctly
connected for this purpose, as otherwise the machines will not share the load equally and considerable
trouble will then be experienced. Reference should therefore be made to Section 3 of this publication
in which the regulators used, are described, and full operating instructions are given.
SERVICING
19. The following instructions on servicing are to be read in conjunction with the general
information on this subject given in Chap. 1 of this section.
20. Dynamotors are to be inspected at the periods laid down in the appropriate aircraft
Inspection Schedule. In general, they should be inspected carefully at each minor inspection by
the removal of the commutator covers. The external connections should also be checked for
condition and security, and all nuts, union caps and fixing screws should be checked and tightened
where necessary.
21. Dynamotors should be removed from the engine for more detailed examination and
lubrication, after every period of approximately 120 running hours (or nearest equivalent inspection)
and at every major inspection. Where, however, experience in a particular installation clearly
indicates that the dynamotor is capable of running for longer periods without requiring inspection
or lubrication, the length of running time between inspections and removals may be increased.
22. When inspecting dynamotors on aircraft dispersed in the open, every care should be
taken to prevent the ingress of moisture into the machine or terminal boxes.

Lubrication
23. If inspection has indicated that the dynamotor is otherwise serviceable, it may be lubricated
without dismantling completely. For general instructions on servicing and the lubrication of bearings
see para. 8 of Chap. 1 of this section. To lubricate proceed as follows:—
Driving end bearing
(i) Remove the four nuts which hold the outer bearing cap in place and remove the cap,
taking care not to damage the cork gasket. If the cap is tight, insert four 2 B.A. screws
in the tapped holes provided, and screw in gently.
(ii)

Remove the outer wiping felt washer and the brass washer (see para. 8). If necessary,
use two small wire hooks to do this. Examine the bearings for sign of wear or damage.

(iii)

If the bearing is satisfactory insert not more than three or four drops of oil, and work
into the bearing by rotating the armature.

(iv)

Soak the felt reservoir and the wiping felt washer with oil (Stores Ref. 34A/60) and wipe
off any surplus oil. The wiping felt washer should be replaced if worn.

(v)

Refit the brass washer, wiping felt washer and gasket. The gasket should be renewed,
if damaged.

(vi)

Refit the outer bearing cap.

Commutator end bearing
(vii) Remove the end casing. Take off the castellated nut on the end of the shaft extension,
and draw off the fan, taking care not to loose the key.

DYNAMOTOR TYPE D

-1

7
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VOLTAGE REGULATOR
TYPE C. REF. SC/1013

oil—I-

1
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Fig. 5.—Typical circuit diagram
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Undo the nuts which hold the outer bearing cap in place and detach the cap, taking care
not to damage the cork gasket. If the cap is tight, insert three 4 B.A. screws in the tapped
holes provided and screw in gently.
Proceed as in sub-para. (ii) to (vi) above.
Refit the fan, taking care to see that the distance piece and key are both in place. Refit
the castellated nut and end casing.

Dismantling and re-assembling
24. Special care should be taken to avoid damage to the ends of armature shafts or the threads
thereon. If it is necessary to strike or grip them, a piece of hard wood or soft metal should always
be interposed. The core of an armature should never be gripped tightly in a vice as this causes
distortion of the laminations with consequent breakdown of the insulation. Where locating pins
are provided, care-should be taken in assembly to see that they are in place and registering correctly
in their appropriate slots before tightening. When removing commutator end frames from yokes,
it is usually necessary to remove a number of connections, and their respective positions should
therefore first be noted carefully so that they may be replaced correctly.
Dismantling
25. To dismantle the dynamotor first proceed as in sub-paras. (i), (ii), (vii), and (viii) of
para. 23 and then continue as follows:—
(i)

Lift the brushes from the commutator and take out the through bolts which hold the
end frames to the yoke.

(ii)

Remove the two screws which secure the brush rocker, taking care not to loose the
shakeproof washers. These screws are accessible when the outer bearing cap and gasket
at .the commutator end are removed.

(iii)

The armature and driving end frames can now be detached from the yoke by tapping gently
on the commutator end of the armature shaft.

(iv)

To dismantle the driving end bearing, remove the four countersunk head screws which
are accessible when the outer bearing cap and cork gasket have been removed.

(v)

Tap the armature gently out of the end frame, taking care not to loose the oil wicks.

Insulation resistance tests
26. Before reassembling the components, reference should be made to para. 26, Chapter 1 of
this section and test accordingly.
Reassembly
27. If the dynamotor has been completely dismantled, it will be found advantageous first
to reassemble the driving end frame complete with bearing, wiping felt washers and bearing caps.
Care should be taken to insert the wicks between the inner felt wiping washer and the oil reservoir
felt correctly, as described in para. 23. The armature should then be supported in a vertical position
with the shaft resting on a block of wood or other soft material, and the driving end frame should
be driven on to it. For this purpose, a clean piece of steel or brass tube of suitable length and size
to fit over the shaft and rest against the inner journal of the bearing (not against the bearing cap),
will be required. Particular care should be taken during this operation not to damage the threads
on the shaft. The shaft nut should then be refitted and tightened.
28. Continue reassembling in the reverse order to dismantling, and see that all screws and
nuts are locked as required. When refitting the armature to the yoke it is necessary to ensure that
the brass washer and inner wiping felt washer at the commutator end are centralised. This may
most easily be done if the yoke is supported in a vertical position when inserting the armature. It
may be found helpful to screw a piece of 4 B.A. rod of suitable length into one of the holes in the
bearing plate at the commutator end to act as a locating pin. This can be withdrawn subsequently
from the outside.

Brush gear
29. Brush types and spring pressures are given in para. 2. The recommended method of testing
brush spring pressures is by means of a 2 lb. spring balance (Stores Ref. 37A/4400) or similar type.
It will be found helpful if a small hook of stiff wire is made to attach to the spring balance and hook
into the eye of the spring. The spring pressure is that recorded on the balance when the spring is
held steadily, by a radial pull, just clear of the top surface of the brush. Instructions on the servicing
of brush gear and brushes are given in para. 14, Chap. 1 of this section.
30. To adjust the brush position, slacken the two countersunk head screws mentioned in
para. 10. If it is considered necessary to check the brush position reference should be made to
para. 18 of Chapter 1 of Section 5 of this publication. When making this check, in test (iv), the
positive terminal of the accumulator should be connected to the positive (yellow spot) terminal
of the dynamotor, and the negative terminal of the accumulator should be connected, through a
tapping key, to the shunt field terminal of the dynamotor.

Commutator, armature, and field coils
31.

Information on the servicing of these items is given in Chap. 1 of this section.

. Tests
32. The circuit diagram given in fig. 5 is appropriate for testing this machine, except that
the suppressor may be omitted.
As a motor
33. A torque test is not necessary for general service testing and it will be sufficient to check
that when connected in accordance with the diagram, -and when the starter switch is pressed, the
dynamotor runs as a motor in the direction of rotation as stated on the nameplate.
As a generator
34. Appropriate instructions for testing are given in para. 27, Chap. 1 of this section in
conjunction with the information given in para. 2 of this chapter. The accumulator should be
replaced by the appropriate load panel, and the generator testing set described in Chap. 1, Section 4
of A.P.1095H, or any similar testing set may be used.
35. It is essential that the regulator used in any test circuit should be correctly set in accordance
with the instructions laid down in Section 3 of this publication. With the regulator, type C, the
link should connect terminals B and C (the position for non-parallel running as a single unit) when
the generator voltage for all loads up to full load should be approximately 29. The negative terminal
of the generator should be connected to terminal G—(1,000 W.).
Note.—For the purpose of test (vi) para. 27, Chap. 1 of this section, the dynamotor should
be run as a generator on full load for 30 min. It should not be run continuously at any output
greater than 29 volts 10 amp. without the fan and end casing in position, or serious damage
due to overheating will result.
36. The tests specified above, with careful examination during servicing, are sufficient to ensure
that a dynamotor is fit for service.
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Introduction
1. Detailed instructions for the care and servicing of lead acid accumulators are given in Form
480, and particular types of batteries are described in A.P.1095C, Vol. I, Section 1, Chap. 1. The
following chapter gives a general description of the lead-acid accumulator, together with information
concerning charging and use.
DESCRIPTION
2. A typical lead acid accumulator consists of a container holding a number of positive and
negative plates arranged alternately and divided by separators, usually of ebonite. They are
immersed in an electrolyte consisting of refined sulphuric acid. The positive' plates contain lead
peroxide and the negative pure lead in a spongy or porous form. When a circuit is connected between
the positive and negative plates a chemical action occurs and current flows externally from positive
to negative. If, as occurs in charging, a current is passed through the cell from positive to negative
the action is reversed and the cell restored to its original condition when it will be ready for use
again.
3. To counteract the tendency of the positive plates to buckle if the chemical action takes
place on one side only, the outside plates are both negative, and hence there is one more negative
plate than positive. All plates of the same polarity are attached to a lug which acts both as a
mechanical support and as an electrical connection to the terminal.
Plates
4. Two types of plates are in use, i.e. the Plante and the Faure. The former is a lead blank
which provides a large surface over which a coating of lead peroxide is formed. Its use is confined
to stationary batteries where long life is important and the weight immaterial. The Faure plate
consists of a lead grid filled with a paste of lead oxide which is converted to lead peroxide for the
positive plate and spongy lead for the negative. It is used in portable accumulators as, although
its useful life is shorter, it has a higher capacity/weight ratio. The thickness of the plate varies
according to the discharge, thinner plates giving a heavier discharge.

Containers
5. The containers for portable accumulators are made of black moulded insulating material
which is not acted upon by the electrolyte. For permanent installation glass containers are usually
used.

Voltage
6. The voltage of a fully-charged cell on open circuit is about 2.1, although it may be 2.3
immediately after charge. It may rise to 2.6 volts on charge, but should never be allowed to fall
below F8 on discharge. As is shown in fig. 1, during the discharge period, the voltage falls rapidly
at first, slowly for the greater part of the time, then rapidly again at the end.
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Fig. 1.—Typical charge and discharge voltage curves

Discharge rate
7. This represents the time taken for a fully charged cell to reach its normal end point (1.8 volts).
It is expressed either in amperes or in hours, and accumulator tests are based on the 10-hour rate
capacity
which gives
amps.
10

Capacity
8. Capacity is the quantity of electricity which can be taken from a fully-charged cell to reduce
it to a fully discharged condition. As the discharge rate increases so the capacity decreases, the
capacity at the 5-hour rate being 70 per cent. and, at the 1-hour rate, 50 per cent. Capacity is the
product of the current and the time for which it can be taken before the terminal voltage falls to
the specified value. Fig. 2 shows the percentage of capacity at the 10-hour rate.

Nominal capacity
9. Nominal capacity is the capacity at the 10-hour rate for continuous discharge. .If the
discharge is intermittent the capacity will be increased.
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Useful life
10. In normal use the accumulator deteriorates and its weight
becomes uneconomically high in proportion to its capacity. Its useful life
is expressed by the number of cycles
of charge and discharge at a given rate
before the capacity is reduced by a
given amount. It is affected by treatment and the loads carried. The
portable type of accumulator, therefore, should not be used if the stronger
type would be equally suitable. Lead
acid accumulators are •adversely
affected by tropical temperatures and
should not be used above 120° F. if
other types are available.
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Evaporation and spilt electrolyte
11. If the level of the electrolyte
falls owing to evaporation it should be
topped up with distilled water, (Stores
Ref. 33C/202). If any of the electrolyte has been spilt the correct level
should be restored by the addition of
acid of the same specific gravity.

o.)
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Fig. 2.—Variation of capacity with duration of
complete discharge

State of charge
12. The state of charge is indicated in the three following ways:—
(al The terminal voltage, as shown in fig. 1, rises during charge and falls during discharge.
The change of voltage is rapid at the beginning and end of the discharge, but constant
during the middle period. It therefore gives a direct indication of full charge or complete
discharge. The voltage of a fully-charged cell should reach and maintain its maximum
for 1 hour.
(b) The specific gravity reaches its maximum when the cell is fully charged and falls during
discharge. The minimum value for the specific gravity must be observed and it should
reach and maintain its maximum for 1 hour.
(c) In a fully charged cell the positive and negative plates should gas freely.

Specific gravity
13. The specific gravity of the electrolyte must be maintained at the correct figure. This is
usually 1.27, but where wet wood separators are used it is 1.35. Where it is necessary to obtain the
correct specific gravity by dilution of concentrated acid, the following instructions must be carried
out.
14. Distilled water is used for dilution, but the acid must be added to the water and not the
water to the acid. The addition of small quantities of water to sulphuric acid will cause boiling by
reason of the heat generated. A glass, glazed earthenware, or lead-lined mixing vessel must be used
and protective clothing worn during the operation. The acid should be added slowly, the liquid
being stirred continuously with a glass rod or wooden stick. The usual proportions are about three
pints of water to one of acid. The liquid should be allowed to cool and the specific gravity corrected
by the addition of water or acid. The specific gravity is measured by a hydrometer which consists
of a graduated float enclosed in a glass tube into which the electrolyte is drawn by means of a rubber
bulb. The specific gravity is shown by the level of the electrolyte against the scale on the float.
The reading thus obtained is correct at a temperature of 60° F. For every 2.5° above this, 0.001
must be added and for every 2.5° below 0.001 must be subtracted.

SERVICING

Charging
15. As the capacity and useful life of an accumulator depend on the treatment it receives,
these instructions should be carefully followed and only modified where they differ from those of the
maker.
16. Before being put on charge the accumulator must be examined for mechanical defects
and thoroughly cleaned. Any corrosion of the terminals can be neutralized with a dilute alkaline
solution, which must on no account be allowed to enter the electrolyte. The terminals should then
be thinly coated with mineral jelly. The vent plugs should be cleaned and the outside of the container
washed.
17. All accumulators to be charged at the same rate should be connected in series, the number
in the group depending on the voltage available in the charging circuit, allowing 2.8 volts for each
cell. Thus a charging circuit of 34 volts would supply a group of two twelve-volt or twelve two-volt
batteries.
18. Each group must have its own circuit with an ammeter, variable resistance and other
control apparatus connected in series with it. Groups may be connected in parallel only if a separate
external resistance and ammeter is included in each one. Accumulators requiring different charging
currents must be connected in different circuits.

-G

Char 9ins terminals

MIN Mil
•

•

•

•

•

•

•

•

JIM 111111 ME MIMI MIN
•

•

Fird FM • • •
Minimum distance between cells =
Fig. 3.—Arrangement of accumulators on charge

19. The batteries should be placed in a single line; where this is not possible they should be
arranged and connected as shown in fig. 3. The positive terminal must be connected to the positive
charging terminal and the negative to the negative charging terminal.
20. Correct polarity is important and should be tested with a moving coil voltmeter or in one
of the two following ways :—
(a) Dip the ends of the wires connected to terminals into a vessel containing tap water. The
wire connected to the negative terminal will give off bubbles more rapidly.
(b) Press the ends of the wires against a piece of damp, blue print paper. The negative wire
will leave a white spot.
21. Before charging is begun
* the vent plugs must be removed and the battery topped up, if
necessary, with electrolyte of the correct specific gravity. 'When the rheostat has been set in the
position of maximum resistance the switches should be closed and the current then adjusted to the
appropriate value. The specified charging current must be maintained and periodical measurements
taken when the cells begin gassing. If the charging has to be interrupted and the batteries left
unattended, both the charging leads must be disconnected and, if the voltage exceeds 35 volts, the
bank should also be disconnected near the centre.
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22. The period of complete recharge is normally about twelve hours. Undercharging results
in hard sulphation and overcharging in the shedding of active material from the positive plate, thus
shortening the useful life of the accumulator.
23. During charging the temperature must not be allowed to exceed 110° F. In tropical
conditions, therefore, it will be necessary to take precautions against overheating. The room temperature must be kept as low as possible and charging must be done at the coolest period. Overheating can also be obviated by reducing the charging current and increasing the duration of the
charge proportionately.
24. When the charge is complete the specific gravity must be corrected, if necessary. The tops
of the cells should then be cleaned and all traces of moisture or acid removed. The metal parts
should be lightly, but completely, coated with mineral jelly.
25. It is essential that the charging leads should be of ample cross-sectional area and fitted
with proper terminals. On no account must free ends of wire be used as sparking may cause explosion
of the gases formed during charging. The joints and inter-cell connections must also be examined
for security and tightness.
26. When an accumulator is not in use a freshening charge must be given at least every
three months and, if possible, every fortnight. It should also be stored in a cool place.

First charge
27. Accumulators are supplied without electrolyte and are carefully dried and sealed to exclude
moisture. The seals should not be disturbed until immediately before the first charge. Before
filling, the accumulator should be examined for mechanical defects and the metal parts smeared
lightly with mineral jelly. It should then be filled to the appropriate level with electrolyte of the
correct specific gravity. If the required level is not indicated on the container the level of the
electrolyte should be about in. above the top of the plates. The accumulator should then be
allowed to stand for about twelve hours, during which time some of the electrolyte will be absorbed
by the plates and separators. At the end of this period the level of the electrolyte should be restored.
28. When the instructions in the preceding paragraph have been carried out, the accumulator
should be connected and charged as described in paragraphs 15 to 26. Where no time is specified
charging should be continued until the voltage and specific gravity cease to rise during three readings
taken at 15-minute intervals. When the operation has been completed an entry must be made in
the accumulator log book.

Faults
29. Sulphation is caused by persistent undercharging or discharging to too low a voltage.
The lead sulphate formed by the discharge hardens if the battery is allowed to stand in a discharged
condition. Slight sulphation is detected by failure of the specific gravity to attain the correct
value at the end of the charge. If this is allowed to continue it becomes visible as a white deposit
on the plate and is difficult to remove. Form 480 gives instructions for reconditioning sulphated
accumulators.
30. Internal short circuits may be caused by buckling of the plates or by the formation of a
bridge of conducting particles between the plates. This cannot be removed without dismantling
the cell, a process which is impracticable except in the case of cells having thick plates. Plates
which are buckled can be straightened by carefully pressing between two wooden boards.

Precautions
31. No naked lights are to be allowed because the gases formed during charging are inflammable.
To avoid sparking, the connecting wires must be of ample cross-sectional area and suitable terminals
must be fitted. Neutralising agents such as solution of carbonate of soda, or dilute ammonia must be
kept in readiness in case the acid is spilt, as detailed in para. 38.
32. All equipment must be kept clean and not allowed to come into contact with apparatus
used for charging alkaline accumulators. Bottles containing distilled water must be kept securely
stoppered.
33. Rubber aprons, gloves and goggles used when cleaning or repairing accumulators or breaking
down electrolyte must be rinsed free of acid and dried thoroughly before' being put away. To avoid
perishing or cracking they should be stored in a cool place, and aprons hung with as few folds as
possible.

Charging room equipment
34. The room must be well ventilated and, if blackout conditions impede free circulation of
air, a fan must be used. A sink and supply of running water is necessary. Distilled water should
be supplied for topping up the batteries. Buckets of sand must be provided for fire extinguishing
purposes, together with sawdust for soaking up any acid which may be spilt and solution of carbonate
or bicarbonate of soda for neutralizing it.
35. The charging benches, which should be covered with sheet lead, must not be placed in
direct sunlight. The accumulators must not be allowed to stand directly on the benches, but should
be raised on insulators consisting of grids made of oiled or waxed wood, glass or porcelain. If these
are not available dry wood rubbed with mineral jelly may be substituted.
36. For charging, a direct current supply, either from the mains or from a petrol-electric
generating set, is used. If mains of 110 volts or under are available, the accumulators may be
charged directly from them, a regulating resistance being inserted in the lead not at earth potential.
If the mains are above 110 volts a standard generator, giving 60 amps. at 30 volts, operated from the
mains, is to be used.
37. Standard switchboards have been adopted, equipped with parallel circuits each with its
own ammeter, switch, rheostat, fuses and reverse current cut-out. Metal rectifiers are available
for use with alternating current mains.
First aid
38. First aid equipment must be provided and kept in a position readily accessible for use in
an emergency, including :—
Bicarbonate of Soda in a saturated solution and in a 2 per cent solution—(obtained
from Station Sick Quarters and marked "For eyes Only").
Ammonia.
OliN e Oil.
Sawdust.
39. When acid has been spilt on the floor or benches, it should be soaked up with sawdust,
which must then be removed and buried. The surface should then be washed with a saturated
solution of bicarbonate of soda and finally with warm water until all signs of corrosion are removed.
40. When acid has 'been splashed on clothing, apply a little dilute solution of ammonia or
saturated solution of bicarbonate of soda and rinse well with plenty of water.
41. When acid comes into contact with the skin, apply immediately saturated solution of
bicarbonate of soda; then wash with warm water. If the skin is badly burned, apply a little olive
oil afterwards.
42. If acid is splashed into the eye, bathe immediately with a. 2 per cent. solution of bicarbonate
of soda, followed by plenty of warm water, then apply a few drops of olive oil.
ON NO ACCOUNT SHOULD AMMONIA BE PUT INTO THE EYE.
In all cases where any doubt exists as to the extent of the injury, or the burn appears severe,
report to the M.O. immediately.
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Introduction
1. The alkaline accumulator uses an aqueous solution of potassium hydroxide as an electrolyte,
the fundamental principle of the cell being the oxidization and reduction of metals in an electrolyte
which neither combines with, nor dissolves, either the metals or their oxides.
2. The chemical reactions which occur in an alkaline cell during charge and discharge may
be briefly summarized as follows. During discharge the positive plates (nickel hydroxide) are
reduced to a lower oxide of nickel and the negative plates (cadmium and iron) are oxidized to
cadmium and iron oxides. These changes are reversed during charge, the positive plates becoming
a higher oxide of nickel and the cadmium oxide negatives becoming deoxidized.
3. It is important to remember that no apparent chemical changes occur in the electrolyte
during either charge or discharge, and in consequence its specific gravity remains unaltered. It
follows, therefore, that the state of charge of an alkaline cell cannot be determined by measuring
the specific gravity of the electrolyte. Most of the accumulators at present used in the Service are
of the nickel-cadmium-iron type (hereafter referred to as the nickel-cadmium type) as distinct from
the nickel-iron (Edison) type.
DESCRIPTION
4. In the present Service types of alkaline accumulator, the method of construction of the
positive and negative plates is the same, the only difference between them being in the nature of
the active materials. The latter are formed into briquettes under very high pressure and are then
fed into a closing machine between two finely perforated steel strips. The machine rolls the edges
of the two strips, forming a flat tube filled with active material. The tube is cut into sections of
the required length and mounted in a welded steel frame to form the complete plate (fig. 1). The
plate is then subjected to considerable pressure, thus forcing the active material into very close
contact with the supporting grid; the grooves by which the ebonite separators are maintained in
position are also impressed during this process. In aircraft accumulators the required number of
plates of each polarity are welded to a common bar carrying one of the two terminals. In other
accumulators the plates are .generally provided with a drilled lug and a bolt is passed through the
lugs of the required number of plates, which are spaced by steel washers. The terminal post may
be machined as part of this bolt or may also be drilled and assembled on the bolt at the same time
as the plate lugs.

5. The terminal posts pass through insulating leakproof
glands in the sheet steel cover of each, cell. The container itself
is also of sheet steel. In most cases it is electrically in direct
connection with one set of plates, usually positive.
6. The fact that steel is unaffected by an alkaline electrolyte, so permitting its use for the supporting framework of the
plate and also for the container, constitutes one of the greatest
advantages of the alkaline, as compared with the lead-acid
accumulator. In the first place, the construction is much more
robust; second, the material is comparatively cheap; and third,
it lends itself to modem production methods. The chief disadvantage is the possibility of short-circuiting one or more cells
of a battery by accidentally allowing small metal objects to fall
between adjacent cells, or by omitting to wipe up any electrolyte which may be spilt. This disadvantage is easily overcome
by taking the obvious precautions during routine maintenance.
7. Fig. 2 is a cut-away view of a typical alkaline cell
suitable for ground use. It will be observed that a gas relief
valve is fitted in order to prevent the entry of carbon dioxide while
allowing the escape of the gases given off by electrolyte. Aircraft
accumulators differ in certain details, in particular, the gas relief
valve is replaced by a non-spillable vent similar to that fitted
to aircraft lead-acid accumulators.
Charge-discharge characteristics

r7.rrrr::
: rrr

FropPEFFEIRE
rfrfrIE41, 40;
FEE

%aria
:EFEE4t1

EEEEEEF

RTEVV'T:F.
= yr _y
3

grp" =a-mg
r.grr.mkg=
r
.&1+ fr

FirFFI

iggI

r

rrritaiF
r

fff ffit§1
I ME
-OME a
iffigatirECEM
hiffitiffEi KEW

8. The E.M.F. of a freshly charged alkaline cell is about Fig. 1.—Plate of alkaline accumulator
1.46 volts. If allowed to stand in a fully charged but unused
condition the E.M.F. will fall rapidly until it reaches about
F35 volts when it will remain approximately constant until discharge commences. The terminal
P.D. is usually referred to when the term "voltage of the cell" is used.
9. Curves showing the voltage during charge and discharge of a typical nickel-cadmium cell
are given in fig. 3. It will he seen that the voltage rises very rapidly during the first portion of the
charge, and again at the end of the charge
after a period during which the rise in
Tapered
Gas release
filler cap
voltage is small. Since there are no direct
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signs when the cell is fully charged it is
Hard rubber
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risen to 1.7 volts per cell. During discharge
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discharge the voltage again falls rapidly,
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the rate of fall being dependent mainly on
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the magnitude of the discharge current.
plate frame

Capacity
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10. The capacity of an alkaline
accumulator is usually stated in amperehours at the 10 hour rate, and the current
output at this rate may be called the
normal discharge current. If discharged
at heavy rates the capacity decreases to a
much greater extent than that of a leadacid accumulator. Owing to the higher
internal resistance of the alkaline cell, the
terminal P.D. at the commencement of a
high-current discharge is considerably lower
than at normal rate and drops very rapidly
indeed.
Note.—It is sometimes stated that the

Positive active
material
Rust proof
steel
container

Locked nut
Negative
plate frame
Negative
active material
Negative
plate
Ebonite
separators
Suspension
boss

Cell bottom
(welded joints)

Fig. 2.—Construction of typical alkaline cell
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capacity of an alkaline accumulator at a high discharge rate is nearly equal to that at the
normal rate. This is not true under Service conditions of operation because it assumes the
discharge to be extended until the terminal P.D. has fallen considerably below 1.10 volts per
cell measured with the normal current flowing. Cells should not be discharged below this point.
11. The capacity of these accumulators is affected by temperature, although the accumulator
is capable of functioning satisfactorily at comparatively high temperatures (at above 120 deg. F).
Under working conditions, however, the temperature should not be allowed to exceed 120 deg. F
and this must be remembered when charging at a high rate, even in temperate climates. The capacity
of the alkaline accumulator falls off rapidly at about 32 deg. F and at 140 deg. F, its capacity is only
about half normal. This is a considerable obstacle to the extensive employment of alkaline
accumulators in high altitude aircraft.
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Fig. 3.—Charge and discharge curves
Weight and volume
12. The volume of an alkaline accumulator is greater than that of a lead-acid accumulator of
the same voltage and capacity owing to the larger number of cells required. The weight of a
stationary alkaline cell is 15 to 20 per cent lower than that of a corresponding lead-acid cell, but as
the construction does not lend itself to a further reduction of weight the aircraft alkaline accumulator
is about 10 per cent heavier than the corresponding lead-acid accumulator in addition to its greater
bulk. Its life, however, is considerably longer.
13. Where alkaline batteries are not required to be charged during flight they can be closed
with a solid stopper 24 hours after charging, and a considerable saving in weight and volume effected.

Comparison of alkaline and lead-acid types
14. The relative advantages and disadvantages of alkaline accumulators compared with
lead-acid cells may be summarized as follows:—
Advantages
15. (i) Longer life.
(ii) Less servicing.

(iii)

May be charged at a high current rate without injury provided the rise in temperature
is not excessive.

(iv)
(v)

Not damaged by standing in discharged condition.
Satisfactory performance at high temperature.

Disadvantages
16. (i) Regulation very poor.
(ii) Greater volume, and greater weight in aircraft types.
(iii) State of charge and discharge is not indicated by specific gravity of electrolyte.
(iv) Serious loss of capacity at temperatures below 0 deg. C.
(v) High cost.
(vi) Electrolyte requires renewal annually.
(vii) Container is electrically conductive.
PREPARATION FOR SERVICE USE '
Care of batteries before use
17. Accumulators should not be stored in a dry condition for more than six months and must
be kept in a cool dry place. If not put into service within six months of manufacture they are to be
filled, charged, and stored, as described in para. 20, 25, 31 and 32. When batteries are received
ready filled with electrolyte they are to be charged immediately and stored as described in para.
26, 31, and 32.
Breaking down electrolyte
18. Electrolyte, type A (Stores Ref. 33C/541) is used for type N cells, and electrolyte, type B
(Stores Ref. 33C/220) for all other cells. These electrolytes are supplied in solid form and should
be dissolved in pure distilled water (Stores Ref. 33C/202). The solid electrolyte is a mixture of
various constituents and the whole contents of a drum must be mixed at once, prepared electrolyte
not required for immediate use being stored in clean cool vessels securely stoppered. Only plain iron,
earthenware, or glass vessels are to be used for mixing or filling. On no account are galvanised
vessels, or vessels with soldered joints, to be used. Protective clothing (apron, goggles, and gloves)
should be worn when filling accumulators or mixing electrolyte. The solution should be stirred
continuously during mixing, any scum being removed with a strip of clean sheet iron. The specific
gravity of the cooled electrolyte is then to be checked and distilled water added if necessary, until
the reading conforms to the figures given in the following paragraph.
Specific gravity
19. The normal specific gravity of the electrolyte under operating conditions is 1.170 for
type N cells and 1.230 or 1.300 for other types of cell as given on the instruction label. These
values are correct when the temperature of the electrolyte is 60 deg. F or 15 deg. C. At other
temperatures a temperature correction must be employed. A table of equivalent specific gravities
at different temperatures is given below. It will be seen that by selecting the specific gravity of
the electrolyte under test in the appropriate temperature column and by moving the finger along
the line horizontally to the column marked 60 deg. F (16 deg. C) the equivalent specific gravity at
the latter temperature can be ascertained.
Temperature

Specific gravities

)

40 deg. F
4 deg. C

60 deg. F
16 deg. C

80 deg. F
27 deg. C

100 deg. F
38 deg. C

120 deg. F
50 deg. C

1.305
1.295
1.285
1.275
1.265
1.255
1.245
1.235
1.225
1.215
1.205
1•195
1.185
1.175
1.165

1.300
1.290
1.280
1.270
1.260
1.250
1-240
1.230
1.220
1.210
1.200
1.190
1.180
1.170
1.160

1.295
1.285
1.275
1.265
1.255
1.245
1.235
1.225
1.215
1.205
1.195
1.185
1.175
1.165
1.155

1.290
1.280
1.270
1.260
1.250
1.240'
1-230
1.220
1.210
1.200
1.190
1.180
1.170
1.160
1.150

1.285
1.275
1.265.1-255
1.245
1.235
1-225
1.215
1.205
1.195
1.185
1.175
1.165
1.155
1.145
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First filling
20. Vents or other sealing plugs must be removed from the cells and the sealing caps removed
from type N cells. It is important to ensure that the vent holes are clear to allow the free escape of
gases. The tops, connectors, and terminals are to be lightly smeared with mineral jelly (Stores
Ref. 33C/512 to 515) and the cells filled to the correct level. The level may be checked by the use
of the hydrometer set, type B (Stores Ref. 5J/1650). Allow the cells to stand for at least 12 hours
and again check the level of the electrolyte, adding fresh if necessary to make good absorption by
the plates. Where the use of oil to cover the electrolyte is specified, insulating oil (Stores Ref.
34B/320) is to be used. The cells should be wiped completely dry and again smeared with mineral
jelly.

Initial charge
21. Benches on which are placed grids of oiled or paraffin-waxed wood should be used to stand
accumulators on when charging. If wooden grids are not obtainable, dry wood planks well rubbed
with mineral jelly may be employed. Adjacent cells and rows of cells must be separated by at least
I inch.
22. The wire used must be of ample cross-sectional area and be well insulated. All cable
ends must be fitted with cable lugs which are supplied with the accumulator or drawn separately
from stores.
23. All accumulators for charging should be connected in series, and it is not permissible to
charge accumulators or banks of accumulators in parallel from the same charging terminals. Each
bank of accumulators must therefore have its own separate controlling rheostat, instruments, etc.
Where a bank of accumulators consists of two or more cells, the inter-cell connections are to zig-zag
across from row to row, the connections from the charging board terminating at opposite ends of the
bank. Solid stoppers and screwed vents may be left in position, but must be unscrewed during
charge. Cells fitted with spring filler caps may be charged with the caps closed down, and the caps
must be kept closed at all times except when checking the gravity or topping up the cells.
24. Should it be necessary at any time to cease charging, both positive and negative supply
leads must be detached and if more than 12 cells are being charged in series, the bank must be
disconnected near the centre.

Initial charging for accumulators stored in dry condition
25. Accumulators should be charged at the normal rate given in the maker's instructions for
a period of at least 12 hours. All connections must be examined for tightness before charging, and
during charge for signs of excessive heating. After the first charge the cell should be discharged
at not more than 50 per cent of its rated capacity and charged at the normal rate for 12 hours. This
treatment is necessary for the first three or four charges to overcome the sluggishness caused by
standing in an empty condition. Should the temperature of the cell tend to rise above 120 deg. F.,
the charging rate must be reduced and the time increased proportionately. The charging current
should NEVER be less than that required to bring a fully discharged accumulator to the fully
charged state in a period of 8 hours.

Initial charge for accumulators ready filled
26. In certain circumstances accumulators may be supplied ready filled, and only one developing
charge should be required before putting these into service. After charging is completed the battery
cases should always be wiped dry, cleaned, and greased.
ROUTINE CHARGING
27. Before charging, accumulators should be examined to determine mechanical condition.
It is important that the general routine charging of an alkaline accumulator be performed at a
constant current for the whole of the charging period whenever possible. No indication of the state
of charge can be deduced from the specific gravity of the electrolyte, therefore a complete charge
can only be assured by charging at a definite current for a specified period. When a battery is fully
discharged the routine charge as given on the instruction label should be carried out, but, in the
absence of such instructions the complete charge may be taken as 50 per cent more than the discharge
capacity. When the cell is known to be only partly discharged it may be re-charged at normal
current and the charge should be continued for 1g hours after the terminal P.D. has risen to 1.7
volts per cell. It should be remembered that it is always wise to err on the side of overcharging.

28. On completion of charge the vents should be examined to ensure that they will allow
gas to escape, and then screwed firmly into place. Where solid stoppers are used the cells should
remain open for at least 24 hours after charging to allow the gases to escape. Finally the cells must
be wiped dry, and the connections tightened up and smeared with mineral jelly.

Topping up
29. The correct level of the electrolyte must be maintained by topping up when necessary.
This may be required daily in tropical climates. Distilled water only should be used unless the
electrolyte is known to have been spilt, when electrolyte of the correct S.G. must be added. It is
important that the correct level is maintained, particularly when non-spill vents are employed, as
overfilling will cause leakage through the vents and underfilling is harmful to the cell.

Renewal of electrolyte
30. The electrolyte used in alkaline accumulators will require periodical renewal in accordance
with the maker's instructions. The battery should be discharged until the cell voltage measures
0.8 volts, after which the cells must be removed from the crates. Empty out half of the electrolyte,
shake the cells in order to loosen sediment, and empty completely. Refill with distilled water,
shake thoroughly and empty, repeating until all sediment is removed. As any sediment remaining
lodged between the plates will reduce the capacity of the cells, it is important that they are perfectly
cleared, after which they must be inverted and allowed to drain for half an hour. Refill immediately
with new electrolyte of the correct S.G., dry, clean, and grease the cells, remount in crates and
charge at the normal rate for 12 hours. Finally the S.G. must be checked and if necessary adjusted.

Storage of cells
31. Before putting into store, cells not required for use should be fully charged, discharged
to 50 per cent of their rated capacity and the S.G. and level of the electrolyte checked and adjusted
if necessary. The vents should then be screwed down, or the filler caps closed, and the containers
cleaned, dried, and lightly smeared with mineral jelly. The cells may then be stored indefinitely
without periodical renewal of electrolyte but before putting into service they must be fully charged
at the normal rate for 12 hours.
32. Where cells are to be stored, but kept in readiness for immediate use, they should receive
the treatment laid down for initial charging, and then be stored fully charged. They should be
inspected for dampness, corrosion, and for greasing, and the electrolyte checked every two months.
Recharge every 12 months at the normal rate for 12 hours. Providing the vents are kept in position
or the filler caps closed renewal of electrolyte should not be necessary. Normally these cells are to
be considered fit for issue for immediate use, but cells almost due for annual recharging should if
possible be given a full charge before use.

PRECAUTIONS

Acid contamination
33. Acid will ruin alkaline accumulators, and they must not be brought into contact with
lead-acid accumulators. Separate hydrometers, syringes, mineral jelly, containers for distilled
water, etc., should be provided and alkaline accumulators should, wherever possible, be charged
in a separate room, or, if only one charging room exists, they must be separated by at least three
feet from lead-acid accumulators on charge and good ventilation must be ensured.

Naked lights
34. The gases evolved during charge are highly inflammable, it is therefore most important
that naked lights are not brought into battery charging rooms. Inter-cell connections must be
kept tight and free from corrosion and free ends of wire must never be used for connecting up when
charging. Neglect of these precautions involves grave risk of fire or explosion.

Spilt electrolyte
35. Potassium hydroxide used in alkaline cells is highly caustic, particularly to the clothing
and skin. If electrolyte is spilt on the floor, it should be soaked up with sawdust which must then
be removed and buried. The affected area must then be washed thoroughly with warm water until
signs of corrosion are removed.
36. Electrolyte splashed on the skin or clothing must be washed off immediately with warm
water, and, if the skin is burnt the services of the Medical Officer are to be sought. If electrolyte is
splashed in the eyes, bathe repeatedly in warm water and report to the Medical Officer.
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Transport by rail
37. Accumulators may be transported by rail 'without emptying, but the vents of type N cells
must be sealed and the filling orifices of all other types must be plugged with wooden plugs. The
cells should be discharged before sealing for transport. Where accumulators will not be accepted
for transport unless in a dry condition, they are to be emptied, dried out, and sealed as described
above. This must only be done in absolute necessity. Dried-out accumulators must be refilled with
electrolyte of the correct S.G. immediately on receipt, and charged at the normal rate for at least
12 hours.
Neutralizing agents
38. The caustic potash .electrolyte has a softening effect on the fingernails and may. cause
trouble. It is recommended that a jar of diluted acetic acid (vinegar) be provided in each battery
charging room into which the fingers can be dipped after handling alkaline accumulators, and prior
to the hands being washed.
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Introduction
1. Alkaline accumulators are described in Chapter 2 of this section. They may be used as
single units, in pairs welded together to provide 2.4 volt units, or have suspension bosses fitted to
enable them to be supported in insulating crates to form batteries of any desired multiple of 1.2 volts.
Those dealt with in this chapter are used for general purpose wireless vehicles, and general details
of the various arrangements and types used are given in the following paragraphs.

Types available
2. Particulars of types available together with their stores reference numbers will be found in
table 1.
TABLE 1
Stores Ref.

Volts

A .H. capacity

Outer container

Stopper

5J/1938

4.8

70

Hardwood crate

Valve

5J/1939

3.6

70

Hardwood crate

Valve

5J/1960

3.6

125

Hardwood crate

Valve

5J/1937

2.4

125

Hardwood crate

Valve

5J/1940

2.4

10

5J/1942

4 2.4

7

5J/1945

2.4

70

Hardwood crate

Valve

5J/1961

2.4

3

Vulcanised rubber

Combined vent and
terminal

Vulcanised rubber

Solid plugs

Metal

Solid plugs

.

Fig. 1.—Accumulator, Stores Ref. 5J/1938
DESCRIPTION

Accumulators, Stores Refs. 5J/1938, 5371939 and 5371945
3. A typical accumulator may be seen illustrated in fig. 1. The cells are assembled in hardwood
crates which have been treated to render the wood impervious to the action of alkaline electrolyte.
The crate is constructed to facilitate the easy removal and replacement of the cells and insulated
bushes are provided to hold the cells securely in position on the suspension bosses with which the
cell is fitted. To allow the escape of gases evolved during charge, valve type vents are employed.
These vents allow the accumulators to, be tilted through an angle of 45 degrees from the vertical
without loss of electrolyte. They should be left closed at all times except when taking readings of
specific gravity or topping up. Connections to the terminals are made by connectors, type C, Stores
Ref. 5J/2084, the polarity of each cell being embossed or stamped on the lid. Hairpin or other
separators of approved type are used to prevent short circuits between the plates. The instruction
label is of metal and is mounted on the side or end of the crate. The accumulator, Stores Ref.
5J/1938, consists of four cells, the terminal P D is 4.8 and the overall dimensions are 124 in. x in in.
x 51 in. The accumulatol-, Stores Ref. 5J/1939, consists of three cells, the terminal P.D. is 3-6 and
the overall dimensions are 91 in. x 132 in. x 51 in., whilst the accumulator, Stores Ref. 5J/1945, has
only two cells, the terminal P.D. is 2.4 and the overall dimensions 7 in. x 132 in. X 51 in. The capacity
of all three types is 70 ampere hours.

Accumulators, Stores Refs. 5J/1960 and 5J/1937
4. These accumulators are similar to those described in para. 3 but as may be seen by reference
to table 1, they are designed for greater capacity.. The former has a terminal P.D. of 3.6 and consists
of three cells, the overall dimensions being 121
X132 in. x 54 in., whilst the latter comprises two
cells, has a terminal P.D. of 2.4 and the overall dimensions are 8 in. x 15i in. x 51 in.
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Accumulator, Stores Ref. 5J/1940
5. This 2.4 volt 10 ampere hour accumulator
consists of two cells with their containers welded
together, the assembly being covered with a
protective vulcanised rubber jacket. Solid * in.
Whitworth filler caps are fitted to the filling apertures in order to render the units entirely unspillable.
Hexagon headed, B.S.F. threaded terminal nuts
are provided as illustrated in fig. 2. An instruction
label is attached to the accumulator and the
overall dimensions are 31 in. x 2 in. x 5 in.
Accumulator, Stores Ref. 5J/1942
6. The accumulator, Stores Ref. 5J/1942, is
similar to that described in para. 5 but it has no
protective rubber coating. It has a capacity
of 7 ampere hours. The overall dimensions are
2* in. x 2} in. x
.in.

Fig. 2.—Accumulator, Stores Ref. 53/1940

Accumulators, Stores Ref. 5d/1961
7. The 24 volt 3 ampere hour accumulator,
Stores Ref. 5J/1961, consists of two cells welded
together and is covered with a protective rubber
coating. A combined terminal and vent, fitted
with a rubber ring release device, is fitted as
illustrated in fig. 3. The rubber ring should be
examined at intervals to see that it has not lost
its elasticity and that it is a close fit over the side
vent holes.

Fig. 3.—Accumulator, Stores Ref. 53/1961
INSTALLATION
8. The batteries may be received from the makers filled with electrolyte and partly charged,
or in an uncharged and empty condition. When received empty, the electrolyte is supplied separately
in solid form and must be dissolved in distilled water before introduction into the cells. Full
instructions for preparing the liquid electrolyte and first filling will be found in chapter 2 of this section.

CARE AND SERVICING
9. Full charging instructions will be found on the instruction label supplied with the accumulator
and the information contained there must be rigidly adhered to.

Initial charge
10. Detailed information on servicing is given in Chapter 2 of this section, and it should be
remembered that good servicing will ensure long and troublef ree life. The batteries should receive
their first charge at the rate specified on the labels, but for a period of 12 hours. During charge the
solid plugs of batteries so fitted must be removed and not replaced until 24 hours after charging is
completed. After charging and before putting into service the cells should be wiped dry, plugs and
connections tightened up, and lightly smeared with mineral jelly.

Routine charging and general attention
11. Full instructions for subsequent charging are to be found on the labels attached to the
batteries and these should be followed implicitly, but the following points are emphasised :—
(i) The batteries should be kept clean and dry.
(ii) Terminals and connectors should be kept clean, tight, and lightly smeared with mineral
jelly.
(iii) Never inspect the level of the electrolyte with a lighted match or any form of naked light,
especially during charging. The gases evolved are highly explosive.
(iv) Top up the cells to the correct level when necessary, using only distilled water, unless
electrolyte is known to have been spilt when electrolyte of the same specific gravity is
to be used.
(v) The cells should be charged for the time and at the rate stated on the instruction label,
but in an emergency varying rates of charge may be used without damage to the cells
provided they are not less than those stated on the label.
(vi) Overcharging is preferable to undercharging, when in doubt, overcharge.
(vii) When solid stoppers are fitted they must be removed during charge; if no allowance
is made for gas release the containers will distort badly and possibly burst.
(viii) The electrolyte should be changed if its specific gravity falls below the figure specified.
It should also be charged at the end of each year when in continuous use, but before doing
this the cells must be treated as described in chapter 2 of this section.
(ix) Always keep the cells tight in their cradles or fixings.
(x) Do not use any instruments, cleaning rags, etc., that have been used on lead-acid
accumulators, or that are contamined with acid in any way, dilute sulphuric acid neutralises
the electrolyte and a permanent loss of capacity ensues.
12. Normal charging rates for alkaline accumulators for general purpose wireless vehicles
are given below.
TABLE 2
Stores Ref.

...

...

Normal charge in amps.

5J/1937
5J/1960

5J/1938
5J/1939
5J/1945

20

12

•

5J/1940

5J/1942

5J/1961

1.7

1.2

0.5

Full instructions for the care and servicing of alkaline accumulators of all types will be found
in form 480A.
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Introduction
1. The controlling equipment described in this chapter is dual-purpOse equipment enclosed in
a metal cabinet and known as control panel, type 7 (Stores Ref. 5U/523). The panel comprises A C.
and D.C. voltage regulators, condensers, transformer, cut-out and suppression equipment and various
inter-connections to a number of plugs on the panel, thus forming a distribution box for both the
A.C. and D.C. supplies. It is intended for use with a dual-purpose generating set (42Y/1000).
DESCRIPTION
2. A complete circuit diagram of the control panel is given in fig. 1, while a front view of the
panel itself and an internal view are shown in fig. 2. The control panel, type 7, is designed for use
with an 80-volt, 2,000 cycle A.C. generator, type VZ, and also, on the same drive, a 29-volt D.C.
generator, type HZ, which energises the A.C. generator field, supplies the lighting circuits and charges
the accumulator. A carbon pile regulator, type E4, controls the output voltage from the A.C.
generator and a regulator, type C. controls the D.C. output. The output voltage from both generators
can be read on the appropriate meters mounted on the control panel.
3. Across the output of the A.C. generator are tapped five separately-fused sockets from
which 80-volt, 2,000 cycle supplies are available. These fuses, marked F1, F2, F3, F4 and F5
respectively, are seen on the left-hand side of the circuit diagram in fig. 1.
j_VOLTAGE REGULATOR
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Fig. 1—Circuit diagram, control panel, type 7
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A.C.VOLTAGE
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Fig. 2—Two views of control panel
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4. The output of the D.C. generator feeds through a cut-out and a suppressor device directly
to a socket to which the 24-volt accumulator is connected. With the cut-out contacts closed, the
accumulator will be charged until the generator voltage falls below that of the accumulator and the
cut-out contacts are opened to prevent a discharge.
5. Three separately-fused sockets are tapped across the accumulator sockets, making the
accumulator supply of 24 volts D.C. available at the three points F6, F7, and F8 respectively.

Accumulator cells

SERVICING

6. These must be kept topped up with distilled water to keep the plates covered'; they should
be kept charged and the acid maintained at the specific gravity specified by the manufacturers.
All accumulator lugs and terminals must at all times be kept greased with petroleum jelly. For
further information see A.P. 1095C, Vol. I, Sect. 1, Chap. 1.

D.C. voltage regulator, type C (Stores Ref. 5U/1013)
7. This type of voltage regulator is fully described in A.P.1095C, Sect. 6, Chap. 2. Full details
are given in that chapter of the permissible servicing of this type, and reference to this should be
made before any servicing is attempted.

A.C. voltage regulator, type E4 (Stores Ref. 5U/2173)
8. The voltage regulator, type E3 is described in A.P.1186D, Vol. I, Sect. 2, Chap. 2. The
type E4 differs from 'the type E3 only in the terminal arrangements, provision being made for
connection to a transformer to improve stability. No servicing should be carried out beyond the
adjustments described in that chapter.

Suppressor, type B, No. 1 (Stores Ref. 5C/870)
9. It essential that the efficiency of all circuit connections and of all bonding and screening
arrangements of the suppressor should be maintained. These should be examined regularly and
adjustments made where necessary. No repairs, other than the correction of obvious small faults
such as broken wire, can be undertaken in service, and a faulty suppressor must be renewed.

Accumulator cut-out, type B (Stores Ref. 5C/1477)
10. The construction of this type of accumulator cut-out is described in A.P.1095C, Sect. 7,
Chap. 1. The operation of the cut-out should be checked periodically, the adjustment of the gaps
being an important item of its servicing. Run up the engine slowly with the generator on load,
watching the voltmeter connected across the generator. The operation of the cut-out may be
perceived by a sudden small change of the voltmeter reading; if a definite indication is not obtainable
in this way, the cover of the cut-out must be removed, and the armature watched. The .cut-out
contacts should make circuit at a voltage of between 26-27, and exact setting. of the cut-out is
essential. Next switch off the load and slowly reduce the speed of the engine, watching the point
at which the cut-out breaks the circuit. The cut-out should open sharply without any tendency
to chatter or stick. These tests should be repeated several times to determine whether the operation
is reliable, and if the requirements are not satisfied, the gaps and spring tensions should be checked
and adjusted, if necessary. The air-gap between the armature and the pole face, when the contact
plate is against the back stop should be 0.030 in.. If necessary, the back stop should be adjusted
to give this gap, and locked by the nut. The gap at the outer end of the contact brush should then be
0.020 in., and the bracket supporting the brush should be given a set, if necessary, to give this gap.
With these settings the spring tension should be adjusted to give the required pull-in voltage as
described above. The contact surface must always be kept clean and smooth, and the brush should
make contact evenly over the whole of its contact surface.

Condenser, type 3482 (Stores Ref. 10C/11415)
11.

No repairs can be effected in service, and a faulty condenser must be replaced by a new

one.

Transformer, type 996 (Stores Ref. 10K/937)
12. Again, no repairs can be effected to this transformer, and a faulty one must be replaced
from store.

Voltmeters
13. Voltmeter, type A (Stores Ref. 10A/12682), is tapped on the D.C. supply measuring voltages
of 0 to 40 to the accumulator cells. Voltmeter, rectifier type, 0 to 100v. A.C. (Stores Ref. 5U/524)
keeps check on the A.C. generator supply of 80 volts to the five sockets taking A.C. supply. These

meters should be examined periodically to see that they are operating satisfactorily. If necessary, the
"No-current" and "No-voltage" reading should be adjusted to zero by turning the zero adjusting
screw, but this must not be done until the meter has been entirely disconnected from any possible
source of supply. Damaged or faulty meters cannot be repaired in service and must be renewed.
Fuse holders
14. Type 17 (Stores Ref. 1011/836) is used for the 15 amp. fuses and
5 amp fuses.
„
„ 1011/514)
„
Type 14 ( „
Plugs
15. The following plugs are fitted on the panel and are available also as spares:Stores Ref. 1011/389
2 Type W196-2-way
„
10/1/390
2 „ W197-2-way
PP
„ „ 10H/391
2 „ W198-4-way
„ 10H/392
1 „ W199 6-way
„ 10H/397
1 „ W204-2-way
„ 5A/3313
1 „ Niphan N677 2-pin
Socket
The 7-pole socket (Stores Ref. 5A/2979) can also be drawn from stores for service replacement if
required.
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Introduction
1. Primary cells employed by the R.A.F. can be conveniently divided into three groups,
wet, dry, and inert cells of the Leclanche type. Wet cells are for stationary ground equipment
only. Dry cells form the largest group, and normally vary in output from 1.5 to 120 volts; they
are used as portable batteries by reason of their neatness and non-liquid electrolyte. Inert cells
have a long shelf life but when activated give a good output for a short time only.

Types available
2.

The following types of primary cell are available:—
CELLS/BATTERIES DRY
Weight

Stores Reference No.
Voltage

1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
3
3
3
3
3
4.5
4.5
4.5
15
45
50
60
60
100
120
120

Type
Number
No. 1
No. 4
No. 6
No. 7
No. 8
No. 9
No. 11
No. 15
No. 16
No. 1
No. 4
No. 6
No. 7
No. 9
No. 2
No. 3
No. 4
No. 1
No. 1
No. 1
No. 1
No. 2
No. 1
No. 1
No. 2

Home
(Type A)

O'Seas
(Type B)

5J/198
5J/1723
5J/2000
5J/2079
5J/1279
5J/3048
5J/2378
5J/3061
5J/3064
5J/3066
5J/3065
5J/1789
5J/1375
5J/2218
5J/2067
5J/2325
5J/2299
5J/3017
5J/3030
5J/3044
5J/1164
5J/1576
5J/1384
5J/2060
5J/1573
5J/1531
5J/3015
5J/3016
5J/2120
5J/1639
5J/2280
5J/2255
5J/1613
5J/1334
5J/2240
5J/2241
5J/1381
5J/1614
5J/1333
5J/1615
5J/2243
5J/2242

Connections
lbs.
Base and cap
Base and cap
Terminals
Terminals
Terminals and wire
Base and cap
Base and cap
Base and cap
Base and cap
Base and cap
Base and cap
Strip
Strip
Strip
Base and cap
Strip
Strip
Terminals
Terminals
Spring clips
Sockets
Sockets
Sockets
Sockets
Sockets

5
1

or.
1.2
8.3
4
4
0.7
3
0.65
1.4
1.3
2.8

1

1
3
15
4
1
7
10
2

Dimensions in Inches
Ht. given last (over
Terminals)

3
8.6
9.7
4
14.4
6
3
8
7
7
8
0
10

If dia. x 3
4J dia. x 2*
11 x 11 x 4*
3* x 3* x 71
2 x 2 x 51
1 dia. x 11
7
11 dia. x 2.141 dia. x 1*
1 dia. x 144
44 dia. x 21
1 dia. x 31
3* x 1 * x 31
6 x 24
11 x 11
21 x 111 x 3*
11 dia. x 71
21 x 41 x 2*
4 x 11 x 31
9* x 41 x 31
4* x 21 x 64
81 x 34 x 81
61 x 5* x 3*
41 x 3* x 2*
81 x 61 x 3*
104 x 61 x 3*
7* x 44 x 2*

76
Gb

16
AG

116
",t5

A M

13A11-AY— DRy

Fig. 1.—Various types of primary cell
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BATTERIES, DRY, GRID BIAS
Stores Reference No.
Voltage

Type
Number

3
4.5
6
9
10.5
15
18

Home
(Type A)

5J/1548
5J/1383
5J11251
5J/1893
5J/1878
5J/1338
5J/1380

O'Seas
(Type B)

Weight
Connections
lbs.

Flat strip
Socket
Socket
Socket
Socket
Socket
Socket

•

1

Dimensions en Inches
Ht. given last (over
Terminals)

oz.

0.8
4 x* x 1
5.1 , 2I x it x 3
6.9
3* x it x 3
9.6
5* x 4 x 3
11.9
5i x 4 x 3
13
8j x 4 x 3
4
5* x 1 4 x 3

CELLS/BATTERIES, INERT
1.5
1.5
15

No. 1
No. 2
No. 1

5J/200
5J/1374
5J/50

Terminals
Terminals
Terminals

4
1

8
3
1

4 x 4 x 4
31 x 31 x 719* x 4 x 31

DESCRIPTION

Dry cells
3. These can vary considerably in size and shape as will be seen by fig. 1. Single cells or
several cells connected together electrically may be housed in one container, usually of paste-board,
but cell construction is similar in all cases. In the most common "dolly" type, a carbon rod runs
down the centre of the cell and forms the positive terminal, the exposed end being tipped with a brass
cap. Surrounding this rod is a depolarizing agent, usually manganese dioxide mixed with carbon
which is, in turn, surrounded by an electrolyte usually of sal-ammoniac in paste form, although
magnesium chloride has been used with success. The whole is packed in a zinc outer casing which
also forms the negative terminal.

Inert cells
4. The inert cell is similar in construction to the dry cell except for the fact that the electrolyte,
ammonium chloride, is most often in crystal form together with the gelatiniser. This type of cell
will not become active until water is added.
To activate an inert cell

5. The method of activation and amount of water to be added differs with the particular
cell. Instructions are quoted by the makers on the casing of each cell; these should be referred to
and carefully carried out. Having put the water in the cell, it should be allowed to stand for 8 hours,
if possible. At the end of this period slightly invert to drain out surplus liquid. Do not shake.
Then plug up the hole and cut off the plug flush with the surface.

Grid bias
6. Grid bias batteries should not be used to supply heavy currents as their voltage characteristics and necessarily long storage life will be impaired. They are designed to give high voltage
and negligible current.

High tension
7. This type of cell consists of a large number of small dry cells connected together electrically
(in series) to form a battery. The largest high tension battery employed by the R.A.F. supplies
120 volts.
8. Where a special flash test, to assure that the battery is up to standard, is applied, as in
the case of some radio apparatus, this must not last for more than two seconds.

Terminals
9. Many types of terminal are used in primary cells. The base and cap type is seen on torch
batteries, the flat strip type being also employed on torch and cycle lamp batteries. Among the

more widely used types of connection are the socket, spring clips, and common screw terminal.
In the latter the lead should be soldered into a ring before attachment. An instance of the screw
terminal can be seen at fig. 2.

INERT CELL
POSITIVE LEAD

GAS VENT
HOLE FOR WATER

NEGATIVE LEAD
CARDBOARD CASING
AIR GAP FOR EXPANSION

ZINC CASING FOR
NEGATIVE POLE
CARBON ROD FOR
POSITIVE POLE
SALAMMONIAC
CRYSTALS
MANGANESE DIOXIDE.
CORK AND RESIN

Fig. 2.—Typical inert cell
CHARACTERISTICS
10. Two inherent weaknesses are present in primary cells and limit their operation. They
are polarisation and local action.
Polarisation
11. Hydrogen is formed during the action of the cell and combines with the oxygen in the
manganese dioxide, forming water. If the rate of discharge is such that the manganese dioxide
cannot turn all the hydrogen into water, that which is left clings to the positive plate and increases
the internal resist Alice of the cell. The voltage then falls off appreciably and the cell may appear
completely discharged. If the cell is rested the hydrogen is slowly converted into water and a
proportion of the capacity is made available for further use.
Local action
12. When a cell or battery is left in storage without delivering current to any equipment it is
found that there is a loss of capacity which increases with the storage period. This is due to a "local
action" mainly caused by the presence of impurities in the materials of which the cell is made.
Because of these characteristics:—
•
(i) Cells should, wherever possible, be used on intermittent loads only.
Shelf life of a dry battery is limited. It is, therefore, essential to issue dry batteries from
Stores in strict rotation, or else the older cells will deteriorate and, when eventually issued,
be useless.
Always remove a dry battery from its container after it has been exhausted, otherwise
electrolyte may exude through holes eroded in the zinc casing and corrode and probably
damage its container or the equipment with which it is installed.

13.
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Introduction
1. This constant voltage transformer, type 1179, 1.6 kVA, Stores Ref. 10KB/1001, has been
specially designed to operate from 50 cycle mains supply at 180 to 260 volts, the output being
maintained at 230 volts ± 1.0 per cent., at full load, unity to 0.7 p.f. lagging.
2. The general arrangement of the transformer is shown in fig. 1 which depicts the essential
components described in the following paragraphs. A preliminary study of this drawing, together
with the illustrations in fig. 2 and 3, will assist in identifying each part as it is described.
DESCRIPTION
3. The transformer is a single phase, oil immersed, double wound constant voltage type,
constructed on the saturated core principle. By referring to fig. 2 it will be seen that the transformer
consists of two totally enclosed steel tanks, each with a terminal box at the top. The tanks are
mounted on a pre-fabricated base with bogey wheels to facilitate transport.
Large tank
4. On the large tank, the components referred to in para. 14 are mounted on insulated bearers
which are secured to an angle iron frame. Sufficient space has been left between the base of the
transformer and the bottom of the tank for any sediment which may form in the oil. This constructional feature can be seen in fig. 3 which depicts the framework with the components in position,
lifted out of the tank.
5. The input and output leads together with the voltage tappings from the auto transformer J,
fig. 1, are all brought up to the terminal box mounted on the top of the tank, A copper link, K,
for hand operation is fitted in this terminal box and is used for selecting the required tapping for .
the 230 volt output.
6. As indicated in para. 3 the transformer is oil immersed. It will be understood that while
the oil assists in maintaining a high standard of insulation, its primary function is the dissipation
of heat. The level of the oil is just below the top of the tank and this is indicated by a mark painted
on the outside of the tank.
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Small tank
7. The condensers in this smaller
tank are also immersed in oil, and the
oil level is indicated by a mark painted
on the outside. This tank is filled with
oil in order to comply with requirements
under tropical conditions, to render the
condensers proof against the ingress of
moisture.

BREATHER

8. A conduit from this terminal
box is extended to the terminal box on
the top of the large tank, carrying the
leads for connecting up with the condensers B, D, and G. All terminals are
marked with a colour and a colour code
will be found on the schematic drawing
in fig. 1.

OIL
FILLERS

Breather
9. A silica gel breather is fitted to
the side of the large tank and is
illustrated in fig. 6.
10. This type of breather is provided with an oil seal which ensures that
the silica gel is not in contact with the
external atmosphere when no breathing
is taking place.
11. It is provided with an inspection
window through which the degree of
moisture absorption can be observed
without removing the inner container.
12. When the charge in the inner
container is dry arid in an active state,
the colour of the gel, as seen through the
window, is deep blue, and when saturated
with moisture, the colour changes to
whitish pink.

Fig. 2.—View of transformer

13. Breathers are always delivered in the active state, the inlet and outlet being sealed with
rubber stoppers. Details of installation and servicing will be found in para. 45 to 47.

Electrical components
Large tank
14. The components mounted in the large tank are as follows:—
(i) The main transformer, A, fig. 3, mounted at the bottom of the tank.
(ii)

Two chokes, C and E, mounted on insulated bearers. The choke C is the third harmonic
filter and is tuned to resonate at 150 cycles with the condenser B. The impedance of C
at 50 cycles is approximately 4.4 ohms. The choke E is the fifth harmonic filter and
is tuned to resonate at 250 cycles with the condenser D. The impedance of E at 50 cycles
is approximately 6.4 ohms.
A series transformer F -supplying
Condenser, G,
A resistor, 10,000 ohms, M,
Metrosil resistor H.

(iv) A tapped output auto transformer J which is supplied from the constant voltage unit.
The auto transformer provides a stepped output in 2 volt stages from 218-242 volts.

15. It will be noted from the wiring diagram, fig. 5, that the Metrosil resistor H is connected
across the condenser G. This resistor is fitted inside and at the top of the main tank, and is suspended
from the underside of the terminals marked W and BL as shown in fig. 3.
16. The connections in this terminal box are clearly marked. There are two input terminals
N and L connecting up the supply to the primary of the main transformer A, and two output terminals
marked n and 1.
17. A terminal marked AD J is provided only for the manufacturers convenience when the
equipment is finally adjusted in its tank.
18. The five remaining terminals W, BL, Y, R and GR are provided for the connections
between the condensers in the smaller tank and the respective components in the large tank.

— TERMINAL BOX

METROSIL
RESISTOR

AUTO
TRANSFORMER

SERIES

TRANSFORMER

F

10,000 OHM
RESISTOR

J
M

5TH HARMONIC
CHOKE

3RD HARMONIC
CHOKE

C

MAI N
TRANSFORM ER

A

Fig. 3.—Transformer lifted out of the tank

Small tank
19. The small tank is mounted on the same pre-fabricated base and is also filled with oil.
This tank contains three condensers the characteristics of which are as follows :—
(i) A main condenser B, 80 /IF, 400 V.
(ii) A condenser D, 20 pF, 400 V.
(iii) A condenser G, 6 ,uF, 600 V.
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Fig. 4.—Condenser bank out of tank
FUNDAMENTAL PRINCIPLES
20. Before describing the function of the components referred to in para. 25-31 it may be of
some value to describe the fundamental principles of the basic constant voltage circuit.
21. The essentials of this circuit comprise a highly reactive main transformer and 2 capacitors.
Separate primary and secondary coils are assembled on the centre limb of a shell type core having
magnetic shunts interposed between the two coils. The primary winding is connected to the supply
source and the secondary winding connected to the capacitors. The flux produced by the primary
winding may traverse either the magnetic shunt path or that part of the core associated with the
secondary winding, and is distributed in inverse proportion to the reluctance of these two circuits.
The reluctance of the shunt path is sensibly constant, but the reluctance of the other is variable,
depending upon the flux density and the external loading.
22. Within the operating range the voltage induced in the condenser winding causes a current
to flow in the capacitors at such magnitude that resonance occurs between the reactance of the
winding, and the reactance of the capacitor. At resonance, that part of the core associated with the
secondary winding saturates.
23. An increase of primary flux tends to increase the secondary flux, but in so doing, the
reluctance of the secondary magnetic circuit is increased and a balance obtained between the shunt
flux and the secondary flux, resulting in a relatively small change in the latter. Thus the voltage
across the capacitor remains fairly constant and forms the basis of the constant voltage source.
24. In order to further improve the constancy feature of the circuit, a compensating winding,
wound on the primary coil is connected in series opposition with the capacitor winding, The output
voltage produced across one end of the capacitor winding and one end of the compensating winding
forms the constant voltage supply source.

Filter circuits
25. The output voltage wave form of the basic constant voltage source is distorted. The
predominant harmonics present are the 3rd and 5th. In order to prevent their appearance across
the output terminals two acceptor circuits are incorporated in the main circuit.

26. The third harmonic is eliminated by means of choke C tuned to resonate at 150 cycles
with the reactance of the main condenser B. The reactance of this choke at 50 cycles is approximately 4.4 ohms.
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Fig. 5.—Wiring diagram
27. The fifth harmonic filter choke E is tuned to resonate at 250 cycles with the condenser D.
The reactance of this choke E at 50 cycles is approximately 6.4 ohms.
28. Both these filter circuits form relatively low impedance paths for the harmonic currents,
thus short circuiting the harmonic voltage across the condenser winding on the main transformer A.
29. An inherent characteristic of this type of equipment is that the output voltage will be
reduced as the load power factor decreases from unity. To overcome this feature the circuit
FGHM (fig. 5) is incorporated.
30. This circuit comprises a series step-up transformer F whose primary is energised by the
load current. Its secondary supplies the condenser G. A Metrosil resistor H is shunted across
the condenser G to prevent the occurrence of excessive voltages across this condenser. The
resistance of the Metrosil resistor decreases rapidly as the voltage across the terminals is increased.
31. The function of the resistor M shown in the wiring diagram fig. 5, is to damp out any
tendency for resonance to occur at a sub-harmonic frequency between the circuit FGHM, which
constitutes a capacitive impedance, and the reaction of the main transformer A.
INSTALLATION
32. When a transformer is being installed, apart from ensuring that it is on a substantial and
level foundation, it is necessary to fill the silica gel breather with transformer oil. It should be
borne in mind that whenever this transformer is removed from one site to another it is necessary
to remove the breather to prevent oil from the main tank entering the breather, and fit suitable
plugs at each end of the breather and a plug to the free end of the connecting pipe on the tank. The
precaution is necessary to prevent the entrance of moisture.
33. To fit the breather in position, first remove the plugs from each end, remove the plug
from the free end of the connecting pipe and screw the breather into place and paint the joint to
ensure it is completely weatherproof. Then fill the breather seal with transformer oil to the level
of the indicator line. This oil could be obtained from the main tank as only a very small quantity
is required.
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SERVICING

Transformer components
34. In view of the very special characteristics
of this transformer it is inadvisable that any
servicing should be attempted, and in the event of a
failure occurring the complete equipment should be
returned to the makers through the appropriate
M.U. for overhaul. It is desirable that a detailed
report of the nature of the fault should be sent when
returning a defective transformer for repair.

Condensers
35. The distortion of the output voltage wave
form will probably be due to a defect in the circuits
B, C, D, and E, and these should be checked. The
complete breakdown of either of the condensers B
or D will reduce the output voltage to approximately
30 volts.
36. Other symptoms of a fault on the condenser bank will be revealed by
(i) The failure of the transformer to maintain
constant output voltage,
(ii) The wave form distortion of the output
voltage.
A low value of the output voltage.
These faults may be caused by an open circuit on
the condenser bank. The rate of decrease will be
approximately 9.0 volts for every 10 pF reduction
of capacitance of the condenser bank.
37. If it is impossible to return the transformer
immediately to the makers and it is essential that
the apparatus should be restored to service quickly,
it is possible to effect a temporary repair providing
suitable spare condensers are available. Proceed as
follows:38. First withdraw the condensers from the
small tank and carefully renew the defective
condenser with one of the same capacity. It will be
noted that when the transformer is put on load the
original fine characteristics may not be apparent.
After effecting the change it may be necessary to
retune the appropriate choke C or E.

Fig. 6.—Silica gel breather

39. To do so it will be necessary to lift the transformer out of the large tank to gain access
to the chokes C or E. It is inadvisable to attempt this job without suitable equipment and in any
case the temporary replacement referred to in para. 38 will enable the apparatus to continue in
service until the complete transformer can be replaced.
40. The occurrence of a fault in the circuit FGHM can be temporarily dealt with by short
circuiting the terminals white and blue in the transformer terminal box. The equipment will then
continue to work but a noticeable effect will be the decrease of the output voltage as the load power
factor decreases from unity.

Auto transformer
41. If the auto transformer J is suspected as being faulty it can be isolated for testing purposes
by open circuiting the flexible lead from the terminal AD J and connecting a test supply across the
terminals 12 and 1.

42. If the output voltage on any tapping differs appreciably from the specified value, but the
constancy feature is maintained, the probable cause will be found to be due to changes in the supply
frequency. A 1 per cent. frequency change will cause approximately 1-75 per cent, voltage change
in the same direction.
43. When testing the complete apparatus do not connect any appreciable impedance in series
with the input terminals.

Transformer oil
44. It is most unlikely that the oil in the tanks will ever require either changing or cleaning,
and it is, in any case, desirable that this operation should be carried out by the makers. As a
warning to those who deem it necessary to top up the tanks, ensure only the correct transformer
oil is used. Cases have been known by the makers, of transformers that have been returned to works
for overhaul where the oil in the tank has been topped up with water. Such incidents, although
not isolated, have been rare and needless to say, on no account must water be allowed to enter the

tanks.

Breather reactivation
45. When the charge of gel in the breather becomes saturated with moisture, i.e. its colour
is whitish pink, it should be changed for an active one and the saturated charge reactivated.
46. The inner container which holds the charge is removed by unscrewing the wing nuts and
removing the lower portion of the breather. The inner container can then be removed for
reactivation.
47. To reactivate the container, it should be heated in an oven to a temperature of approximately 300° F for a sufficient length of time to ensure that the whole of the mass of gel attains the
specified temperature and the blue colour has been restored.
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Introduction
1. This controlling equipment known as control panel, type 7A (Stores Ref. 5U/3036) is
designed for use with the light transportable generating set, Stores Ref. 42Y/650, for Gee H radar
apparatus. The panel comprises a.c. and d.c. voltage regulators, condensers, suppressor, cut-out and
various inter-connections to a number of plugs on the panel, thus forming a distribution box for
both the a.c. and d.c. supplies.

Fig. 1.—Front view of the panel
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Fig. 2.—Circuit diagram

Description
Voltmeter d.c. 0-30 v.
or 0-40 v.
Voltage regulator, type C
Voltage regulator, type E5
or type EU
Condenser banks 11 ± 7µF
Condenser, 0.1 1/F, type 423
Cut-out, type B
Suppressor
Plugs, W204
Niphan sockets
Fuses, 10 amp.
Resistances, 31 ohms

Stores Ref.
10A/13379
10A/12682
5U/1013
5U/2274
5U/2544
5U/398
10C/10554
5C/721
5C/870
10H/397
5A/2979
10W/10062
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DESCRIPTION

2. The equipment is enclosed in a metal cabinet and a front view of the panel is shown in
fig. 1. By referring to this illustration it will be seen that a d.c. voltmeter 0-30 volt or 0-40 volt is
fitted between two switches and two Niphan sockets. At the bottom of the panel is mounted a
line of plugs and fuses for the output sockets. It should be noted that each 15 amp fuse is so situated
that it is adjacent to the plug which it controls.
3. Interconnection between each alternator and the control panel is by means of a 7-core
cable terminated with the 7-pin Niphan plugs. The a.c. output of the alternator is connected to
pins 2 and 3, and the d.c. supply to the alternator field through pins 1 and 4. The d.c. input is fed
through pins 6 and 7, and the negative lead of the field is connected to pin 5.
4. A complete circuit diagram of the control panel is given in fig. 2, while an internal view is
shown in fig. 3. This control panel, type 7A is designed for use with two 80 volt, 15 amp., U2
generators (Stores Ref. 5U/2617), and one 29 volt, 500 watt, d.c. generator, type HZ (Stores Ref.
5U/517).
5. Two voltage regulators, type E5, or possibly in some instances type EU, referred to in the
circuit diagram as VR2 and VR3, control the a.c. output of the U2 a.c. generators.
6. Across the outputeof the two U2 a.c. generators are tapped four separately fused plugs
P1, P2, P5, and P6, from Which the 80 volt supplies are available. The output of the HZ generator
feeds through a cut-out and suppressor to two separately fused plugs P3 and P4, as well as supplying
the current for excitation of the field windings of the two a.c. generators. These excitation circuits
are completed through the two switches mounted at each side of the voltmeter: each switch controls
the excitation circuit in the socket next to it. The voltage regulator VR1 is connected to the circuit
and stabilizes the d.c. supply.

SERVICING

D.C. voltage regulator, type C (Stores Ref. 5D/1013)
7. This type of voltage regulator is fully described in this publication, Section 3, Chapter 5 ,
and is complete with illustrations and wiring diagrams. Full details are given in the chapter of
the permissible servicing of this type and reference to this should be made before any servicing is
attempted.

A.C. voltage regulator, type E5 (Stores Ref. 5U/2274) and type EU (Stores Ref. 5U/2544)
8. These voltage regulators are described in A.P.1186D, Vol. I, Section 2, Chapter 2, and again
no servicing should be carried out beyond the adjustments described in that chapter. Illustrations
and circuit diagrams of these regulators are included in that chapter. It should be noted that the
characteristic difference between the type EU and the type E5 regulator is that the former has no
visual pre-setting device.

Cut-out, type B (Stores Ref. 5C/721)
9. A description of the construction of this type of accumulator cut-out will be in Chapter 8,
Section 5 of this publication. The operation of the cut-out should be checked periodically, the
adjustment of the gaps being an important item of its servicing. Run up the engine slowly with the
generator on load watching the voltmeter connected in the generator circuit. The operation of
the cut-out may be perceived by a sudden small change of the voltmeter reading, if a definite
indication is not obtainable in this way, the cover of the cut-out must be removed, and the armature
watched. The cut-out contacts should make circuit at a voltage of between 26-27, and exact
setting of the cut-out is essential. Next switch off the load and slowly reduce the speed of the
engine, watching the point at which the cut-out breaks the circuit. The cut-out sl• ould open
sharply without any tendency to chatter or stick.
10. These tests should be repeated several times to determine whether the operation is
reliable, and if the requirements are not satisfied, the gaps and spring tensions should be checked
and adjusted, if necessary. The airgap between the armature and the pole face, when the contact
plate is against the back stop should be 0.030 in. If necessary, the back stop should be adjusted
to give this gap, and locked by the nut. The gap at the outer end of the contact brush should
then be 0.020 in., and the bracket supporting the brush should be given a set, if necessary,

to give this gap. With these settings the spring tension should be adjusted to give the required
pull-up voltage as described above. The contact surface must always be kept clean and smooth,
and the brush should make contact evenly over the whole face of its contact surface.

Suppressor (Stores Ref. 5C/870)
11. It is essential that the efficiency of all circuit connections and of all bonding and screening
arrangements of the suppressor should be maintained. These should be examined regularly and
adjustments made where necessary. No repairs, other than the correction of obvious small faults
such as a broken wire, can be undertaken in service, and a faulty suppressor must be renewed.

Condensers 11 + 7,uF (Stores Ref. 5U/398) and 0.1 duF type 423 (Stores Ref. 10C/10554)
12. No repairs can be effected in service, and a faulty condenser must be replaced by a new
one. It should be noted that in order that the full rated output of the a.c. generators may be
obtained over the full speed range a condenser of 11 ,uF in the case of the type U, and 18 iuF in the
case of the type U2, must be connected in series with the a.c. winding. For this purpose a condenser
having two sections of 11 ,uF and 7 ,uF capacitance respectively are incorporated in the control
panel, the appropriate value of capacitance being obtained by means of a link on the terminals of
the condensers. An instruction plate to this effect is mounted adjacent to the terminals.

Resistances, 31 ohm (Stores Ref. 10W/10062)

.
13. Again, no repair can be effected to these resistances and a faulty one must be replaced by
a new one.
Note.—These two 31 ohm resistances have only been fitted to a limited number of
control panels for the generating sets mounting two type U generators instead of two type
U2 generators which have different characteristics. The function of the resistance is to
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Fig. .—Internal view of the panel
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ensure that the carbon pile of the type E5 voltage regulator is maintained within its correct
range on no load and thereby prevent pitting of the carbon pile. It should be noted that
where the resistances have been omitted, the facilities for installing them are provided,
should the generators be changed from type U2 to type U.
Fuses
14. The six 15 amp. fuses are Slydlok type (Stores Ref. 5A /3450) and should be periodically
inspected and if there are any signs of overheating or sagging of the element the fuse should be replaced.
An overheated clip is very apt to lose its resilience. The clip and fuse cap should be kept clean
so as to make good contact.
Plugs and sockets
15. The following plugs and sockets are fitted on the panel and are available as spares :6 type W204
2-way plugs
Stores Ref. 10H/397
2 type Niphan
7-pin sockets
Stores Ref. 5A/2979
D.C. voltmeter
16. Either one 0-30 voltmeter (Stores Ref. 10A/13379) or one 0-40 voltmeter (Stores Ref.
10A/12682) is connected on the d.c. supply and either type may be used for replacement as necessary.
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Introduction
1. In an electrical installation in which a generator and accumulator are used, a cut-out is
incorporated in the circuit to prevent the accumulator from discharging through the generator when
the generator is not running, or not giving sufficient voltage to charge the accumulator. The cut-out
operates automatically.
DESCRIPTION
2. The cut-out is an electro-magnetic switch with two windings on the operating magnet, a
voltage winding and a series winding. The voltage winding is connected, in series with a resistance
across the main supply leads from the generator, and the current in it is, therefore, dependent only
on the voltage generated. The current winding and main contacts are connected in series with the
generator. A typical simplified circuit is given in fig. 1.

Fig. 1.—Simplified circuit diagram
3. When the generator is at rest no current is passing through either winding of the cut-out,
and the contacts are held open by a spring. If the generator is now run so as to generate normal
voltage, a current will pass through the voltage winding. The adjustment of the cut-out is such that
this current will pull in the armature against the spring tension and close the contacts. The generator
is thus connected to the accumulator and to the load and will supply the necessary current. This
current will pass through the series winding of the cut-out, which is so connected that it will assist
the voltage winding in holding in the armature.

4. If the generator is now stopped, or if for any other reason its voltage falls below that of the
accumulator, a current will flow from the accumulator through the generator and the series winding
in a reverse direction. The magneto-motive force produced by this current will oppose that produced
by the voltage winding, and when the resultant flux has fallen to a certain amount the armature will
be pulled out by the spring and the generator will thus be disconnected.

Fig. 2.—Accumulator cut-out, type B

CONSTRUCTION
B
5. The cut-out, type B, is shown in fig. 2 with the cover taken off. The base is 3.5 in. by
3.25 in. and the,overall depth is 2.4 in. The weight is 1 lb. 1 oz. The shunt winding is on the left-hand
section of the spool and the series winding is on the right. The armature is pivoted at the end of a
bracket forming part of the magnetic circuit, and is held away from the pole face by a coil spring.
The spring is anchored to a screw passing through a bracket so that the tension can be adjusted.
The contact brush is mounted on a fixed insulated bracket, and the contact plate is fixed to the
armature and is connected directly on to one end of
the series winding by a flexible strip. The contact
W/T
MOVING CONTACT
plate is not insulated from the armature, and both
are alive when the generator is running. An adjustable back stop is mounted on a bracket behind
~n
FIXED CONTACT
the contact plate.
6. The cut-out is fixed on a base of black
moulded insulating material by means of three
screws which also form the electrical connections,
and is protected by, a moulded cover fixed by a
SHUNT COIL
single knurled cap-nut screwing on to a pillar.
The three terminals are mounted at the bottom
edge of the base. They are designated A+, G—
and G+ from left to right and are further distingBALLAST
uished by red, blue, and yellow spots, respectively.
RESISTANCE
7. Two voltmeter test sockets are mounted
on the base of the cut-out and accessible through
holes in the cover. The internal connections
A+
G(1
_:1G4
between these sockets and the terminals are made
by strip conductors in the base.
Fig. 3.—Internal wiring, type E

'Type
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8. The cut-out series winding consists of 26 turns of 0.104 in. D.C.C., H.C. wire wound anticlockwise, as seen from the left-hand end, and has a resistance of about 0.0052 ohms. The shunt
winding consists of 1,760 turns of 0.0092 in. enamelled copper wire wound in the same direction
and has a resistance of about 50 ohms.

1. Laminated
contacts
2. W/T
contacts
3. W/T
terminal

Fig. 4.—Cut-out, type E

9. The resistance connected in series with the voltage winding is fixed to a flat cover in the
base. It is wound on a flat mica former, and is connected by means of flexible leads so that the
under cover can be lifted, if necessary. This resistor is lightly wound with 86 turns of 0.0108 in.
Eureka wire and has a resistance of about 100 ohms.
Type E
10. An illustration of the type E cut-out appears in fig. 4, from which it will be seen that it is
similar to type B. The dimensions are, base 3.5 in. by 3.25 in., and the height is 2.5 in. Laminated
contacts (1) are employed, the W/T contact being shown at (2) and the W/T terminal at (3). Reference
to fig. 3 will give the internal connections. The instructions regarding the adjustment of the type E
cut-out are given in para. 13 and 14.
11. Contacts and terminals for W/T have been embodied in type E. The W/T contact is set
to close just before the main contact, and operates a relay thus inserting a resistance in series with the
input to the power unit. This limits the output voltage of the power unit to the value normally
obtained when working off the nominal voltage. No voltmeter test sockets are provided on this
cut-out.

INSTALLATION
12. The cut-out may be mounted in any position that is convenient for wiring and easily
accessible for adjustment, inspection, and servicing. Both type B and E have two screw holes for
fixing, suitable for No. 8 roundhead screws. The simplified circuit in fig. 1 shows the terminals A + ,
G—, G+, for the external connections. This circuit diagram has the extra W/T terminal which is
applicable only to the type E cut-out.
SERVICING
13. The operation of the cut-out should be checked periodically. The magnetic air gap should
be set first, to the value given in Table 1. Only if necessary after setting the air gap, adjust the
main contact gap to the correct value by giving a set to the contact bracket. The auxiliary W/T
contact (2) on the type E should be set to close not later than the main contact, but not before the
main contact gap is down to 0.005 in. Great care must be taken to see that good contact is obtained
across each contact face at closure.
14. Where laminated contacts are employed, as in the type E, the laminations should bed
down firmly and evenly over the whole of their contact area. No adjustment should be made to
this type of contact, unless absolutely necessary. Should such adjustment be unavoidable, a 4 B.A.
spanner may be used to give a set to the bracket to which the contacts are attached. On no account
should any attempt be made to adjust the contacts by bending the laminations with pliers, as serious
damage may result.
TABLE 1

Type

Volts

Anip.

B

24

20

E

24

20

Magnetic gap
measured at
pole centre

Main
contact
gaps

5C/721

0.030

0.020

26-27

5C/1477

0.030

0.020

26-27

Stores
Ref

Pull
Limit for reversed
in
current in amp.
voltage
at 24 volts

Ballast
resistance
in ohms

Shunt coil
resistance
in ohms

0-7

100

50

0-7

100

50

Test schedule and precautions
15. It is important when checking or adjusting cut-outs, that the following precautions should
always be taken :—
(i) Remove the generator fuse, or disconnect and stow the accumulator leads before removing
the cut-out cover.
(ii) When setting or checking the pull-in voltage of the cut-outs, always reduce the voltage
to zero between each individual check, and increase the shunt voltage gradually on each
check. The contacts must close smartly at the correct voltage given in column 7 of Table 1.
Where cut-outs are fitted with W/T contacts it must not be necessary to apply additional
voltage in order to close the main contacts, when the W/T contacts have already closed.
When checking a cut-out on the bench, it must be mounted with the base in a vertical
position with the terminal block downwards, or in the same relative position in which it is
mounted on the equipment.
(iii) Before adjusting the cut-out, make sure that the flexible copper pigtail is so positioned
that it will not foul the cut-out cover when it is replaced, care being taken that the position
of the pigtail remains unaltered during and after the adjustments or settings are completed.
(iv) After replacing the cover and before replacing the fuse or reconnecting the accumulator,
check that the cut-out still closes at the correct voltage. A lamp or voltmeter connected
across the terminals marked A+ and G— will indicate when the cut-out closes.
(v) A testmeter, type D, or a similar precision instrument, and not the normal voltmeter must
be used for setting the pull-in voltage.
Tests

16. (i) A generator, field rheostat, accumulator, ammeter and voltmeter, as given in Table 2, should
be connected to the terminals of the cut-out in the manner shown in the diagram of connections for testing, fig. 5. Alternatively, a bench testing set and generator test panel,
as described in A.P.1095H, Volume I, Section 4, Chapter 1, can be used with the appropriate
generator. The generator should be run at approximately 4,000 r.p.m., the voltage being
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varied by means of the generator field rheostat or by varying the speed of the generator.
The cut-out tensioning nut should then be adjusted until the contacts just close at the value
tabulated, and after locking the adjusting nuts the pull-in voltage should again be checked.
The cut-out must open smartly when the voltage is reduced to the drop out value.
With the accumulator connected and the generator running at approximately 4,000 r.p.m.,
adjust the charge current to approximately 7 amp., then gradually decrease the speed of
the generator or decrease the generator field current until the cut-out opens; the discharge
current should be noted and should not exceed the value given in Table 1, column 8, when
the accumulator voltage is approximately 24 volts. This test should be repeated several
times, and the cut-out must close and open smartly at the correct voltage and discharge
current respectively, with no sign of chattering or sticking. If the discharge current,
passing through the generator, is sufficient to motor the test set, it will be necessary to
apply a brake to the driving pulley.
The generator should be run at approximately 4,000 r.p.m. and the charging current
adjusted to approximately 7 amp. By means of a switch placed between the rheostat and
the shunt terminal of the generator the shunt field is to be open circuited. This test is
to be carried out once only and the cut-out should show no sign of sticking during this
operation.

CUT—OUT

A+ C0

FIELD
RHEOSTAT

nrcovn
Fig. 5.—Test circuit diagram
TABLE 2
Cut-out

Generator

Accumulator

Rheostat
Ammeter

Type

Stores
Ref.

B

5C/721

and
E

5C/1477

Stores
Ref.

Type

H

Rotation

and

Anticlockwise
5U/904 Clockwise

HZ

5U/517

A.H.
Capacity

Resistance Current
7 n ohms
in amp.

5U/903

Anticlockwise

20/30

Voltmeter

Voltage

24

10-0-10

Testmeter
Type D or
similar
precision
instrument

30

2

17. The cut-out, type E, fitted with W/T terminal is not flame-proof, the flash from the cut-out
having access to the outside air through the aperture from the W/T terminal in the cover. This
cut-out should be rendered flame-proof by binding the incoming lead passing through the cover
with insulating tape, Stores Ref. 5F/541 temperate, or Stores Ref. 5F/1377 tropical, so that the
cover, on replacement, will clamp the tape and lead, completely filling the aperture. Where the
W/T terminal is not used a dummy lead should be fitted, and taped according to these instructions,
care being taken to see that the free end of the lead is insulated to prevent earthing.
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Fig. 1.—Rotary converter complete with anti-interference unit
Introduction
1. Rotary converters, types H JA and LJA, are bi-polar shunt wound machines, designed to
supply single phase a.c. at 230 volts, 50 cycles for ground radio equipment. There are three versions
in use, one operating from a d.c. input of 24 volts, one from 110 volts and the third from 220 volts.
The rotary converter is normally supplied complete with anti-interference unit, starter (with no
volt and overload releases), and sound proof cover. A rheostat and voltmeter are also included in
the circuit.

COMMUTATOR END FRAME

FIELD WINDING

FAN

YOKE
ARMATURE

TERMINAL
AND CASING

POLE SHOE

COMMUTATOR

LUBRICATOR

SLIP RINGS
OIL THROWER
2101;331:

BEARING
BEARING
I 1.1

111 111,4111flli

END CAP

DRIVING END
FRAME

Fig. 2.—Sectional perspective of rotary converter
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Types available
2. The following table gives leading particulars of the three versions of this rotary converter:—
Stores Ref.
5P/1845
5P/2121
5P/2122

Type
HJA
HJA
LJA

d.c. input
110 volts
220 volts
24 volts

a.c. output

1

230 volts
200 watts

Frequency
50 cycles

DESCRIPTION
3. The magnet system of the rotary converter consists of a hollow cylindrical yoke of high
permeability steel, in the bore of which the pole pieces and field coils are housed. The pole pieces,
of laminated iron, are bolted into the yoke from the inside, the nuts being locked in position by spring
washers on the outer side of the yoke. The field coils are former-wound and suitably insulated, and
are fitted over the pole shoes.
4. One armature only is used, and the input and output windings are carried in common
ainiature slots. The armature consists of laminations built up on the main shaft and clamped together
by a steel sleeve. The armature slots are skewed to reduce tooth ripple, and the windings are held in
position by leatheroid slot wedges. The leads from the input windings are soldered to the appropriate
commutator risers. The two leads from the output windings are passed through the bakelite moulding
of the commutator and taken one to each of the two slip-rings.
5. The commutator and shp-rings are both carried on the same end of the main shaft. The
commutator is constructed of copper segments built up radially and moulded into bakelite. Mica
strips are used to insulate the copper segments from each other. The slip-rings are of brass and are
also moulded into bakelite.

BAKELITE INSULATING
FLANGE
BRUSH CAP

SPRING

CARBON BRUSH

CLEAT FOR
CONNECTIONS
BRUSH BOX

Fig. 3.—Commutator end, showing details of brush gear assembly

6. The shaft rotates in ball bearings housed in the driving end frame and commutator end frame
respectively. At the commutator end an oil-thrower is provided on the inner side of the bearing to
prevent the lubricant leaking on to the commutator and slip-rings. An oil-way enclosed by a springloaded ball, is located in the driving end frame immediately above the bearing. At the driving end
the shaft carries an aluminium fan for cooling; the fan is a sliding fit on the shaft and is secured by a
lock-nut. Since the rotary converter is supplied complete with mounting and the other components
listed in para. 1, the shaft is cut off at the driving end and covered by a screw cap which is fitted
to the end frame and caulked over to lock it in position.
7. The driving end frame and the commutator end frame, made of aluminium alloy are secured
to the yoke by four through bolts fitted with lock-nuts. The commutator end frame provides housing
for the brush gear assembly.
8. Two pairs of brushes are used, one for the d.c. input and the other for the a.c. output.
The brush boxes consist of bakelite holders secured by screws to the end frame, with brass inserts
into which the brushes fit. Brush pressure is maintained and electrical connection provided by a
phosphor-bronze spring attached to each of the carbon brushes. A brass washer, soldered to the other
end of the spring, bears against a brass plug in the bakelite brush cap.
9. The field coils are connected in series, so that opposite polarity is given to the poles of the
field magnet system, and one end of this arrangement is joined to the negative d.c. brush holder
and thence to the terminal marked L on the terminal block mounted on the commutator end frame.
The other lead of the field winding is brought out to the tei ininal marked Z, while the positive d.c.
brush holder is connected to the terminal A so that the external face plate starter may be used to
insert resistance in the armature circuit for starting. In the normal running position, the starter
virtually connects together terminals A and Z, and the field is then connected as for a shunt motor.

STARTER

D.C.
INPUT

—11141
1p

TERMINAL BOX
ON ROTARY
CONVERTER
RECULATING
RESISTANCE

1111

4yr

IF

A.C. OUTPUT

OUTPUT
A .C.
0

D.C. INPUT

ANTI-INTERFERENCE
UNIT

Fig. 4.—Internal connections for rotary converter
and bank of condensers

Fig. 5.—Connections to Starter and
anti-interference unit

The remaining two of the five terminals on the bakelite terminal block are marked a.c. and are
directly connected to the slip-ring brush holder. These connections are shown in the winding diagram
given in fig. 4. The rheostat is connected in the positive lead of the input circuit, between the face
plate starter and terminal A, and the voltmeter across the a.c. output. As the voltmeter is of the moving
coil type a rectifier is included in the circuit.
10. In earlier versions the anti-interference unit was supplied as a complete unit, in one metal
case with five terminals, as shown in fig. 5, but in later models it has been replaced by a bank of
condensers connected as shown in fig. 4. The values of the condensers are also included in the diagram.
11. Since the rotary converter is supplied complete with base, sound-proof cover, etc., the
commutator end frame is not enclosed by a separate cover. Mounting brackets, cast integral with
the end frames, are drilled to take fixing bolts, and Sorbo shock-absorbers are provided between
the machine and its mounting strap, and the base board.
SERVICING
12. The bearings are lubricated during assembly with an absorbed oil grease, type Edgar
Vaughan's L4. At routine inspection periods, if further lubrication is necessary, oil can be added
one drop at a time, but over-lubrication should be avoided. Care should be taken that no grit or dirt
enters the bearings, otherwise damage will result.
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13. Brushes should be examined periodically. When they are removed for inspection it is
advisable to mark them so that each may be returned to its own box, the correct way round, otherwise
bad bedding will occur and result in sparking. If the brushes are so worn that adequate spring
pressure is no longer maintained, they should be renewed. The following two grades of brushes are
available :—
(1) Up to 50 volts
i.e. for the input brushes of the 24 volt type CM5H (Stores Ref. SP/2605)
(ii) Over 50 volts
i.e. for both the input and output brushes of the 110 and 220 volt type 1M7 (Stores
Ref. SP/2482)
14. The commutator and slip-rings should be kept clean and free from blackening. Any
accumulation of copper or carbon dust between the commutator segments may cause sparking
and should be removed by a clean dry compressed air jet. Grease may be removed from the commutator and slip-rings by wiping them with a clean rag moistened in petrol or carbon tetrachloride.
Emery cloth must not be used for cleaning commutators and slip-rings, but a very fine grade of sand
paper may be used if necessary.
If a condenser breaks down it should be renewed. The following two types are used:—
Condenser, T.C.C. type 92, 4 ktF
Condenser, T.C.C. type 62, 1 p,F
In assemblies containing the original anti-interference unit, the latter should be replaced by a complete
bank of separate condensers if a fault occurs in any of the units contained in it.
15.
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Introduction
1. Power unit, type 138, is used to supply H.T. current to ground station receivers R.1228,
R.1392, and R.1132A, from 6 volt batteries. When used with R.1228 and R.1392, the power unit
gives an H.T. output of 250 volts at a load of 85 mA, and when used with R.1132A, the output is
220 volts at 55 mA. The input load for the higher output voltage is approximately 11 amps., and for
the lower output voltage it drops to 9.5 amps. The output voltage can be set at the appropriate
value for the type of receiver in use by means of a change-over switch.
DESCRIPTION
2. The power unit, is suitable for mounting on the standard G.P.O. 19 in. rack;. it occupies a
panel space of 101 in., and has an overall depth of 121 in. The unit includes a rotary transformer,
L.T. and H.T. filter assemblies, an L.F. choke, smoothing condensers, fuses, and a resistance. The
following table gives a list of the components together with their Stores Ref. numbers.

Stores Ref.

Nomenclature

10K/706
10C/2090
10C/8010
10C/5292
10C/11536
10C/11537
10W/8889
1011/147
1011/107
10H/5619
10H/5253
10A/11846
5142130
1011/453

Rotary transformer, type 57
6 1iF. condensers, type 977
0.002 pF. condensers, type 133
Choke, 10 henrys, type 249
Choke unit, type 29, screened L.T. filter assembly
Choke unit, type 30, screened H.T. filter assemblies
820 ohm resistance, type 2309
Twin fuse holder, type 7
Fuses, type 23, 250 mA.
Fuse holder, type 17
Fuse, type 24, 20 amps.
Lamp holder, type 5
Pilot lamp, 6 v., 2.3 w.
8-point Jones plug, type 219

Refs. to circuit
diagram

Cl and C2
Cs, C4, C5
L1
L2 and C3
.1- 1.3 and C4
11,4 and C5
R1
FH1

F1-1,
LH

3. Fig. 1 shows the arrangement of the components on the sheet metal chassis of the power unit.
The metal dust cover which encloses the unit has been removed. The rotary transformer, mounted on
rubber shock-absorbing pillars, is normally enclosed in a metal screening box. The H.T. filter
assemblies, the L.F. choke and the two 6µF condensers are screwed to the baseplate. The fuse boxes
and resistance, together with the switch, are mounted on a Paxolin panel, situated behind the front
plate of the power unit. The fuses and switch, shown in fig. 2, are on the front of this panel and the
resistance on the back. A cover plate secured by two wing nuts gives access to the fuse boxes and
switch from the front of the power unit. With the switch at the position shown in fig. 2, the resistance
R1, is in circuit. The resistance is cut out by loosening the threaded pin A and moving the lever across
to a similar pin, B. The L.T. filter assembly, shown in fig. 3, is mounted underneath the baseplate at
I

L

8 POINT JONES PLUG

ROTARY TRANSFORMER

s

H.T. FILTER
ASSEMBLIES

Fig. 1.—Interior of power unit, type 138

the input end of the rotary transformer. The incoming and outgoing leads are terminated by an
8-way Jones plug at the rear of the instrument. The wiring is carried,out in Uniflex cable of the gauge
appropriate to the current carried, Uniflex 19 being used for the input leads, and Uniflex 4 for the
H.T. output connections. The ripple content is less than •01 per cent. while the H.F. interference
is such that, when used with an R.1228 or an R.1392, the noise level increase between battery and
power unit output is not greater than 3 decibels.
4. As may be seen from the circuit diagram given in fig. 4 the cable carrying the d.c. input from
the 6 volt battery is connected to pins 7 and 8 of the Jones plug, 7 being the negative and 8 the positive.
A 20 amp. fuse in a holder, FH2, is inserted in the positive line which is then taken to pin 6. The
output for the L.T. supply to the receiver is taken to pins 3 and 4, which are negative and positive
respectively. A control switch, which forms part of the wiring of the rack assembly, is connected
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Fig. 2.—Fuses and switch

L.T. FILTER ASSEMBLY

Fig. 3.—L.T. filter assembly
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between pins 5 and 6, and from pin 5 the current passes to the input end of the rotary transformer
through a pilot lamp, in a holder, LH, and an R.F. filter connected in the positive lead. This filter
consists of a small series inductance, L2, with a shunt condenser, C3, of 0.002 itF. capacity, and is
entirely screened.

0 13-6 0
c5
74-

a

LH
H:

ROTARY TRANSFORMER
TRANSFORMER

3
F Hi

L

2

FH A

Fig. 4.—Circuit diagram of power unit, type 138

5. The H.T. output from the rotary transformer is passed through a similar R.F. filter in each
line, L3 and C4 in the positive, and L4 and C5 in the negative. It is then fed into an L.F. filter consisting
of a choke, L„ of 10 henrys inductance, and smoothing condensers, C, and C2, each of 6 4uF capacity.
These condensers are housed in metal boxes.
6. When the power unit is supplying R.1228 or R.1392, the output passes from the L.F. filter,
through 250 mA fuses, in a holder, FH,, direct to pins 1 and 2 of the Jones plug. When, however,
it is used with R.1132A, the output is fed to the plug through a dropping resistance, R5, of 820 ohms,
which is brought into circuit by the opening of the change-over switch.

Rotary transformer
7. Rotary transformer, type 57, which is incorporated in the power unit, is mounted on flexible
rubber shock absorbers, and is completely screened in order to reduce R.F. interference to a minimum.
The screening box also acts as a baffle for the reduction of mechanical noise set up by the rotary
transformer.
8. The rotary transformer is of the 2-pole shunt wound field type, and can be switched directly
to the source of supply. It is unaffected by vibration, and is capable of continuous operation on a
lorry, or other moving platform. It will run for periods of 1,000 hours with no attention other than
lubrication.
9. The input end shield, screwed to the yoke, houses the input end bearing, which is provided
with a drilled oilway covered by a felt pad. A brass oil-retaining ring, on the inner side of the bearing,
prevents oil being thrown on to the commutator. The L.T. brush assembly is of brass, and is insulated
by a bakelite bush, secured by three countersunk screws. This is covered by a flange of insulating
material held by a hexagonal nut, which also secures the field terminal connecting nuts, and the cable

lug for the outside supply. The carbon brushes are cut away on one side to prevent incorrect assembly,
and electrical connection is provided by flexible copper pigtails soldered to the brush spring rest.
Brush pressure is maintained by helical springs bearing against the rest, the brushes being held in
position by knurled brass caps.
10. The output end shield is secured to the yoke by three countersunk screws, and houses the end
bearing which has a drilled oilway covered by a felt pad. A brass oil-retaining plate is secured to'the
inner side of the bearing. The H.T. brush boxes are of bakelite lined with brass, and are held in
position by three roundhead screws. The pressure of the carbon brushes is maintained by helical
copper springs which also provide the electrical connection. The springs bear against the brass-lined
brush adjusting caps. The connections for the H.T. output are made by brass rings inside the brush
boxes, the cable passing through grooves in the box and covering flange. The polarity markings are
engraved on the end frame near the brush gear assembly. The brush position is fixed, no provision
being made for adjustment.
11. The shunt field coils are wound round two detachable pole pieces mounted in the bore of the
yoke and secured by two countersunk screws. The connections to the L.T. brushes are taken through
brush windows to terminate in sweated-on flat tinned lugs. The yoke, which completes the magnetic
system, has four feet, cast integral with it, and drilled and tapped to take fixing screws.
12. The commutators consist of copper segments built up on the shaft and insulated from it and
each other by mica strips. The armature core consists of sheet iron stampings. The input and output
windings, carried in slots which are skewed to reduce radio interference, are secured by slot wedges
and steel binding wire. The ends of the conductors are soldered to the appropriate commutator
risers and are secured by binding cord.

SERVICING
13. A periodical inspection of the power unit should be carried out to ensure the efficiency of
electrical connections and screening arrangements. Detailed instructions for the care and servicing
of rotary transformers are given in A.P.1186D, Vol. I, Sect. 3, Chap. 1, and reference should be made
to that Chapter before any servicing of the rotary transformer is undertaken.
14. No servicing can be undertaken on chokes and condensers, and if any trouble arises, the
faulty item should be renewed.
15. The fuses should be examined periodically, and if they show signs of overheating, or sagging,
of the element, a new fuse should be inserted. The blowing of a fuse indicates that some fault has
developed in the apparatus; such a fault must be investigated and rectified before a new fuse is
inserted.
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Introduction
1. Power unit, type 298 (Stores Ref. 10K/936) is designed for use with ground station receiver,
type R.1273. Operated by a.c. mains between 200 and 250 volts, 40/60 c/s., it gives an L.T.
output of 6.3 volts at 5 amps. a.c., and a H.T. output of 160 volts d.c. at 30/60 mA.

DESCRIPTION
2. The components included in the power unit are housed in a metal chassis suitable for mounting
in the standard G.P.O. 19 in. rack. The complete assembly is enclosed in a louvred cover, approximately 61 in. in depth, which is held in position by brackets screwed to the chassis and fitted with
retaining springs bearing against the inside of the cover.
3. The unit comprises a mains transformer, a full wave rectifier, a neon indicator lamp, fuses,
and smoothing systems for the suppression of mains-borne interference. The supply is fed to the
unit through a three-pin socket, mounted together with the mains voltage selector panel and output
terminals on the back of the unit. The transformer, the rectifier valve, the lamp-holder, and the
filter units are mounted on a metal plate screwed at right-angles to the front panel of the power unit.
The fuse box and switch are also mounted on the front panel and the neon indicator lamp projects
through an opening in it.
4. The input socket is screwed to the back of the unit and is provided with a threaded cap.
Connection to the mains is made by a three-pin plug mating with the socket on the power unit.
5. A 1.5 amp. fuse is inserted in each lead from the input socket. They are of the glass cartridge
type and are mounted in a twin fuse holder situated on the front panel of the unit. The input to the
transformer is controlled by the double-pole on/off switch mounted on the front panel adjacent to
the fuse holder. A neon indicator lamp is connected across the input on the power unit side of the
switch.

6. The input is then taken through a filter consisting of an H.F. choke and a condenser to earth
inserted in each lead. The chokes, shown as L3 and L4 in the circuit diagram given in fig. 1, are type
254. Each has an inductance of 1 mH, and a resistance of approximately 3-5 ohms. They are
mounted one above the other in the unit. Each of the two condensers, which are contained in a metal
box mounted next to the chokes, has a capacity of -01 ,uF.
7. The supply to the primary of the transformer is taken via a mains voltage selector panel
which provides three tappings, for operation at 200/210 volts, 220/230 volts, and 240/250 volts.
This panel is mounted on the back of the power unit and has three voltages engraved on it.
8. The H.T. output from the transformer is passed through a full wave valve rectifier, 5Z4G,
which converts the a.c. current to d.c. It is smoothed by two L.F. chokes, L, and L2, in the positive
line, with two condensers, Cl and C2, connected across the output. The iron cored chokes, type 552,
have an inductance of 10 H at 60 mA, and a measured resistance of approximately 160 ohms. The
condensers are both of the electrolytic. type, Cl having a capacity of 16,uF and C2 a capacity of
32 pF, 350 volts d.c. working.
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Fig. 1.—Circuit diagram of power unit, type 298

9. The H.T. output, nominally 160 volts at 30/60 mA, is then taken to two of the five terminals
at the back of the unit, the polarity being indicated above the terminal to which it applies. The H.T.
negative is not earthed inside the power unit, and a separate earth terminal is provided, connected
to the chassis.
10. The L.T. a.c. output of 6.3 volts at 5 amps. is taken to the remaining two terminals. The
L.T. is neither earthed nor connected to the H.T. negative.
11. The measured resistance of the primary winding of the transformer is as follows :200/210 volts ...

7.5 ohms

220/230 volts ...

8

240/250 volts ...

8.75 ohms

Each half of the H.T. winding gives a resistance of 45.5 ohms.
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The following table gives typical figures obtained on test :—
Primary current without valve or neon lamp and with no L.T. load... approx. 90 mA
H.T. voltage

L.T. voltage

150 volts at 60 mA
170 volts at 30 mA
155/170 volts average
...

6.2 volts at 5 amps.

Rectifier heater voltage...

5 volts at 2 amps.

Ripple voltage at output

approx. 10 millivolts

Primary current : Full load at 205 volts ...

approx. 0.35 amps.

On full load: a.c. volts between rectifier plates and H.T. negative... 210 volts
D.C. volts between rectifier heater and H.T. negative

180 volts

D.C. volts on condenser Cl

170 volts

The L.T. w indings should show practically a short circuit on an Avometer.

SERVICING
13. No servicing should be necessary on the power unit, apart from a periodical inspection to
ensure the efficiency of all electrical connections. The fuses should also be examined, and, if they
show signs of overheating or sagging of the element, new ones should be inserted. The blowing of a
fuse indicates a fault in the apparatus and this must be investigated and rectified before a new fuse
is ijiserted. If failure occurs through breakdown of chokes, condensers, or any of the other components, the faulty item should be removed and replaced by a new one of the same type.
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Introduction
1. When the receiver R.1155 is to be used separately from its associated transmitter T.1154,
it is often convenient, particularly in the case of radio vehicles, to provide the necessary power
supplies from a 24-volt accumulator in conjunction with a suitable power unit. This chapter describes
the power unit, type 380, which has been designed for this purpose. The basis of the new power
unit is the power unit, type 87, normally used with • the T.R.1196, and the conversion is carried out
by No. 26 Group as and when required, A power unit, type 87, is unsuitable without modification
partly because in the R.1155 the H.T. negative terminal is not at chassis potential, and partly owing
to the need for additional interference suppression.
DESCRIPTION
2. The power unit consists of a three commutator rotary transformer together with suitable
smoothing and suppression components. The unit is built up on a rectangular base, the underside
of which is divided into suitably screened compartments. Top and base covers are provided.
Particular care has been taken in bonding the motor frame to the chassis and brush-holders.
3. It will be appreciated that the number of these power units in service will be relatively very
small compared with the power unit, type 87, with which many readers will already be familiar.
A circuit diagram and wiring diagram of the power unit, type 87, have therefore been incorporated
in this chapter to enable, by comparison with similar diagrams of the power unit type 380, a ready
understanding of the differences between the two units. These illustrations appear in fig. 1 to 4.
Figs. 5 and 6 are side views of the power unit, type 380.
Performance
4. For a nominal input of 24 volts the power unit gives an L.T. output of 6.3 voltS, 2.5 amps.
and an H.T. output of 250 volts, 30 to 65 milliamps
Rotary transformers, types 52 and 258
5. Either of these rotary transformers may be used. They are cradle-mounted and may be
operated continuously in any position at the lower loading (30 mA). They are two-pole machines
with permanent magnet fields, and the input windings are carried in common armature slots which
are skewed to reduce commutator ripple. The complete armature assembly is mounted in bearings
housed in the end frames which are secured by bolts to the yoke. The direction of rotation is
indicated on Type 52 by an arrow engraved on the input end frame near the bearing, and in Type 257
by a transfer on the yoke. The terminal polarity is similarly indicated by engraving or transfer.
Yoke
6. In rotary transformer, type 52, the yoke consists of a 35 per cent. cobalt ring magnet.
Laminated iron pole-pieces are mounted in the bore of the yoke and are secured by large counter-sunk
screws. In Type 258, the yoke consists of "Alnico" permanent magnets welded to laminated iron
pole-pieces, the whole being cast into an aluminium shell, no fixing screws being required.
End frames
7. The end frames are secured to the yoke by means of long bolts passing through the yoke.
In Type 52, stud bolts are used, locked by hexagonal nuts with spring washers. A locating pin in
the yoke fits into a groove in the output end frame, thus allowing a slight adjustment of the brush
position. In Type 258 the securing bolts have hexagonal nuts with washers at both ends. The end
frames house the brush boxes and armature end bearings.

Armature
8. The laminated armature is built up of iron stampings on the main spindle. The windings
are held in position by slot wedges and are securely bound at each end of the armature and also
near the connections to the commutator risers.

Bearings
9. The ball races may be either oil or grease-lubricated and are housed in the end frames. In
the Type 258 there is a bearing end cap at each end, movement of the bearing being prevented by a
four-leaved plate spring underneath the input end cap. There is a grease retaining plate between
the commutator and the output end bearing, secured by the three countersunk 'screws. At the input
end an oil thrower is mounted on the spindle on the inner side of the bearing. In Type 52 only the
output end has a detachable cap.

Interference suppression
10. There are four R.F. suppressors each consisting of a coil wound on an iron-dust core, and
two 0.1 pF. condensers connected in parallel. (In the circuit diagrams each such pair of condensers
is shown as one condenser.) These units are respectively located in the input positive lead (L2, C2)
H.T. negative (L1, C1), H.T. postive (L4, C4), and L.T. positive (L3, C3). In addition to this C, is
connected from the positive input brush holder to chassis, C6 and C7 are connected from the H.T.
negative brush holder to the motor frame and to chassis respectively, and C5 from the L.T. positive
brush-holder to chassis. The input negative brush-holder is earthed to the motor frame and the
L.T. negative brush-holder is well bonded to the motor frame as well as to the chassis.

H.T. smoothing
11. The L.F. choke, L5 in the H.T. positive lead has a nominal inductance of 4 henries and a
d.c. resistance of about 160 ohms.
L4

0

It
10

C5
%8

3
4,...,..
oL3I'
0

CI

Io
LI

Fig. 1.—Type 87, wiring diagram
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Fig. 3—Type 87,' circuit diagram
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Fig. 4—Type 380, circuit diagram

Fig. 5.—Type 380, side view
SERVICING
12. The rotary transformer, which is the principal component likely to require attention,
should be serviced in accordance with the instructions given in A.P.1186D, Vol. I, Sect. 3, Chap. 1.
The remaining components are unlikely to require attention, but if any fault develops necessitating
the renewal of components special care must be taken to ensure that gocd bonding is maintaincd.

Fig. 6.—Type 380, side view
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POWER UNIT, Type 114
(Stores Ref. 10K/350)

Introduction
1. This power unit is designed to provide a smoothed, direct current output from single phase,
50 c/s A.C. mains of any voltage between 200 and 250. It is intended for either home or tropical
use at temperatures up to 50 deg. C. (122 deg. F.) or down to —20 deg. C. ( —4 deg. F.).
2. It is made in two sections fitted with carrying handles. These sections are referred to as
the transmitter unit and the main unit. The former provides 1,200 volts, 200 mA. for the high
tension supply to transmitter T.1154 group when used on the ground, for training or demonstration
purposes. The main unit gives an output of 7.3 volts, 13 amps. for the transmitter T.1154 and receiver
R.1155 group L.T. requirements, when similarly employed, and 210 volts, 110 mA. for the receiver
H.T.; rectification is effected, throughout, by full-wave bridge-connected rectifiers. of the selenium
type.
3. The main section has the following dimensions :—height 1 ft. 7 in., width 1 ft. 7 in., and depth
1 ft. 1 in. This section weighs approximately 65 lb. The transmitter section weighs approximately
55 lb. and has the following dimensions :—height 1 ft. 7 in., width 1 ft. 72 in. and depth 101 in. The
general appearance of the two sections is illustrated in fig. 2.
DESCRIPTION
4. Fig. 1 shows both units with their interconnection and the interlocking of the units with the
transmitter and receiver equipment.
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5. The main section contains a double-pole main switch S1 controlling the A.C. power supply
to both sections. It embodies two output circuits, the L.T. power supply and the H.T. power supply,
each of which consists of a double-wound transformer, a bridge connected selenium metal rectifier
and a smoothing unit consisting of two stages of choke-capacitance with bleeder resistances. A
RF
separate transformer supplies a rectifier which energises a relay —2— which is operated externally.
When this relay operates it closes the contacts connecting the incoming A.C. power supply to the
transformers which supply the L.T. and receiver H.T. circuits.
6. The transmitter H.T. section comprises a double-wound transformer, a full-wave rectifier,
and a two-stage smoothing circuit comprising choke-capacitance with a bleeder resistance to restrict
the open-circuit voltage. A relay, included in this section, derives its coil current from the L.T.
rectifier in the main section. When this relay is energised, its contacts close and complete the circuit
from the incoming A.C. mains to a transformer supplying the transmitter H.T. circuit. An interlock
is provided on the H.T. transmitter section whereby the removal of the cover, which carries a shorting
plug, breaks the relay coil circuit, and thus isolates the transformer and subsequent components
from the mains.
7. The input from the A.C. mains is applied at a socket SK, in the main unit and thence through
two 5-amp. fuses F1 and F2 and a bridging neon pilot lamp PL, to the primary of a transformer T2 .
The induced secondary voltage from T2 is rectified at a full-wave rectifier RECT1 and a D.C. supply
RF
of 100 mA. at 7 volts is provided for actuation of a two-contact relay
• The theory of metal
rectification can be found in A.P.1095G, Vol. I, Sect. 4, Chap. 4.
8. The circuit associated with T2 is a control circuit which is operated by the transmitter
at its master or operational switch, in positions other than OFF. The voltage is developed across
the points 3 and 4 of an eight-way Jones plug P1 in the main unit and is taken through an octocoremet
cable connector, normally used in airborne installations, between the transmitter and the power
unit. Complete circuit diagrams of the transmitter and receiver can be found in Sect. 1, Chap. 7,
and Sect. 3, Chap. 6 of A.P.1186. A skeleton diagram of the inter-connection is included in fig. 1.
RF
The control circuit associated with — serves to economise cathode and heater current during
2
the OFF condition of the transmitter. When the circuit is closed and the relay contacts rf, and rf2
are made, the A.C. power is applied to the primary of a transformer T1. The secondary voltage
from T1 is rectified at RECT2. Some measure of voltage regulation is afforded by two choke coils
L1 and L2, the value of which may be between 0.004 and 0.006H, in conjunction with a 10-ohm
bleeder resistance R1. The resistance R1 permits the current to remain at a level.higher than the
critical value at which the output voltage would begin to take a sharp upward trend.
9.

10. Smoothing of the output voltage is provided by a two-stage choke-capacitance filter
comprising the chokes L1 and L2 with two condensers C2 and C1. The condensers are, physically,
each composed of two parallel condensers of 2,000 ittF. The D.C. output of 7 volts, 13 amps. appears
across the points 5 and 6 of the plug P1 and constitutes the cathode and heater supply for both
transmitter and receiver.
11. When the contacts rf1 and rf2 are made, the A.C. input is also applied to the primary of a
transformer T3 in parallel with the primary of T1. The secondary voltage from T3 is applied to a
rectifier RECT3 and smoothed through a circuit arrangement similar to that described in para. 9
and 10. The component values are of course, different, the choke coils L4 and L3 having an inductance
value of 10 to 12H at 110 mA. and the condensers C4 and C3 being each of 4 /IF. The resistances
R3 and R2 axe each 50,000 ohms. The circuit associated with T3 delivers 210 volts at 110 mA. across
the points 1 and 2 of P1 and this constitutes the receiver H.T. supply.
12. The 7-volt D.C. obtained from the Ti circuit, is also used to actuate, through a six-way
plug P2, a sextocoremet cable connector (used in the airborne installation for inter-connection of
the rotary transformer power units), and a plug ID, of the transmitter unit, a relay circuit
PO
consisting of the two-contact relay — . Closing of the contacts poi and pot of this circuit, permits
2
application of the A.C. supply from the points 10 and 12 of P3 to the primary of a transformer T4
via two 5 amp. fuses F3 and F4, and a neon pilot lamp PL2.

13. The secondary voltage of 1,200 from T, is rectified at RECTO, and smoothed through a
two-stage choke-capacitance filter consisting of two choke coils L5 and L6, each of 12 to 1411 at
200 mA. with two condensers C5 and C6, each of 8 itF. A bleeder resistance R4 of 50,000 ohms
is across the output, the positive of which is applied to the transmitter through a single-point plug
P4 and the uniplugmet connector normally employed in the airborne installation. The negative
returns through the point 7 of P3.

Octocoremet (5E/2067)
to transmitter plug D

2 pin socket SKI

TRANSMITTER UNIT

MAIN UNIT

Fig. 2.—Power unit, type 114
CONSTRUCTIONAL DETAILS
14. The power unit is made in two sections fitted with carrying handles. Both sections are
constructed of fdlded steel sheet with reinforced welded corners. It is designed for floor or bench
mounting, four I in. holes being provided on angle-iron spacer strips. The fixing holes are 1 ft. 0 in.
between centres on the sides and 1 ft. 51 in. front to rear. The sides of the units are constructed of
honeycombed wire mesh and the removable top covers are louvred for ventilation. The cases
are brown standard anti-gas paint finished.
15. The front panel of the main unit contains the double-pole, tumbler type ON-OFF switch
S1, the two slide-lock 5-amp. B.S. fuse plugs and sockets and a viewing bezel for the pilot lamp PL,.
The input leads are wired to a two-pin socket SKI attached to the cover and this engages with a
two-pin plug in the instrument when the cover is in position.
16. The eight-way output socket provides the following output leads:—
Points
3 and 4
5 and 6
1 and 2
7

—

8 and 5

—

RF
circuit externally
Control circuit to complete relay
- 2
L.T. to receiver and transmitter
H.T. to receiver
H.T. negative to transmitter
PO
Control circuit of H.T. section to complete relay 2 circuit externally

The six-way plug P, (Stores Ref. 10H,'426) affords the connection, via a connector, to the H.T.
transmitter unit.
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The main unit components are assembled in two compartments. The upper comprises

three sub-assemblies, which, taken from front to rear of the instrument, are the pilot (-2F
— ) circuit,
the transmitter and receiver L.T. and receiver H.T. circuit and the H.T. filter circuit. The transformers, chokes, and condensers are grouped in the lower compartment.
18. The transmitter unit has a two-pin plug P5 provided on the cover to mate with a
two-pin socket SK, in the instrument when the cover is in place. A six-way input plug P3 (Stores
Ref. 10H/426) provides the following input leads from the plug P2 on the main unit:—
Points
10 and 12

Input
PO
2

9 and 8

Input to relay

7

Transmitter H.T. negative

11
Earth
A one-way output plug P4 (Stores Ref. 10H/430) provides the H.T. transmitter output to the
uniplugmet cable connector. This plug is shielded by a small hinged door.
19. The transformer T4 and chokes L 5 and L 6 are mounted in the upper compartment of the
unit and the lower compartment houses the six units of the rectifier RECTO. The pilot lamp PL,
is mounted at the rear of the top compartment.
20. The transformer primaries of T,, T3, and T4 are tapped for adjustment as to input voltage.
Two taps, zero and 10, are situated at one end, and three, for 200, 220, and 240 volts at the opposite
end of the winding. The transformer secondaries have three tappings, grouped at one end. Two
of these are used as assembly tappings for varying rectifier characteristics and one serves as an
"age" tap to compensate for any change in the selenium rectifier. There are no primary tappings
on the transformer T2
INSTALLATION
21. Details of the correct Octocoremet, Sextocoremet and Uniplugmet cable connectors as
used in the airborne installation of the transmitter and receiver can be found in Section 6 of the
appropriate aircraft handbook. Input from the A C mains should be made with 7/0.029 in. cable.
22. The unit is designed for use indoors under conditions where the ambient temperature is
between the limits of —20 deg. C. (-4 deg. F.) and +50 deg. C. (122 deg. F.). It is designed for
tropical conditions, but should be used under as dry conditions as possible. When mounted on the
floor or a bench there should be a clearance of 6 in. around all four sides and above.
23. It is not intended that the units should be used separately, that is to say, the main unit
should not be used alone for receiver supply only, nor should two receivers be used with the main
unit.
24. To make adjustment to suit the supply mains voltage, remove the cover and adjust the
tappings of the control (T2), low tension (T,) and receiver H.T. transformer (T3), as indicated in the
accompanying table:—
Supply voltage
Use taps
200
0 and 200
210
10 and 200
220
0 and 220
230
10 and 220
240
0 and 240
10 and 240
250
The tappings of the transmitter H.T. unit transformer primary is similarly marked.
25. Do not sit on the power units or place anything on top or around them or the ventilation
will be restricted. Should there be any danger of dripping water, the units may be protected by
standing them beneath a roof placed a foot, or more, above them and so arranged that any water
dripping from the roof falls clear of the units.

SERVICING
26. It should not be necessary to clean the relay contacts. To renew a fuse, slide the cover
about I in. upwards and then withdraw, replacing the blcwn fuse wire with 36 s.w.g. copper wire.
To renew a pilot lamp, remove the cover and fit a neon indicating lamp arranged for a 250-volt supply.
Always check the mains voltage before connecting the units to it. Switch off mains before connecting
the units. Switch off mains before making any internal adjustment or replacement and before
inserting the H.T. plug in the transmitter unit.
POWER UNIT, Type 115
(Stores Ref. 10K/351)
Introduction
27. This power unit is a constant-potential rectifying device designed for use with the transmitter T.1154, receiver R.1155 equipment and associated rotary transformer power units, type 33
and 35, which have a nominal 24-volt rating. The unit is intended for indoor use on home duty
where the average temperature does not exceed 25 deg. C. (77 deg. F.) with occasional short periods
up to 35 deg. C. (95 deg. F.). It is operated from the single phase, 50 c/s, A.C. mains at voltages
from 200 to 250.
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Fig. 3.—Power unit, type 115
28. It provides, automatically, for any current demand up to 26 amps. D.C. at 25 volts,
irrespective of variations of ± 6 per cent, in the voltage or of ± 1 per cent. in the frequency of the
A.C. supply or of the current drawn from the power unit. Rectification is effected by the use of a
full-wave, bridge-connected rectifier of the selenium type and smoothing is provided by a floating
lead-acid accumulator of 24 volts. Should the accumulator become discharged, the power unit
automatically charges it and, when fully charged, will maintain its condition by a trickle charge.
29. The components are housed in a single folded sheet steel box, the general appearance of
which is shown in fig. 3. The overall dimensions are :—height 1 ft. 111 in., width 1 ft. 48 in. and
depth 1 ft. 8i in. The weight of the equipment is approximately 170 lb.
DESCRIPTION
30. The theoretical circuit diagram, fig. 4, represents the split-phase constant—potential system
used. The circuit provides immediate compensation for transient changes in load and input voltage.
Low percentage of ripple in the output voltage is achieved by the circuit providing constancy, both
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of mean and instantaneous voltage, by a conversion of single-phase to three-phase power at medium
and large loads and by the production of a flat-topped rectifier input wave at light loads and on
open circuit. The power consumption on full load is, approximately, 950 watts at 0.95 power factor.
A.C.N.

.1-

2

0

2

F-14
.3)I 1

31

12

15700110
1
6

A.c.1

El
••(-3-1A.C.K.
Fig. 4.—Circuit diagram, type 115

Fundamental circuit of the constant potential system
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Single-phase and three-phase rectifiers
40

Three- phase

20*
100
80

Single- phase

60
40
2.0
70
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90
Percentage full load current
Comparative regulation curves for single-phase and three-phase bridge connected rectifiers

Fig. 5.—Simplified diagram of constant-potential system
31. The circuit, used to produce load compensation, consists of two transformers T, and T2
having their primary windings connected, in series, across the incoming A.C. supply. A simplified
diagram of this arrangement is shown in fig. 5. The primary winding of the transformer T2 is shunted

by a condenser C1, the capacitance value of which is determined at assembly adjustment, and which
may be 40 /as, 40 ftF + 16 1tF, or 40 ieF + 16 juF ± 8 F. The secondary windings of T1 and T,
are in Scott-connection. This is applied as a three-phase system to a selenium bridge connected
rectifier RECT1.
32. At small values of load current the one phase of the three-phase output is progressively
lost as the load current is reduced. The circuit reverts to single-phase operation at no load. By this
means a high degree of mains compensation is provided.
33. Voltage regulation curves., applicable to the type 115, are shown in fig. 6. for + 6 per
cent. fluctuation in the mains supply.
30

TOP LIMIT OF VOLTAGE

mains •6%,

tiMains- 6%
0

BOTTOM LIMIT OF VOLTAGE

25
0
4.;

20

to

15
D.C. AMPS

20

25

F'g. 6.—Voltage regulation curves, type 115
34.. When the rectifier is not functioning as a three-phase one, that is, at light loads, the output
is substantially single-phase full-wave rectified and whereas normally a ripple percentage of 50 per
cent might be expected, this condition does not apply. The resultant A.C. input wave to the rectifier
is not sinusoidal in these circumstances but is flat-topped and the R.M.S. output ripple percentage,
even at open circuit, does not exceed 25 per cent. of the mean output voltage.
35. Under overload conditions there is a reversion to single-phase similar to that caused by a
reduction in lo d and a rapid collapse of output voltage takes place. This affords protection for the
rectifier and its associated components against severe overloading.
36. Due to transient variations in mains and load, it is necessary for any filter circuit to have
a time constant which is long compared with the transient recovery time of the circuit. The filter
output impedance, however, must be small when compared with the load impedance at the lowest
frequency of load pulsation. A reservoir condenser is inadmissible on the output, as this would
ruin the regulation.
37. An accumulator connected directly to the rectifier output would have the same effect as
the condenser at light loads and it is, therefore, essential to use a filter choke L1 with an air gap which
is adjusted on test to determine performance on light load. By this means the performances of the
unit can be adjusted to any desired characteristic.
38. By "floating" an accumulator having 12 lead-acid cells of 40 amp. hr. capacity at the 10-hr.
rate, across the output, stability is maintained and easy adjustment of the output characteristic is
preserved. The accumulator is maintained within the required voltage limits and the possibility
of overcharging or discharging under all conditions of load and mains voltage is eliminated.
39. The power unit is designed to operate between the limits of 25.2 volts at 26 amps. and 30
volts at 0.2 amp. D.C.
CONSTRUCTIONAL DETAILS
40. The power unit, type 115, has a similar case construction to that utilized in the type 114.
It is intended for wall fixing with two a in. holes top and bottom spaced 12 in. horizontally between
centres and 22 in. vertically. The front panel of the instrument contains the 30-amp. triple pole
ON-OFF switch and the input and output fuses F1, F2, F3 and F4. The fuses are of the slide-lock
holder variety. The fuse covers and bases are each marked with the circuit in which they are
used, ACN, ACL, DC+ and DC—. The name plate will also be found on the front of the instrument. This is engraved with a theoretical circuit diagram.
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41. On the side of the instrument there are two conduits with rubber grommets, one of
f in. for the A.C. input and one of 1 in. for the D.C. output. The input lines are attached to
terminals mounted on porcelain terminal blocks and these are mounted inside the side panel. The
two transformers T1 and T, are mounted one above the other. The selenium rectifier RECT, is
mounted to one side and the choke L1 and the three-part oil-filled condenser C1, which is rated
at 320 volts working, are on the bottom panel.
INSTALLATION
42. The connections to the A.C. mains are made with 7/0.029 in. cable and the cable ends
required are B.7607/2 with natural sleeve. This applies also to the earth connector. The D.C.
output is made through 7/0.052 in. cable with B.7607/12 cable ends alone.
43. The temperature must be such that the average does not exceed 25 deg. C. (77 deg. F.)
with occasional short peaks of 35 deg. C. (95 deg. F.). The equipment is designed for indoor use in
a dry climate. Should there be any risk of condensation or leakage from above, the bare unit should
be protected by means of a sloping roof placed 12 in. above it and so designed that any falling moisture
is caught by the roof and falls clear of the unit. The unit is designed for wall mounting, a clearance
of 6 in. being necessary beneath, with 12 in. clear above. Check the A.C. input voltage before connecting the apparatus and ensure that the leads A and P are on their correct tappings. On no
account should any alteration be made to tappings except for this adjustment of A and P.
44. To adjust the input for voltages between 200 and 250, remove the top cover of the power
unit and connect the two leads marked A and P to the appropriate tappings as listed in the accompanying table:—
Input voltage Connect wander tapping A to:— Connect wander tapping P to:200 1
P3
A,
210 f
220 1
230 f

A,

P4

240 l
A,
P,
250 f
There are other sets of terminals on the transformers T1 and T, but these are assembly adjustment
terminals and should on no account be touched.
45. Do not put anything on top of the power unit as this will restrict ventilation. This applies
more particularly to the practice of placing accumulators on the instrument with the danger of
spilling the electrolyte. Accumulators should not be stood immediately beneath the unit. On
no account should water be allowed to drip on to the unit.
SERVICING
46. No servicing should be necessary on this equipment. Should it be necessary to renew
a fuse, slide the holder cover about f in. upwards and withdraw, using 24 s.w.g. pure tin wire for
renewing the A.C. fuses and 25 s.w.g. copper for the D.C. fuses. The fuse covers and fuse bases are
marked with their appropriate circuit and care should be exercised to ensure that the D.C. and A.C.
covers are not replaced on the wrong fuse holders.
47. The floating accumulator will require no more than the periodical inspection to see whether
the electrolyte level has dropped. In this case it should be topped up in the usual manner.
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CHAPTER 5
POWER UNIT, Type 195
Introduction
1. Power unit, type 195 (Stores Ref. 10KB/470) is a rotary converter unit, designed to operate
from a 24 volt battery supply, and to provide single phase a.c. at 230 volts, 50 cycles per second,
for test set, type 74, when mains current is not available. The d.c. from the battery is supplied to
the input end of the rotary converter through a two-pin plug, type W.204. The output connections
are taken to a three-pin socket, and a control switch is included in the circuit.
Leading particulars
2. The following table gives a list of components included in the power unit :—
Nomenclature of part.
Stores Ref. No.
Remarks.
Rotary converter, type 1
5U/111
Input: 24 volts d.c.
Output: 230 volts a.c.
75 watts
50 c.p.s.
Plug, type W.204
10H/397
2-pin, 20 amp.
Socket
3-pin, 5 amp.
Switch, type 267
10F/10685
ON/OFF, 250 volts, 10 amps.
DESCRIPTION
3. A view of the power unit, partly dismantled, is given in fig. 1. The leads shown in this
photograph are part of the test set assembly, but, for convenience, are packed in the power unit
case, in a partition which houses both the leads and the Visor.
4. The rotary converter is mounted on two metal runners which are screwed to the base of the
power unit case and to a vertical plate forming the front panel of the power unit. The input and
output plugs and the switch are mounted on the front panel.
Rotary converter, type 1
5. A general view of the rotary converter is given in fig. 3, and an exploded view, showing
details of its components, in fig. 2. There are two versions of this machine, one operating from a
12 volt supply, and the other from a 24 volt supply: the latter is incorporated in power unit, Type 195.
6. The rotary converter is of orthodox two-pole, shunt wound construction. The magnet system
consists of a soft iron yoke in which the laminated pole pieces are screwed. The d.c. field coils are
wound round the pole pieces and are insulated from them and the yoke.
7., Only one armature is employed, the input and output windings being carried in common
armature slots. The armature is built up on the main shaft which has a commutator at one end for
the d.c. input, and slip rings at the other for the a.c. output. Steel binding wire secures the armature
windings where they join the commutator risers and immediately behind the slip rings. They are
also covered at each end of the armature by two tin bands, those at the commutator end having
six vanes attached so that a cooling flow of air is provided as the armature rotates.
8. The commutator and slip rings are enclosed by end frames which are secured to the yoke
by two through rods fitted with nuts and spring washers. The end frames house the ball races in
which the shaft rotates. The bearings are held in position by metal washers screwed to the end
frames. They are packed with grease during manufacture and the bearing housing is drilled obliquely
and a Rotherham R.5 lubricator fitted.
9. Four bakelite brush holders with brass inserts are screwed to the end frames. The carbon
brushes are fitted with pigtails to make electrical connection, and springs maintain the brush
pressure. They are held in position by brush caps which have threaded terminal pieces: the input
leads to the field coils and the armature are secured to the brush caps at the commutator end, and
the external leads to the brush caps at the slip ring end.
10. The rotary converter is provided with a mounting plate in which are drilled four fixing
holes to take the screws securing it to the two runners.

SERVICING
11. A periodical inspection of the power unit should be carried out to ensure cleanliness and
the efficiency of all electrical connections. A faulty plug, socket or switch should be replaced by
another of the correct type.
12. To obtain access to the rotary converter it is necessary to remove the four screws securing
the front panel to the power unit case, and the four screws which pass through the base of the unit
into the runners on which the rotary converter is mounted. The front panel may then be withdrawn
complete with the rotary converter.

OUTPUT SOCKET

ROTARY CONVERTER
TYPE .1

LUBRICATOR
D.C.INPUT END

SWITCH

A.C.OUTPUT END

Fig. 3.— Rotary converter and front panel

13. The brushes should be examined regularly for wear. The spring pressure is set during
manufacture and is calculated to remain constant throughout the life of the brush. The brushes
should not be allowed to wear down to less than I in. When this limit is reached new brushes of
the correct grade should be inserted (input end—Stores Ref. 5U/416: output end—Stores Ref. 5U/404).
When brushes are removed for inspection care should be taken that they are replaced the correct •
way round in the same holders, otherwise bad bedding will result and cause sparking.
14. The commutator and slip rings should be kept free from grease and copper or carbon dust.
Any accumulation of dust between the segments of the commutator will cause sparking and should
be removed by blower or bellows. Grease can be removed with a cloth moistened in petrol.
15. Two or three turns of the lubricator should be given at the appropriate inspection period.
The correct grade of grease is available under Stores Ref. 34A/84.
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Introduction
1. This power unit is a modification of test set, Type 88 (Stores Ref. 10H/13027), to provide sa
volts AC and 24 volts DC to operate the associated equipment such as Rebecca, of the trainer,
Type 31. The power unit comprises a 12 h.p., 230 to 250-volts, single-phase repulsion induction
motor of the enclosed ventilated type, driving an AC generator, Type R (24-volt supply, Stores Ref.
5U/1271), and a DC generator, Type H (Stores Ref. 5U/903 for anti-clockwise, or 5U/904 for clockwise rotation), the DC output being regulated by a voltage regulator, Type C (Stores Ref. 5U/1013).
2. Reference should be made to :—
(1) AIR PUBLICATION 1186E, Vol. I, Sect. 2 for details of the motor and starter
(2) AIR PUBLICATION 1095C, Vol. I, Sect. 5, for details of the AC generator
(3) AIR PUBLICATION 1186E, Vol. I, Sect. 3, Chap. 5, for details of the voltage regulator,
type C, and
AIR
PUBLICATION 1095A, Vol. I, Sect. 5, for a description of the suppressor, Type 0,
(4)
fitted for the elimination of radio interference.
3. The motor, generators, voltage regulator and . suppressor are mounted on a fabricated
channel baseplate, the drive being made via pulleys and V-belts and the generator speeds are then
approximately 4,000 r.p.m. with a motor speed of 1,400 r.p.m. The positions of the generators
are adjustable to permit the belt tension to be varied.
DESCRIPTION
Motor and starter
4. The motor is centrally mounted on the baseplate to which it is secured by fours in. Whit
1 in. long bolts and nuts. The driving pulley which carries the V-belts is keyed to the motor shaft
and secured by a grubscrew. The motor fitted may be a Crompton (Stores Ref. 5P/2710), a Higgs
(Stores Ref. 5P/2815) or a Hopkinson (Stores Ref. 5P/1830). The starter box used is of the pushbutton pattern (Airdale type 92C1 Stores Ref. 5P/2711 or Dewhurst type D.0.) and it is mounted
separately.

A C.GENERATOR
TYPE R (24V)

D.C. GENERATOR
TYPE H

Fig.

1.—Power unit, Type 734
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DC generator
5. The generator has an output of 20 amp. at 29 volts, is air-cooled via pipe unions enclosing
the commutator end of the machine, which forms an extension of the air jacket surrounding the
yoke. In the present application no forced air cooling is required, as the generator is being run
at about 20 per cent. of its rated load. The armature is carried in two grease-lubricated ball bearings,
one of which is located in the driving end frame, the other being free to slide in the annular recess
in the commutator end fram.e. The driving end bearing is secured by 'a combined oil thrower and
locknut and the commutator end bearing by a castellated nut and split pin. There are four brushes
set equidistant from each other. Opposite brushes- are connected together, one pair being
taken to the positive terminal and the other to the negative terminal by flexible leads. The brush
rocker is secured to the commutator end frame by two hexagon-headed screws which-pass through
slots in the end frame. In order to adjust the brush position, these screws must first be slackened
off. The correct position of the brush rocker is indicated by corresponding white lines marked on
the rocker and on the commutator end frame.

(1) Operating coil
(2) Shading coils
(3) Armature
(4) Armature back stop
(5) Arc chute
Moving contact assembly
(7) Start button*

.(8) Stop button
(9) Moving contact, thernial overload
(10) Control circuit link
(11) Fixed contact, thermal overload
(12) Trip bar
(13) Bimetal strips
(14) Torsion spring

Fig. 2.—Starter (Airdale)

6. The generator is spigot-mounted on a mild steel plate and is held in position by four 1 in.
11 in. long bolts and hexagonal nuts with spring washers. The*plate is secured to'the channel
bearers .by two z in. bolts 11 in. long, the bolt holes being elongated to permit the belt tightness to
be adjusted. The driven pulley, grooved with two 2 in. vees, is keyed to the generator shaft and
by a / in. B.S.F. 1 in. long hexagon-headed screw.

-Whit.

Voltage regulator, Type C
. •
7. Voltage regulation .is effected by an automatic carbon-pile regulator, Type C (Stores Ref.
5U/1013), which, together with the suppressor, is mounted on two mild steel straps bolted to tht
base by four A in. Whit. 4 in. long ch. hd. bolts and nuts, the units being secured to these straps
by 32 in.. Whit. 12 in. bolts and nuts.

Suppressor, Type 0
8. The suppressor, Type 0 (Stores Ref. 5C/968), is a three-leg two-stage suppressor designed
for use with 12 to 24 volts shunt generators. It is mounted in the power unit base below the regulator
and is secured to the straps by in. Whit. 4 in. long bolts and nuts with spring washers.

TERMINAL BLOCK
OF E D GENERATOR

TRIGENMET 2
VOLTAGE
REGULATOR

Fig. 3.—Diagram of suppressor connections

AC generator, Type R
9. The AC generator, Type R (24 volt), is mounted and its pulley secured in a manner similar
to the DC generator, distance pieces being used to bring it into alignment with the driving pulley.
The bolts which secure the movable bracket are 21 in. long and pass through the distance pieces.
The generator is of the inductor type, both inductor and stator windings being stationary, with a
solid slotted steel rotor. It has an output of 500 watts at 80 volts AC.
SERVICING
10. The routine servicing requirements of this power unit will be found in AIR
PUBLICATION 2885T, Vol. I, Pt. 2 (Inspection Schedule), Trainer, Type 31.

F12321 M41583/G1467 11 47 5000 C & P Gp. 1
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Introduction

1. The power unit Type 311 provides
300-volt, 150-volt and 13-volt supplies for
use when testing transmitter - receivers
TR.1143. Input to the unit is from 230-volt
50 c/s mains. Connection to the panel of
both incoming and outgoing power is by
W-plugs; the input plug is a two-pin (W204)
and the output a six-pin (W201). The unit
is suitable for use at home or overseas.
Leading particulars

2. Stores Reference 10K/994.
230 volts, 50 c/s
Input
Output
300 volts, 250 milliamperes
HT
DC
150 volts, 10 milliamperes DC
MT
13 volts, 4 amperes DC
LT

Dimensions
Length
Breadth
Height
Weight
Valves
HT
MT
Pilot lamp

20 in.
14 in.
9 in.
60 lb. approx.
5V4G 2 off
10E/373
6X5G 1 off
10E/582
6.3 volt 2.3 watt 5L/2130

Description

3. The components of the power unit are
mounted on the front panel and base plate;
the assembly is designed to slide into a
rectangular metal cover, this cover being
secured to the unit by screws which pass
through the cover and screw into a flange on
the inner edges of the front panel. To render
the unit inoperative when the cover is
removed, a micro switch is connected into

Fig. 2. Plan view, cover removed
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each of the incoming supply leads. These
micro switches which are of the open break/
closed make type are fitted on the end of the
base plate; with the cover in position they
butt against the back of the cover and are
thus held in the closed position.
Front panel (fig. I)

4. Components associated with the incoming supply are on the left-hand side of the
panel and those associated with the outgoing
on the right-hand side. The input fuses are
5 amp. and are fitted in Slydlock holders.
Output fuses are arranged in their holders in
pairs. Also on the front panel is an earth
terminal; this is positioned between, but to
the right of, the LT fuse box and the output
plug.
internal arrangement (fig. 2)

5. A plan view of the power unit is given in
fig. 2; fig. 3 is the circuit diagram. Two
transformers are used, both of which have a
tapped primary winding to allow for an input
variation between 200 and 250 volts. The
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HT transformer has one centre-tapped
secondary winding the ends of which are connected to the anodes of the two 5V4G valves
arranged in push-pull. They are doublediodes but are paralleled so as to give
increased current carrying capacity. The
output voltage of this winding is 395-0-395;
the extra 95 volts is to allow for the volts
drop occasioned by the rectification of the
alternating current (to approximately 0-9
'-636
i.e.
) and the volts drop across the valves.
707.
6. A resistive load, consisting of three 18K,
101V resistors in parallel, is permanently connected across the HT output to prevent a
surge of current when the HT is switched on
to the set under test.
7. The other transformer has four secondary
windings, one of which is centre tapped giving
an output voltage of 185-0-185 for the anodes
of the MT valve. Two of the windings feed
the valve heaters-5 volts for the HT valves
and a 6.3 volts for the MT valve; the
remaining winding feeds into a full-wave

VI
CV729

Fig. 3. Circuit diagram

bridge-connected metal rectifier at 22 volts.
Also across the 6.3-volt winding is connected
the pilot lamp.
8. L-section smoothing filters are used in
each of the three output circuits. As a safety
precaution a 150K bleeder resistor is connected across the HT smoothing condenser.

P16324 ➢T983R/G3985 3/50 3000 C & P Gp. I

9. Switching of the output is by means of
two relays. The main relay, which controls
the MT and LT circuits has three making
contacts and is operated off the LT supply
through a switch in the set under test.
Switching of the HT supply is by the second
relay; this relay is energized from the MT
supply through a 3.9K dropping resistor.
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Demand under Naval Reference
W.7456A
Rectifier unit Type S.E.8
230 volts, 50 c/s
HT 320 volts, 225 milliamps DC
MT (GB) 150 volts, 10 milliamps DC
LT 13 volts, 4 amps DC
...

300 watts at 230 volts
12 in. x 14 in. x 20 in.
... 90 lb. approx.

DESCRIPTION

I. Power unit Type S.E.8 was designed by
the Royal Navy for ship-borne operation of
the transmitter-receiver SCR.522. A similar
equivalent in the Royal Air Force is the
Type 311. The latter, however, uses valve
rectifiers, whereas metal rectifiers are employed in the S.E.8 in order to provide a
more robust unit. Fig. 1 shows the front
panel and fig. 2 and 3 the assembly of the
components on the chassis. A pressed steel,
inverted U-shaped cover, fits over the top of
the unit and, to prevent the inadvertent
operation of the power unit when the cover is
removed, a spring-loaded switch which is
mounted on the back of the front panel, is
held in the "make" position by the cover.
This is a double-pole switch and is connected

A (ALSO)

Fig. I. Power unit S.E.8: front panel

Fig.
4
5.

G3 (RECTIFIER)

CONTACTOR

C5

Fig. 2. Power unit S.E.8: right-hand side

HT RECTIFIERS

LT RECTIFIERS

Fig. 3. Power unit S.E.8: left-hand side

SI
SAFETY
SWITCH
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in the mains supply leads before the main
switch. A small catch lever is fitted
to the safety switch so that it may be held
in the "oN" position for servicing purposes
with the cover removed; this catch is automatically released when the cover is replaced.
During transit a cover plate protects the
front panel of the power unit. Before
installation this cover should be bolted to the
underside of the power unit by means of the
captive bolts.
ON/OFF

Front panel

2. To the left of the front panel are mounted
those items that are associated with the
input— pilot light, main switch and input
plug; on the right are those associated with
the output— test points (HT volts, GB volts,
HT milliamps and LT volts) and main
output socket. Dropping resistors are built
in to the power unit to enable measurements
to be taken using a 0-1 milliammeter: to
arrive at the correct indication the HT
volts, GB volts and HT milliamps readings
must be multiplied by 500; the LT volts
reading must be multiplied by 50. The
readings obtained should be regarded as an
approximate indication of the voltages or
currents being checked. Below the test
sockets is a fuse holder which contains the
two main fuses.
Circuit description

3. Mains supply is fed into the power unit
via two double-pole switches which are
connected in series. The first switch is the
safety switch which is spring-loaded to the
"break" position; it is held in the "make"
position by the protective cover. The
other switch is the main ON/OFF switch. A
2-amp. fuse is connected into each supply line
between the two switches.
4. Two transformers are used, one for the
low-tension (T1 13 volts) and the other, T2
for the grid bias (150-volt) and the hightension (300 volts). The low-tension transformer is connected directly across the mains
and so allows the LT output to be used to
energize the operating coil of a contactor.
This contactor, which is controlled by a
switch in the SCR-522, has two sets of
contacts; one set controls the input to the
transformer T2 whilst the other set is connected into the LT output line. The LT—,
HT—, and GB+ line is earthed to the chassis.
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LT circuit

5. The output side of the LT transformer is
fed into two banks of bridge-connected
rectifiers, the two banks being in parallel.
Also connected across this output is the pilot
lamp. The smoothing circuit consists of a
choke input into a 7r filter. Connected in
series across the output lines are the test
socket and dropping resistor Rl.
6. The contactor operating coil is connected
between LT+ and pin No. 6 on the output
plug. A switch in the controller of the
SCR.522 completes the circuit to pin 5, that
is, LT—. One of the two pairs of contacts
of the contactor is connected between LT+
output and pin No. 4; therefore until the
contactor is operated no valve heating current
will flow.
Grid bias and HT

7. When the contactor is operated the
second pair of contacts completes the circuit
to the primary of the HT transformer. This
transformer has two secondary windings, one
for the grid bias supply and the other for the
HT supply. As the grid bias consumption is
small a single half-wave rectifier is used.
Smoothing is achieved by a 7t filter network
with a resistor R7 in series with the choke L5.
A bleeder network is connected across the
output consisting of a 51,000-ohm and an
8.5-ohm resistor in series; the test points are
across the 8.5-ohm resistor.
8. Full-wave rectification is employed for
the HT supply which is smoothed by a choke
input into a modified a. filter. The modification consists of a condenser C5 in parallel
with the choke L4 to form a rejector circuit
which resonates at approximately 100 c/s.
Two test points are provided in this circuit,
one of which is for current measurement and
the other for voltage measurement. In both,
the voltage drop across a resistor (R4 and R2
respectively) is measured; the current resistor
is in series with the rectified output whilst the
other is part of a bleeder potentiometer
across the output. A 250 mA fuse F3 is
inserted in the positive output lead so that
the choke coils will not be damaged if the
HT lines are externally shorted.
SERVICING AND FAULT FINDING
Servicing

9. At regular intervals (e.g., 100 hours) the
output should be checked at the meter

MAINS INPUT

TZ:
V

W3

LS
10H

NOTE'- FUSE F3 NOT FITTED IN PATTERN

W 7456 RECTIFIER UNITS

Fig. 4. Power unit S.E.8: circuit

points. Readings taken at these checks will
not be strictly accurate due to inaccuracies in
dropping resistors. When initially installed
the reading can be checked against meters
of known accuracy which have been connected
into the output circuits. A note should then
be made on the front panel of the correction
factors which must be employed at subsequent
checks.
10. The contactor points will require
cleaning at intervals of about 200 hours.
At the same inspection lubricate the pivots
with a light oil (e.g., Oil OM-13 Stores Ref.
34B/43); also using the same oil, lightly
lubricate the plunger of the safety switch.
Fault finding
I.

Faults in the smoothing of the circuits

will only be apparent when the unit is
connected to the receiver and will be
identified as a 100 c/s note. A fault in any
one of the smoothing condensers will give
the same symptoms, and therefore further
tests have to be made to identify the faulty
circuit. To make these tests, a pair of headphones connected in series with a condenser
(about 01 ,uF) is connected in turn across
the outputs. A 100 c/s note will be heard in
the headphones even when the smoothing is
satisfactory but will be much louder if a fault
is present. To determine which condenser
is at fault, connect an 8 tiF condenser in
turn across each smoothing condenser; when
connected across one that is faulty a
considerable reduction in volume will be
produced.
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12. A list of other faults and their probable cause is given.
Fault
AC available at input but no HT,
GB, LT output
(1) Indicator lamp not alight
(2) Indicator lamp alight

Main fuses, ON/OFF switch or safety switch
Contactor or coil circuit

HT and GB but no LT

LT contacts in contactor

LT but no HT or GB

HT, GB contacts in contactor primary of
transformer open circuited

Probable cause

If a rectifier unit overheats it is preferable to change the complete bank as after passing excess
current the life of the rectifier is limited.

Test readings

13. The following table may be of use when tracing faults. The no-load values are for no
external load; that is to say, pilot lamp and bleeder circuits are connected.
Circuit

LT supply

HT supply

GB supply

Under test

DC output load

Volts

AC input to rectifier (W1)

None
41 amp.

23.4
22

—
5

DC input to filter circuit

4.1 amp.

16

—

DC output from filter circuit

4.1 amp.
5.0 amp.
None

12.9
12.0
26.0

—
—
—

Ripple volts across 1st filter choke

4.1 amp.

11

—

100

Ripple volts across 2nd filter choke

4.1 amp.

0.8

—

100

Ripple volts across load

4.1 amp.

0.06

—

100

AC input to rectifier

None
225 mA

475
450

—
285

50
50

DC input to filter circuit

225 mA
None

320
400

Ripple volts across 1st choke (L3)

225 mA

250

100

Ripple volts across 2nd filter
choke (L4)

225 mA

32

100

Ripple volts across load

225 mA

AC input to rectifier

None
10 mA
10 mA
10 mA
None

212
210
230
150
230

10 mA

7

50

Ripple volts across filter resistance
(R7)
10 mA

12

50

2

50

DC input to filter circuit
DC output for filter circuit
Ripple volts across filter choke (L5)

Ripple volts across load

10 mA

Amperes

0.75

Freq. c/s

50
50

100
—
0.019

50
50
50

Z5

ZI
W3
W 4518

-p
CM

-40

•=0—
0

CD

W2

nED

T2
W 4522

Y6

W 4517

Z5

O.,.

7

W2

W4517
W4520

W4524
W 4523

+ glEMIll +
W114 DM W114
—

EgliM.

W4530
X4

L2
PATT No 53363
W 5985

R2

W 4985

R4
W 5985

R5

4526

RI

W 9514

Z5

R3

Z5
10H/197

PI

Y6I

W 4526

R6

PLAN VIEW
TOP RECTIFIERS LAID
BACK TO FACILITATE
WIRING

W 5303
50068
Si

5c/455

Fig. S. Power unit S.E.8: wiring diagram
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LIST OF COMPONENTS

14
Circuit No.

Function

Quantity

T1

Transformer

1

T2

Transformer

1

W1

Rectifier

2

W2

Rectifier

4

W3

Rectifier

1

Ll and L2
L3
L4
L5
Cl
C2
C3 and C4
C5
C6 and C7
R1 and R6

Choke
Choke
Choke
Choke
Condenser
Condenser
Condenser
Condenser
Condenser
Resistance

2
1
1
1
1
1
2
1
2
2

R2 and R5
R3
R4
R7

Resistance
Resistance
Resistance
Resistance

2
1
1
1

F1 and F2

Fuses
Fuseholder
Fuse
Switch

2
1
1
1

Switch
Contactor
Lamp
Lamp jack
Lamp cap
Input plug
Socket

1
1
1
1
1
1
1
loose
1
1
4
1

F3
SW1
SW2
SW3
P1

Output plug
Meter plugs
Mounting
Terminal

Description

Prim. 210/245V 50 c/s
Sec. 22/24V 5A
Prim. 230/250V 50 c/s
S1 6.3V 5A
S2 460V 200 mA
S3 210V 15 mA
Selenium disc bridge connected
Resistive load 32V AC max.
2.25A DC max.
Selenium disc half-wave
Resistive load 460.8V AC max
0141A DC max.
Selenium disc, half-wave centre tap
Resistive load 432V AC
max. 0-019A. DC max.
LF 50 mH 5A. DC 0.4 ohm
LF 1. 5H 200 mA 50 ohms
LF 10H 200 mA 150 ohms
LF 10H 100 mA 200 ohms
2 x 500 mfd 50V wkg. electrolytic
500 mfd. 50 V wkg. electrolytic
8 mfd 1000 V DC test, fixed paper
0.1 mfd 350V DC wkg.
4 mfd 350V DC wkg.
51,000 ohms ± 5 per cent
2W moulded carbon
8.52 ohms wire wound
51,000 ohms 1 5 per cent 3W
0.15 ohm wire wound
5,600 ohms ± 10 per cent
2W moulded carbon
2A cartridge type 11 in. long
Twin flush mounting
250 mA cartridge
DP on/off 250V 4A brass dolly
Diamond H Type 5T
Double-pole 250V 10A
D.P.40 ohms coil in iron case
P.O. No. 2 24V Jack type
Type 9
Type 29 red
3-pin 5A with flanges
3-way 5A with cable clamp
6-way Type W201
A.M. Type 5C/455
Resilient 7/30 lb. loading
Pillar 2 B.A.

Admiralty
Pattern Number

53362
W4522

W4519
W4517
W4518
53363
W4524
W4523
6077
W114
W114
W4520
W2563
6381
W4526
W5985
W9514
W4985
W5303
W181
W4529
646
50068
W1367
W4530
5A/1702
10H/197
10A/12016
7384
7355
10H/394
5C/455
W3115
6848
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Introduction
1. The Norman generating set, fig. 1, is designed to supply a.c. and d.c. power for testing
airborne radio equipment and thus avoid running the main engines.
DESCRIPTION
2. The generating set (Stores Ref. 42Y/800), consists of a petrol engine driving a d.c. generator
type HZ, and an a.c. generator type U, through belts, the whole equipment, except the control panel,
being mounted on a single bedplate.
3. The set, complete with control panel, is mounted on a two-wheeled, hand-drawn trolley
(Stores Ref. 42Y/806) for ease of transport. The wheels may have steel rims or rubber tyres, but
in either case the trolley is not designed as a trailer to motor transport. A hand traction shaft is
provided and the platform is mounted on semi-elliptic springs. A tubular framework is mounted
to carry a sheet metal roof and fabric side screens as a protection against bad weather, see fig. 1, 2
and 3.
Engine
4. The engine, fig. 4 (Stores Ref. 42Y/810), is a Norman T 300, twin-cylinder, horizontallyopposed, four-stroke petrol engine developing 21 h.p. at 1,800 r.p.m. governed to give a generator
speed of about 4,000 r.p.m.
5. Fuel is supplied through a standard Solex carburettor controlled by a centrifugal governor
to limit the maximum speed to 1,800 r.p.m. Hand control is also provided to give a variation of
speed, below the maximum, during starting and warming up.
6. Ignition is obtained from a high-tension magneto with fixed timing, the whole system
being screened to prevent radiated interference with the equipment under test.
7.

Lubrication is pressure fed and the sump is finned on the underside to provide cooling.

8. The cylinders are finned to provide cooling by an air blast from a fan built into the flywheel.
A driving pulley with two V-grooves is also carried by the flywheel, this takes the two belts which
drive the generators.

Fig. 1.—Test set on trolley

SILENCER CARRYING CLIP
FUEL TANK

TOOL BOX

GOVERNOR
CONTROL
CARBURETTOR
SILENCER

TYPE HZ
GENERATOR
TYPE U

Fig. 2.—Test set, front view
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Fig. 3.—Test set, rear view
9. Owing to the overhang of the heavy flywheel and driving pulley, and the tension of the belts,
an outrigger arm with a ball bearing has been provided to relieve the strain on the shaft.
10. The fuel tank of 4 gall. capacity, is fitted to the top of a framework which surrounds
the set.
11. The silencer is connected to the engine by a flexible tube and is stored in a clip on the
framework when not in use. This must be removed from the clip and laid on the ground before
running the set.
12.

Full details of the engine will be found in A.P.1766J, Chap. 4, Appendix I and A.P..2173

D.C. generator
13. The generator, type HZ (Stores Ref. 5U/517) is a four-pole, four-brush, shunt wound type
with a d.c. output of 500 watts at a nominal voltage of 24 volts (29 volts maximum) driven by a
I in. V-belt, round a V-pulley keyed to the tapered end of the generator shaft.
14. Cooling is by a forced air draught from an eight-bladed centrifugal fan keyed to the
commutator end of the shaft. Air is drawn into an air jacket, through a circular, flared opening
and forced out through lateral ducts formed by ribs between the air jacket and the yoke of the
generator.
15. For ease of access to the brush gear, the air jacket is made in two parts held together by
four captive screws.
16. The output and field control terminals are mounted on a moulded plastic block, contained
in a light-alloy box situated on the yoke at the pulley ,end of the gerierator.
17. The leads from the brushes are brought out and soldered to the bottom ends of the two
heavy output terminals. The positive terminal is marked with a yellow spot and the negative
terminal with a blue spot.
18. One end of the field winding is soldered to the bottom end of the third, unmarked terminal
(this is smaller than the others) and the other end of the field winding is connected to the positive
terminal.

19. Two'suppressor condensers of 0.01 itF are mounted within the brush gear cage and connected
between the brush leads and the generator frame to eliminate sparking and radiated interference
from the commutator and brushes. The capacity of these condensers is not critical and in an
emergency they may be replaced by condensers of larger capacity.
20. The output is controlled by a voltage regulator type C (Stores Ref. 5U/1013) •mounted
on the control panel.
21. The terminal block is mounted on the 'top of the generator frame and is enclosed in a
light-alloy terminal box with lid. A large slot between the lid and the body allows entry of the
screened connecting leads.
22. The ends of a three foot length of Trigenmet 1 cable (Stores Ref. 5B/3761) are connected
to the terminals on the block of the d.c. generator and the other ends are fitted to a four-way Breeze
socket (Stores Ref. 5X/108) which connects with the four-way Breeze plug (Stores Ref. 5X/8), marked
D.C. on the back of the panel. From the front of the panel the cable is lead to the suppressor type H2
and hence to the voltage regulator, with unscreened cable. From the voltage regulator a length of
Dusheath 19 cable runs to the d.c. plug (Stores Ref. 5X/7) marked D.C. on the front of the panel.
The sheathing of all the cable is bonded to the panel and the generator frame.

GOVERNOR LEVER
COVER PL ATE

STRANGLER
EVER

Fig. 4.—Norman T.300 engine

23.

Full details of the generator will be found in A.P.1186E, Sect. 4, Chap. 8.

24. The generator is mounted by four g- in. B.S.F. x le in. bolts, with nuts and spring washers,
-which pass through holes in the flanged end frame and corresponding holes in the mounting plate.
The mounting plate is supported on the generator bracket by fours in. B.S.F. bolts, with nuts and
washers, which pass through slotted holes in the plate thus allowing a certain amount of lateral
adjustment to take up any slackness of the belt. A screw with lock-nut passes through the generator
bracket on the engine side, and bears on the edge of the ,mounting plate. Adjustment of this screw
traverses the mounting plate against the tension of the belt and holds it in position while the fixing
screws are being tightened.
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A.C. generator
25. The generator, type U (Stores Ref. 5U/349), is designed to supply alternating current
for the drive of airborne electric al equipment. It has an output of 1,200 watts at 80 volts and may
be run at variable speed from 3,000 r.p.m. to 6,000 r.p.m. The frequency of supply varies with the
speed and is 2,800 c/s at 6,000 r.p.m. A speed of 7,500 r.p.m. is permissible for a period not exceeding
five minutes while the minimum speed for full output is 3,000 r.p.m.
26. The generator is of the homop.olar type, in which a uni-directional magnetic field is
maintained between a laminated toothed rotor and a laminated toothed stator, the variation of the
reluctance of the magnetic path gives rise to fluctuations in the applied field and these fluctuations
induce an alternating current in coils wound in the slots between the teeth of the stator.
27. The leads from the a.c. windings are brought out and soldered to two terminals, marked
with yellow and blue dots, mounted on a moulded plastic terminal block. The leads from the field
energising coil are brought to two other terminals, marked with white and black dots, on the block.
28. The terminal block is enclosed in a light-alloy box mounted on the yoke of the generator
(or on the end frame remote from the pulley in which case it overhangs the generator).
29. The ends of a four foot length of Dumet 19 cable are connected to the terminals marked
with yellow and blue dots on the terminal block. The other ends of the cable are fitted to a 2-way
Breeze socket which connects with one of the Breeze plugs (marked A.C.) on the back of the control
panel. The Breeze plug and socket are marked with green identification bands.
30. The ends of a four foot length of Dumet 4 cable (Stores Ref. 5B/3759) are connected to
the terminals marked with black and white dots on the terminal block of the a.c. generator and the
other ends of the cable are fitted to a 2-way Breeze socket (Stores Ref. 5X/162) which connects with
the Breeze plug (marked F) mounted on the rear of the control panel.
31. A full description and details of the generator type U will be found in A.P.1186E, Sect. 4,
Chap. 3.
32. The generator is mounted and adjusted in the same manner as the generator type HZ
(see para. 24).

Control panel
33. The control panel illustrated in fig. 5 (Stores Ref. 42Y/812) is of all-metal construction
mounted on end brackets fixed to the trolley platform. On the front of the panel are mounted a
type H2 suppressor (Stores Ref. 5C/1005), a metal carrying box to hold the thermo-couple voltmeter
(Stores Ref. 42Y/200), a type C voltage regulator (Stores Ref. 5U/1013) and three Breeze sockets
for connecting the set to the equipment on test.
34. At the back of the panel are mounted three Breeze plugs. These plugs take the connections
to the generators through the appropriate Breeze sockets and cables.
35. The voltmeter is fitted with cable and Breeze sockets for connecting to the apparatus on
test, not for connection to the control panel.
36. Fig. 5 and 6 show the control panel and the wiring diagram. It will be seen that the
connections to the generator, type U, pass straight through the panel which merely acts as a support
to the cable ends. The d.c. output however, is controlled by a voltage regulator, type C, and any
electrical interference which may arise is filtered by a suppressor,• type H2, these two items being
mounted on the panel.
37. A steel box is mounted above the panel to hold the three 50 ft. lengths of cable for connecting
the test set to the equipment under test. In some of the sets this box is omitted, in which case a
cable cupboard is mounted under the trolley.

METER BOX
VOLTAGE REGULATOR
TYPE C
SUPPRESSOR TYPE H2

Fig. 5.—Control panel

A. C. GENERATOR
TYPE U
DUMET 4

-1
o

I
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YELLOW DOT
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S. F. OR
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BLUE

BLUE DOT
D.C. GENERATOR
TYPE H.Z.

TRIGENMET 1

VOLTAGE
REGULATOR
TYPE C

SUPPRESSOR
TYPE H 2

DUSHEATH 15

G- _o o SWG+

TRIGEN 1
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SLATE
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Fig. 6.—Wiring diagram
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Tool box
38. The tool box (Stores Ref. 42Y/816) is held to the guard rail of the engine and generator
unit by straps. The following spares and tools are supplied:—
Item
Tool box with two straps ...
Large inner box
...
Small inner box
Padlock
...
Keys ...
...
Driving belt i in.
Driving belt i in. ...
...
...
Brush for generator, type HZ (one set)
Withdrawing tool for timing case cover
...
Withdrawing tool for adaptor on crankshaft ...
Spanner, peg for withdrawal nut in flywheel centre
Gasket for cylinder head ...
Piston ring (compression) ...
Piston ring (scraper)
...
Governor spring
...
...
...
Valve with spring, cap, and cotter
Carburettor main jet
•••
•••
•• •
Carburettor pilot jet (slow-running jet) ...
Carburettor needle valve assembly
...
...
Carburettor petrol strainer
Spark plug (screened)
...
Nut, cylinder head ...
...
Nut, cap, cylinder head ...
Nut, thumb, for tappet cover
...
Stud, 1 in. B.S.F., various sizes ...
...
Bolt, for holding-down magneto, 1 in. x 1 in. B.S.F.
Screw, square head for carburettor float chamber
...
Washer for main jet
...
...
Washer for large filter
Washer for small filter
...
Washer for needle and seating
Washer, grover
...
... .
...
...
...
Cotter, for valve (spare) ....
Box spanner for spark plug (with tommy bar)
...
...
Tappet spanner (with gauge)
Magneto spanner
...

Quantity
1
1
1
1
2
1
1
4
1
1
1
2
2
2
1
2
1
1
1
1
2
8
6
1
6
2
1
2
2
2
2
6
2
1
2
1

Trolley
39. The complete set is mounted on a two-wheeled trolley for ease of transport. In some
of the sets the wheels are steel tyred and, therefore, the trolley is only suitable for hand traction.
Three adjustable legs are mounted on the trolley platform to provide stability during operation.
OPERATION
40. The set is designed to operate at any angle to the horizontal but it is best to set it up as
nearly level as possible. Slide down the two back adjustable legs fitted to the trolley platform
and lock them in position with the wing nuts provided, then slide down the third leg mounted at the
front and lock this so that the trolley platform is steady and as level as possible. Connect the set
to the work to be tested by means of the leads provided.

Engine
41. When delivered by the contractor, for use in Britain, the engine is ready for operation
with the sump filled with oil. When delivered for use overseas the sump is drained and must be
filled with oil (Stores Ref. 34A/162) or an equivalent grade; one pint is sufficient to completely
fill the sump.
42. Check the oil level in the sump and top up if necessary. See that the fuel tank is filled
with petrol (Stores Ref. 34A/175) and turn the petrol cock to the ON position.

S tarting, from cold
43. Remove the silencer from its securing clips and lay it on the ground. Close the air strangler
by moving the lever, shown in fig. 4, upwards and flood the carburettor. Close the throttle by
turning the knurled knob, in an anti-clockwise direction as far as possible, and then open it by about
one-eighth of a turn in a clockwise direction.
44. Engage the starting handle with the end of the shaft. Start the engine by giving the
starting handle a quick turn; it may be necessary to give the starting handle several quick turns.
When the engine fires, release the air-strangler and gradually bring the engine up to full speed by
turning the throttle control in a clockwise direction through about half-a-turn, until you feel the
spring-loaded ball-click drop into position.
45. The governed speed may be varied, below the maximum, by adjusting the knurled knob
under the governor, fig. 2 and 4, clockwise for a reduction of speed and anti-clockwise for increase
of governed speed.
46.

Check the oil pressure on the gauge, this should read 20 lb. per sq. in.

Starting, when warm
47. Starting, when the engine is warm from previous use, is the same as for starting from
cold except that it is not necessary to close the air-strangler or flood the carburettor.
Stopping
48. The engine is stopped by pressing the earthing switch on the magneto and keeping it
pressed until the engine stops. When stopping the engine for an indefinite period this should be
done by turning off the petrol supply and allowing the engine to empty the carburettor float chamber;
this assists restarting at a later date and also reduces the fire risk.

D.C. generator
49. The generator is belt driven by a 2 in. V-belt, through a V-pulley keyed to the tapered
end of the shaft and secured by a s in. B.S.F. hexagon nut. The belt should be tight enough to
prevent obvious slip. Too great tension on the belts imposes strain on the shafts and bearings.
50. The output voltage will be maintained constant by the voltage regulator in the field circuit
irrespective of any slight variation in the engine speed or load or state of charge of the accumulator
in the system being tested.
51.

The maximum current taken from the generator should not exceed 20 amperes.

A.C. generator
52. The generator is belt driven by a in. V-belt through a V-pulley fitted to the splined end
of the shaft and secured by a 4 in. set pin with plain and spring washers, passing up the centre of the
shaft. The belt should be tight enough to prevent obvious slip but not so tight as to impose great
strain on the shafts and bearings.

Dismantling
53. Disconnect the supply cables, roll them carefully and store them in the compartments
provided. Release the single •telescopic leg, slide it up into its position for transport, repeat for
the other two legs. Lower the weatherproof screens.
INSPECTIONS

Minor inspection of engine
54. The set should be inspected as follows :—
(i) Clean the filters in the fuel supply line and check the petrol cock and all unions for leakage.
(ii) Drain the oil and refill with one pint of oil (Stores Ref. 34A/162), this is most easily done
when the engine is warm.
(iii) Clean the oil filter, taking care not to damage it in any way. The oil filter is reached by
unscrewing the hexagon cap on the side of the crankcase, below one. of the cylinders.
Withdraw the filter tube carefully and wash it thoroughly in petrol taking care not to
puncture it. Replace, and screw the hexagon cap tightly in place.
(iv) Examine all bolts and nuts for tightness and tighten if necessary.
(v) Start up the engine and ensure that its operation is regular and normal.
(vi) Check the action of the governor and oil the linkage system.
(vii) Sign the maintenance log after making the necessary entries.
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Minor inspection of d.c. generator
55. At the time of the minor inspection of the engine the d.c. generator should be inspected
as follows:—
(i) Examine the fixing bolts holding the mounting plate to the generator bracket and tighten
if necessary.
(ii) Examine the belt for tightness and wear. Adjust tension if necessary. Test for play in
V-pulley and tighten if necessary.
(iii) Wipe all dirt and grease from the outside.
(iv) Sign maintenance log after making necessary entries.

Minor inspection of a.c. generator
56. At the time of the minor inspection of the engine the a.c. generator should be inspected
as follows:—
(i) Examine the fixing bolts holding the mounting plate to the generator bracket and the
bolts holding generator to mounting plate. Tighten if necessary.
(ii) Examine the belt for tightness and wear. Adjust tension if necessary. Test for play in
V-pulley and tighten if necessary.
(iii) Wipe all dirt and grease from the outside.
(iv) Sign maintenance log after making necessary entries.

Minor inspection of control panel
57. At the time of the minor inspection of the engine the control panel should be inspected
as follows :—
(i) Examine and test meter and voltage regulator for smooth action.
(ii) Remove all traces of dirt and oil.

Trolley
58. At the time of the minor inspection of the engine the trolley should be inspected as
follows :—
(i) Lubricate wheel hubs with oil (Stores Ref. 34A/162).
(ii) Clean thoroughly.

Major inspection of engine
59. The engine should be inspected as under in addition to the items set out in the minor
inspection.
(i) Remove and clean the carburettor jets, the petrol must be turned off during this inspection.
Blow through the jets in the opposite direction to fuel flow. Examine the bore of each
jet to ensure that it is free from obstruction. Metallic objects, such as wire, must never
be used to remove an obstinate obstruction, if necessary use a thin slip of wood. Replace
the jets.
(ii) Examine the carburettor float chamber and remove any dirt or water which may have
collected in the bottom.
(iii) Remove the valve covers and check the valve clearances which should be 0.003 in. with
the engine cold; adjust if necessary. Oil the valve stems and replace the covers.
(iv) Remove magneto contact breaker cover and examine the contact points for pitting and
burning. Clean the contact breaker gear and adjust the gap to 0.012 in. Apply a light oil
very sparingly to the cam ring and rocker arm pivot. Wipe off any surplus oil.
(v) Examine all nuts and bolts particularly the cylinder holding-down bolts and the cylinderhead bolts.
(vi) Examine exhaust pipe and silencer for signs of corrosion or burning.
(vii) Test flywheel for security on shaft and for play of the shaft in its bearings.
(viii) Examine claws on starting handle and shaft end for signs of wear.

Major inspection of d.c. generator
60. At the time of the major inspection of the engine the d.c. generator should be inspected
as under in addition to the items set out in the minor inspection.
(i) Remove generator from the mounting plate and thoroughly clean the outside.
(ii) Remove the air-jacket and brush-gear cover and thoroughly clean the whole gear,
including the commutator. Examine the commutator for wear. Examine the brushes
for wear, renewing brushes if worn to such an extent that the length is less than half the
width.

(iii)
(iv)
(v)
(vi)
(vii)

Examine brush pressure springs and if necessary renew them.
Remove outer bearing caps and pack bearings with grease.
Test the bearings for latpral play.
Reassemble, and test the belt for tension.
Run generator with brush-gear cover and air jacket oft; examine for sparking at brushes
and commutator while delivering full load. Ensure that brushes are making good contact
and electrical connections tight.

Major inspection of a.c. generator
61. At the time of the major inspection of the engine the a.c. generator should be inspected
as under in addition to the items set out in the minor inspection.
(i) Remove generator from mounting plate and thoroughly clean the outside.
(ii) Detach the outer bearing caps and soak the felt reservoir pad with lubricating oil (Stores
Ref. 34A/60).
(iii) Examine the bearings for lateral play.
(iv) Replace the bearing caps and bolt the generator in position. Test the belt for tension.
.

(v) Run generator on full load and test for smooth action.
(vi) Examine all electrical connections for tightness.

SERVICING
Engine
62. The engine requires decarbonising and the valves re-ground periodically. Although the
cylinder heads are removable it is necessary to remove the cylinders as well in order to clean behind
the piston rings, and if necessary, renew them.
63. When parts are being dismantled they should be carefully marked and stored in such a
way that they will not be lost or wrongly re-assembled. If for any reason the pistons or connecting
rods have to be removed it is essential that they are replaced exactly in the original position. Before
attempting to dismantle the engine it is advisable to remove the tubular framework surrounding
the set.
Decarbonising
64. The engine is dismantled as follows :—
(i) Remove the exhaust silencer and flexible pipe.
(ii) Remove the adaptor between the two exhaust branches, slacken the set-screws and the
nut which hold the exhaust branches and work the branches free with a twisting motion.
(iii) Remove the fuel supply pipe from the tank and carburettor, then remove the carburettor
and intake supply pipes. The method is similar to that for the removal of the exhaust.
(iv) Remove the ignition cables from the spark plugs. Remove the plugs.
(v) Remove the cylinder heads by releasing the six nuts around them; care must be taken
that the gaskets are not damaged as the heads are removed. Remove the gaskets.
(vi) Clean the carbon deposit from the inside of the cylinder heads. Carefully clean the gaskets.
(vii) Remove the top halves of the valve covers. Slacken off the four nuts and spring washers
which hold each cylinder to the crankcase, the cylinders may now be removed; care must
be taken not to damage the paper gaskets between the cylinders and the crankcase or to
damage the pistons.
(viii) Clean and polish the crown of the piston and, if judged necessary, remove the piston ring,
and clean the grooves; the piston rings are easily broken. Sharp tools must not be used
for these operations.
(ix) Remove the carbon deposit around the top of the cylinder walls.
Valve grinding
65. The valves should be ground at the same time as the engine is decarbonised. The method
of grinding the valves is outlined below.
(i) Place each cylinder, upright and inverted, on the bench with a block of wood under the
valve heads. Compress each valve spring and remove the cotter pin from the valve stem;
the spring and cap can now be removed.
(ii) Mark the valves clearly so that they will not become mixed and be replaced in the wrong
position.
(iii) Clean the valve heads and stems of any carbon deposit and dirty oil.
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Smear a small quantity of valve grinding paste on the valve seat, replace the valve and
rotate backwards and forwards through about 180° using light pressure on the valve
grinding tool; a screwdriver can be used as a valve grinding tool. After every half-dozen
turns or so lift the. valve slightly by pressing up the stem and rotate a fraction of a turn
before releasing; this allows fresh paste to get into the grinding surface and also gradually
rotates the valve round and round thus giving a uniform seating for all positions of the
valve. If a valve or seat is badly pitted or burnt it may be necessary to use coarse paste
first and fine paste to finish. Care must be taken to ensure that no paste reaches the
valve stem or guide at any time. Continue until a uniform width of seating is obtained
all round the valve and seat.
Plug the valve guide with cotton waste or rag, inserting the rag from the outside end of
the guide. Thoroughly clean the inside of the valve chamber and seat taking great care
to remove every trace of grinding paste; wash out with petrol or paraffin. If the slightest
trace of grinding paste is left to get between the valve stem and guide excessive wear will
result and the valve will not seat properly. Thoroughly clean the valve.
Repeat the above for each valve. When all valves have been ground oil the stems and
replace them in their proper positions. Replace the springs, after cleaning, with their
caps and pins.

Re-assembly
66. The engine may now be reassembled in the reverse order of operations to that used in
dismantling. The following points should receive special attention.
(i) Ensure that the paper washer at the bottom of the cylinder is undamaged. Examine the
tappets for fit. Gently slide the cylinder over the correct piston, easing each ring into the
bore; this is a ticklish business and force must not be used or the rings will break. Take
care of your fingers while compressing the rings; the edges are sharp and the cylinder
has a nasty habit of slipping suddenly over the top ring and nipping a bit out of your
finger on the second ring. This will not harm the engine but it's your finger.
(ii) Replace the four spring washers and holding-down nuts and tighten. When the cylinders
are fixed in position give the insides a liberal supply of oil and turn the flywheel once or
twice to ensure dispersal of the oil over the entire surface of cylinder and piston.
(iii) When replacing .the cylinder head be sure that the gasket is not twisted or otherwise
damaged. Tighten the six nuts uniformly a little at a time going round the cylinder
several times.
(iv) Adjust the clearance between the tappets and the valve stems to 0.003 in. as described
in para. 67.
Tappet adjustment
67. The clearance between the tappet heads and the valve stems is 0.003 in. for all valves
when the engine is cold. The valves must be closed during this operation. Special thin tappet
spanners are supplied in the tool kit. Flats are provided on the tappets to fit this special spanner.
Hold each tappet with the spanner provided and slacken the hexagonal lock-nut immediately above.
Still holding the tappet, adjust the clearance by turning the hexagonal tappet head until the 0.003 in.
feeler just passes between the tappet and the valve stem. Tighten the lock-nut. Repeat for each
tappet, fuming the engine to ensure that each valve is closed before commencing adjustment.
Ignition: contact breaker adjustment
68. The ignition timing is fixed and if for any reason this gets out of adjustment full details
will be found in the Appendix I to Chap. 4 on the Norman T.300 engine. The contact breaker,
however, may require adjustment and cleaning.
69. The contact breaker may be removed by unscrewing the central hexagonal-headed screw.
The contact lever should be removed from its bearing by first raising and moving the check spring
to one side then taking out the control spring fixing screw. Great care must be taken to avoid
damaging or distorting the springs. The breaker may now be cleaned; files must not be used to
clean the contact surfaces.
70. Replace the contact breaker after re-assembling, turn the flywheel until the contacts are
fully open and adjust the gap to 0.012 in. Lock the adjustable contact by means of the hexagon nut.

Carburettor
71. The carburettor is easily opened for examination and cleaning. Remove the two squarehead ed setscrews at the top of the float chamber, the chamber can then be eased gently away from
the cover with a downward pull. The jets are both carried on the float chamber and are now readily
accessible. The correct size of jets must be used for replacement should this ever become necessary;
the sizes are main jet, 70 x 58, slow running jet, 65.
72. Should a major overhaul or repair be necessary full details may be obtained in A.P.1766J,
Chap. 4, Appendix I and A.P.2173.
D.C. generator
Replacement of brushes
73. The following sequence of operations should be followed:—
(i) Remove the air jacket by releasing the four captive screws situated mid-way along the
generator and easing the jacket off with a slight pull.
(ii) Remove the brush gear cover by slackening the security wire and single screw at the top;
slide the cover off the cage.
(iii) Slacken the terminal, holding the flexible brush tail and disconnect.
(iv) Lift the pressure spring and pull out the brush.
(v) Insert new brush and allow pressure spring to return to position. Re-assemble.
Adjustment of brush spring pressure
74. No provision is made for accurate adjustment of the brush springs. Should the pressure
be found insufficient a new spring should be fitted as follows :—
(i) Remove the §plit pin at the head of the spring pillar.
(ii) Slide the old spring along the pillar until disengaged.
(iii) Slide new spring on the pillar then give it a half-turn tension; the flat inner end must
enter the slot. Replace the split pin.
75. If a new spring is not immediately available, the tension may be increased by distorting
the spring by unwinding it for a full turn. Full tension is obtained by a half-turn of the spring.
Adjustment of brush rocker
76. It should never be necessary to change the position of the brush rocker, but if for any
reason the rocker has been turned from its correct position as set at the works it must be turned
so that the black lines on the end frame and the rocker coincide. Proceed as follows :—
(i) Remove the nut securing the fan to the shaft, then remove the fan.
(ii) Slacken the two hexagon screws which pass through the curved slots in the end frame.
(iii) Turn the brush rocker until the position marks coincide. Lock the brush rocker in position
by tightening the hexagon screws. Replace the fan and securing nut.
Renewal of suppressor condensers
77. Before the suppressor condensers can be renewed it is necessary to remove the brush gear
and end frames and the armature, the condensers are then readily accessible.
Removal of brush gear and frame
78. Remove the eight countersunk screws round the outer edge of the end frame, then remove
the six countersunk screws holding the bearing caps together and to the end frame. The end frame
can now be eased from the yoke. It is advisable to remove the brushes from their holders; it is
certainly necessary to do so before the end frame and brush gear can be replaced.
Renewal of the armature
79. To renew the armature proceed as follows:—
(i) Remove the fan and brush gear end plate, as indicated in last paragraph.
(ii) With a box spanner, remove the seven hexagon screws holding the end frame to the yoke.
(iii) The armature and end frame can now be withdrawn, care being taken to avoid damage
to the commutator.
(iv) Remove the key from the tapered end of the shaft and then slacken off the nut and oil
thrower ring.
(v) Remove the four countersunk screws holding the bearing caps together and to the end
frame.
(vi) Remove the bearings and inner bearing caps.
(vii) Re-assemble, with the new armature, in the reverse order.
A.C. generator
80. If the a.c. generator fails to function properly it should be renewed without any attempt
at min or repairs.
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CHAPTER 3
DOUGLAS GENERATING SET, 42Y/1000
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Introduction
1. The generating set 42Y/1000 consists of a Douglas 350 c.c. O.H.V. horizontally opposed
twin-cylinder air-cooled engine, belt driving an 80 volt, 2,000 c/s, 1,250 watt a.c. type BZ and a
29 volt, 350 watt type HZ d.c. generator. As seen in fig. 1 the set is mounted on two frames situated
one above the other, so designed that they can easily be dismantled for transport.
2. The engine and controls are mounted in the lower frame whilst the upper frame supports
the a.c. and d.c. generators, also the pin socket for the connecting cable and the petrol tank. Stowage
for the exhaust pipe and silencer, which are detachable, is provided on the frames.

DESCRIPTION
3. The a.c. generator is coupled by a twin-belt drive to the engine crankshaft whilst the d.c.
generator is driven by a belt from a third pulley mounted on the a.c. generator shaft. The upper
portion of the drive is protected by a hinged guard. Four porter bars are provided on the lower
frame, two of which can be lowered and clipped to the frame, whilst the other two are designed to
push into the frame itself.
A.C. generator
4. The 80 volt, 2,000 c/s, 1,250 watt generator type BZ (Stores Ref. 5U/559) is of the inductor
type, the uni-directional field which is of constant total value passing across an air gap between
the rotor and the stator. Both rotor and stator have laminated teeth, and the a.c. windings are
carried in the slots of the stator. When the rotor is in motion the reluctance of the air gap will
vary according to the position of the teeth and it will be at a minimum when a rotor tooth is opposite
a stator tooth and at a maximum when a slot in the rotor is opposite a stator tooth. The flux
linking a conductor of the winding at that point will therefore also vary between maximum and
minimum and an EMF will be generated in the conductor. With the same number of slots in both
stator and rotor the flux linking the conductors in each slot would at any instant be varying in the
same direction, the EMF's'in every conductor would have the same sense, and to complete the winding

it would be necessary to make connections behind the stator punchings. If the slots in the rotor
differ in number from those in the stator by two there will be two points, diametrically opposite,
at which the relative positions of the rotor tooth and stator tooth are the same, e.g. a rotor tooth
opposite a stator tooth, corresponding to maximum flux, whilst at two points 90 deg. from the first
two a rotor slot will be opposite a stator tooth corresponding to minimum flux. It will be seen that
the E.M.F. generated in the conductors at the first pair of points will be of opposite sense (at 180 deg.)
to that generated at the second pair of points. The frequency will depend on the speed of the rotor
slots past a given point on the stator, that is, on the speed and number of rotor slots, and not on the
number of stator slots or the apparent number of poles in the stator windings.

ALTERNATOR

CLIP FOR EXHAUST PI PE
D.C.GENERATOR
__
SOCKET FOR
EXHAUST PI PE
EXHAUST PIPE

CLIP
FOR
PETROL
PI PE

STARTING HANDLE

Fig. 1.—View of set, showing generators
5. The outer casing of the generator is finned to assist heat dissipation. The magnetic circuit
is so arranged that an annular field coil surrounding the rotor and situated on a circular pole piece,
is supplied with direct current and produces a field across the air gap between the stator punchings
and the rotor punchings, the magnetic circuit being completed through the yoke.
6. The yoke is flanged at the driving end, the flange being drilled for fixing holes. An
aluminium alloy end housing is secured to the yoke at the driving end by four screws and houses
a large ball bearing which is held in position on the shaft by a bearing nut. It is covered by an
outer bearing plate containing an oil-soaked .felt pad for purpose of lubrication. The outer bearing
plate is secured to the driving end housing by six studs fitted with hexagonal nuts, and the inner
bearing retaining plate is held in position by three countersunk screws which are accessible only
after the outer bearing cap has been removed. The shaft is fitted with pulleys suitable for vee belts
at the driving end. '
7. A circlip secures the field coil to the pole piece which is flanged and secured to the yoke by
eight screws and forms the non-driving end shield. The aluminium die-cast bearing housing opposite.
the driving end is finned on its outer surface and is secured to the pole piece flange by six hexagonal
screws and tab washers. Three countersunk screws secure the inner bearing cap to the bearing
housing. The heads of these screws are not accessible until the finned outer bearing cap which is
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secured by three hexagonal-headed screws is removed. The ball bearing at this end is smaller than
that at the driving end and is held in position by a nut and lubricated by a felt pad inside the outer
bearing cap. The rotor consists of a shaft and hub, at one end of which is a set of larhinations forming
a toothed inductor. The terminal block is a Bakelite moulding attached to the end shield and the
terminals are marked by coloured spots. The stator winding is connected to the terminals marked
yellow and blue and the excitation coil to the terminals marked black and white.

EXHAUST
MAN I FOLD

Fig. 2.—View of set, showing belt drives
D.C. generator
8. The 29 volt 350 watt d.c. generator type HZ (Stores Ref. 5U/517) comprises a magnet
system, the yoke being a cylinder of soft iron in the bore of which are mounted the four laminated
pole pieces, each carrying a field winding suitably insulated from the yoke. The armature is
laminated, the laminations are keyed to the shaft and clamped together by means of a shrunk-on
sleeve. The armature windings are held in their slots by Bakelizing and also by steel wire bands.
Similar bands are also employed to hold the connections from the armature to the commutator.
The latter is built up of segments and is pressed on to the spindle over a.knurled portion. Mica
insulation is used• to insulate the segments from each other and from the main shaft. A dished
plate, designed to prevent oil or grease from the bearings leaking on to the commutator forms part
of the assembly. The armature spindle is fitted with a pulley at the driven end and is carried in
a ball bearing housed in the generator mounting plate. A steel fan used for cooling purposes is also
fitted to the spindle at this end. A roller bearing is provided at the commutator end. The ball
bearing is held in position by a combined oil thrower and lock-nut. Eight screws secure the commutator end bearing plate to the yoke and a further eight screws are used to secure the generator
nfounting plate. The brush gear cage* puses the brush gear which is mounted on an insulated
rocker clamped against the cage by bus ed insulated screws. Brushes diametrically opposite are
joined together, each pair being connected by a flexible cable to the appropriate terminal on the
terminal block.
'
9. The four field windings are connected in series, and one end of the windings is connected to
the positive terminal, whilst the other is connected to the terminal engraved S. Two condensers,

one connected between the common positive brush holder and the frame and the other between
common negative brush holder and frame are housed in the brush gear cage. Fig. 3 shows the
manner in which the condensers are connected.
10. The brush gear is enclosed by strip bands which are clamped over the brush gear cage
openings of the end shield. The brush gear and field windings are connected to the back of terminals
housed in the terminal block. The terminals are engraved +, S or F, and —, and the core colour
of the cable is in some instances indicated over the terminals by indentations coloured yellow, grey
and blue respectively.
11. To prevent looseness due to vibration, all clamping nuts, fixing screws, unions, etc., are
securely locked. Locking wire is used for this purpose, but in some cases a section of the metal
surround is punched into a screw slot and in others centre punching is employed.

A.C. GENERATOR
Type BZ.

DC. GENERATOR
Type HZ.
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Fig. 3.—Connections tor generating set 42Y/1000
OPERATION

Assembly
12. When erecting the set, the upper half must be fitted to the lower half in such a manner
that the pulleys on the alternator shaft are above those on the engine shaft. The dowels must fit
into the locating holes on the upper frame, and the wing-headed screws engaged with the sockets
on the upper frame and all four screws firmly tightened.
13. When coupling the two belts from the engine to the alternator, drop the bait guard clear
of the pulley and temporarily remove the alternator-generator belt from the alternator pulley.
(i) First the inner belt must be fitted to the outer pulley on the engine shaft, placing the top
of the belt over the outer pulley on the alternator and then transferring it to the intermediate pulley. Next fit the belt over the inner pulley on the engine shaft, finally placing
it over the inner pulley on the alternator shaft. Similarly the outer belt should be fitted
over the outer engine pulley and the intermediate alternator pulley.
(11) Replace the alternator-generator belt over the outer alternator pulley and secure the
belt guard.

This leaf issued in reprint dated
March, 1946

A.P.1186E, Vol. I, Sect. 7, Chap. 3

14. Remove the exhaust manifold from its stowage position on the lower mounting, and fit
to the exhaust pipes of both cylinders and tighten the clamping screws. Detach the flexible exhaust
from the upper frame and connect it to the manifold and fit the silencer to the free end of the exhaust
pipe.
15. Detach the flexible petrol pipe from the mounting on the lower frame and couple it to the
petrol tank fitting. Place the porter bars in their stowed position and fit the starting handle to the
engine shaft.

Fuel and lubrication supplies
16. See that the oil level as shown on the dip stick registers on the upper mark. The capacity
of the oil sump is 31 pints. The capacity of the petrol tank is 3,1 gallons and it should be ascertained
that the latter contains sufficient fuel.

Starting
Starting when engine is cold
17. (i) Pull out the petrol tap control knob to open. The carburettor must not be flooded
unless the weather is very cold.
(ii) Close the throttle by pulling up the manual control.
(iii) Turn the carburettor control valve to the rich position by turning the manual control
anti-clockwise.
(iv) Switch on the ignition.
(v) Push in the starting handle and turn in a clockwise direction. The engine should start
with two or three smart swings.
Starting when engine is warm
18. Proceed as for a cold engine save that it should not be necessary to operate the carburettor
control valve referred to in (iii) above.

Running
19. After starting the engine the following points should be attended to:—
(i) The oil pressure is normally 3-6 lb. per sq. in., when starting the engine this pressure
may be exceeded as the cold oil is more viscous.
(ii) After the engine has warmed up, rotate the carburettor manual control clockwise to
turn the starting valve to the running position.
(iii) Push down the manual control to open the throttle, when the engine will accelerate
to 3,000 r.p.m. at which speed the governor will become operative, so preventing engine
speeding under no load conditions.

Stopping
20. To
(i)
(ii)
(iii)

stop the engine proceed as follows:—
Push in the control to close the petrol tap.
Close the throttle slowly by means of the manual control.
Switch off the ignition.

Dismantling for transport
21. When dismantling for transport first see that the petrol tap is closed. Unscrew the petrol
pipe from the tank fitting, and screw in position on the dummy socket on the lower frame. Disconnect the silencer, flexible exhaust pipe, and the manifold in that order. The silencer and the
manifold may be stowed in the positions shown in fig. 4. The flexible pipe must be stowed in its
position on the upper frame. Drop the belt guard clear of the pulleys, remove the alternatorgenerator belt, and the outer alternator belt from both the engine and alternator pulleys. Ease the
inner belt on to the outer engine pulley and then remove it and finally replace the alternator-generator
belt and secure the belt guard in position. Remove the starting handle from the engine shaft and
secure it in the clip provided. Unscrew as far as possible the thumbscrews that secure the upper
and lower frames and lift off the upper frame. Raise the hinged porter bars on the lower frame and
push them into the frame tubes as far as possible so that lengths of the bars project at either end
of the frames.
SERVICING
A.C. generator, type BZ
22. Very little servicing other than regular oiling is required. For oiling, the generator must
be detached from the frame by removing the securing bolts that pass through the flange, the outer
bearing cap removed and the felt pads soaked in lubricating oil (Stores Ref. 34A/60). A little oil

should also be squirted into the bearing itself. Six small hexagonal nuts secure the bearing caps,
three located at the driving and three opposite the driving• end. The connections in the terminal
box must be examined periodically and tightened if necessary. When testing the generator output
it is most important that the voltmeter is accurately calibrated. It is possible that with a rectifiertype voltmeter the calibration may deteriorate with use on 1,000 to 2,000 cycle supplies. On account
of the distorted wave form of the current taken by certain radio apparatus and the high resistance
of the generator winding, the voltage wave form is also distorted, so that the reading of a rectifier
instrument will, in general, be higher than the RMS value as read with a thermal instrument.
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Fig. 4.—Set partly dismantled

D.C. generator, type HZ
23. Periodical inspection of the generator for cleanliness and noting its output in service are
essential. All traces of copper or carbon dust must be blown or wiped off and grease must never
be allowed to collect on the commutator. All nuts and fixing screws must be examined and tightened
when necessary.
24. The correct brush setting is approximately half a commutator segment in advance of the
neutral position and is marked by a white line on the brush rocker. Should any further adjustment
be required the whole brush ring may be rocked in order. to advance or retard the brushes. The
two nuts holding the ring must be securely re-locked after adjustment. Brush pressure is set at
about 12 oz., but should it become necessary to adjust the spring, the nut at the base of the spring
supporting column must be slackened and the column rotated by means of a screwdriver. Clockwise
rotation will increase and anti-clockwise decrease the tension of the spring. The nut at the base
of the column must be re-tightened after the adjustment has been made.
25. The armature may be removed after undoing the eight screws securing the back plate
to the yoke. Bearings are grease packed, and, if kept clean, no further attention should be required.
During general overhaul they must be cleaned and re-packed with high temperature, lubricating'
grease (Stores Ref. 34A/89 or 34A/76).

This leaf issued in reprint dated
March, 16

A.P.1186E, Vol. I,

Sect. 7

CHAPTER 4
PORTABLE A.C. TEST SET FOR FLYING BOATS
(Stores Ref. 5U/1483)
LIST OF CONTENTS
Introduction
...
Description
...
...
Motor-generator, type 2
...
Switch
...
Installation
Operation
Servicing
Routine servicing ...
...
...
Testing
Fault-finding
...
...
...
...
...
Cable assembly
...
...
...
Method of assembly for sockets, types W.244 and W.154 ...
...
Method of fitting cable to switchbox ...
Method of assembling suppressor cables
...

Para.
1
3
7
15
18
23
24
31
32
33
34
35
36

LIST OF ILLUSTRATIONS
Portable A.C. test set ...
...
...
Motor-generator partly dismantled ...
General arrangement of motor-generator
...
...
D.C. field connections ...
Switch assembly
...
...
...
...
...
...
Connection diagram
Preparation of cables for W-type sockets
Preparation of cables for switchbox ...
Preparation of cables for suppressor

Fig.
1
2
3
4
5
6
7
8
9

1.
2.
3.
4.
5.
6.

Switchbox
Spring
Voltmeter
Screened socket
Cable hook
Suppressor, type 0

7.
8.
9.
10.
11.

Motor generator
Horizontal stay
Bolt, securing lug
Bolt, securing switchbox
Switch handle

Fig. 1.—Portable A.C. test set
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PORTABLE A.C. TEST SET FOR FLYING BOATS
(Stores Ref. 5U/1483)
Introduction
1. A portable A.C. test set, Stores Ref. 5U/1483, has been introduced to enable special radio
equipment in flying boats to be checked and set up without running the aero-engine. The test set,
which operates from a 24-volt accumulator and provides an 80-volt alternating current supply,
comprises a D.C./A.C. motor-generator, controlling switch, interference suppressor, and voltmeter,
all housed within a cradle frame of tubular construction. In order to provide a safety factor when
the flying boat is being refuelled, the test set has been made of flameproof construction, special
terminal boxes with extra large flanges being provided. Since no supply of air is available for forced
ventilation, a shaft extension is provided at the commutator end of the motor-generator and carries
a fan which blows air over the surface of the yoke and commutator cover.
2. Although the equipment is designed to operate from an external 24-volt starter accumulator,
the alternator of the motor-generator is excited by the general service accumulator in the flying boat,
which may be rated at either 12 or 24 volts. The strength of the alternator field, and hence its output voltage, is controlled by a voltage regulator, type E, which is situated in the control panel,
type 3, within the flying boat. The regulator is described in detail in A.P.1186D, Vol. I, Sect. 2,
Chap. 2. The rated output of the aIternator is 80 'volts, 6.25 amp., 2,000 c/s at a speed of 4,700 r.p.m.
with current input of 42 amp., 24 volts, D.C.
DESCRIP1 ION
3. Referring to fig. 1, it will be observed that the motor-generator (7) is mounted on two anglesection horizontal stays (8), which are welded to the upright members of the frame. Four lugs
are attached to the annular yoke supports, which form an integral part of the converter, and four
slotted hexagonal-head bolts (9) are employed to secure these lugs to the frame. The switchbox
(1) and voltmeter (3) are mounted on a platform to the underside of which a suppressor, type 0 (6)
is bolted. This suppressor is described in detail in A.P.1095A, Vol. I, Sect. 5, Chap. 2.
4. The flameproof switchbox (1), Which is secured to the platform by four slotted hexagonheaded bolts (10), is of heavy ironclad construction and is operated by turning the handle (11), the
OFF and ON positions of the handle being horizontal and vertical respectively. These positions
are clearly indicated on the switchbox. The spring (2) attached to the switchbox rests on the top
of the voltmeter and retains it securely in position on the platform, but when in use the voltmeter
is separated from the test set.

1. Yoke
2. A.C. end plate

3. Fan assembly
4. Fan cover
5. Cover fixing scre

6. End plate screw
7. Fan securing nut

Fig. 2.—Motor-generator partly ditmantled

5. The switchbox contains a two-pole rotary switch with a quick make-and-break action and
self-cleaning contacts. The switch is mounted on a bracket fixed to the base of the switchbox by
two screws.
6. A 20 ft. length of Dusheath 37 cable connects the terminal block on the motor end of the
motor-generator to the external 24-volt starter type accumulator. When not in use, this cable is
wound round special hooks on the frame of the equipment. Connection between the terminal block
at the alternator end and the screened socket (4, fig. 1,) which is plugged into the control panel on the
flying boat, is made with a 6-ft. length of Sextomet 4 cable, which is also carried on hooks (5) riveted
to the frame. The motor and the suppressor are connected by a length of Trigenmet 2 cable, a 2-ft.
length of Dumet 4 being provided with the voltmeter. The field of the motor is energized through
a link within the suppressor, between the G- and S terminals on the screened side.
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1.
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3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

Terminal block
Terminal box lid
Terminal box
Exciting coil
Magnet disc
Brush ring
D.C. end plate
Screw securing brush ring
Inner bearing plate
Screw securing bearing cap
Cover
Bearing
Distance piece

14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

Armature shaft extension
Sleeve
Fan securing nut
Oiling felt
Outer bearing cap
End plate securing screw
Cover securing screw
Pole securing screw
Pole
Yoke cover
Field windings
Screw securing magnet disc
Stator

27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.

A.C. rotor laminations
Yoke
Alternator stator coils
Packing ring
End plate securing screw
Screw securing inner bearing plate
Inner bearing plate
Oiling felt
Shaft locking nut
Bearing, A.C. end
Outer bearing cap
Hexagon-headed screw
End plate

Fig. 3.-General arrangement of motor-generator
Motor-generator, type 2 (Stores Ref. 5U/412)
7. The motor and alternator embodied in this test set are contained within a common yoke
and have a common shaft. The motor is of the compound-wound type, being somewhat similar
in general design to the engine-driven generator, type C, and the A.C. generator is of the inductor
type having a toothed steel rotor. The unit is depicted, with the armature separated from the yoke,
in fig. 2. Its electrical characteristics are similar to the generator, type R, described in A.P.1095C,
Vol. I, Sect. 5, Chap. 5. The voltage regulator, type E, serves to regulate the A.C. output from the
test set, and is situated in the control panel, type 3, within the flying boat. The control panel is
described in A.P.1186D, Vol. I, Sect. 1, Chap. 1.
8. The general construction of the motor-generator within the test set is apparent from the
sectional drawing in fig. 3. It will be seen that the end plate (39) at the A.C. end is secured to the
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yoke (28) by eight hexagonal-headed screws (31), the bearing (36) at this end being housed within
the end plate. The outer bearing cap (37), which is secured by three hexagonal-headed screws (38),
contains the oiling felt by means of which the bearing is lubricated. Three countersunk screws (32)
secure the inner bearing plate (33) to the end plate and a large nut (35) locks the shaft to the bearing.
9. The alternator stator coils (29) are wound in the slots between the teeth of the stator (26),
and that part of the rotor which is enclosed by the stator winding is also provided with laminated
teeth. The exciting coil (4) is carried on a flanged annular pole piece or magnet disc (5) and encloses
the solid section of the rotor. The flux from this field crosses the small air gap between the annular
pole piece and the rotor and passes through the rotor to the rotor teeth, and thence across the main
air gap to the stator teeth, thus completing the circuit through the stator iron and yoke and causing
an increase and decrease in the magnetic flux according to whether or not a rotor tooth is opposite
a stator tooth. A packing ring (30) is fitted on each side of the stator coils.
10. A terminal block (1), by means of which connection may be made to the stator and exciting
windings, is situated within the terminal box (3) on the top of the machine, the leads passing through
an insulating bush in the yoke. The lid (2) of the box is provided with four holding screws.
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LOOKING AT A.C. END
LOOKING AT D.C. END
Fig. 4.—D.C. field connections

11. The A.C. generator is driven by the motor, the armature of which is mounted on the same
shaft as the generator rotor. The armature is of orthodox construction and both the shunt and
series field windings (24) are wound on all the four poles (22). The motor is generally similar in
construction to the 12-volt 500-watt generator, type C (Stores Ref. 5U/775) without the control
coils. Each of the field poles is secured by two hexagonal-headed screws (21), which are normally
covered by a yoke cover (23), a second cover (11) also being provided over the brushgear and fan
assembly. The cover (23) is secured by two screws (20) and spring washers, which also hold the yoke
support, while the cover (11) at the commutator end is retained by three similar screws at the top
of the unit.
12. The D.C. end plate (7) which carries the brush ring (6), also houses the bearing (12) at this
end and is attached to the yoke by eight screws (19). The inner bearing plate (9), which is situated
over the bearing distance piece (13), is fixed to the end plate by four countersunk screws normally
covered by the outer bearing cap (18). The latter fits over a sleeve (15) on the shaft and contains
an oiling felt (17) for lubricating the bearings. This cap is secured to the end plate by means of the
four screws (10) and washers which screw into the inner bearing plate.
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Fig. 5.—Switch assembly
13. An extension of the armature shaft (14) through the outer bearing cap carries a fan
assembly, which is an interference fit on the shaft and is secured by means of a nut (16). The air
is drawn through a grille in the yoke cover and passes over the commutator cover and yoke, being
expelled through the A.C. end of the yoke cover.
14. The brush boxes are mounted on an insulated ring or rocker (6) which is fixed to the D.C.
end plate (7) by two screws (8). The brush position cannot be adjusted, but is set a little in
retard of the neutral position so as to give the best commutation. A diagram of brush and field
connections is given in fig. 4.
Switch
15. The "sw itch is a standard Diamond H rotary pattern with four positions 90 deg. apart
giving alternate closed and open circuit. The ON and OFF positions are clearly marked on the
ironclad cover, and when the switch has been removed care must be taken to replace the handle
correctly relative to the switch position.
16. The switch is connected electrically to the accumulator and suppressor in the manner
shown in fig. 6. Two bolts with spring washers serve to secure the switch to the mounting bracket
and two screws and spring washers, fix the bracket to the base of the switchbox in the manner
indicated in fig. 5.
17. The method of connecting the cables to the switch terminals is show,n inset in fig. 5, from
which it will be observed that the conductor is clamped between the movable plate (2) and fixed
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plate (1) by two screws. The fixed plate is integral with the fixed contact (3), against which the
rotary moving arm of the switch makes a wiping contact. The cables are securely clamped between
the lid and base of the ironclad switchbox in order to avoid any tension being applied to the cable
connections on the switch. Later types of test set have been supplied with Tok switches, type 215
(modified), Stores Ref. 5U/449.
INSTALLATION
18. The test set is supplied ready for use and normally requires no installation work other
than connection to a 24-volt accumulator and to the control panel of the flying boat.
19. Before connecting up the test set to the control panel on the flying boat, a check must
be made that the condenser link inside the panel is in the correct position for use with a generator,
type R, as this test set requires a capacity of 5/LF in series with the A.C. output.
20. The six-pin socket on the test set may now be inserted into the appropriate plug on the
control panel in the flying boat, and a 24-volt starter type accumulator connected to the test set
by means of the Dusheath 37 cable. The accumulator supplies power to the electric motor, the
alternator exciter windings being fed from the flying boat supply through the control panel.
21. The voltmeter on the test set should be removed from the test set and plugged into the
spare four-pin plug on the control panel. If this voltmeter is of the rectifier type, it should be checked
for accuracy regularly against a thermo-couple meter of known accuracy.
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Fig. 6.—Connection diagram

22. The diagram in fig. 6 indicates the interconnections between the various components on the
test set, and if any of the apparatus is removed, reference should be made to this diagram before
reconnecting.
OPERATION
23. The motor-generator is designed to give an output of 80 volts, 6.25 amps., at 2,000 c/s at
a speed of 4,700 r.p.m. when connected directly to a 24-volt accumulator, and no further attention
is necessary since regulation of the output voltage is automatically effected by the voltage regulator,
type E, in the control panel. In very hot tropical sunshine (over 120° F) is is advisable to keep the
unit in the shade when in use. The test set must not run continuously, on full load, for periods in
excess of one hour.

SERVICING

Routine servicing
24. Very little servicing should be necessary, but the motor brushes should be examined
regularly and a blower used to free the brush gear of carbon dust. If the brushes show signs of sticking in their boxes, both they and the inner surface of the boxes should be cleaned with lead-free
petrol. The brushes, Stores Ref. 5U , 565, which are of the same type as those used on standard
12-volt, 500-watt engine-driven generators, should be renewed well before they are worn out in
order to ensure satisfactory operation between inspection periods. They should on no account be
allowed to wear so that they are less than 0.5 in. long. New brushes should be bedded down and
general servicing carried out in accordance with the instructions given in A.P.1095C, Vol. I, Sect. 5,
Chap. 1.
25. The outer bearing caps should be soaked in lubricating oil (Stores Ref. 34A 60) after every
120 hours running. At the A.C. end, the cap may be detached by remoN ing the three holding screws
(38, fig. 3), but at the D.C. end it is first necessary to remove the cover (11) by detaching the three
holding screws. The nut (16) must then be unlocked and removed so that the fan assembly may be
withdrawn with an extractor. On no account should an attempt be made to remove the fan without
the use of an extractor. The outer bearing cap (18) may then be detached, complete with lubricating
felt, after removing the three screws (10). The switch should be inspected occasionally in order
to ensure that the contacts are all working satisfactorily.
26. If excessive sparking occurs, and this cannot be cured by attention to• the brushes or by
wiping the commutator with a rag dipped in petrol, it will be necessary to remove the armature so
that the commutator may be trued up, the micas undercut and the windings tested. The general
procedure is laid out below, but this should only be undertaken at a Maintenance Unit except in
an emergency. Reference should be made to fig. 2 which illustrates the motor-generator partly
dismantled.
(i) Remove the cover (4) and commutator cover after removing the three screws (5).
(ii)
(iii)
(iv)
(v)
(vi)

Lift the brushes.
Detach the fan assembly (3) with an extractor after removing the nut (7).
Remove the eight screws (6) which secure the A.C. end plate to the yoke.
-Withdraw the A.C. end plate (2) complete with A.C. rotor and D.C. armature.
Remove the D.C. end plate complete with brushgear and bearing, as required.'

27. The method of assembly can be seen in the sectional drawing, fig. 3, to which reference
should also be made if further dismantling is to be undertaken. The machine is fitted with a special
roller bearing at the commutator end so as to allow for the withdrawal of the armature and A.C.
end• plate without releasing the bearing caps.
28. If it is found necessary to true up the commutator, the concentricity of the armature should
first be checked with a clock gauge on the shaft and should be true to within 0.0005 in. A tungsten
carbide or diamond tipped tool should be used and the speed should be about 1,000 r.p.m. If the
commutator micas require undercutting, the cut should be taken to a depth of 0.03 in., care being
taken to ensure that no slivers of mica remain in the grooves. When turning a commutator, the
armature should be set up between centres in a lathe, but in addition, a steady rest should be used
at, each end, together with hardened steel bushes pressed on to the bearing seatings on the shaft.
29. When the machine has been dismantled for overhaul, the inside of the yoke should be
sprayed with a good quick-drying enamel, but care must be taken not to coat the parts next to the
air gap, i.e. pole and stator faces.
30. If the bearings have been removed their fit should be checked when assembling the motorgenerator. The inner races should be an interference fit of between 0.0002 in. and 0.0005 in. on the
shaft. The outer race of ball and roller bearings should be a light press fit in the housing, the limits
allowing for an interference of 0.0002 in. to a clearance of 0.0008 in. Great care should be taken
to ensure that no particles of foreign matter are allowed to enter the air gaps, as serious damage may
be caused. After assembly, nuts and screws which are not locked by means of lock washers, should
be locked by the application of Bakelite varnish" The rotary switch should be inspected very
occasionally to ensure that the contacts are in good condition, and care must be taken when replacing
the cover to ensure that it is a good gas-tight fit.

Testing
31. Before placing a motor-generator in service, its correct operation should be checked.
Utilising the switch on the test set and a control panel, type 3, to regulate the A.C. output, the test
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set should be switched on, and the commutator, balance and general running conditions noted.
The D.C. input should not exceed 42 amp. on 24 volts with a full A.C. non-inductive load of 500
watts (6.25 amp. at 80 volts r.m.s.). The alternator field is fed from the flying boat general service
supply and may be rated at 12 or 24 volts and normal maximum current in the field should not
exceed 2 amp. at 28 volts or 4 amp. at 14 volts. The correct speed of the motor is 4,700 r.p.m.
For checking the speed a special bearing cap is necessary at the alternator end; the cap has a hole
in the centre through which the revolution counter may be inserted. The normal insulation tests
should also be applied to the unit, a reading of not less than one megohm being obtained with a
250 volt insulation resistance tester.
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Fig. 7.—Preparation of cables for W-type sockets
Fault-finding
.32. If trouble is experienced in operating the test set, reference should be made to the faultfinding chart in A.P.1095C, Vol. I, Sect. 2, Chap. 1. If, however, the motor is working correctly,
but the A.C. output voltage shows divergence from normal, a defective voltage regulator or series
condenser should be suspected. The complete absence of A.C. may be due to an open circuit in the
alternator field circuit or in the series condenser, and incorrect speed may be due to a defect in the
motor or D.C. supply.

Cable assembly
33. A connection diagram is given in fig. 6, but since, in the event of damage, it may be
necessary to fit new cables, instructions are given below for the preparation of cable ends

Method of assembly for sockets, types W.244 and W.154
34. The procedure for assembling sockets to the metal braided cable is indicated in fig. 7 and
is as follows:—
(i)

Prepare the ends of the metal braided cable in the manner shown in the illustration,
trimming back the insulation 3 in. for the right angle fitting, type W.154.

(ii)

Remove the gland nut (4), outer sleeve (1), inner sleeve (2), collet (3), cable fitting (5),
end ring (6), and locking ring (8).

(iii)

Thread the cable through the gland nut (4), end ring (6),' outer sleeve (1), cable fitting
(5), and locking ring (8), in that order.

(iv)
(v)

Insert the inner sleeve (2) under the metal braiding of the cable as far as the shoulder,
and press the outer sleeve over the inner sleeve.
Solder the cores to the lugs on the sockets (9).

(vi)
(vii)

Replace the locking ring (8), cable fitting (5), and tighten the end ring (6) with a spanner.
Replace the collet (3), inner sleeve (2) and outer sleeve (1), and well tighten the gland nut (4).

Method of fitting cable to switchbox, fig. 8
35. Special precautions must be observed when fitting cable assemblies to the switchbox.
The cable straining peg (5, fig. 8) should be inserted between the cable cores and bound tightly with
twine. When inserting the cable (2) into the bush, the cable should be wrapped with insulating
material (1) in order to give a tight fit in the bush (3).
,

Method of assembling suppressor cables, fig. 9
36. The insulation of the plain t.r.s. Dusheath 37 should be cut back 2.8 in. and the wire bared
0.65 in., as indicated in fig. 9. The gland nut (1) and sleeve (2) should be removed. The ends of
the cable should then be passed through the ferrule and fitted to the terminals, care being taken to
ensure that the entering wires are fitted on the left side of the terminal to ensure that the wire will
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Fig. 8.—Preparation of cables for switchbox
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Fig. 9.—Preparation of cables for suppressor

follow screw rotation. The cable may then be withdrawn from the nozzle as far as is allowed by the
cores. The sleeve may then be pushed back along the cable until it abuts the nozzle and the nut (1)
screwed on to the nozzle. The cable should be bound tightly with No. 18 waxed lined thread through
the slots in the sleeve.
37. Trigenmet 2 cables are prepared similarly, the end of the metal braiding being trimmed
off to avoid fraying and expanded to take the inner sleeve (5). After preparation of the cable, the
gland nut (3), and sleeves (4), and (5), should be removed and the cable threaded through the nut (3)
and outer sleeve (4). The inner sleeve should now be passed over the cores and inserted under the
metal braiding as far as the shoulder. The outer sleeve may now be pressed over the braiding and
the inner sleeve. The ends of the cable should now be passed through the nozzle and fitted to the
terminals, the entering wires being fitted on the left side of the terminal to ensure that the wire
follows the screw rotation. Finally, the gland nut should be screwed on.
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Introduction
I. The petrol electric test sets described in this section each embody a 270 c.c. or 350 c.c.
Enfield engine coupled to a specially designed generator bracket on which the appropriate generators
and blower are mounted.
2. Usually a test set is mounted in a hand trolley. When it is not mounted, it will be noticed
that it bears a different Stores Ref. No.
3. By referring to the schedule of test sets shown in Table 1 the Stores Ref. Nos. of the main
components can be quickly obtained.
4. Contrary to the normal practice of issuing petrol electric test sets already assembled and
ready for immediate service, this series, when ordered by a Unit, will have to be assembled from
the individual components delivered, consisting of a trolley, engine, generator bracket, generators,
instrument panel and appropriate cables.

Relative publications
5. A full description of the Enfield engine will be found in A.P.2713, Vol. I. A brief description
of the engine, with servicing and operating instructions, will be found in Sect. 8, Chap. 1 of this
publication.

Description
6. A test set of the type under consideration is depicted in fig. 1. It comprises a 270 c.c. or
350 c.c. Enfield horizontally-opposed twin cylinder air-cooled two-stroke engine. The overall
dimensions and appearance of both engines are the same. The 350 c.c. model will eventually
supersede the 270 c.c. engine. It should be noted that the maximum output from a test set fitted
with a 270 c.c. engine is 1.7 kW., and fitted with a 350 c.c. engine, 2.25 kW.

Engine unit
7. The complete engine is mounted in a section of tubular frame with the fuel tank mounted
above and protected by a metal canopy. The centrifugal clutch mechanism of the coupling is
attached to the extended shaft of the engine.

Fig. 1.—Enfield test set

Generator bracket
8. In the other section of tubular frame a generator bracket, containing a central drive gear
with appropriate pulleys and Vee belts, is mounted. Two steel tubes for aligning the generator
bracket with the engine are inserted in the base of the bracket and secured by two pins on short
chains to prevent them falling out while in transit. The drum of the centrifugal clutch is mounted
on the extended shaft of the generator bracket.
9. An illustration of a generator bracket out of its tubular frame is shown in fig. 2. A part of
the flange of the spindle bearing housing can be seen on the left-hand side. It will be observed that
the centre bolts of the outer pulleys are missing as no, generators are in position. The drum of the
centrifugal clutch coupling has also been removed from the shaft extension. The oil filler plug and
the two hexagon nuts of the spindle bearing housing clamp sleeves are shown.
10. It will be seen from a perusal of the schedule of Enfield petrol electric test sets at the end
of this chapter that three generator brackets (Stores Ref. Nos. 42Y/682, 42Y/706 and 42Y/708)
are available. The essential main casting of the bracket is common to all three. The characteristic
differences are the number and/or type of components fitted td them, i.e. flexible drive units and
special adaptors. The fitting 'of these appropriate components are, of course, determined by the
combination of generators and blower to be fitted to the generator bracket.
11. The most common generator bracket in use is the Stores Ref. 42Y/682, which has one centre
drive, two outer generator driving spindle bearing housings, and flexible drive units fitted. The
generator bracket (Stores Ref. 42Y/706), mounted on test set (Stores Ref. 42Y/886), has three flexible
drive units fitted. This particular test set has two, Type U2, generators and one, type D, dynamotor
mounted on the generator bracket. Another exception is generator bracket (Stores Ref. 42Y/708)
mounted on test set (Stores Ref. 42Y/888). In this instance two special adaptors are provided for •
the mounting of two type V generators which have American splined shafts.
12. It should be appreciated that when a Unit orders a particular test set the M.U. responsible
• for its issue will provide the appropriate generator bracket with the necessary generator driving
spindle bearing housings and flexible drive units already fitted. Specific reference is made on this
poipt in the relevant chapter covering each test set, in this publication.
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13. An illustration of a generator bracket with various components mounted is shown in fig. 6.
On the left-hand side there is a spindle bearing housing and a flexible drive unit fitted. On the righthand side the spacing casting or adaptor flange has been fitted but not bolted up. In the centre a
generator mounted on the spacing casting is depicted. It should Be noted that this illustration is
only intended to show the stages of assembly of these various components.
Generator driving spindle bearing " housing
14. The spindle bearing housing will be already fitted to the generator bracket, but an explanation of its construction and function may be of assistance.
15. An illustration of a bearing housing with a single Vee belt pulley is shown in fig. 3. A
difference in the two housings fitted to the bracket should be noted, so that when they are dismantled
for lubricating purposes (recommended every 500 running hours) it is ensured that they are correctly
replaced.
16. The driving spindle in the bearing housing fitted on the right-hand side of the generator
bracket shown in fig. 2 (as you face the single Vee pulley) is internally tapered. The feature is shown
.in the sectional drawing in fig. 4.
17. As indicated in para. 16, only a generator with a tapered shaft, such as a type HZ, or a
blower, should be fitted to the flange of this bearing housing. From fig. 4 it will be seen that a hollow
clamp sleeve is fitted through the pulley and on to the tapered splined shaft of the generator, whereas
a securing bolt is fitted through the pulley on the opposite side.

Fig. 2.—Generator bracket, 42Y/682

18. Referring to fig. 3 it will be seen that the driving spindle is ball-bearing mounted and lubricated by a grease nipple. The spindle on the right with the two Vee pulley, is internally splined
for the reception of the splined shaft of a generator and has a keyway at the other end by which
the pulley is secured. The spindle in the left bearing housing with the single Vee belt, is tapered.
19.

Inkructions for lubricating this spindle bearing housing will be found in Sect. 8, Chap. 1.
•

Flexible drive unit
20. The modification in the form of a flexible drive unit, fig. 5, has been added to the generator
bracket. It is intended to fit this form of drive retrospectively to all light transportable generating
sets (Stores Ref. 42Y/650) and to the series of Enfield P/E test sets with the exception of test set
(Stores Ref. 42Y/888 or Stores Ref. 42Y/920) if the test set is not mounted in a trolley).

Fig. 3.—Generator driving spindle bearing housings

21. Where the flexible unit is fitted to the generator bracket it may be found difficult to register
the splined shaft of the generator to the internal splines of the bracket driving spindle and at the
same time the holes of the generator flange to the four studs to which it is secured.
22. An easier method of fitting the generators to. that described in para. 92-95 of Chap. 1,
Sect. 8 of this publication is as follovvs :23. Slacken the two hexagon bolt heads with screwdriver cuts on the flexible drive, accessible
through an opening in the spacing casting (assuming of course, that the flexible drive has already
been fitted to the generator bracket); unscrew the clamp sleeve at the pulley face and tap the hexagon
head of the clamp sleeve to release the flexible drive unit and then withdraw the flexible drive from
the driving spindle. This can then, be fitted to the splined shaft of the generator and then the
generator with the flexible drive unit in position, offered up to the flange studs and loosely bolted
up. Screw up tightly the clamp sleeve at the pulley and tighten up the four nuts at the generator
flange. Finally, tighten up the two hexagon bolts on the flexible drive with a screwdriver.

Coupling
24. The coupling consists of a normal centrifugal clutch, mounted as described in para. 7, and
apart from inserting the clutch mechanism into the drum when assembling the two sections, no further
action is necessary except to check that the clutch mechanism is correctly positioned in the clutch
drum. To test this, rotate the engine by means of the starting handle, and if the shoes of the clutch
slip so that the Vee belt pulleys do not revolve, correct adjustment may be assumed. If, however,
the Vee pulleys revolve, then it is probable that the clutch mechanism is fouling the inner face of
the clutch drum. Adjust the position of the drum on the extended shaft of the generator bracket
by loosening the Allen screw. When the clutch drum has been repositioned, and the Allen screw
tightened up, recheck that when the starting handle is turned, the Vee pulleys remain stationary.
If, of course, when the coupling has been joined, it is possible to see the edge of the clutch shoes
just visible at the clutch drum, adjustment as described must be made. When the set is divided
into its two sections for any purpose it will be found that the drum will easily slip away from the
, clutch mechanism attached to the extended shaft of the engine.
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Fig. 4.--Sectional drawing of generator bracket

FLEXIBLE DRIVE UNIT

Fig. 5.—Flexible drive unit
Instrument panel
25. From the schedule in Table 1 it will be seen that a number of different types of instrument
panel are available. The panel (Stores Ref. 42Y/680), illustrated in fig. 7, is more generally applicable
to these test sets, having been designed to cover as wide a range as possible.
26. It should be appreciated that when this particular panel is used a certain number of sockets
on the panel will often be unused, dependent upon the number and types of generators mounted on
the generator bracket.
27. On the front of the panel an appropriate suppressor, and regulator is mounted together
with a Stores Ref. 42Y/200 voltmeter in a steel case which is sealed. If this seal is broken, on receipt
of the instrument panel-, check that the voltmeter has not been removed. In addition there are
2-way and 4-way plugs for connecting up the 50 ft. lengths of cable from the test set to the aircraft.
28. At the back of the panels are the appropriate plugs for the cable connections from the
generator.
29. The instrument panel is mounted in a tubular frame with facilities for securing it to the
base of the trolley. At the top of the tubular frame is a steel box for cable storage, in addition to
the cable storage box at the bottom rear of the trolley.
Tool box
30. A tool box with a padlock and two keys contains the following tools and spares and is secured
to the generator bracket section of tubular frame :—
Ref. No.
42QX/82

42Y/691
42QX/67
42QX/76
42QX/74
42QX/75
42S/570
42QX/90

Description
Qty.
Bar, tommy
1
Extractor, fan, flywheel
1
t Pliers
1
Screwdriver
1
Spanner, tubular, D.E., is in. x
in. Whit. 1
Spanner, tubular, D.E., i in. x A in. Whit.
1
Spanner, D.E., I-, in. x II in. Whit.
1
Spanner, D.E., f in. x is in. Whit.
1
Spanner, D.E., * in. x 1 in. Whit.
1
Spanner, S.E., 16 in. Whit.
1
Spanner, S.E., i in. Whit.
1
Spanner, adjustable
1
Belt, driving, generator
3
31193
Jet, main, adjustable
225/019 _
1
Lead, H.T.
2
467118
1
Lead, L.T.
467115
Lead, L.T.
467117
2
—
Plug, sparking, Lodge, S.E.14
2
Screw, air, adjusting
225/010
1
Part No.
—
28839
—
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42QX/70
42QX/43
42QX/42
42QX/12
16C/2028
42QX/109

Part No.
4/053
27585
27584
30251
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Description

Qty.
2
6
4
6
1
1

Washer, chamber float
Washer, pipe, exhaust .
Washer, pipe induction
Rings, piston
Magneto screwdriver and gauge
Spanner, special (Allen screws)

31. Details of the other components will be found in the appropriate chapters dealing with the
particular test sets, in this section.
Assembly
32. The first stage is to mount the appropriate combination of generators and/or blower to
the generator bracket. Befoke fitting the generators to the bracket, connect up the necessary cables
to the generators, with the sockets already fitted, to plug into the rear of the instrument panel. It
will be noted that the left-hand drive of the generator bracket, facing the bracket from the generator
side, has a single Vee belt pulley. To this drive, only a generator of comparatively small output,
such as a d.c. generator, type HZ, or a blower should be mounted. This drive is designed to accept
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Fig. 6.—Generator bracket with flexible drive units fitted

SUPPRESSOR
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Fig. 7.—Instrument panel, 42Y/680
tapered splined shafts, whereas the remaining drives, one on the right-hand side and the centre drive,
are designed to accept normal splined shafts such as generators, types U, U2, UKX, R, S, etc. An
exception is the test set 42Y/888. By referring to the schedule in Table 1 it will be observed that a
different generator bracket (Stores Ref. 42Y/708) is fitted. This is designed to accept two type V
a.c. generators and one type H.Z. d.c. generator. The HZ generator is mounted at the top centre
of the bracket and a type V on either side. Details of connecting and mounting the generators for
this test set will be found in Chap. 11 of this section.
33. Instructions for mounting particular types of generators will be found in the chapter
covering the test set, to which, reference should be made.
34. Adjustment of the Vee belts is achieved by loosening the hexagon nuts of the clamp sleeve
bolts on the left and right-hand slopes of the generator bracket, tapping them lightly and turning
the flange of the generator driving, spindle housing on which the generator is actually mounted, until
the appropriate belt adjustment is obtained, then re-locking the hexagon nuts.
35. The two sections described in the previous paragraphs should then be united, the steel tubes
being inserted into the guides in the .engine base, so that the centrifugal clutch will accurately fit
into the drum without damaging the shoes of the clutch. Four eye-bolts on swivel pins are provided
for locking the two sections of the tubular frame together. When assembling the engine unit to the
generator ,bracket unit, difficulty may be experienced in correctly registering the canopy top or the
eye bolts and sockets. If so, loosen the nuts securing the main aluminium castings to the framework
(four on the engine unit and six on the generator bracket unit) and after registering them correctly,
retighten these 10 bolts. Ensure that the two steel tubes have been thrust fully into the guides
to make certain of perfect alignment.
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36. If a blower is mounted on a test set, its installation should be completed at this stage by
connecting up the pipes from the blower to the generator.
37. The test set is now ready for mounting in the trolley. The method of securing it will be
self-evident and no explanation is necessary. The instrument panel can then be fitted into the
trolley and secured to the base and the sockets and plugs connected up.
Fuel
38. The set is now ready for putting into operation. Before filling the fuel tank special care
should be given to the correct method of mixing the lubricating oil with the petrol.
39. While it is possible to put the petrol and the lubricating oil directly into the tank and use
the mixing paddle for mixing the oil and petrol it is strongly advised to mix the fuel before pouring
it into the tank.
40. Two measures of oil (the measure is attached to the fuel tank cap) must be thoroughly
mixed with each gallon of petrol, and it is important to ensure that complete measures of oil are
added, by rinsing out each measure with a little petrol. Carelessness in this respect can result in
a 20 per cent. reduction in the amount of oil mixed with the peti-ol. The capacity of the fuel tank
is 3 galls. The correct fuel is unleaded fuel or MT.80 (Stores Ref. 24A/27) and the lubricating oil
(Stores Ref. 34A/163).
Warning
41. Never start up the engine without the generator bracket section being coupled to the engine
unit. To do so Avonld involve the risk of the exposed clutch mechanism on the extended shaft
of the engine disintegrating.

TABLE 1
SCHEDULE OF ENFIELD TEST SET COMPONENTS (PETROL ELECTRIC, A.C. AND D.C.)
With Trolley 42Y

670

676

876

886

888

890

904

908

Without Trolley 42Y

698

700

892

898

920

922

926

928

2

1

1

Test set—Stores Ref. No.

Ref. No. F

Equipment supplied with each Test Set

5U/2617

Generator, a.c., type U2

5U/1271

Generator, a.c., type R24 volt

5U/517

Generator, d.c., type H.Z.

5U/237

Generator, d.c., type 0

5U/421

Generator, a.c./d.c., type UKX

5U/350

Generator, a.c., type V

5U/4156

Dynamotor, type D .

42Y/686

Blower

'1

1

1

42Y/682

Bracket, generator, mounted
in tubular frame

1

1

1

42Y/706

Ditto

42Y/708

Ditto

2

1
1

1

Trolley, complete

1

42Y/672

Panel, instrument, in guard frame

1

Ditto

5B/3287

1

1

1

1

42Y/809

42Y/688

1

1

Engine, 350 c.c., mounted
complete in tubular frame

Ditto

1

1

420X,92

42Y/680

2
2

Engine, 270 c.c., mounted
complete in tubular frame

Ditto

1

1

420X'4

42Y/674

1

1
1

1

1

1

1

1

1

1

1

1

1

1

1

1

1
1
1

1

1

1

1

Cable, complete from generator
to instrument panel

5B/3757

Ditto

5B/3759

Ditto

5B/3761

Ditto

5B/7150

Ditto

5B/7198

Ditto

5B/7201

Ditto

5B/3288

Cable, complete from test set
to aircraft, 50 ft. lengths

5B/3758 '

'

Ditto

5B/3760

Ditto

5B/4352

Ditto

5B/7199

Ditto

1
1

1

2

2

2

2

2

1

2

2

2

1

1

1

1

2

1
1
1
1

1

1

2

2

2

2

2

2

2

2

2

1

1

2

2

2

2

2

1
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Introduction
1. This petrol electric test set is one of a series, embodying a 270 c.c. or 350 c.c. Enfield engine
coupled to a specially designed generator bracket on which the appropriate generator and blower
is mounted. The 350 c.c. engine will eventually supersede the 270 c.c. engine.
2. The complete set is mounted in a hand trolley (Stores Ref. 42Y/809) and it is used for
testing the radar equipment in an aircraft and thus obviates running the aircraft engines. An
illustration of a typical set is given in fig. 1.
3. Contrary to the normal practice of issuing petrol electric test sets already assembled and
ready for immediate service, this set when ordered by a Unit will have to be assembled from the
individual components supplied, consisting of a trolley, engine, generator bracket, generators,
instrument panel and appropriate cables.
4. By referring to the schedule of test sets given in Chap. 7 of this Section, the Stores Ref. Nos.
of the main components comprising a test set can be quickly ascertained.
5. The method of assembling this test set is described briefly in para. 26 to 41. Full instructions
for assembling the main components are described in Chap. 7 of this section. Certain components,
although similar in appearance have different Stores Ref. Nos. The following list gives the main
components of the test set together with their Stores Ref. No.
Generator bracket
Instrument panel
Suppressor, type Y
Voltage regulator, type J
Generator, type UKX
Lubricating oil ...

• •• Stores Ref. No. 42Y/682
•• Stores Ref. No. 42Y/672
• . • Stores Ref. No. 5C/2605
• •. Stores Ref. No. 5U/522
• •. Stores Ref. No. 5U/421
• •• Stores Ref. No. 34A/60

Relevant publications
6. Enfield petrol engine
Chief engine characteristics, operating and
service instructions
Generator bracket ...
UKX generator ...
Regulator, type J
... •
Schedule of spare parts

A.P.2173, Vol. I
A.P.1186E, Sect. 8, Chap. 1
A.P.1186E, Sect. 8, Chap. 1
A.P.1186E, Sect. 4, Chap. 4
A.P.1186E, Sect. 3, Chap. 7
A.P.2247, Part III, Sect. 42Y

DESCRIPTION
Trolley
7. The trolley, which is suitable for pulling by hand and not for towing, is fitted with steel
or pneumatic tyres. Three telescopic supporting legs ensure rigidity when the test set is in use and
a canopy and side curtains provide weather protection. The 50 ft. lengths of cables used for making
connection to the apparatus under test are housed in a cable box situated above the instrument
panel.

Fig. 1.—View of a test set mounted in trolley
Engine
8. In some instances the engine will be a 270 c.c. flat twin air cooled Enfield engine. The
alternative is a 350 c.c. model similar in appearance and in overall dimensions. The engine is mounted
in a guard frame and the Stores Ref. No. of the 270 c.c. model is 42Q/4. The 350 c.c. version is
Stores Ref. 42QX/92. Details of this engine, together with operating and servicing instructions,
will be found in Chap. 1 of Sect. 8 of this publication.
Note.—The total output from a test set with a 270 c.c. engine must not exceed 1.7 kW
With a 350 c.c. engine fitted the total output must not exceed 2.25 kW.
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Generator bracket
9. This generator bracket, of which there are three types, is coupled to the engine by a
centrifugal clutch coupling and provision for correct alignment with the engine is ensured by means
of two steel tubes for insertion into tubular guides in the engine base. Full details of this bracket
will be found in Chap. 8 of Sect. 7 of this publication.
10. The generator bracket has a central drive and two outer generator driving spindle bearing
housings fitted. These are illustrated in fig. 3 of Chap. 7 of this section. It should be noted that
the left-hand bearing housing (as you face the generator bracket from the generator side) has a
tapered internally splined driving spindle to which only a generator with a tapered splined shaft,
such as type HZ or, as in this instance a blower, can be fitted.

Flexible drive unit
11. A modification that has been developed to reduce the wear of the splines is in the form
of a flexible drive unit and an aluminium alloy spacing casting (illustrated in fig. 2) which is bolted to
the flange face of the generator bracket. Details of this flexible drive are contained in Chap. 1 of
Sect. 8 of this publication.
12. An illustration of a typical generator bracket in fig. 3 shows a flexible drive fitted on the
left-hand side, a flexible drive and spacing casting fitted on the right-hand side, and in the centre,
a generator mounted on a flexible drive unit.
13. On the generator bracket under consideration, no flexible drive unit is required for the
blower on the left as this has a tapered shaft. The right-hand flexible drive, if fitted to the bracket
when it is received from Stores, should be removed and stored. Further reference to this is made
in para. 35.

Instrument panel
14. This instrument panel which is self-contained and mounted on the trolley, includes the
suppressor, type Y, and voltage regulator, type J, together with a voltmeter (Stores Ref. 42Y/200)..
15. Mounted on the panel is one 3-way Breeze plug for the cable connecting the d.c. output
of the generator, and two 2-way Breeze plugs for the cable connections between the instrument panel
and the control panel, type 6 on the aircraft. In addition a 2-way terminal block is fitted for any
additional d.c. connections to the aircraft which may be required. A schematic wiring diagram is
shown in fig. 4.

CLAMP SLEEVE
FLEXIBLE DRIVE UNIT

Fig. 2.—Flexible drive unit
Voltage regulator, type d
16. The voltage regulator, type J, combines a voltage regulator and current limiter in one
unit and is completely automatic in action. It can be internally connected by means of a linking
arrangement to give either a level or a slightly falling voltage/load characteristic. When the supply
system comprises a single generator the voltage is maintained constant up to 110 per cent. load
of the generator after which the current limiter comes into operation.

17. This regulator consists essentially of two carbon pile regulators which are connected in
series with each other and with the generator field winding. The voltage-operated unit is that
which is adjacent to the terminal block, the current unit being remote from the terminal block.
18. A variable trimmer resistance in series with the voltage coil circuit is also incorporated,
the adjuster (slotted for screwdriver operation) being brought to the front through a hole in the
baseplate. The regulator will operate at a normal full loading of 60 amps. A full description of this
regulator, with illustrations and servicing instructions, will be found in A.P.1186D, Vol. I, Sect. 2.

Suppressor ,
19. To obviate radio interference from the d.c. output of the type UK X generator a type Y
No. 1 suppressor is inserted in the circuit between the generator and the voltage regulator, type J.
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Fig. 3.—Typical generator bracket with flexible drive units mounted
Generator, type USX
20. This generator has been designed to provide a d.c. output of 60 amps. at 29 volts and an a.c.
output of 15 amps. at 80 volts, the frequency at 6,000 r.p.m. being 2,300 c/s. The minimum speed
at which the full rated d.c. output is obtainable is 3,250 r.p.m. The generator is suitable for both
clockwise and anti-clockwise rotation. This is provided for by means of a link, coloured yellow,
which connects between the positive shunt terminal and either of the main (armature) terminals.
To suit the required direction of rotation, the link is connected as shown in fig. 5, the change being
obtained by turning the link over so that the arrow indicates the direction of rotation required.

TO PANEL CONTROL
TYPE 6

'BLUE

YELLOW
50 FT CABLE ASSEMBLY
REF No 58/4352

GABLE ASSEMBLY
REF No SB 7150
TRICENMET No 2

SUPPRESSOR, TYPE' Y

DUMET 19

VOLTAGE
REGULATOR
TYPE J

G- S C+ A-

LIGHT GREY
ACI

YELLOW

CABLE ASSEMBLY /
REF No 5B/ 3757
DUMET 19

GENERATOR TYPE UKY

Fig. 4.—Schematic wiring diagram

CABLE ASSEMBLY
REF No 5B/3758

. .10_ 1`39817 d-V

BLUE

21. The link can only be• connected in either of the positions shown and the main (armature)
terminal to which the link connects is always positive, the other main (armature) terminal being
negative. The negative shunt terminal is marked white. The three effective terminals are then
connected to the suppressor and voltage regulator, type J, with Trigenmet No. 3 cable, in the
orthodox manner. It should be noted that reversing the direction of rotation reverses the polarity
of the main terminals and the cables should be connected accordingly.
22. It will be apparent therefore, that when a type UKX generator is to be mounted on the
bracket of this test set it is necessary to check the position of this link is correctly related to the
direction of rotation, before proceeding to connect up the appropriate cables.
23. These generators are fitted with felt oil reservoirs which should be removed with the outer
bearing cap and soaked in lubricating oil after very 120 running hours. Care must be taken to
ensure that the washers between the felt pad and the bearing are correctly replaced.
24. A full description of this generator, together with illustration and circuit diagram, will be
found in Sect. 4, Chap. 4 of this publication.

VOLTAGE REGULATOR,
TYPE J

CONTROL
PANEL.
TYPE 6

VOLTAGE REGULATOR,'
TYPE J

DC.OUTPUT
• WHITE
YELLOW
LINK
• D.C.
I TERMINAL BLOCK
I
ON GEN ERATOR

D.C.OUT PUT
WHITE
CONTROL 1
PANEL,
TYPE 6 I

YELLOW
LINK
D.C.
TERMINAL BLOCK
ON GENERATOR

DIRECTION OF ROTATION 15 INDICATED BY ARROW ON CONNECTING LINK

Fig. 5.—Method of reversing rotation of generator, type UKX

Blower
25. The blower is mounted on the generator bracket and driven by the single Vee belt pulley.
A grease nipple is provided for the lubrication of the ball bearings.

ASSEMBLY
26. As indicated in para. 3, this test set will be supplied as a number of separate components
and the procedure for assembly is as follows:27. The engine, complete with a fuel tank at the top immediately beneath a metal canopy,
and the exhaust system below the engine base plate in its section of tubular frame, is ready for
coupling to the generator bracket unit.
28. The generator bracket is mounted in its section of tubular frame and is complete with a
metal canopy. The pulleys and Vee driving belts are already fitted. Two steel tubes for alignment
purposes are inserted in the base of the bracket and secured by two pins on short chains to prevent
them falling out while in transit.
29. First mount the UKX generator on the centre drive of the bracket. By slightly twisting
and turning the generator, enter the splined shaft into the driving spindle and bolt the generator
up to the flange securely. Fig. 6 illustrates the generator bracket with the generator and blower
in position. It will be noted that the right hand drive is not required. No cover plate for the
flange of this drive is provided or considered necessary.
30. A modification in the form of a flexible drive unit has been added. It is intended to fit
this form of drive retrospectively to all light transportable generating sets and to the series of
Enfield RE test sets, with the exception of test set, 42Y/888.
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31. Where the flexible drive unit is fitted to the generator bracket it may be found difficult
to register the splined shaft of the generator to the internal splines of the bracket driving spindle
and at the same time the holes of the generator flange to the four studs to which it is secured.

Fig. 6.—Generator bracket with generator and blower mounted
32. An easier method of fitting the generators to that described in the preceding paragraph is
as follows:-33. Slacken the two hexagon bolt heads (with screwdriver slots) on the flexible drive, accessible
through an opening in the spacing casting; unscrew the clamp sleeve at the pulley face and tap the
hexagon head of the clamp sleeve to release the flexible drive unit and then withdraw the flexible
drive from the driving spindle. This can then be fitted to the splined shaft of the generator which,
with the flexible drive unit in position, can now be offered up to the flange studs and loosely bolted
up. Screw up tightly the clamp sleeve at the pulley and tighten up the four nuts at the generator
flange. Finally tighten up the two hexagon bolts on the flexible drive with a screwdriver.

34. Then mount the blower, with its tapered splined shaft on to the left hand drive as you
face the generator side of the bracket. Bolt the flange up loosely, fit the hexagon headed clamp
sleeve through the pulley and tighten it up; then tighten the four nuts securely at the flange of the
blower. Connect up the blower piping.
35. The flexible drive unit on the right hand drive should be removed, together with the twin
Vee belts and the pulley, and stored. The exposed taper drive should be well greased. No cover
plate is provided.
36. These two sections should then be united, the steel tubes being inserted into the guides
in the engine base so that the centrifugal clutch will accurately fit into the drum without damaging
the shoes of the clutch. Four eyebolts on swivel pins are provided for locking the two sections of
tubular frame together. Ensure the steel tubes have been thrust fully into the guides to make
certain of perfect alignment.
37. When assembling the engine unit to the generator bracket, difficulty may be experienced
in matching up the canopy top or the eye bolts and sockets. To ensure that they correctly register,
loosen the nuts securing the main aluminium casting to the framework (4 on the engine section and
6 on the bracket section). Make the necessary adjustment and tighten up the ten nuts.
38. The test set is now ready for mounting in the trolley. The method of securing it will be
self-evident and no explanation is necessary.
39. Before installing the instrument panel, connect up the cables to the UKX generator.
A 4 feet length of Dumet 19 cable must be connected to the a.c. terminal block on the generator, the
terminals being marked yellow and blue. The Stores Ref. No. of the cable assembly, complete with
socket, etc., is 5B/375.
40. A Trigenmet No. 2 cable must be connected to the d.c. terminal block on the generator.
Blue to terminal G —, Grey to S, and yellow to G . This cable assembly is Stores Ref. 5B/7150.
Remember to check the position of the yellow link as outlined in para. 21.
41.

The instrument panel can now be fitted into position and the sockets and plugs connected up.

42. Two 50 ft. lengths of cable are provided for connecting the test set to the control panel,
type 6, on the aircraft. They are :—
One 50 ft. Dumet 19 cable assembly, Stores Ref. 5B/4352
One 50 ft. Dumet 19 cable assembly, Stores Ref. 5B/3958
OPERATION
Fuel and lubrication
43. Fill the tank with petrol mixed with lubricating oil as set out in para. 28 of Chap. 7 of this
section. Check that the chain case and governor on the engine and the generator bracket have an
adequate supply of lubricant, details of which are given in Chap. 1, Sect. 8. Instructions for starting
and stopping are also given in this chapter, to which reference should be made.
Note.—It is essential that the correct mixture of fuel and lubricating oil is used.
44. When the test set is running the canvas screens should be rolled up to prevent overheating
of the engine.
Warning
45. Never start up the engine without the generator bracket section being coupled to the engine
unit. To do so would involve the risk of the exposed clutch mechanism on the extended shaft of the
engine disintegrating.
SERVICING
Generator, type UKX
46. Full details of the servicing of this generator is given in Sect. 4, Chap. 4 of this publication.
Blower
47. The only attention necessary is the application of grease to the cup provided, every 500
running hours.
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Generator bracket
48. Details of lubrication and adjustment of the tension of the Vee driving belts is given in
Chap. 1 of Sect. 8.

Voltage regulator, type
49.

The testing and setting up of this regulator is covered in A.P.1186D, Vol. I, Sect. 2, Chap. 7.

Engine
50. As already indicated this is fully dealt with in Chap. 1 of Sect. 8 to which reference should
be made for servicing details.

Trolley
51. The moving parts of the trolley, comprising the road spring mountings and wheel hubs,
should be lubricated monthly. Lubricating nipples are fitted to these parts, and standard equipment
may be used for applying the lubricant. The clamping screws for the trolley support legs should he
oiled at the same time.
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Introduction
1. This petrol electric test set is another of the series embodying a 270 cc. or 350 cc. Enfield
engine coupled to a specially designed generator bracket on which the appropriate generator and
blower are mounted. The 350 c.c. engine will eventually supersede the 270 cc. engine.
2. The complete set is mounted in a hand trolley and it is used for supplying d.c. to the
aircraft, the radar equipment of which is to be tested, and thus obviates running the aircraft engines.
3. When this test set is ordered by a Unit it will usually be supplied in individual components
consisting of a trolley, engine, generator bracket, generators, blower, instrument panel and the
appropriate cables. It will be the responsibility of the Unit to assemble these components and the
method is set out in para. 36-42.
4. By referring to the schedule of test sets, given in Chap. 7 of this Section, the Stores Ref.
Nos. of the main components comprising a test set can be quickly ascertained. Certain components,
although very similar in appearance, have different Stores Ref. Nos. The following list gives the
main components of this test set together with their Stores Ref. No.
Generator bracket ...
Instrument panel ...
Suppressor, type W
Cut-out, type G
Voltage regulator, type H
Voltmeter ...

•• •
•• •
•- •

Stores Ref. No. 42Y/682
Stores ref. No. 42Y/688
Stores Ref. No. 5C/1614
Stores Ref. No. 5C/1965
Stores Ref. No. 5U/215
Stores Ref. No. 42Y/200

Terminal block, type F
Fuse box, type J
Fuse, type N
Generator, type 0
Blower
...
Dustart cable assembly No. 1
Lubricating oil
...

Stores Ref. No. 5C/719
Stores Ref. No. 5C/1962
Stores Ref. No. 5C/1963
Stores Ref. No. 5U/237
Stores Ref. No. 42Y/686
Stores Ref. No. 5E/1946
Stores Ref. 34A/60

Fig. 1.—View of generator bracket

Relevant publications
5.

...
270 c.c. and 350 c.c. Enfield petrol engine
Operating and servicing- instructions and chief
characteristics of the engine
Generator bracket ...
Generator, type 0 ...
Regulator, type H...
Cut-out, type G
Suppressor; type W
Schedule of spare parts

A.P.2173, Vol. I
A.P.1186E, Vol. I, Sect. 8, Chap. 1
A.P.1186E, Sect. 8, Chap. 7
A.P.1186E, Vol. I, Sect. 4, Chap. 10
A.P.1186E, Vol. I, Sect. 3, Chap. 5
A.P.1095C, Vol. I, Sect. 7, Chap. 3
A.P.1095A, Vol. I, Sect. 5, Chap. 2
A.P.2247, Sect. 42Y, Part III
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DESCRIPTION

Trolley
6. The trolley which is suitable for pulling by hand and not for towing is fitted with steel or
pneumatic tyres. Three telescopic supporting legs ensure rigidity when the set is in use and a canopy
and side curtains provide weather protection. A cable box mounted on the trolley houses the 50 ft.
lengths of cable used for connecting the test set with the apparatus on the aircraft.
7. A detachable instrument panel in a guard frame is secured to the base of trolley and is
described in para. 12.

CABLE
STORAGE

FUSE
BOX

VOLTAGE
REGULATOR i

TERMINAL
BLOCK
ISUPPRESSOR

Fig. 2.—View of instrument panel (front)

Engine
8. In some instances the engine will be a 270 c.c. flat twin air-cooled Enfield engine. The
alternative is a 350 c.c. model similar in appearance and in overall dimensions. The engine is mounted
in a guard frame and the Stores Ref. No. of the 270 c.c. model is 42QX/4. The 350 c.c. version is
Stores Ref. 42QX/92. Details of this engine together with operating and servicing instructions
will be found in Section 8, Chap. 1, of this publication.
Note.—The total output from a test set with a 270 c.c. engine must not exceed 1.7 kW.
With a 350 c.c. engine fitted the total output must not exceed 2.25 kW.

Generator bracket
9. This generator bracket, of which there are three types, is also mounted in a tubular frame,
arrangement being made for linking it with the framework of the engine section. The bracket is
coupled to the engine by a centrifugal clutch coupling and provision for correct alignment with
the engine is ensured by means of two steel tubes carried in the bottom of the bracket for insertion
into tubular guides in the engine base. Full details of this bracket will also be found in Chap. 7
of this Section.. An illustration of the bracket with a generator, type D, and a blower fitted is
shown in fig. 1.

10. The generator bracket has a centre drive, and two outer generator driving spindle bearing
housings fitted. These are illustrated in fig. 11 of Chap. 1 of Sect. 8. It should be noted that the
left-hand bearing housing (as you face the generator bracket from the generator side) has a tapered
internally splined driving spindle to which only a tapered splined shaft such as on a type HZ
generator or, as in this instance, a blower, can be fitted.
11. A modification that has been developed to reduce the wear of the splines is in the form of
a flexible drive unit and an aluminium alloy spacing casting which is bolted to the flange face of the
generator bracket. This is not shown in fig. 1. Details of this flexible drive are also contained
in Chap. 1 of Sect. 8 of this publication.

Fig. 3.—View of instrument panel (rear)
Instrument panel
12. This instrument panel illustrated in fig. 2, which is self-contained and mounted on the
trolley, contains a suppressor, type W; Cut out, type G; voltage regulator, type H ; voltmeter 42Y/200,
together with a terminal block, type F, and a fuse box, type J, with fuse, type N. The voltmeter
is mounted on the back of the instrument panel as shown in fig. 3. It will be noted that the terminal
block situated at the bottom left-hand corner is not visible in fig. 2. A diagrammatic wiring diagram
is shown in fig. 4.
Tool box
13. A tool box with a padlock and two keys is provided. A list of the tools and spares it
contains will be found in Chap. 7 of this Section.
Voltage regulator, type H
14. The voltage regulator, type H, combines a voltage regulator and current limiter in one
unit and is completely automatic in action. It can be internally connected by means of a linking
arrangement to give either a level or a slightly falling voltage/load characteristic. When the supply
system comprises a single generator, the voltage is maintained constant up to 110 per cent. load
of the generator, after which the current limiter comes into operation,
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15. This regulator consists essentially of two carbon pile regulators which are connected in
series with each other and with the generator field winding. The voltage operated unit is that which
is remote to the terminal block. The regulator is designed to operate at a normal full load of
100 amps, the pile being fitted with 1 mm., thick discs having a maximum resistance of 35 ohms.
A full description of the regulator with illustrations and servicing instructions will be found in
A.P.1186E, Vol. I, Sect. 3, Chap. 5.

Suppressor, type W
16. To suppress radio interference from the generator, a type W suppressor is fitted in the
circuit between the generator and the voltage regulator, type H.

Out-out, type G
17. The cut-out, type G, is similar in operation and principle to the types B and E cut-outs
described in Sect. 5, Chap. 8 of this publication. It differs in mechanical construction and from an
examination it will be seen that the voltage or shunt and the series or current coil are mounted
side by side and held in position by two hexagonal nuts.
18. The armature is pivoted on a knife-edged fulcrum and is held laterally by a small pin. A
control spring holds the armature away from the pole face, the tension being increased by the rotation
of a knurled adjusting nut which is in turn secured against vibration by a locking clip.
19. A gap adjusting screw and locknut are provided for the adjustment of the main contact
gap and the armature to core gap may be varied by the screw. This operation must always be carried
out with the main contacts closed.
20. Four terminals are mounted on the bottom front of the cut-out, the first three readings
from left to right having red, blue and yellow coloured identifications and the markings A +, G —,
and G + respectively. The fourth terminal on the extreme right, which is not used, bears no coloured
identification and is marked W/T.
21. An illustration of this cut-out, together with servicing details, will be found in A.P.1095C,
Vol. I, Sect. 7, Chap. 3.

Fuse box, type
22.

This fuse box is in the circuit between the cut-out type G and the terminal block.

Generator, type 0
23. This generator, type 0, is rated at 100 amp. 30 volts. It is a standard aircraft generator
normally driven through gearing from the main engine and is consequently operated at variable speeds
up to 6,000 r.p.m. continuous maximum.
24. It is a self-excited, shunt wound type, of 4 pole construction. Both ends of the field
winding are brought out to separate terminals on the commutator end frame, and one of these
terminals is then connected to the positive main terminal by a special link. The terminal markings
are as follows :—
Positive Marked
on the link connecting the field and main terminals. The link is also
painted yellow.
Negative Not marked.
Small isolated terminal not marked.
Field
25. The correct position of the brushes is indicated by a line on the commutator end frame
coinciding with one of two lines on a plate attached to the yoke, according to the direction of
rotation of the generator.
26. It is important that the brushes should be placed in their boxes so that the pressure of
the brush springs on the chamfered tops tends to keep them against the trailing side of the brush
boxes for the direction•of rotation being used, as shown in fig. 5.
27. This generator, type 0, is supplied under two different Stores References for counterclockwise and clockwise rotation. The type required for this test set is counter-clockwise, Stores
Ref. 5U/237, the clockwise being Stores Ref. 5U/2848.
28. The direction of rotation of any generator of this type can be reversed quite simply, if
necessary, as follows. Note, however, that this method must not be used in preference to demanding
a generator of the opposite direction of rotation. It is to be used in cases of necessity only.
29. Referring to fig. 5 remove the field link, turn it over and refit it in the alternative position
as shown. Tighten and lock all nuts again. It must be realised that this operation changes the
polarity of the main terminals. The positive terminal is always that to which the link is attached,
as indicated by the + on the face of the link.

CUT-OUT TYPE 'G'

VOLTAGE REGULATOR
TYPE '11'

\G- SW GtA\0
0/

FUSE BOX TYPE 'J'

G+ G- A+
O 0 0

CABLE DUSTART No.)
REF. 50946 OR
DUALLVIN 83
REF. SE/2631

.

+
O

0-L.

0

0

( ,
GENERATOR TYPE 0

CABLE ELECTRIC
TRIGENMET No 3
REF No. 5E/2159
SUPPRESSOR TYPE

( 1
W

PLUG TYPE EPI (A)
REF. SC/856

Fig. 4.—Schematic wiring diagram

TERMINAL BLOCK
TYPE 'F' 2 WAY
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30. On the surface of the yoke will be found the brush position plate, bearing two lines with
direction indication arrows. A line on the edges of the commutator end frame should correspond
with one of them. Slacken off the holding bolts and rotate the commutator end frame until the line
on it is opposite the other marking on the yoke plate. Tighten and lock the bolts. The red paint
should now be removed from the line and arrow being used, and the line and arrow formerly used
should be painted out with red paint.
31. Remove the brushes from their boxes, turn them round and replace them so that the
chamfer on the top, in relation to the direction of rotation required, is as indicated in fig. 5.
POSITION OF LINK FOR ANTICLOCKWISE ROTATION

POSITION OF LINK FOR CLOCKWISE ROTATION

ROTATION VIEWED FROM DRIVING END

ROTATION VIEWED FROM DRIVING END

NEGATIVE NOT
MARKED

POSITIVE
YELLOW

POSITIVE
ELLOW

TERMINAL FOR FIELD
CONNECTION
RUBBER INSULATING BOOT

BRUSH POSITION PLATE. ARROWS WHICH ARE NOT
USED ARE TO BE PAINTED OUT WITH RED PAINT

CO ------+ ___,. 0)
c

i

FOR ANTICLOCKWISE ROTATION

FOR CLOCKWISE ROTATION

LOOKING ON DRIVING END

LOOKING ON DRIVING END

VIEWS LOOKING ON
COMMUTATOR END
Fig. 5.—Brush positions and modifications for changing rotation
32. Remove the name plate and replace by one corresponding to the new direction of rotation,
or alter the existing plate if a new one is not available.
Note.—Note that the Stores Reference will be different, as well as the direction of
rotation.
33. Lubrication is by means of oil-soaked felt reservoirs which transmit oil to the bearings
through a felt pad. After approximately every 120 running hours remove the outer bearing caps
and soak the felt oil reservoirs in lubricating oil.
34. A full description of this generator, together with illustrations and servicing details, will
be found in Sect. 4, Chap. 10 of this publication.

Blower
35. The blower is mounted on the generator bracket and driven by the single Vee belt pulley,
a grease cup is provided for the lubrication of the ball bearings.

ASSEMBLY
36. As indicated in para. 3 this test set will be supplied as a number of separate components
and the procedure for assembly is as follows.
37. The engine, complete with a fuel tank at the top immediately beneath a metal canopy
and the exhaust system below the engine base plate, is in its section of tubular frame and is complete
with its metal canopy. The pulleys and Vee driving belts are already fitted. Two steel tubes for
aligning the engine and the bracket are inserted in the base of the bracket and secured by two pins
on short chains to prevent them falling out while in transit.
38. First mount the type 0 generator on the centre drive of the bracket. By slightly twisting
and turning the generator, enter the splined shaft into the driving spindle and bolt the generator up
to the flange securely.
39. Then mount the blower with its tapered splined shaft on to the left-hand drive as you
face the generator side of the bracket. Bolt the flange up loosely, fit the hexagon headed clamp
sleeve through the pulley and tighten it up, then tighten the four nuts securely at the flange of the
blower. Connect up the air pipe from the blower to the generator.
40. These two sections should now be coupled up, the steel tubes being inserted into the guides
in the engine base first, so that the centrifugal clutch will accurately fit into the drum without
damaging the shoes of the clutch. Four eye bolts on swivel pins are provided for locking the two
sections of tubular frame together. Ensure the steel tubes have been thrust fully into the guides
to make certain of perfect alignment.
41. When assembling the engine unit to the generator bracket, difficulty may be experienced
in matching up the canopy top or the eye bolts and sockets. To ensure that they correctly register,
loosen the nuts securing the main aluminium castings to the framework (4 on the engine section
and 6 on the bracket section). Make the necessary adjustment and tighten up the 10 nuts.
42. The instrument panel can now be mounted on the trolley and the cable from the suppressor
connected up to the generator. To the terminal block, type F, on the panel, a 22 feet length of
Dustart cable assembly No. 1 should be connected. It must be anchored by the clamp provided on
the instrument panel.
OPERATION
Fuel and lubrication
43. The test set is now ready for putting into operation. Fill the tank with petrol mixed
with lubricating oil as set out in para. 28 of Chap. 7 of this Section. Check that the chain case and
governor on the engine and the generator bracket have an adequate supply of lubricant, details of
which are given in this chapter to which reference should be made. Starting instructions, together
with a fault-finding chart dealing with difficult starting, will be found in Sect. 8, Chap. 1, of this
publication.
Note.—It is essential that the correct mixture of fuel and lubricating oil must be used.
When the test set is running the canvas screens should be rolled up-to prevent overheating
of the engine.

Warning
44. Never start up the engine without the generator bracket sections being coupled to the
engine unit. To do so would involve the risk of the exposed clutch mechanism on the extended
shaft of the engine disintegrating.
SERVICING
Engine
45. As already indicated this is fully dealt with in Chap. 1 of Sect. 8 to which reference should
be made for servicing details.

Generator bracket
46. Details of lubrication and adjustment of the tension of the Vee driving belts is also given
in Chap. 1 of Sect. 8.

Generator, type 0
47.

Details of the servicing of this generator are given in Sect. 4, Chap. 10 of this publication.

Blower
48. The only attention necessary is the application of grease to the cup provided, every 500
running hours.

Voltage regulator, type H
49.

The testing and setting up of this regulator is covered in A.P.1186E, Vol. I, Sect. 3, Chap. 5.

Cut-out, type G
50. All contacts should be kept clean and smooth and should bed down evenly over the whole
of the contact area. Precautions when checking and adjusting this cut-out together with full
servicing details similar to that for other cut-outs will be found in A.P.1186E, Vol. I, Sect. 5, Chap. 8.

Trolley
51. The moving parts of the trolley, comprising the road spring mounting and wheel hubs
should be lubricated monthly. Lubricating nipples are fitted to these parts and standard equipment
should be used for applying the lubricant. The clamping screws for the trolley support legs should
be oiled at the same time.
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Introduction
1. An illustration of a petrol electric test set is shown in fig. 1. The test set embodies a 270 c.c.
or 350 c.c. Enfield engine in a section of tubular frame coupled to a generator gear bracket in another
section of tubular frame. The generator bracket has two type U2 generators and one type D dynamotor mounted on it. The 350 c.c. engine will eventually entirely supersede the 270 c.c. model.
Note.—The total output from a test set fitted with a 270 c.c. engine must not exceed 1.7 kW.
With a 350 c.c. engine fitted the total load must not exceed 2.25 kW.
2. The two sections are coupled together by a centrifugal coupling, the tubular framework
being bolted together with suitable swivel eye bolts. A hand trolley (Stores Ref. 42Y/809) carries
the complete equipment and enables the set to be taken to the aircraft, the radio equipment of which
is to be tested.
3. When the test set is mounted in a trolley the complete unit bears the Stores Ref. No. already
quoted, i.e. 42Y/886. If, however, the test set is not mounted, it should be noted that the Stores
Ref. No. then becomes 42Y/898.
4. A Unit ordering this test set will be supplied with the individual components consisting of
a trolley, engine complete in its section of tubular frame, generator gear bracket in a tubular frame,
generators, instrument panel and the appropriate cables. It will be the responsibility of the Unit
to assemble these components and the method is set out briefly in para. 30. Detailed instructions
of assembly will be found in Chap. 7 of this section of this publication to which reference should be
made.
5. By referring to the schedule of test sets given at the end of Chap. 7 of this section, the
Stores Ref. Nos. of the main components comprising a test set can be quickly ascertained.

Relevant publications
6.

Enfield engine, 270 c.c. and 350 c.c.
Operating and servicing instructions
Assembly instructions
...
...
Generator, type U2 ...
Dynamotor, type D ...
Voltage regulator, type C ...
Schedule of spare parts
...

... A.P.2173, Vol. I
... A.P.1186E, Vol. I, Sect. 8, Chap. 1
... A.P.1186E, Vol. I, Sect. 7, Chap. 7
... A.P.1186E, Vol. I, Sect. 4, Chap. 11
... A.P.1186E, Vol. I, Sect. 4, Chap. 13 and
A.P.1095C, Vol. I, Sect. 3, Chap. 1
... A.P.1186E, Vol. I, Sect. 3, Chap. 5
... A.P.2247, Sect. 42Y, Part III

DESCRIPTION

Trolley
7. The trolley, which is suitable for pulling by hand and not for towing, is fitted with steel
or pneumatic tyres. Three telescopic supporting legs ensure rigidity when the set is in use, and a metal
canopy and side curtains provide weather protection. The 50 ft. lengths of cables used for connecting
the test set to the apparatus under test on the aircraft are housed in a cable box situated above the
instrument panel and a compartment under the trolley at the rear.

Fig. 1.—View of the complete test set in trolley

Instrument panel
8. A detachable instrument panel (fig. 2) in a guard frame (Stores Ref. 42Y/680) contains a
suppressor, type H2, a voltage regulator, type C, and a voltmeter. Appropriate sockets are mounted
on the back of the panel for the cable connections to the generators and suitable output sockets are
on the front of the panel for connecting the 50 ft cables to the aircraft.
9. It should be noted that this instrument panel has been designed for use with a number of
petrol electric test sets and therefore certain sockets will not always be required, such as the two
sockets labelled "for R type generators".
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Engine unit
10. The first few of this type of test set to be issued, will have a flat twin air-cooled Enfield
engine, 270 c.c. The alternative is a 350 c.c. model similar in appearance and in overall dimensions.
The engine is mounted in a guard frame and the Stores Ref. No. of the 270 c.c. model is 42QX/4.
The 350 c.c. version is Stores Ref. 42QX/92. It is intended that eventually every test set shall have
a 350 c.c. engine and these are to be fitted retrospectively.
11. Details of the engine together with operating and servicing instructions will be found in
Chap. 1 of Sect. 8 of this publication.

Generator bracket
12. This generator bracket (Stores Ref. 42Y/706), shown in fig. 3, is coupled to the engine by
a centrifugal clutch coupling and provision for correct alignment with the engine is ensured by means
of two steel tubes for insertion into tubular guides in the engine base. It should be noted that this
bracket is peculiar to this particular test set and is one of three versions available for test sets.
13. The generator bracket has a centre drive and two outer generatoi- driving spindle bearing
housings fitted. They are illustrated in fig. 3, Chap. 7 of this Section. It should be noted that contrary to the other models, all these driving spindles will only accept parallel splined shafts. An illustration of a generator bracket with one driving spindle bearing housing removed is shown in fig. 4.
A description of these driving spindles and their function is given in Sect. 8, Chap. 1.

SUPPRESSOR

REGULATOR

VOLTMETER

Fig. 2.—View of instrument panel 42Y-680

14. In order to reduce the wear of the splines to a minimum, three flexible drive units and
aluminium alloy spacing castings which are bolted to the flange face of the generator bracket are
provided. Details of this flexible drive will also be found in Sect. 8, Chap. 1 of this publication.
These are not shown in the illustrations in this chapter.
Instrument panel components
Voltage regulator, type C
15. This voltage regulator, type C, combines a voltage regulator and current limiter in one unit
and is completely automatic in operation. It consists essentially of two carbon pile regulators
which are connected in series with each other and with the dynamotor field winding. The voltage
operated unit is that which is remote from the terminal block, the current unit being adjacent to
the block.

Fig. 3.—View of the generator bracket 42Y/706 with three generators

16. When the supply system comprises a single generator the voltage is maintained constant
up to 110 per cent. load of the generator, after which the current limiter comes into operation.
17. A full description of this regulator together with illustrations and servicing will be found
in A.P.1186E, Vol. I, Sect. 3, Chap. 5.
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Suppressor
18. To obviate radio interference from the d.c. output of the type D dynamotor, a type H2
suppressor is inserted in the circuit between the dynamotor and the regulator, type C.
Voltmeter
19. A voltmeter (Stores Ref. 42Y/200) is fitted into a metal case and sealed. If this seal is
found to be broken on receipt of the instrument panel, check that the voltmeter is intact and has
not been removed. '

Tool box
20. A metal tool box with a padlock and two keys contains a set of tools and spares. The
contents of the tool box are set out in A.P.1186E, Vol. I, Sect. 7, Chap. 7, entitled "Assembly of
Enfield test set components".

Dynamotor, type D
21. This machine is designed to give an output as a generator, 40 amps., at 29 volts. The
Stores Ref. of the anti-clockwise type mounted on this test set is 5U/4156 or 5U/4157.
22. The machine is of four-pole construction and has both series and shunt field windings
assembled on the same pole pieces. The terminal markings are:—Positive, yellow spot; negative,
blue spot; shunt field, small terminal adjacent to the positive terminal; series field, terminal adjacent
to the negative terminal.
23. The dynamotor, when running as a generator, is self-cooled by means of a fan fitted to an
extension of the shaft. An air jacket surrounds the yoke, and the end casing, which covers the fan
and the commutator end frame, is attached by four screws and forms an extension of the air jacket.
24. Four brushes are employed, set diametrically about the commutator. The brush grade
is E.G.O., Stores Ref. 5U/3659.
25. The armature is carried in two oil lubricated ball bearings, the correct lubricating oil being
Stores Ref. 34A/60.
26. Full details of this dynamotor, together with illustrations and servicing instructions,
will be found in Sect. 4, Chap. 13 of this publication.

A.C. generator, type U2
27. These alternating current generators, type U2, have been designed to provide an output
of 15 amperes at 80 volts, the excitation voltage being 24 volts obtained from the dynamotor, type D,
mounted on the bracket. The frequency of supply is proportional to the speed and for this type U2,
it is 1,200 cycles per second, at 3,000 r.p.m.
28. This generator is semi-enclosed and is cooled by through ventilation, a fan being incorporated
in the rotor. It should not require any servicing other than lubrication of the bearings.
29. A full description, together with illustrations and servicing instructions, will be found in
A.P.1186E, Vol. I, Sect. 4, Chap. 11.

Assembling the test set
30. As indicated in para. 5 this test set will be supplied as a number of components. A brief
description and the procedure for assembly is as follows. For detailed instructions refer to Chap. 7
of this Section.
31. The first stage is to mount the two type U2 generators and the dynamotor, type D, to the
generator bracket. Before fitting the generators to the bracket, connect up the necessary cables
with the sockets already fitted for connecting to the rear of the instrument panel. The cables proyided
for the purpose are as follows.
32. For connecting the dynamotor, type D, to the instrument panel, one 4 ft. 3 in. Trigenmet
No. 1 cable assembly (Stores Ref. 5B/3761).
33. For connecting the two type U2 generators, two 4 ft. 3 in. Dumet 4 cable assemblies (Stores
Ref. 5B/3759) for the d.c. excitation purposes, and two 4 ft. 3 in. Dumet 19 cable assemblies (Stores
Ref. 5B/3757) for the connection of the output of the generators. A diagrammatic drawing of the
wiring connections is shown in fig. 5.

34. The generators should now be mounted on to the generator bracket, commencing with a
type U2 generator to the top centre drive.
35. Where the flexible drive unit is fitted to the generator bracket it may be found difficult
to register the splined shaft of the generator to the internal splines of the driving spindle and at the
same time the holes of the generator flange to the four studs to which it is secured, by simply offering
it up to the flange face and endeavouring to fit it.
36. An easier method is to slacken the- two hexagon bolt heads with screwdriver cuts, on the
flexible drive, accessible through an opening in the spacing casting; unscrew the clamp sleeve at the
pulley face and tap the hexagon head of the clamp sleeve to release the flexible drive and then withdraw it from the driving spindle. The flexible drive can then be fitted to the splined shaft of the
generator and the generator with the flexible drive unit in position, offered up to the flange studs
and loosely bolted 'up. Screw up tightly the clamp sleeve at the pulley and tighten up the four nuts
at the generator flange. a Finally, tighten up the two hexagon bolts on the flexible drive with a screwdriver.

Fig. 4.—Generator bracket with left-hand bearing housing removed

This leaf issued in reprint dated
March, 1946

A .P.1186E, Vol. I, Sect. 7, Chap. 10

37. The remaining type U2 generator should then be mounted on the right-hand side of the
generator bracket as you face the generator side of the bracket and the dynamotor, type D, to the
left-hand side which is driven by a single vee belt, following the same procedure as described in the
previous paragraph. Fig. 6 shows two of the generators mounted on the bracket.
38. It is possible on some of the earlier models of this test set that a label will be found attached
to the cable assembly connecting the dynamotor, type D, with the instrument panel stating that the
cable assembly connections have been reversed at the terminal block. The reason for this is that
some cable assemblies (Stores Ref. 5B/3761) which should have the "yellow" connected to pin 1
and "blue" connected to pin 2, have been connected up the reverse way, i.e. "blue" to pin 1 and
"yellow" to pin 2, in the socket. To rectify this error, therefore, the cable connections at the
generator terminal block have been reversed, i.e. "blue" has been connected to the positive terminal
and "yellow" to the negative terminal.
39. When some generators are received from Stores and an attempt is made to spin the
armature from the splined shaft before fitting it to the generator bracket, it may appear to be jammed
or very stiff. This condition is generally only due to the protective varnish on the shaft. If this is
cleaned off, the armature will then revolve quite freely.
40. The dynamotor, type D, has a sheet metal housing at the fan end and it is possible that this
may be dented in transit so that it fouls the fan. The housing, which is secured by four screws,
should be taken off and the dent removed.
41. Adjustment of the vee belts is achieved by loosening the hexagon nuts of the clamp sleeve
bolts on the left and right-hand slopes of the generator bracket, tapping them lightly and gripping
the generator and turning it so that the position of the eccentric mounting of the driving spindle
bearing housing is altered until the appropriate belt adjustment is obtained; then re-lock the hexagon
nuts.
42. The engine, complete with a fuel tank at the top of the tubular frame, and the exhaust
system below the engine base plate, is ready for coupling to the generator bracket unit.
43. The generator bracket is mounted in its section of tubular frame and is complete with a
metal canopy. The pulleys and vee driving belts are already fitted. Two steel tubes for aligning
the engine section and the generator bracket section are inserted in the base of the bracket and secured
by two pins on short chains.
44. These two sections should now be united, the steel tubes being inserted into the guides
in the engine base so that the centrifugal clutch mechanism already mounted in position on the
extended shaft of the generator bracket will accurately fit into the drum without damaging the shoes
of the clutch. Four eye bolts on swivel pins are provided for locking the two sections of tubular
frame together. Ensure that the steel tubes have been thrust fully into the guides to make certain
of perfect alignment.
45. Check that the clutch coupling mechanism is correctly positioned in the clutch drum.
To test this, rotate the engine by means of the starting handle and if the clutch drum remains
stationary and the mechanism turns freely, correct adjustment may be assumed. If, however,
there is a tendency for the clutch mechanism to turn the clutch drum, then it is probable that the
clutch mechanism is fouling the inner face of the drum. Proceed to adjust the position of the clutch
drum as outlined in Sect. 8, Chap. 1 of this publication.
46. When the set is divided into its two sections for any purpose it will be found that the drum
will easily slip away from the clutch mechanism.
47. The test set is now ready for mounting in the trolley. The method of securing it will be
self-evident and no explanation is necessary. The instrument panel can then be fitted into the trolley
and secured to the base and the sockets and plugs connected up. Six 50 ft. lengths of cable assembly
are provided for connecting the test set to the aircraft and comprise:—
Two 50 ft. Dumet 19—Stores Ref. 5B/4352
Two 50 ft. Dumet 4—Stores Ref. 5B/3760
Two 50 ft. Dumet 19—Stores Ref. 5B/3758
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Fuel and lubrication
48. The set is now ready for putting into operation. Fill the tank with petrol mixed with
lubricating oil as, set out in para. 28 and 29 of Chap. 7 of this Section.
Note.—It is essential that the correct mixture of fuel and lubricating oil is used.
Check that the chain case and governor on the engine and the generator bracket have an adequate
supply of lubricant, details of which are given in Sect. 8, Chap. 1. Instructions for starting and
stopping are also given in Chapter 1, to which reference should be made.

Fig. 6.—Generator bracket with two generators only
49. When the test set is running the canvas cover should be removed to prevent overheating
of the engine.
Warning
50. Never start up the engine without the generator bracket section being coupled to the engine
unit. To do so would involve the risk of the exposed clutch mechanism on -03.e extended shaft of the
engine disintegrating.

SERVICING
Generator, type U2
51. Full details of the servicing of the generator are given in Sect. 4, Chap. 11 of this
publication.
Dynamotor, type D
52. Reference should be made to Sect. 4, Chap. 13.
Generator bracket
53. Details of lubrication and the method of dismantling the generator spindle bearing housings
which have grease nipples fitted, are given in Sect. 8, Chap. 1.
Engine
54. As already indicated this is fully dealt with in Sect. 8, Chap. 1, to which reference should
be made for servicing details.
Voltage regulator, type C
55. The testing and setting-up of this regulator is covered in A.P.1186E, Vol. I, Sect. 3, Chap. 5.
Trolley
56. The moving parts of the trolley, comprising the road spring mountings and wheel hubs,
should be lubricated monthly. Lubricating nipples are fitted to these parts and standard equipment
may be used for applying the lubricant. The clamping screws for the trolley support legs should be
oiled at the same time.
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Introduction
1. This petrol electric test set embodies a 270 c.c. or 350 c.c. Enfield engine coupled to a
specially designed generator bracket on which the appropriate generators are mounted. The 350
c.c. engine will eventually supersede the 270 c.c. engine.
2. Full instructions, together with illustrations, for assembling Enfield test set components,
will be found in A.P.1186E, Vol. I, Sect. 7, Chap. 7.
3. Usually a test set is mounted in a hand trolley. When it is not mounted it will be noticed
that it bears a different Stores Ref. No., in this instance it is 42Y/920.
4. By referring to the schedule of test sets shown in Table 1, in Chap. 7, the Stores Ref. Nos.
of the main components can be quickly obtained.
5. Contrary to the normal practice of issuing petrol electric test sets already assembled and
ready for immediate service, this series, when ordered by a Unit, will usually have to be assembled
from the individual components delivered, consisting of a trolley, engine, generator bracket,
generators, instrument panel and appropriate cables. Certain components, although very similar
in appearance, have different Stores Ref. Nos. The following list gives the main components of
this test set together with their Stores Ref. No.:—
Generator bracket
Instrument panel ...
Suppressor, type H
Voltage regulator, type
Generator, type HZ
Generator, type V
Fuel
Lubricating oil

Stores Ref. No. 42Y/708
Stores Ref. No. 42Y/680
Stores Ref. No. 5U/1005
Stores Ref. No. 5U/1013
Stores Ref. No. 5U/517
Stores Ref. No. 5U/350
Stores Ref. No. 34A/27
Stores Ref. No. 34A/163

Relevant publications
6. A full description of the Enfield engine will be found in A.P.2713, Vol. I. A brief description
of the engine and, generator bracket with servicing and operating instructions will be found in
Chap. 1 of Sect. 8 of A.P.1186E.
Generator, type V
A.P.1186E, Vol. I, Sect. 4, Chap. 9
Generator, type HZ
...
A.P.1186E, Vol. I, Sect. 4, Chap. 8
Voltage regulator, type C
A.P.1186E, Vol. I, Sect. 3, Chap. 5

Fig. 1. —View of generator bracket with generators mounted
DESCRIPTION
7. A test set of the type under consideration, depicted in fig. 1 of Chap. 10 of this Section,
comprises a 27 c.c. or 350 c.c. Enfield horizontally opposed twin cylinder air cooled two stroke engine
The overall dimensions and appearance of both engines are the same.
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Fig. 2.—Generator driving spindle bearing housings
Note.—The total putput from a test set with a 270 c.c. engine must not exceed 1.7 kw. With
a 350 c.c. engine fitted the total output must not exceed 2.25 kw.
Trolley
8. The trolley, which is suitable for pulling by hand and not for towing, is fitted with steel
or pneumatic tyres. Three telescopic supporting legs ensure rigidity when the set is in use and
a metal canopy and side curtains provide weather protection. The 50 ft. lengths of cables used for
connecting the test set to the apparatus under test on the aircraft are housed in a cable box situated
above the instrument panel.
Engine unit
9. The complete engine is mounted in a section of tubular frame with the fuel tank mounted
above and protected by a metal canopy. The centrifugal clutch mechanism of the coupling is
attached to the extended shaft of the engine.
Generator bracket
10. In the other section of tubular
frame, a generator bracket containing a
central drive gear with appropriate pulleys
and Vee belts, is mounted. Two steel tubes
for aligning the generator bracket with the
engine are inserted in the base of the
bracket and secured by two pins on short
chains to prevent them falling out, while in
transit. The drum of the centrifugal clutch
is mounted on the extended shaft of the
generator bracket. An illustration of a
generator bracket out of its tubular frame
is shown in fig. 1 of Chap. 7, Sect. 7, of
A.P.1186E. A part of the flange of the
spindle bearing housing can be seen on the
left-hand side. It will be observed that the
clamp sleeves of the pulleys are missing as
no generators are in position. The drum
Fig. 3.—Special adaptor for generator, type V
of the centrifugal clutch coupling has also
been removed from the shaft extension.
The oil filler plug and the two hexagon nuts of the spindle bearing housing clamp bolts are shown.
It should be noted that the bracket (Stores Ref. 42Y/708) is not fitted with flexible drive units. A
view of this generator bracket with the three generators mounted in position 'is shown in fig. 1.
Generator driving spindle bearing housings
11. The two spindle bearing housings will be already fitted to the generator bracket, but an
explanation of their construction and function may be of assistance.

12. An illustration of typical bearing housings with Vee belt pulleys is shown in fig. 2. A
difference in the bearing housings fitted to the brackets, except the one now under consideration,
should be noted, so that when they are dismantled for lubrication purposes (recommended every
500 running hours) it is ensured that they are correctly replaced.
13. The driving spindle in the bearing housing fitted in the centre is tapered and the two
outer bearing housings have special adaptors fitted to accept American type V generator spindles.
An illustration of one of these adaptors appears in fig. 3 and a view of the generator bracket ready
to receive the three generators is shown in fig. 4.
14. Instructions for lubricating these spindle bearing housings will be found in Chap. 1, of
Sect. 8 of A.P.1186E.
COUpling
15. The coupling consists of a normal centrifugal clutch, mounted as described in para. 9
and 10. A further reference to this coupling will be found in para. 41.

Instrument panel
16. From the schedule in Table 1, referred to in para. 3, it will be seen that a number of
different types of instrument panel are available. The panel (Stores Ref. 42Y/680) is more generally
applicable to these test sets, having been designed to cover as wide a range as possible.
17. It should be appreciated that when this particular panel is used a certain number of sockets
on the panel will often be unused, dependent upon the number and type of generators mounted on
the generator bracket.
18. On the front of the panel there is mounted a suppressor, type H, a voltage regulator,
type C, and voltmeter, Stores Ref. 42Y/200. The voltmeter is in a steel case which is sealed. If
this seal is broken, on receipt of the instrument panel, check that the voltmeter has not been removed.
In addition, there are 2-way plugs for connecting up 50 ft. lengths of cable from the test set to the
aircraft.
19. At the back of the panel are the appropriate plugs for the cable connections from the
generators.
20. The instrument panel is mounted in a tubular frame with the facilities for securing it
to the base of the trolley. At the top of the tubular frame is a steel box for cable storage. A view
of the panel is shown in fig. 5 and a diagram of wiring connections in fig. 6.

Tool kit and spares
21. A tool box with a padlock and 2 keys contains the following tools and spares and is secured
to the generator bracket section of the tubular frame :—
Ref. No.
—
42QX/82

—

—
—
42X/691
42QX/67
42QX/76
42QX/74
42QX/75
42S/570
42QX/90
42QX/80
42QX/43
42QX/42
42QX/12
16C/2028
16C/1445
42QX/109

Part No.
28839
—
—
—
—

—
31193
225/019
467118
467115
467117
—
225/010
4/053
27585
27584
—
—
30251

Description.
Bar, tommy
Extractor, fan, flywheel
Pliers
Screwdriver
Spanner, tubular, D.E. * in. x ,9,, in. Whit.
Spanner, tubular, D.R. e in. x -1-5., in. Whit.
Spanner, D.E. * in. x * in. Whit.
Spanner, D.E. 1 in. x is in. Whit.
Spanner, D.R. is in. x -g- in. Whit.
Spanner, S.E. is in. Whit.
Spanner, S.E. -1- in. Whit.
Spanner, adjustable
Belt, driving, generator
Jet, main, adjustable
Lead, H.T.
Lead, L.T.
Lead, L.T.
Plug, sparking, Lodge, S.R.14
Screw, air, adjusting
Washer, chamber float
Washer, pipe, exhaust
Washer, pipe induction
Rings, piston
Magneto screw driver and gauge
Gauge sparking plug •015
Spanner, special (Allen screws)

Qty.
1
1
1
1
1
1
1
1
1
1
1
1
3
1
2
1
2
2
1
2
6
4
6
1
1
1
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Suppressor
22. To obviate radio interference from the d.c. output of the type HZ generator, a type H
suppressor is inserted in the circuit.
Voltage regulator, type C
23. The voltage regulator, type C, consists essentially of two carbon pile regulators which are
connected in series with each other and with the generator field winding. The voltage operated
unit is that which is remote from the terminal block, the current unit being adjacent to the block.

Fig. 4.—View of generator bracket with adaptors fitted

SUPPRESSOR

REGULATOR

VOLTMETER

Fig. 5.—View of instrument panel, 42Y;'680
24. A full description of this regulator, together with illustrations and servicing, will be found
in A.P.1186E, Vol. I, Sect. 3, Chap. 5.
Generator, type HZ
25. The type HZ generator is a shunt wound, self-excited machine of four pole construction
having an output of 20 amp. at 29 volts.
26. The armature is carried in two grease lubricated ball bearings, one located in the driving
end frame and the other free to slide in an annular recess in the commutator end frame.
27. Four brushes, grade EGO (Stores Ref. 5U/741), are mounted in brush boxes on the brush
rocker. This is secured to the end frame by two hexagon-headed screws.
28. Ventilation of the generator is attained by a fan which is keyed to an extension of the
armature shaft at the commutator end.
29. A full description of this generator, together with illustrations and servicing details, will
be found in Sect. 4, Chap. 8.
Generator, type V
30. The alternating current generator type V has a maximum output of 15 amperes at 80 volts,
the excitation current being 24 volts. The frequency of the supply is proportional to the speed and
is 1,500 cycles per second at 3,000 r.p.m.
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31. Generator, type V, is generally similar in construction to the type U described in Sect. 4,
Chap. 11, of this publication. A characteristic difference is in the driving end. Here a flexible
coupling which is contained in a suitable housing, is incorporated in the drive. One end of the
housing is secured to the yoke of the generator by six bolts and the other end is flanged to provide
a means of attachment to the generator bracket.
32. The flexible coupling connects the splined driving shaft to the rotor shaft proper through
driving pegs and rubber buffers, and assists in smoothing out torsional vibrations in the drive.
33. A detailed description of the type V generator together with servicing instructions will
be found in A.P.1095C, Vol. I, Sect. 5, Chap. 8 and should be referred to if the appropriate chapter
quoted in para. 6 is not available.
ASSEMBLY
34. The first stage is to mount the appropriate combination of generators to the generator
bracket. Before fitting the generators to the bracket, connect up the necessary cables to the
generators, with the sockets already fitted, to plug into the rear of the instrument panel.
35. The cables provided for this purpose are as follows :—
One 4 ft. 3 in. Trigenmet No. 1 cable assembly, Stores Ref. 5B/3761, for connecting the
HZ generator to the instrument panel.
Two 4 ft. 3 in. Dumet 4 cable assemblies, Stores Ref. 5B/3759, for connecting the d.c.
excitation of the type V generators.
Two 4 ft. 3 in. Dumet 19 cable assemblies, Stores Ref. 5B/3757, for the connections of the
output of these generators.
36. It will be noted that this generator bracket has special adaptors mounted on the generator
bracket for accepting the standard American type splined shaft of type V generators. All three
drives have tapered driving spindles with appropriate hollow clamp sleeves passing through the
Vee pulleys and securing the driving spindles of the adaptors, for the type V generators, and the
shaft in the case of the type HZ generator.
37. The type HZ generator is mounted on the top central drive of the bracket. Fit the
generator to the flange and bolt it up loosely. Then screw in through the pulley the hollow clamp
sleeve and tighten it up, making sure that the pulley can revolve, and then tighten up the four nuts
at the flange of the generator.
38. The two type V generators are mounted on either side of the type HZ and they should
be offered up to the flange, the splined shaft registering with the splined spindle and be securely
bolted up.
39. To remove the type HZ generator from the bracket, first remove the clutch drum and
then remove the four nuts at the flange of the generator, loosen the clamp sleeve at the pulley, then
as the generator shaft is tapered and fits into a tapered driving spindle, it is necessary to tap the
hexagon head of the clamp sleeve to loosen the generator. The clamp sleeve can then be fully
unscrewed or withdrawn and the generator drawn off and away from the bracket.

Belt adjustment
40. Adjustment of the Vee belts is achieved by loosening the hexagon nuts of the clamp
sleeve bolts on the left and right slopes of the generator bracket, tapping them lightly and turning
the flange of the generator driving spindle housing on which the generator (and its special adaptor)
is actually mounted, until the appropriate belt adjustment is obtained then re-lock the hexagon nuts.
41. The two sections described in the previous paragraph should now be united, the steel
tubes being inserted into the guides in the engine base, so that the centrifugal clutch will accurately
fit into the drum without damaging the shoes of the clutch. Four eye bolts on swivel pins are
provided for locking the two sections of the tubular frame together. Ensure that the two steel
tubes have been thrust fully into the guides to make certain of perfect alignment. Apart from
inserting the clutch mechanism into the drum when assembling the two sections, no further action
is necessary except to check that the clutch mechanism is correctly positioned in the clutch drum.
To test this, rotate the engine by means of the starting handle, and if the shoes of the clutch slip,
so that the Vee belt pulleys do not revolve, correct adjustment may be assumed. If, however, the
Vee pulleys revolve, then it is probable that the clutch mechanism is fouling the inner face of the
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Fig. 6.—Diagram of wiring connections
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clutch drum. Adjust the position of the drum on the extended shaft of the generator bracket,
by slackening the Allen safety screw, so that when the starting handle is turned the Vee pulleys
remain stationary. If, of course, when the coupling has been joined, it is possible to see the edge
of the clutch shoes just visible at the clutch drum, adjustments as described must be made. When
the set is divided into its two sections for any purpose it will be found that the drum will easily slip
away from the clutch mechanism attached to the extended shaft of the engine.
42. When assembling the engine unit to the generator bracket, difficulty may be experienced
in matching up the canopy top or the eye bolts and sockets. To ensure that they correctly register,
loosen the nuts securing the main aluminium casting to the framework (4 on the engine section
and 6 on the bracket section). Make the necessary adjustment and tighten up the 10 nuts.
43. The test set is now ready for mounting in the trolley. The method of securing it will
be self evident and no explanation is necessary. The instrument panel can then be fitted into the
trolley and secured to the base and the sockets and plugs connected up. Six 50 ft. lengths of cable
assembly are provided for connecting the test set to the aircraft and comprise:—
Two 50 ft. Dumet 19—Stores Ref. 5B/4352
Two 50 ft. Dumet 4—Stores Ref. 5B/3760
Two 50 ft. Dumet 19—Stores Ref. 5B/3758
OPERATION

Fuel and lubrication
44. The set is now ready for putting into operation. Before filling the fuel tank special care
should be given to the correct method of mixing the lubricating oil with the petrol.
45. While it is possible to put the petrol and the lubricating oil directly into the tank and use
the mixing paddle for mixing the oil and petrol it is strongly advised to mix the fuel before pouring
it into the tank.
46. Two measures of oil (the measure is attached to the fuel cap) must be thoroughly mixed
with each gallon of petrol and it is important to ensure that complete measures of oil are added,
by rinsing out each measure with a little petrol. Carelessness in this respect can result in a 20 per
cent reduction in the amount of oil mixed with the petrol. The capacity of the fuel tank is 3 gall.
The correct fuel is unleaded fuel or MT.80, and the lubricating oil Duckham's Adcoidized NP.3.

Warning
47. Never start up the engine without the generator bracket section being coupled to the engine
unit. To do so would involve the risk of the exposed clutch mechanism on the extended shaft of
the engine disintegrating.
SERVICING

Engine
48. As already indicated this is fully dealt with in Chap. 1 of Sect. 8 of this publication, to
which reference should be made for servicing details.

Generator bracket
49.

Details of lubrication is also given in the chapter referred to in the previous paragraph.

Generator, type HZ
50.

The servicing instructions for this generator are given in Sect. 4, Chap. 8 of this publication.

Generator, type V
51. Details of servicing instructions will be found in A.P.1095C, Vol. I, Sect. 5, Chap. 8 and
A.P.1186E, Vol. I, Sect. 4, Chap. 9.

Voltage regulator, type C
52. Illustrations and servicing instructions for this type regulator are contained in Sect. 3
Chap. 5 'of this publication.

Trolley
53. The moving parts of the trolley, comprising the road spring mounting and wheel hubs,
should be lubricated monthly. Lubricating nipples are fitted to these parts and standard equipment
should be used for applying the lubricant. The clamping screws for the trolley support legs should
be oiled at the same time.
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Introduction
1. The petrol-electric test set (Stores Ref. 42Y/890) is very similar to the light transportable
generating set, Stores Ref. 42Y 650, the engine, generator bracket and combination of the generators
being the same. The characteristic differences are that this test set is mounted in a trolley, and has
an instrument panel to which the generators are connected, instead of being connected to two 7-pin
Niphan plugs. An illustration of this test set appears in fig. I.
2. In conformity Is ith the general policy applied to these petrol-electric test sets, they will,
when ordered by a Unit, be supplied as a number of component parts. It will be the responsibility
of the Unit to assemble these components and the method is set out briefly in paragraph 23 et seq.
3. Detailed instructions of assembly will be found in Chapter 7 of this section to which reference
should be made. By referring to the schedule of petrol-electric a.c. and d.c. test sets given in Table 1
at the end of Chapter 7 of this section, the Stores Ref. of all components comprising a test set can be
quickly ascertained.
Leading Particulars
4. A list of the main components is as follows:—
Enfield engine mounted in tubular frame (270 c.c. engine)
(350 c.c. engine)
...
Generator bracket mounted in tubular frame
A.C. generator, type U2
D.C. generator, type HZ
Instrument panel
...
Voltage regulator, type C

Stores Ref. 42QX/4
Stores Ref. 42QX/92
Stores Ref. 42Y/682
Stores Ref. 5U/2617
Stores Ref. 5U/517
Stores Ref. 42Y/680
Stores Ref
5U/1013

Relevant publications
5. Reference should be made to the following publications for detailed information servicing
instructions:—
Enfield engine (270 c.c. and 350 c.c.)
A.P.2173A, Vol. I
Operating and servicing instructions
A.P.1186E, Vol. I, Sect. 8, Chap. .1
Assembly instructions ...
A.P.1186E, Vol. I, Sect. 7, Chap. 7
Generator, type U2 ...
A.P.1186E, Vol. I, Sect. 4, Chap. 11
Generator, type HZ ...
A.P.1186E, Vol. I, Sect. 4, Chap. 8
Voltage regulator, type C
A.P.1186E, Vol. I, Sect. 3, Chap. 5
Schedule of spare parts
A.P.2247, Sect. 42Y, Part III

Fig. 1.—Test set with generators mounted
DESCRIPTION

Trolley
6. The trolley, which is suitable for pulling by hand but not for towing, is fitted with steel
or pneumatic tyres. Three telescopic supporting legs ensure rigidity when the set is in use, and a
metal canopy and side curtains provide weather protection. The 50-ft. lengths of cable used for
connecting the test set to the apparatus under test, in the aircraft, are housed in a cable box situated
above the instrument panel and .a compartment under the trolley at the rear.

Engine unit
7. In some instances the engine will be a 270 c.c. flat twin air-cooled engine. In others it will
be a 350 c.c. model similar in appearance and in overall dimensions, but in both cases the engine is
mounted in a guard frame. The total output from a test set with a 270 c.c. engine must not exceed
F7 kW, but with a 350 c.c. engine fitted the total may amount to 2.5 kW.
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Generator bracket
8. A generator bracket, of which there are three types, is also mounted in a tubular frame,
arrangements being made for linking it with the framework of the engine section. The bracket is
coupled to the engine by a centrifugal clutch and provision for correct alignment with the engine
is ensured by means of two steel tubes carried in the bottom of the bracket for insertion into the
tubular guides in the engine base. Full details of this bracket will also be found in Chap. 7 of this
section.
9. The test set, separated into two sections, is shown in fig. 2, which depicts the centrifugal
clutch on the engine section and the clutch drum on the bracket section, together with the two tubes
for aligning the two sections.
10. The generator bracket has a central drive and two outer generator driving spindle bearing
housings which are illustrated in fig. 11 of Chap. 1 of Section 8. It should be noted that the lefthand bearing housing (facing the generator bracket from the generator side) has a tapered internallysplined driving spindle, to which only a tapered splined shaft, such as on a type HZ generator, can
be fitted.
11. A modification introduced to reduce the wear of the spline takes the form of a flexible
drive unit and an aluminium alloy spacing casting which is bolted to the flange face of the generator
bracket. This is not shown in fig. 1. Details of this flexible drive are also contained in Chap. 1
of Sect. 8 of this publication.
Generator driving spindle bearing housing
12. These two bearing housings have a stud at each corner of the flange face on which the
generators are mounted. A grease nipple is provided for the lubrication of the bearings on which the
hollow shaft turns. One end of this shaft has a keyway for securing either a single or double-vee
pulley. On the earlier models the splined shaft of the generator fits into the opposite end of this
shaft, IN bile on later models it is the tapered shaft of the flexible drive unit that is fitted into this end
of the shaft.
13. The spindle bearing housings are secured in position in the generator bracket by the clamp
sleeves with adjusting bolts, the hexagon nuts of which will be seen on the two slopes of the generator
bracket. An illustration of this bearing housing will be found in Chap. 1, Sect. 8 of this publication.
Instrument panel
14. From the schedule in the table at the end of Chapter 7, it will be seen that a number of
different types of instrument panel are available. The panel (Stores Ref. 42Y'680) is more generally
applicable to these test sets, having been designed to cover as wide a range as possible.
15. It should be appreciated that when this particular panel is used a certain number of sockets
on the panel will often be unused dependent upon the number and type of generators mounted on
the generator bracket.
16. On the front of the panel there is mounted a suppressor type H, a voltage regulator type C,
and a voltmeter (Stores Ref. 42Y/200). The voltmeter is in a steel case which is sealed. If this seal
is broken on receipt of the instrument panel, check that the voltmeter has not been removed. In
addition, there are 2-way plugs for connecting up 50 ft. lengths of cable from the test set to the aircraft. At the back of the panel are the appropriate plugs for the cable connections from the
generators.
17. The instrument panel, which is illustrated in fig. 5, Chap. 11, of this section, is mounted
in a tubular frame which can be secured to the base of the trolley. At the top of the tubular frame
is a steel box for cable storage. A connection diagram will be found in fig. 3.
Tool kit and spares
18. A tool box with a padlock and two keys is provided and a list of the tools and spares it
contains will be found in Chap. 7 of this section.
Suppressor
19. To obviate radio interference from the d.c. output of the type HZ generator, a type H
suppressor is inserted in the circuit.

Voltage regulator, type C
20. A voltage regulator, type C, consists essentially of two carbon pile units which are connected
in series with each other and with the generator field winding. Their pile resistances are controlled
independently by solenoids according to the generator output voltage and current respectively.
Generator, type HZ
21. The generator is a shunt-wound self-excited machine of 4-pole construction having an
output of 20 amp. at a regulated voltage of 29. The armature is carried in two grease lubricated
ball bearings, one located in the driving end frame and the other free to slide in an annular recess
in the commutator end frame. Four brushes grade E.G.O. (Stores Ref. 5U/741) are housed in
brush boxes mounted on a brush rocker secured to the end frame by two hexagon-headed screws.
Ventilation of the generator is attained by a fan which is keyed to an extension of the armature
shaft at the commutator end.
Generator, type U2
22. The a.c. generator, type U2, has been designed to provide an output of 15 amps. at 80 volts,
the 24-volt excitation being obtained from the generator, type HZ. The frequency of supply is
proportional to the speed and is 1,200 cycles per second, at 3,000 r.p.m.
23. This generator is semi-enclosed and cooled by through ventilation, a fan being incorporated
in the rotor. It should not require any servicing other than lubrication of the bearings.
ASSEMBLY
24. As indicated in para. 2 this test set will be supplied as a number of components. A brief
description of the procedure for assembly is given below, but for detailed instructions refer to Chapter 7
of this section.

GUIDE TUBE

CLUTCH
HOUSING

CENTRIFUGAL
CLUTCH
COUPLING

EYE BOLT
--------FLYWHEEL
FAN

Fig. 2.—Test set in two sections
25. The first stage is to mount the two type U2 generators and the HZ generator on the generator
bracket, but before fitting the generators to the bracket connect up the necessary cables with the
sockets already fitted, so that connection can be made to the rear of the instrument panel. The cables
provided for the purpose areas follows :—
(i) For connecting a generator type HZ to the instrument panel, one 4 ft. 3 in. Trigenmet
No. 1 cable assembly (Stores Ref. 5B/3761).
(ii) For connecting the two type U2 generators, two 4 ft. 3 in. Dumet 4 cable assemblies (Stores
Ref. 5B/3759) for d.c. excitation purposes, and two 4 ft. 3 in. Dumet 19 cable assemblies
(Stores Ref. 5B/3757) for the connection of the output of the generators.
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26. The generators should now be mounted on to the generator bracket, commencing with a
type U2 generator on the centre drive.
27. Where the flexible drive unit is fitted to the generator bracket it may be found difficult
to register the splined shaft of the generator with the internal spline of the driving spindle and at the
same time align the holes of the generator flange with the four studs on the bracket, and to overcome
this difficulty the method of assembly given in the next paragraph may be employed.
28. The alternative method is to slacken with a screwdriver the two hexagon bolt heads on
the flexible drive, which are accessible through an opening in the spacing casting; next unscrew the
clamp sleeve at the pulley face and tap the hexagon head of the clamp sleeve to release the flexible
drive and then withdraw it from the driving spindle. The flexible drive can then be fitted to the
splined shaft of the generator and the generator complete with the flexible drive unit, offered up
to the flange studs and loosely bolted up. Screw up the clamp sleeve at the pulley and tighten up
the four nuts at the generator flange. Finally, using a screwdriver, tighten up the two hexagon
bolts on the flexible drive.
29. The remaining type U2 generator should then be mounted on the right-hand side of the
generator bracket (facing the generator side of the bracket) and the generator, type HZ, on the lefthand side. This generator is driven by a single vee-belt. Fig. 1 shows the generators mounted in
position on the bracket.

Belt adjustment
30. Adjustment of the vee-belts is achieved by loosening the hexagon nuts of the clamp sleeve
bolts on the left and right slopes of the generator bracket, tapping them lightly and turning the
flange of the generator driving spindle housing on which the generator is actually mounted, until
the appropriate belt adjustment is obtained. The hexagon nuts should then be re-locked.
31. Having mounted the generators the two sections of the test set should now be united,
the steel tubes being inserted into the guides in the engine base, so that the centrifugal clutch will
fit accurately into the drum without damaging the shoes. Four eve bolts on swivel pins lock the two
sections of the tubular frame together. Ensure that the two steel tubes have been thrust fully into
the guides, thus ensuring perfect alignment. Apart from inserting the clutch mechanism into the
drum when assembling the two sections, the only further action necessary is to check that the clutch
mechanism is correctly positioned in the clutch drum. To test this, rotate the engine by means of
the starting handle. If the shoes of the clutch slip, so that the vee-belt pulleys do not revolve,
correct adjustment may be assumed. If, however, the vee-belts revolve, then it is probable that
the clutch mechanism is fouling the inner face of the drum. In this event adjust the position of the
drum on the extended shaft of the generator bracket, by slackening the Allen safety screw, so that
when the starting handle is turned the vee-pulleys remain stationary. Adjustment must also be
made if, when the coupling has been joined, it is possible to see the edge of the clutch shoes just visible
at the clutch drum. When the set is divided into two sections for any purpose it will be found that
the drum will easily slip away from the clutch mechanism attached to the extended shaft of the engine.
32. When assembling the engine unit to the generator bracket, difficulty may be experienced
in matching up the canopy top or the eye bolts and sockets. To ensure that they register correctly,
loosen the nuts securing the main aluminium casting to the framework (four on the engine section
and six on the bracket section) make the necessary adjustment and tighten up the ten nuts.
33. The test set can now be mounted in the trolley. The method of securing it will be selfevident, and no explanation is necessary. The instrument panel can then be fitted into the trolley
and secured to the base and the sockets and plugs connected up. Six 50-ft. lengths of cable assembly
are provided for connecting the test set to the aircraft and comprise :—
Two 50 ft. Dumet 19 (Stores Ref. 5B/4352).
Two 50 ft. Dumet 4 (Stores Ref. 5B/3760).
Two 50 ft. Dumet 19 (Stores Ref. 5B/3758).
OPERATION

Fuel and lubrication
34. The set is now ready for putting into operation. Before filling the fuel tank special care
should be given to the correct method of mixing the lubricating oil with the petrol.

35. While it is possible to put the
petrol and the lubricating oil directly into
the tank and use the mixing paddle for
mixing the oil and petrol, the recommended method is to mix the fuel before
pouring it into the tank. Two measures
of oil (a measure is attached to the fuel
cap) must be thoroughly mixed with 1
gallon of petrol and it is important to
ensure that correct measures of oil are
added by rinsing the measure out with a
little petrol. Carelessness in this respect
can result in a considerable reduction in
the amount of oil mixed with the petrol.
The capacity of the fuel tank is 3 gallons.
The correct fuel is unleaded fuel or
MT80 (Stores Ref. 34A/27) and the
lubricating oil, Duckham's Adcoidized
NP.3 (Stores Ref. 34A/163).

Fig. 3.—Connection diagram

Warning
36. Never start up the engine
without the generator bracket section
being coupled to I he engine unit. To do
so would involve the risk of the exposed
clutch mechanism on the extended shaft
of the unit disintegrating.

SERVICING
37. For details of servicing individual items of equipment, reference
should be made to the list of "Relevant
Publications" where further information
may be obtained.

Trolley
38. The moving parts of the trolley,
comprising the road spring mountings
and wheel hubs, should be lubricated
monthly. Lubricating nipples are fitted
to these parts and standard equipment
should be used for applying the lubrication. The clamping screws for the
trolley support locks should be oiled at
the same time.
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Introduction
1. For supplying a.c. and d.c. po\Ner for testing radar equipment on aircraft, a series of Enfield
petrol-electric test sets is available. The test set described in this chapter is supplied either with
a 270 cc. or 350 cc. Enfield engine in a section of tubular frame coupled to a generator gear bracket
in another section of tubular frame. On this generator gear bracket are mounted an appropriate
combination of generators and a blower.
2. The 350 cc. engine will eventually entirely supersede the 270 cc. model, and in this respect
it should be noted that the total output from a test set fitted with a 270 cc. engine must not exceed
1.7 kW. With a 350 cc. engine fitted, the total load must not exceed 2.5 kW.
3. The two sections are coupled together by a centrifugal coupling, the tubular framework
being bolted together with suitable swivel eye bolts. A hand trolley (Stores Ref. 42Y/809) carries
the complete equipment and enables a set to be taken to the aircraft, the radio equipment of which
is to be tested.
4. The unit ordering this test set will be supplied with the individual components consisting
of a trolley, engine complete in its section of tubular frame, generator gear bracket in a tubular frame,
generators, instrument panel, and the appropriate cables. It will be the responsibility of the Unit
to assemble these components, and the method is set out briefly in paragraph 20. Detailed instructions of assembly will be found in Chapter 7 of this Section of this publication to which reference
should be made.

5. By referring to the schedule of Test Sets given at the end of Chapter 7 of this Section, the
Stores Reference numbers of the main components comprising a Test Set can be quickly ascertained.
The following list gives the main components of this Test Set together with their Stores Ref. Nos. :—
Enfield engine mounted in tubular frame (270 cc. engine)
Enfield engine mounted in tubular frame (350 cc. engine)
Generator bracket
• ••
Instrument panel
Generator, type U2
...
Generator, type UKX
• ••
Blower ...
• ••
Suppressor, type Y
Voltage regulator, type J
Trolley ...

Stores
Stores
Stores
Stores
Stores
Stores
Stores
Stores
Stores
Stores

Ref.
Ref.
Ref.
Ref.
Ref.
Ref.
Ref.
Ref.
Ref.
Ref.

42QX/4
42QX/92
42Y/682
42Y/672
5U/2617
5U/421
42Y/686
5C/2605
5U/522
42Y '809

Relevant publications
6. Enfield engine, 270 cc. and 350 cc....
Operating and servicing instructions
Generator bracket
Assembly instructions ...
Generator, type U2 ...
Generator, type UKX
Voltage regulator, type J
Schedule of Spare Parts

•• •
•• •
•• •
•• •
•• •

A.P.2173, Vol. I
A.P.1186E, Vol. I, Sect. 8, Chap. 1
A.P.1186E, Vol. I, Sect. 7, Chap. 7
A.P.1186E, Vol. I, Sect. 7, Chap. 7
A.P.1186E, Vol. I, Sect. 4, Chap. 11
A.P.1186E, Vol. I, Sect. 4, Chap. 4
A.P.1186E, Vol. I, Sect. 3, Chap. 7
A.P.2247, Part III, Sect. 42Y

DESCRIPTION

Trolley
7. The complete test set, including the instrument panel, is usually mounted in a trolley which
is suitable for pulling by hand but not for towing. Three telescopic supporting legs ensure rigidity
when the set is in use, and a metal canopy and canvas side curtains provide weather protection.
The 50-ft. lengths of cable, used for connecting the test set to the apparatus under test on the aircraft, are housed in cable boxes situated above the instrument panel and a compartment under the
trolley at the rear. An illustration of a typical test set is shown in fig. 1 of Chap. 10 in this section.

Engine unit
8. In some instances the engine will be a 270 cc. flat twin air-cooled Enfield engine, but later
trollies are fitted with a 350 cc. model similar in appearance and in overall dimensions. In both
cases the engine is mounted in a guard frame.

Generator bracket
9. On this generator bracket are mounted one type U2 generator, one type UKX generator
and a blower. This generator bracket, of which there are three types, is also mounted in a tubular
frame, arrangements being made for linking it with the framework of the engine section. The bracket
is coupled to the engine by a centrifugal clutch coupling and provision for correct alignment with the
engine is ensured by means of two steel tubes carried in the bottom of the bracket for insertion into
tubular guides in the engine base. An illustration of this bracket with the generators and blower
fitted is shown in fig. 1.

Instrument panel
10. The instrument panel is self-contained in a tubular guard frame and mounted on the trolley.
It contains a suppressor. type Y, voltage regulator, type J, a terminal block and voltmeter. Appropriate sockets are mounted on the back of the panel for the cable connections to the generators, and
suitable output sockets are mounted on the front of the panel for connecting the 50 ft. cables to the
aircraft. A schematic wiring diagram is shown in fig. 2.

Tool box
11. A tool box with a padlock and two keys is provided, and a list of the tools and spares it
contains will be found in Chap. 7 of this section.

Voltage regulator, type J
12. The voltage regulator, type J, combines a voltage regulator and current limiter in one unit
and is completely automatic in action. This regulator consists essentially of two carbon pile regulator
units, which are connected in series with each other and with the generator field winding, but are
independently controlled by the voltage and current of the generator output. The voltage-operated
unit is that which is adjacent to the terminal block, the current unit being remote from the terminal
block.
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Fig. 1.—View of generator bracket
13. A variable trimmer resistance in series with the voltage coil circuit is also incorporated;
the adjuster, which is slotted for screwdriver operation, being brought to the front through a hole
in the base plate. The regulator will operate at a normal full load rating of 60 amps.
Suppressor
14. To obviate radio interference from the d.c. output of the type UKX generator, a type Y
No. 1 suppressor is inserted in the circuit between the generator and the voltage regulator, type J.
A.C. generator, type U2
15. These alternating current generators, type U2, have been designed to provide an output of 15
amperes at 80 volts, the 24-volt excitation voltage being obtained from the generator, type UKX,
mounted on the bracket. The frequency of supply is proportional to the speed, and for this type
it is 1,200 cycles per second at 3,000 r.p.m. The generators are semi-enclosed and are cooled by
through ventilation, a fan being incorporated in the rotor. It should not require any servicing other
than lubrication of the bearings.
Generator, type UKX
16. This generator has been designed to provide a d.c. output of 60 amps., at 29 volts and an
a.c. output of 15 amps. at 80 volts, the frequency at 6,000 r.p.m. being 2,300 c/s. The minimum
speed at which the full rated d.c. output is obtainable is 3,250 r.p.m. The generator is suitable for
running in both clockwise and anti-clockwise rotation, the connections being changed by moving

a yellow link on the terminal block which connects the positive shunt terminal and one of the main
(armature) terminals. To suit a required direction of rotation, the link is connected as shown in
fig. 2, the change being obtained by turning the link over so that the arrow indicates the direction
of rotation required. The link can only be connected in either of the positions shown, the main
(armature) terminal to which the link is connected being always positive, the other main (armature)
terminal being negative. The negative shunt terminal is marked white. The three effective terminals
are then connected to the suppressor and voltage regulator, type J, with Trigenmet No. 3 cable, in
the orthodox way. It should be noted that reversing the direction of rotation reverses the polarity
of the main terminals and the cables should be connected accordingly.
17. It will be apparent, therefore, that when a type UKX generator is to be mounted on the
bracket of this test set it is necessary to check that the position of this link is correctly related to the
direction of rotation before proceeding to connect up the appropriate cables.
18. These generators are fitted with felt oil reservoirs, which should be removed with the outer
bearing cap and soaked in lubricating oil after every 120 running hours. Care must be taken to
ensure that the washers between the felt pad and the bearing are correctly replaced.

Blower
19. The blower is mounted on the generator bracket and driven by a single vee-belt pulley
and provides forced cooling for the type UKX generator. A grease nipple is provided for the lubrication of the ball bearings.

VOLTAGE REGULATOR,
TYPE J

CONTROL
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DIRECTION OF ROTATION IS INDICATED BY ARROW ON CONNECTING LINK ,

Fig. 2.—Method of reversing rotation of generator, type USX

ASSEMBLY
20. The test set will be supplied as a number of separate components, and the procedure fo r
assembly is described below:21. The engine, complete with a fuel tank at the top immediately beneath a metal canopy,
and the exhaust system below- the engine base plate in its section of tubular frame, is ready for
coupling to the generator bracket unit.
22. The generator bracket is mounted in its section of tubular frame and is complete with a
metal canopy. The pulleys and vee-driving belts are already fitted. Two steel tubes for alignment
purposes are inserted in the base of the bracket, and secured by two pins on short chains to prevent
them falling out while in transit.
23. First mount the UKX generator on the centre drive of the bracket. By slightly twisting
and turning the generator, enter the splined shaft into the dril, ing spindle and bolt the generator
up to the flange securely. Fig. 1 illustrates the generator bracket with the generators and blower
in position.
24. A modification in the form of a flexible drive unit has been added. It is intended to fit
this form of drive retrospectively to all light transportable generating sets and to the series of Enfield_
petrol-electric test sets, with the exception of the test set (Stores Ref. 42Y/888).
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25. Where the flexible drive unit is fitted to the generator bracket, •it may be found difficult
to register the splined shaft of the generator to the internal spline of the bracket driving spindle,
and at the same time register the holes of the generator flange to the four studs to which it is secured.
26. An easier method of fitting the generators than that described in the preceding paragraphs
is as follows:27. Slacken the two hexagon bolt heads (with screwdriver cuts on the flexible drive) accessible
through the opening in the spacing casting; unscrew the clamp sleeve at the pulley face and tap the
hexagon head of the clamp sleeve to release the flexible drive unit and then withdraw the flexible drive
from the driving spindle. This can then be fitted to the splined shaft of the generator which, with the
flexible drive unit in position, can now be offered up to the flange studs and loosely bolted up. Screw
up tightly the clamp sleeve at the pulley and tighten up the four nuts at the generator flange. Finally,
with a screwdriver, tighten up the two hexagon bolts on the flexible drive.
28. Then mount the type U2 generator to the right-hand drive of the bracket. The same
procedure with the flexible drive unit should be adopted as described in the previous paragraph.
29. The two sections should then be united, the steel tubes being inserted into the guides in
the engine base so that the centrifugal clutch will fit into the drum without damaging the shoes of
the clutch. Four eye bolts on swivel pins are provided for locking the two sections of tubular frame
together. Ensure that the steel tubes have been thrust fully into the guides to make certain of perfect
alignment.
30. When assembling the engine unit to the generator bracket, difficulty may be experienced
in matching up the canopy top or the eye bolts and sockets. To ensure that they register correctly,
loosen the nuts securing the main aluminium casting to the framework (four on the engine section
and six on the bracket section), make the necessary adjustment and tighten up the ten nuts.
31. The test set is now ready for mounting in the trolley. The method of securing it is selfevident and no explanation is necessary.
32. Before installing the instrument panel, connect up the cables to the generators. A 4-ft.
length of Dumet 19 cable must be connected to the a.c. terminal block on the UKX generator, the
terminals being marked yellow and blue. The Stores Ref. of the cable assembly, complete with socket,
etc., is 5B/3757. The Trigenmet No. 2 cable must be connected to the d.c. terminal block on this
generator, blue to terminal G—, grey to S, and yellow to G+. This cable assembly is Stores Ref.
5B/7150. Remember to check the position of the yellow link as outlined in paragraph 16.
33. To the type U2 generator connect up the Dumet 19 cable assembly (Stores Ref. 5B/3757)
for the a.c. output and a Dumet 4 cable assembly (Stores Ref. 5B/3759) for the field supply of this
generator. The instrument panel can now be fitted into position and the sockets and plugs connected
up. Fivo 50-ft. lengths of cable are provided for connecting the test set to the aircraft radio apparatus
to be tested. They are:—
Two 50-ft. Dumet 19 cable assembly (Stores Ref. 5B/3758)
Two 50-ft. Dumet 19 cable assembly (Stores Ref. 5B/435)
One 50-ft. Dumet 4 cable assembly (Stores Ref. 5B/3760)
OPERATION

Fuel and lubrication
34. Fill the tank with petrol mixed with lubricating oil as set out in paragraph 28 of Chap. 7
of this section. Check that the chain case and governor on the engine and the generator bracket
have an adequate supply of lubrication, details of which are given in Chap. 1, Sect. 8. Instructions
for starting and stopping are also given in this chapter, to which reference should be made.
Note.—It is essential that the correct mixture of fuel and lubrication oil must be used. When
the test set is running, the canvas screens should be rolled up to prevent overheating of the
engine.

Starting precautions
35. Never start up the engine without the generator bracket section being coupled to the engine
unit. To do so would involve the risk of the exposed clutch mechanism on the extended shaft of
the engine disintegrating.
SERVICING
36. For servicing of individual items of equipment, reference should be made to the list of
relevant publications in para. 6. With regards to the blower, the only attention necessary is the
application of grease to the cup provided, every 500 running hours.
37. The moving parts of the trolley comprising the road spring mountings and wheel hubs
should be lubricated monthly. Lubricating nipples are fitted to these parts and standard equipment
may be used for applying the lubrication. The clamping screws for the trolley support legs should be
oiled at the same time.
P10385 \112948/G665 7/46 5000 C & P Gp. 1
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Introduction
1. The petrol-electric test set described in this chapter is similar to the test set type 42Y/904,
differences being in the combination of generators and a variation in the type of instrument panel.
2. It is used for supplying a .c. and d.c. power for testing radio equipment on aircraft, and being
a self-contained unit mounted on a trolley, it can be taken to the aircraft to test equipment.
3. On this test set there is fitted either a 270 c.c. or 350 c.c. engine mounted in a section of
tubular frame and coupled to a generator gear bracket in another section of tubular frame. A centrifugal clutch is provided for connecting the engine to the generator bracket and the tubular framework
is bolted together with suitable swivel eye bolts. The 350 c.c. engine will eventually entirely supersede
the 270 c.c. model, and it should be noted that the total output from a test set fitted with a 270 c.c.
engine must not exceed 1.7 kW. With a 350 c.c. engine fitted the total output must not exceed
2-25kW.
4. Each Unit ordering this test set will be supplied with the individual components consisting
of trolley, engine complete in its section of tubular frame, generator gear bracket in a tubular frame,
generators, instrument panel, and the appropriate cables. It will be the responsibility of the Unit
to assemble these components and the method is set out briefly in para. 19 et. seq. Detailed instructions
of the assembly will be found in Chapter 8 of this section, to which reference should be made.
5. By referring to the schedule of test sets given at the end of Chapter 7 of this section, the Stores
Reference Numbers of the main components comprising a test set can be quickly ascertained. The
following list gives the main components of this test set together with their Stores Reference Numbers.
Enfield engine mounted in tubular frame (270 c.c. engine)
Stores Ref. 42QX/4
Enfield engine mounted in tubular frame (350 c.c. engine)
Stores Ref. 42QX/92
Generator bracket ...
Stores Ref. 42Y/682
...
Instrument panel
Stores Ref. 42Y/680
A (ALb9)

Stores Ad. 5U/2617
... Stores Ref. 5U/1217
... Stores Ref. 5U/517
... Stores Ref. 5U/1013
... Stores Ref. 5C/1005

Generator, type 132
Generator, type R
Generator, type HZ ...
Voltage regulator, type C
Suppressor, type H

Relevant publications
6. Enfield engine, 270 c.c. and 350 c.c.
Operating and servicing instructions
Generator bracket ...
Assembly instructions
Generator, type U2 ...
Generator, type R
Generator, type HZ ...
Voltage regulator, type C
Schedule of spare parts

•. •
.••
•.
•• •
•. •
•• •
•• •

A.P.2173 Vol. I
Sect. 8, Chap. 1
Sect. 8, Chap. 1
Sect. 7, Chap. 7
Section 4, Chap. 11
Sect. 4, Chap. 3
Sect. 4, Chap. 8
Sect. 3, Chap. 5
A.P.2247, Part III, Section 42Y

of this
publication

DESCRIPTION

Trolley
7. The complete test set including the instrument panel is usually mounted in a trolley which
is suitable for pulling by hand but not for towing. Three telescopic supporting legs ensure rigidity
when the set is in use, and a metal canopy and side curtains provide weather protection. The 50 ft.
lengths of cable used for connecting the test sets to the apparatus under test on the aircraft are housed
in cable boxes situated above the instrument panel and a compartment under the trolley at the rear.

Fig. 1.—Generator bracket

Engine unit
8. In some instances the engine will be a 270 c.c. flat twin air-cooled Enfield engine, but a more
recent alternative is a 350 c.c. model similar in appearance and in overall dimensions. The engine is
mounted in a guard frame. Details of this engine together with operating and servicing instructions
will be found in Sect. 8, Chap. 1 of this publication.

Generator bracket
9. On this generator bracket are mounted one type U2 generator, one type R generator and one
type HZ generator. This generator bracket, of which there are three types, is also mounted in a tubular
frame, arrangement being made for linking it with the framework of the engine. section. Correct
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alignment with the engine is ensured by means of two steel tubes carried in the bottom of the bracket
and inserted into the tubular guides in the engine base. Details of this bracket will be found in Chap.
7 of this section and fig. 1 illustrates the bracket with the generators fitted.
Instrument panel
10. The instrument panel, illustrated in fig. 2, is self-contained in a tubular guard frame and
mounted on the trolley.' It contains a suppressor type H2, voltage regulator, type C and a voltmeter.
Appropriate sockets are mounted on the back of the panels for the cable connections to the generators,
and suitable output sockets are on the front of the panel for connecting the 50 ft. cables to the aircraft.
The wiring diagram is shown in fig. 3.

CABLE STOWAGE
.

SUPPRESSOR

REGULATOR

VOLTMETER

Fig. 2.—View of instrument panel

Tool box
11. A tool box with a padlock and two keys is provided. A list of the tools and spares it contains
will be found in Chap. 7 of this section.
Suppressor
12. To obviate radio interference from the d.c. output of the type HZ generator, a type H.
suppressor is inserted in the circuit.
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Fig. 3.—Diagram of wiring connections
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Voltage regulator, type C
13. The voltage regulator, type C consists essentially of two inter-connected carbon pile regulators
controlling the excitation of the generator. The voltage operated unit is that which is remote from the
terminal block, the current unit being adjacent to the block. A full description of this regulator
together with illustrations will be found in Sect. 3, Chap. 5 of this publication.

Generator, type HZ
14. The type HZ generator is a shunt wound, self-excited machine of four-pole construction,
having an output of 20 amps. at 29 volts. The armature is carried in two grease-lubricated ball
bearings, one located in the driving end-frame and the other free to slide in an annular recess in the
commutator end-frame.
15. Four brushes, grade EGO (Stores Ref. 5U/741) are mounted in brush boxes on the brush
rocker which is secured to the end frame by two hexagon-headed screws. Ventilation of the generator
is obtained by a fan keyed to an extension of the armature shaft at the commutator end. A full
description of this generator, together with illustrations and servicing details, will be found in Sect. 4,
Chap. 8.

Generator, type U2
16. These alternating current generators, type U2, have been designed to provide an output of
15 amperes at 80 volts, the excitation voltage being 24 volts obtained from the generator type HZ.
The frequency of the output iS proportional to the speed, and for the type U2 it is 1,200 cycles per
second at 3,000 r.p.m.
17. The generator is semi-enclosed and is cooled by through ventilation, a fan being incorporated
in the rotor. It should not require any servicing other than lubrication of the bearings. Full description, together with illustrations and servicing instructions, will be found in Sect. 4, Chap. 11.

Generator, type R
18. The generator type R is of the totally enclosed, naturally-cooled type; the yoke, end-frame,
and bearing cap being finned to assist heat dissipation. Oil lubricated bearings are employed, oil
being supplied by felt pads situated in their respective bearing caps. Lubrication in earlier types of
machines depended solely on the transfer of oil from the pad to the bearing owing to the surface
tension of the oil, but in later models the felt pads are in intimate contact with the bearings. A more
detailed description together with illustrations and servicing details will be found in Sect. 4, Chap. 3.

ASSEMBLY
19. This test set will be supplied as a number of separate components and the procedure for
assembly is as follows :—The engine, complete with a fuel tank at the top, immediately beneath the
metal canopy, and the exhaust system below the engine base plate in its section of tubular frame, is
ready for coupling to the generator bracket unit.
20. The generator bracket is mounted in its section of tubular frame and is complete with metal
canopy. The pulleys and Vee driving belts are already fitted. Two steel tubes for alignment purposes
are inserted in the base of the bracket, and secured by two pins on short chains to prevent them falling
out whilst in transit.
21. First mount the type R generator on the centre drive of the bracket, by slightly twisting
and turning the generator, enter the splined shaft into the driving bracket and securely bolt the
generator up to the flange. Next mount the type U2 generator on to the right-hand drive and then
mount the type HZ generator to the left-hand drive of the bracket. Fig. 1 illustrates the generator
bracket with the three generators in position.
22. A modification in the form of a flexible drive unit has been added. It is intended to fit this
form of drive, retrospectively, to all light transportable generating sets and to the series of Enfield
petrol-electric test sets, with the exception of test set, Stores Ref. 42Y/888.
23. Where the flexible drive unit is fitted to the generator bracket it may be found difficult to
register the splined shaft of the generator to the internal spline of the bracket driving spindle and at
the same time the holes of the generator flange to the four studs to which it is secured. In this event
a method of fitting the generators alternative to that described in the preceding paragraphs may be
followed. The details of this are given in subsequent paragraphs.

24. Slacken the two hexagon bolt heads (with screwdriver slots, on the flexible drive) accessible
through the opening in the spacing casting; unscrew the clamp sleeve at the pulley face and tap the
hexagon head of the clamp sleeve to release the flexible drive unit and then withdraw the flexible
drive from the driving spindle. This can then be fitted to the splined shaft of the generator, which,
with the flexible drive unit in position, can now be offered up to the flange studs and loosely bolted
up. Screw up tightly the clamp sleeve at the pulley and tighten up the four nuts at the generator
flange. Using a screwdriver, finally tighten up the two hexagon bolts on the flexible drive. Fig. 4
depicts a generator bracket with flexible drive units fitted.

Fig. 4.—Generator bracket with flexible drives fitted
25. The two sections of the set should then be united, the steel tubes being inserted into the
guides in the engine base so that the centrifugal clutch will actually fit into the drum without damaging
the shoes of the clutch. Four eye-bolts on swivel pins are provided for locking the two sections of
tubular frame together. Ensure that the steel tubes have been thrust fully into the guides to make
certain of perfect alignment.
26. When assembling the engine unit to the generator bracket difficulty may be experienced
in matching up the canopy top or the eye-bolts and sockets. To ensure that they register correctly,
loosen the nuts securing the main aluminium casting to the framework (four on the engine section
and six on the bracket section) make the necessary adjustment and tighten up the ten nuts.
27. The test set is now ready for mounting on the trolley. The method of securing it is selfevident and no explanation is necessary. Before installing the instrument panel, connect up the
cables to the generators; to the type R generator connect up a Sextomet 4 cable assembly (Stores
Ref. 5B/3287). To the type U2 generator connect up a Dumet 19 cable (Stores Ref. 5B/3757) assembly
for the a.c. output and a Dumet 4 cable assembly (Stores Ref. 5B/3759) for the field supply.
For the output of the type HZ generator use a Trigenmet No. 1 cable assembly (Stores Ref. 5B/3761).
28. The instrument panel can now be fitted into position and the sockets and plugs connected up.
Five 50-ft. lengths of cable are provided for connecting the test set to the aircraft the radio apparatus
which is to be tested. They are :—
Two 50 ft. Dumet 19 cable assemblies (Stores Ref. 5B/4342)
One 50 ft. Dumet 4 cable assembly (Stores Ref. 5B/3760)
One 50 ft. Dumet 19 cable assembly (Stores Ref. 5B/3758)
One 50 ft. Sextomet cable assembly (Stores Ref. 5B/3288).
OPERATION

Fuel and lubrication
29. Fill the tank with petrol mixed with lubricating oil as set out in paragraph 28 of Chapter
7 of this section. Check that the chain guides and governor on the engine and the generator bracket
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have an adequate supply of lubricant, details of which are given in Chap. 1, Sect. 8. It is essential
that the correct mixture of fuel and lubricating oil is used. Instructions for starting and stopping
are also given in that chapter, to which reference should be made.
Note:—When the test set is running the canvas screens should be rolled up to prevent overheating of the engine.
Warning
30. Never start up the engine without the generator bracket section being coupled to the
engine unit. To do so would involve the risk of disintegration of the exposed clutch mechanism on
the extended shaft of the engine.
SERVICING
31. The moving parts of the trolley, comprising the road spring mechanisms and wheel hubs,
should be lubricated monthly. Lubricating nipples are fitted to these parts and standard equipment
may be used for applying the lubrication. The clamping screws for the trolley support legs should
be oiled at the same time.
32. For servicing details on other equipment fitted to this test set reference should be made to
the chapters detailed on para. 6.
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3 kW ELECTRIC-ELECTRIC TEST SET
(STORES REF. 5G/238)

Introduction
1. This test set is an electric-electric equivalent of the Enfield petrol-electric test sets,
comprising a mains driven squirrel-cage motor coupled to a special bracket designed to accept
various combinations of airborne type generator, the associated regulators being mounted separately.
The bracket is generally similar in design to that used with the petrol-electric set (Stores Ref.
42Y/682) but it does not contain a clutch.
DESCRIPTION
2. The test set comprises an electric motor mounted in a similar tubular frame to that which
carries the engine in the Enfield petrol-electric sets, the bracket being carried in another section
of the same frame. The two sections are designed so that they can be easily bolted together. A
star-delta starter is provided; it is supplied mounted on the frame but when finally installed may
be fixed in any convenient position provided it is nwunted in a vertical plane.

Motor
3. The motor is of small dimensions
for its output, the rating being 7 H.P.
It is a B.T.H. type KZ.3519 squirrelcage induction motor rated at 400/440
volts, 3-phase 9.6 amps. The stator
winding consists of insulated conductors
wound in semi-enclosed slots and the
rotor "winding" is a one-piece aluminium
casting integral with the fan. Grease
caps are provided at both ends for
bearing lubrication and in addition to
the outer dust caps, a combined air
deflector and dust cap is fitted internally.
The end shields have machined spigots
from which the bearing housings are
bored and the complete motor is secured
to the frame at the bracket end by two
bolts, the opposite end being spigoted
directly on the frame. A Hardy Spicer
drive connects the motor' shaft to the
gear bracket.

Gear bracket
4. This bracket is generally similar
to the 42Y/682 type except that the
Hardy Spicer coupling replaces the
centrifugal clutch. The method of
bolting up the two sections of the
frame, and mounting the generators on
the bracket, is the same as that given in
Sect. 7, Chap. 7 The canopy over the
pulley shown in the illustrations is no
longer fitted.

Fig. 4.—Test set with three generators in position

Starter
5. Motor starting is effected by a B.T.H. type ASD.11 star-delta starter, mechanically interlocked so that the motor can only be started when its windings are star connected, the starter arm
being moved over to the delta position for running. The starter is of the totally enclosed air-break
type, is provided with a low voltage trip and has a thermal overload trip in each phase. A stop
lever is fitted to the side of the starter case. The switch is of the drum type with a double break on
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Fig. 5.—Wiring diagram of motor and starter
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type KZ.3519
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each phase, and both the drum and the fixed contacts are easily accessible for renewal or cleaning.
Connections from the motor are taken to terminals at the bottom of the starter. These terminals
are not lettered but the illustration in fig. 7, when read in connection with the wiring diagram in
fig. 5, shows the correct connections, all of which can be made from the front without soldering.
The starter is provided with three holes closed by discs which can easily be drilled on site to suit
the cables used. The conduit is secured by internal and external nuts.
6. The low voltage release is of the spring-loaded armature type and overload protection is
afforded by a thermal relay in each phase. Adjustment is provided by the overload trip and a
' further adjustment allows correction to be made to suit high ambient temperatures.

THERMAL OVERLOAD TRIPS

"STOP'
BUTTON

UNDER VOLTAGE
RELEASE COIL

Fig. 7.—View of motor starter

INSTALLATION

Mounting the generators
7. This test set consists of a number of separate components and the procedure for assembly
is as follows:8. The electric motor beneath a metal canopy in its section of tubular frame is ready for coupling
to the generator bracket unit which has two splined couplings and one tapered socket.
9. The generator bracket is mounted in its section of tubular frame and is coMplete with a
metal canopy. The pulleys and Vee driving belts are already fitted. Two steel tubes for alignment
purposes are inserted in the base of the bracket and secured by two pins on short chains to prevent
them falling out while in transit. Any combination of generators may be fitted provided the total
loading does not exceed 3 kW.
10. First mount the generator on the centre drive of the bracket, which is already provided
with a flexible drive unit for each machine. By slightly twisting and turning the generator, enter
the splined shaft into the driving spindle and bolt the generator up to the flange securely. Fig. 3
illustrates the generator bracket with the generator in position. Follow this by mounting the
second generator on the left and the third generator on. the right.
1. It may be found difficult to register the splined shaft of the generator to the internal
splines of the bracket driving spindle and at the same time the holes of the generator flange to the
four studs to which it is secured.

12. An easier method of fitting the generators than that described in the preceding paragraph
is as follows :—Slacken the two hexagon bolt heads (with screwdriver slots on the flexible drive)
accessible through an opening in the spacing casting; unscrew the clamp sleeve at the pulley face
and tap the hexagon head of the clamp sleeve to release the flexible drive unit and then withdraw
the flexible drive from the driving spindle. This can then be fitted to the splined shaft of the
generator which, with the flexible drive unit in position, can now be offered up to the flange studs
and loosely bolted up. Screw up tightly the clamp sleeve at the pulley and tighten up the four
nuts at the generator flange. Finally tighten up the two hexagon bolts on the flexible drive with
a screwdriver.
13. Then mount the generators, bolting the flanges up loosely; fit the hexagon headed clamp
sleeves through the pulley and tighten it up, then tighten the four nuts securely at the flange on
each side.
14. These two sections of the frame should then be united, the steel tubes being inserted
into the guides in the motor mounting so that the Hardy Spicer coupling can be bolted up. Four
eyebolts on swivel pins are provided for locking the two sections of tubular frame together. Ensure
the steel tubes have been thrust fully into the guides to make certain of perfect alignment.
15. When assembling the motor unit to the generator bracket, difficulty may be experienced
in matching up the canopy top or the eyebolts and sockets To ensure that they register correctly,
loosen the nuts securing the main aluminium casting to the framework (four on the motor section
and six on the bracket section). Make the necessary adjustment and tighten up the ten nuts.
16. The test set is now ready for mounting in a trolley, if required, and connecting up to the
appropriate instrument panel according to the type of generator(s) fitted.
Starter
17. The starter should be rigidly secured to a wall, or other support, at a height convenient
for operation, or, if provided with floor-mounting stands, should be securely fixed to the floor. It
may also be mounted on the set as shown in fig. 1 and 2.
18. Any parts detached for transport, such as the meters, operating handle or cable boxes,
should be re-assembled in position.
19. Before the starter is put into service the following simple tests should be carried out:—
(i)
(ii)

Attempt to move the starting handle to the RUN position; the movement should be
stopped within about z in. by the correct sequence device, before the contacts make.
Hold down the armature of the under-voltage release and move the handle to the START
position, and then move the handle smartly towards the RUN position, where it should
remain until the under-voltage armature is released. It should be noted that, if the
movement from the START to the RUN position it made too slowly, the mechanical sequence
device will come into operation and prevent the starter reaching the RUN position.

Thermal relays
20. These consist of three heaters connected in the respective lines, the heaters consisting
of spirals of special resistance material embracing the bi-metallic strips. These bi-metallic strips
engage with a trip bar the position of which is controlled by the setting on the calibration plate.
For general purposes the pointer should be set at a current corresponding to the full load current
of the motor, i.e. 10 amps, and this will represent a tripping point equivalent to a sustained current
of approximately 115 00 full load. It will be noted that an additional calibration scale is provided
which will enable settings to be obtained for use in high ambient temperatures such as are encountered
in the tropics.
Generators
21. These should be connected up in the normal manner, but the total load applied to the set
must not exceed 3 kW.
SERVICING
22. The starter should be inspected at regular intervals, care being taken to isolate the gear
from the supply mains before removing the cover. Examine the contacts and if any of them show
signs of excessive burning they should be cleaned up or replaced as necessary. Check the movement
of the contacts to ensure that they make and break simultaneously on both START and RUN sides.
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Generator bracket
23. Remove the plug near the top of the left-hand slope of the bracket and the plug on the
front plate just below the central pulley. Fill with Vie. oil (Stores Ref. 34-kfi-6-3} to the height
of the lower plug.
5
.30)/24_,

9 --Jso

24. The generator driving spindle bearing housings mutt be removed from the generator
bracket to gain access to the grease nipples. This is done by unscrewing the securing bolt or clamp
sleeve at the centre of the pulley,' and slackening the Allen safety screw in the pulley, leaving the
latter free to be drawn off the driving spindle. Unscrew the hexagon nut of the clamp sleeve
adjusting bolt on the slope of the generator bracket when the spindle bearing housings can be
withdrawn from the generator bracket with the generator still in position.

Belt adjustment
25 Adjustment of the Vee-belts is achieved by loosening the hexagon nuts of the clamp
sleeve bolts on the left and right-hand slopes of the generator bracket, tapping them lightly to free
them and turning the flange of the generator driving spindle bearing housing, on which the generator
is actually mounted, until any slack in the belt has been taken up. Then re-lock the hexagon
nuts, taking care not to exert too great a pressure and thus risk jamming the locking faces.

Driving motor
26. Being of the squirrel-cage type no maintenance is required other than greasing of the
bearings very occasionally. This necessitates removing the outer bearing caps, after taking off
the Hardy Spicer coupling, and filling the bearing not more than a quarter full with grease
(Stores Ref. 34A/32).
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Introduction
1. Provided in order to facilitate the ground testing of radio equipment in aircraft, the test
set, type 88, comprises a 11 h.p., 230-250 volt, single-phase repulsion-induction motor of the enclosed
ventilated type, driving an A.C. generator type R and D.C. generator type L or LX. The motor is
mounted on channel bearers and the generators are spigot mounted to brackets bolted to the
bearers and are adjustable for belt tension.
2. The drive is by pulley and vee belt giving generator speeds of approximately 4,000 r.p.m.
with a motor speed of 1,400 r.p.m. Voltage regulation for the D.C. output is provided by a voltage
regulator type D, and a suppressor type 0 is used for the elimination of radio interference. These
two components are mounted on a panel fixed to the set and are wired with Trigenmet cable No. 2.
3. Two sockets, types W.154 and W.165 respectively, are used for connecting the A.C. and
D.C. supplies to the equipment under test. The motor starter is a separate unit and is not fixed
to the test set equipment. A full description of the engine-driven generators used with this set will
be found in A.P.1095C, Vol. I, Sect. 5, and a similar description of the suppressor in A.P.1095A,
Vol. I, Sect. 5.
DESCRIPTION
Motor
4. As illustrated in fig. 1 the motor is centrally mounted on a fabricated channel base and is
secured by fours in. Whit. x 12 in. bolts and nuts. Pillar type terminals are employed to give ease
of connection and to obviate the necessity of soldering. The terminal assembly is mounted on a
metal frame attached to the side of stator frame and is fitted with an insulating bush. A steel cover
is provided which can be removed for purpose of inspection without disturbing the wiring, and a
diagram of connections is located inside the cover. A driving pulley which carries the vee belts is
keyed to the shaft and secured by a z in. Whit. grub screw. For details of the motor reference
should be made to A.P.1186E, Vol. I, Sect. 2.
D.C. Generators
5. The D.C. generators, type L (Stores Ref. 5U/981) and LX (Stores Ref. 5U/188) are, apart
from their cooling systems and field windings, essentially similar in design. The former has an output
of 500 watts 12-14 volts D.C. and weighs 22 lb., the maximum current loading being 40 amps. at
14 volts whilst the latter provides an output of 750 watts at 12-14 volts D.C. and the maximum
ourrent loading is 60 amps. In the generator type LX direct cooling of the commutator is employed,
the air jacket which surrounds the yoke of the generator type L being omitted. The required generator
is spigot mounted on a mild steel bracket and held in position by fours in. Whit. x 11 in. bolts and
hexagon nuts, the nuts being secured against vibration by spring washers. The bracket is bolted to the

channel bearers, and the holes through which the two 1 in. x 1 in. bolts pass are elongated to give
adjustment of belt tension. The driven pulley, grooved with two half-inch vees, is keyed to the generator shaft and secured by a f. in. B.S.F. x s in. hexagon set pin.

Fig. 1.—Test set, type 88

Voltage regulator
6. Voltage regulation is by an automatic carbon pile regulator, type D (Stores Ref. 5U/1024),
which, together with the suppressor, is mounted on two mild steel straps bolted to the base by four
A- in. Whit. x 2 in. ch/hd. bolts and nuts. The unit is secured to these strips by A in. Whit. x
11 in. countersunk bolts and nuts.
7. The regulator is entirely automatic in its action and combines both a voltage regulator and
a,current limiter in one unit. Designed for use with the type L generator, it has a link box and can be
used for parallel running or as a single unit. It is important with this set that the non-parallel linking
arrangement as given in A.P.1095C, Sect: 6, be adhered to.

Suppressor, Type 0
8. The suppressor, type 0 (Stores Ref.5C/968), is•a three-leg two-stage suppressor and is designed
for use with 12-24 volt shunt generators. It is mounted in the test set base and is secured by K in.
Whit. x 2 in. bolts and nuts, the nuts being locked against vibration by spring-washers. The
suppressor is wired to the generator with Trigenmet No. 2 cable (Stores Ref. 5E/2014) as shown in
fig. 2.

A.P.1186E, Vol. I, Sect. 7, Chap. 19

This leaf issic,d in reprint dated
March, 1916

A.C. Generator
9. The A.C. generator, type R, is mounted and its pulley is secured in a manner similar to the
D.C. machine, a distance piece being used to bring it into alignment with the driving pulley. The
set pins securing the movable bracket are 21 in. long. The generator has an output of 500 watts
at 80 volts A.C. and is of the inductor type, both inductor and stator windings being stationary,
with a solid slotted steel rotor. A full description of the generator and the principles of operation
are to be found in A.P.1095C, Vol. I, Sect. 5.

TERMINAL BLOCK,
OF E. O. GENERATOR
Li

2

z

VOLTAGE REGULATOR
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Fig. 2.—Diagram of suppressor connections
SERVICING
10. General instructions for the servicing of electric motors will be found in A.P.1095G, Vol. I,
Sect 2, to which reference may be made. The brushes should be examined periodically for signs of
wear and should be renewed before they are completely worn down. Brush pressure is not adjustable,
the brush fingers being so designed that even pressure is maintained throughout the useful life of
the brush.
11. When despatched from the makers the bearings are filled with oil to capacity and should
not require attention for some considerable period. When re-filling the oil wells scrupulous cleanliness
must be observed to prevent any foreign matter contaminating the oil as this may enter and cause
harm to the bearings.
12. Full details of servicing for other items of equipment will be found in the appropriate air
publications, quoted above, to which reference should be made as required.
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Introduction
1. The 270 c.c. Enfield engine unit (Stores Ref. 42QX/4) and its 350 c.c. counterpart (Stores
Ref. 42QX/92) which is a modified version, have been developed primarily for the series of petrol
electric test sets described in Section 7 of this Publication and a light transportable generating set
(Stores Ref. 42Y/650) described in A.P.2526B. The 350 c.c. engine will entirely supersede the 270 c.c.
engine in due course.
2. The special gear brackets with facilities for mounting an appropriate combination of
generators have been made for use with these engines and are described in para. 24 of this chapter.
3. The engine and the gear bracket are each mounted in a section of tubular frame to facilitate
easy transport. A general view of a generating set with a 270 c.c. engine and a gear bracket as a
complete set is shown in fig. 1.

Relevant publications
4. A detailed description of the engine will be found in A.P.2173, Vol. I.
5. Instructions for the assembling of test sets incorporating these engines will be found in
Chap. 7, Sect. 7 of this Publication.
6.

The schedule of spare parts is A.P.2247, Sect. 42Y, Part III.

Fig. 1.—General view of generating set
GENERAL DESCRIPTION

Engine unit
7. The engine consists of a 270 c.c. or 350 c.c. horizontally opposed twin cylinder air-cooled
two-stroke. The overall dimensions and appearance of both engines are the same.
8. It is mounted on a cast aluminium alloy base which is secured to the tubular frame by four
bolts. The silencer is fitted underneath, with a sheet of asbestos between it and the engine base to
improve the cooling of the engine.
9. A foot-operated decompression lever shown in fig. 3, is fitted at the starting handle end to
facilitate easy starting together with the button of the choke shown in fig. 2.

Ventilation
10. A centrifugal type fan is incorporated in the flywheel and draws air through suitable
ducting over the cylinders and expels it through the fan casing. The canvas cover must be removed
when the set is running.
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Fig. 2.—Enfield 270 c.c. engine

Fig. 3.—Enfield 270 c.c. engine partially stripped

Fuel
11. Only the correct fuel, which should be lead-free if available, or MT.80 (Stores Ref. 34A/27),
must be used. Otherwise the performance of the engine will be impaired and excessive wear, with
resultant starting difficulties, experienced.
Governor
12. The governor, which is mounted in the top of the crankcase and is chain driven, is the cone
and ball type and is provided with speed adjustment. A link rod couples the governor to the carburettor
butterfly throttle valve. An exploded view of the governor is shown in fig. 8 and the method of adjustment is described in para. 41.
Carburettor
13. The carburettor, type 225/5, an exploded view of which is shown in fig. 9, is of the butterfly
throttle type with a mixing chamber and float chamber (8) bolted together by the jet (6) which has
a large hexagon end for tightening up. (It should be noted that on the 350 c.c. engine a type 225/6
carburettor, having a larger choke is fitted.)

Fig. 4.—Generator bracket
14. The jet (6) referred to is long and has a petrol inlet hole at the base and two orifices: one
for small throttle openings which is in the stem between the threads: the other, the main jet, in the
rounded end, the passage through which is adjusted by a tapered needle (1). The adjusting screw is
at the bottom of the carburettor just below the large hexagon nut.
15. To ensure that this needle is petrol-tight a cork washer (4) is fitted over the needle and
squeezed up between a washer (5) and compressed by a small hexagon gland screw (3) above the
milled adjusting screw.
16. The throttle (29) is fitted between the main jet (in its fixed choke) and the outlet to the
engine. The opening of the throttle is controlled by a lever connected to the governor lever by a
link-rod; when the throttle is closed in the idling position, an adjustable stop screw on the mixing
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Fig. 5.—Set divided into two sections

chamber body butts up against the throttle lever (28). The lip of the throttle when in the idling
position is in the proximity of a small hole in the mixing chamber, and this hole is the outlet for
the idling jet supply (namely, petrol from the small hole between the threads on the jet and air
taken past the air adjusting screw).
17. The AMAL carburettor 225/5 and 225/6 have top feed to the float chamber (28) where the
petrol pipe attachment is side fitting (22) clamped down by a hexagon nut (19) on the float chamber
top between two washers, and by its side thf re is a spring-loaded plunger (17) standing through the
lid which is the tickler.
18. In the event of an alternative type of carburettor being fitted, it should be noted that :—
(i) Type 225/2 has the petrol pipe fitted with union nut and nipple (18) and (16)—not side feed.
(ii) Type 225/4 has a bottom feed float chamber, when, to remove the needle the float must
first be detached and the needle extracted through the petrol pipe connection below.

Ignition
19. A Lucas type FC2 simultaneous spark ignition unit, shown in fig. 10, is incorporated in
the engine. This is an inductor type generator adapted as a simultaneous spark magneto for use
with two separate ignition coils. The stator is mounted at the rear of a flanged casting which is
attached to the crankcase by screws, the flywheel being in the form of a hollow cup carrying the rotor
poles at its periphery. An extension of the crankshaft passes through a bearing in the flanged casting
and carries the cam for operating the contact breaker. The two ignition coils are connected in series
between one end of the generator winding and earth. The other end of the generator winding is
connected through the contact breaker to earth.
20. The two ignition coils are mounted in cast aluminium cases shown in fig. 2, and secured to
brackets on the cylinder cowlings. The leads are taken from the bottom of the boxes back to glands
on the flanged casting on the ignition unit. The L.T. lead from the bottom of the right-hand ignition
coils case (as you face the starting handle) is the earth return and simply terminates in a gland on
the ignition unit. The L.T. lead on the left-hand is the connection from the ignition coils to the
magneto. As the two coils of the primary circuit are in series there is a further lead connecting the
coils going from the top of one case to the other. The terminal contact for this L T. lead in the lefthand gland is spring-loaded and it is important that this contact is kept clean. The H.T. leads to
the sparking plugs are taken out through glands at the top of the ignition coil boxes.
21. Access to the contact breaker is obtained by removing four screws which secure the inspection
plate to the front cover of the engine. A small flat is formed at the bottom of the inspection plate
to enable a screwdriver or knife-blade to be inserted to remove the plate.

Sparking plugs
22. The sparking plugs are Lodge S.R.14 (Stores Ref. 42S/570). To ensure easy starting the
correct plug gap of 0.015 in. should be maintained. Any smaller gap may upset the running of the
engine, while if the gap is above 0.020 in., starting may be difficult:

Centrifugal clutch coupling
23. The coupling consists of a normal centrifugal clutch, the drum of which is secured to the
shaft projecting from the generator bracket, as shown in fig. 5. When the unit is being separated
into two sections the generator bracket can be gently drawn away from the engine section, the drum
easily slipping away from the clutch mechanism attached to the extended shaft of the engine. An
illustration of the clutch mechanism is given in fig. 6.

Generator bracket
24. A generator bracket, illustrated in fig. 4, is made of cast aluminium alloy secured to the
tubular frame by four bolts. The bracket has a central driven shaft with a drive gear mounted inside
the bracket. It also carries a pulley with Yee belts to two other pulley drives, one on either side of
the central gear.

Flexible drive unit
25. The generator in the centre is mounted on a fixed flange of the bracket and the two outer
generators on the flange of the generator driving spindle bearing housings. This latter component
is illustrated in fig. 11. Due to wear of the splines of the generators and the driving spindle of the
bracket a modification has been introduced in the form of a flexible drive unit. This runs inside a
casting that is bolted to the flange of the generator bracket and itself has a flange to which the
generator is fixed. Further reference to this flexible drive unit is made in para. 96.
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26. These two bearing housings, as will be seen in the illustration, fig. 11, have four threaded
studs at the corner of the flange face on which the generators are mounted. A grease nipple is provided
for the lubrication of the hollow shaft ball bearings. One end of this shaft has a keyway for securing
either a single vee or two vee pulley. On the earlier models the splined shaft of a generator fits into
the opposite end of this shaft, while on later models it is the tapered shaft of the flexible drive unit
that is fitted into this end of the shaft.
27. The spindle bearing housings are secured in position in the generator bracket by clamp
sleeves with adjusting bolts, the hexagon nuts of which are seen in fig. 4 on the two slopes of the
generator bracket.
INSTALLATION
28. As indicated in para. 3 the engine is mounted in a section of tubular frame, and provision
is made for linking it with the generator bracket in its section of tubular frame.

Fig. 6.—Centrifugal clutch mechanism
29. Four eye bolts with nuts, mounted on swivel pins are provided to clamp the two sections
together. In order to secure satisfactory alignment of the engine section and the generator bracket
section, two tubular guides are incorporated in the engine base. Into these slide two steel tubes
carried at the base of the generator bracket. The tubes are drilled and provided with pins for insertion
when the sections are separated to ensure the tubes cannot fall out during transit.
30. Precautions should be taken to ensure that if the engine is stood upon a wood flooring
adequate protection is given to the floor beneath the engine to avoid the risk of damage or fire.

OPERATION

Fuel
31. The tank must be filled with the correct mixture of fuel and oil. The lubricating oil (Stores
Ref. 34A/163) is mixed with the petrol. Two measures of oil must be thoroughly mixed with each
gallon of petrol and it is important to ensure that complete measures of oil are added by rinsing
out each measure with a little petrol. Carelessness in this respect can result in a 20. per cent. reduction
in the amount of oil mixed with the petrol. It is advisable to mix the oil with the petrol before
pouring it into the tank. The oil measure is attached to the filler cap' and the capacity of the tank
is 3 gallons.
32. If it is not convenient to mix the oil with the petrol before pouring it into the tank, the oil
may be added to the petrol in the tank. To ensure it is well mixed the paddle mixer in the tank
should be operated by twisting the handle adjacent to the filler cap, to and fro fairly vigorously.

To start the engine
33. Turn on the petrol and make sure that it has reached the carburettor. This can be
ascertained by operating the tickler on the carburettor. Do not actually flood the carburettor. In
very cold weather, close the choke fully. Operate the decompressor, which can be done with the
foot if the set is on the flooio, or with the hand if it is in an elevated position. Rotate the engine by
means of the starting handle, release the decompressor and continue turning the starting handle.
The engine should fire after a few turns. Open the choke about half-way as soon as the engine is
running and fully open after approximately one minute.
34. If the engine is re-started when it is thoroughly hot, the choke should be left wide open
when starting up. If the engine is only warm and it is doubtful whether the choke will be needed
or not, try first with the choke open and partly close it only if necessary. A mixture which is weak
can always be corrected by the operation of the choke, but an excess of petrol may be difficult to clear.

CARBURRETOR LINKACE

GOVERNOR OIL PLUG

Fig. 7.—Governor and carburettor linkage

Difficult starting
35.

(i) This may be due to incorrect operation of the choke or to a very weak spark. The
screened plugs tend -to run rather cool and may become carboned up if much off load
running is done.
(ii) Too- rich a mixture resulting in an accumulation of fuel in the crank case. To rectify this,
turn off the petrol, remove the plugs, operate the decompressor and rotate the engine until
it is cleared. Clean the plugs if it is deemed necessary.
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Lack of compression due to bad seating of a decompressor valve in a cylinder. Remove
the cylinder gasket end from the head of the cylinder, dismantle the decompression lever
under the cylinder and remove the valve assembly with a suitable spanner, either regrind
the valve face or renew the valve and re-assemble.
Defective make and break contacts. The method of adjustment is described in para. 62.
A loose or bad contact on the L.T. leads.
A defective or loose connection of the condenser.

on
ADJUSTING SCREW

Fig. 8.—Governor exploded view
Hunting
36. Hunting is caused either by friction in the governor or in the connecting link between the
governor and throttle, or by unsuitable mixture.
37. Friction in the connecting linkage can be caused not only by lack of lubrication of the
pivot pins but also by allowing the carburettor to become turned slightly so as to throw the pivot
pins out of line with each other.
38. Hunting on a part load is probably due to incorrect mixture, and can be corrected by
adjustment of either the main or pilot jet, according to whether the trouble occurs at large or small
loads respectively.
Speed too low when on load
39. This may be due to one, of the following:—
(i) Excessive load. The total external load from the three generators should not exceed
1,700 watts on the 270 c.c. engine and 2,250 watts on the 350 c.c. model.
(ii) The engine running on one cylinder due to a sparking plug being defective or oiled up.
(iii) Incorrect adjustment of the main jet.
(iv) Incorrect ignition timing.
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Fig. 9.-Carburettor, exploded view
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Insufficient pressure on the governor spring.
Engine badly carboned.
Piston rings gummed up.

Stopping
40. Always stop the engine by turning off the fuel cock at the tank Only in an emergency
should the decompressor lever be used to stop the engine.
SERVICING

Lubrication
41.

In addition to mixing oil with the petrol, the following points require attention.

Governor chain case
Remove the plug at the top of the chain case for inserting the oil and fill to the level of a
horizontal plug near the bottom right-hand side of the chain case (as you face the starting handle).
Engine oil is a suitable type.
Governor
Remove the plug, on a slight angle at the top of the governor housing, and keep about half
filled with engine oil. Half full is when the oil reaches the bottom of the filler hole.
Carburettor linkage
The pivot pins in the linkage between the governor and the carburettor should be oiled
occasionally. The oil should be lighter than engine oil, if available.
Generator bracket
42. Remove the plug near the top of the left-hand slope of the bracket and the plug on the
front plate just below the central pulley. Fill with engine oil to the height of this lower plug.
43. A suitable oiler to reach all filler holes is clipped under the cover lid of the canopy just
aboVe the fuel tank.
Generator driving spindle bearing housings
44. These bearing housings, illustrated in fig. 11 and described in para. 26, must be removed
from the generator bracket to gain access to the grease nipples. The method of dismantling it is
described in the next paragraph. Lubrication, using a normal grease gun, is desirable approximately
every 500 hours, that is, when the engine is dismantled for decarbonising.
45. To remove the spindle bearing housing, first unscrew the securing bolt, or clamp sleeve at
the centre of the pulley. Slacken the Allen safety screw in the pulley leaving it free to be drawn off
the driving spindle. Unscrew the hexagon nut of the clamp sleeve adjusting bolt on the slope of the
generator bracket and the spindle bearing housing, with the generator still in position, can be withdrawn from the generator bracket.

Governor adjustment
46. Access to the governor adjustment is obtained by removing the screwed cap at the back
of the governor. The locknut on the governor adjusting screw must then be slackened and the screw
turned anti-clockwise when viewed from the front of the engine, to raise the speed, or clockwise, to
lower the speed. These features are illustrated in the exploded view of the governor shown in fig. 9.
47. The governor adjustment should only be made when the set is running on full load. No
attempt should be made to correct engine faults by adjusting the governor. Engine faults are referred
to in para. 96.

Carburettor
Operation
48. The carburettor is automatic in action and the mixture setting for varying climates,
altitudes and fuels, is obtained by:—

(i)

(ii)

The adjustment of the needle (1) in the jet (6) for half to full throttle positions—screwing
the milled head of the needle inwards weakens the mixture and screwing outwards richens
the mixture.
For the smaller throttle opening there is an air adjusting screw (11) arranged horizontally
on the side of the carburettor opposite the float chamber, and screwing this screw inwards
reduces the air-inlet port inside the mixing chamber in front of the jet and so enrichens
the mixture; screwing outwards weakens the mixture.

49. When the throttle is closed against the stop for idling, the main jet is relatively inoperative
and when the throttle is progressively opened, so the main jet comes harmoniously into action and
at half and full throttle the idling jet goes out of action owing to the lack of depression over it.
Adjustment
50. When the engine is under load and the throttle fairly well open, adjust the needle (1) in
jet to the weakest position which gives the required power, then unscrew about half a turn.
51. Then let the engine idle without load and set the air adjusting screw (11) to give the best
running with the throttle position adjusted accordingly.

CONTACT
BREAKER

Fig. 10.—Ignition unit
52. If there is any difficulty with the mixture when the governor opens the throttle, demonstrated by hesitancy or spitting in the carburettor, slightly enrich the mixture from the needle jet
and/or the idling jet.
Dismantling carburettor for cleaning
Float chamber
53. (i) Remove the petrol pipe from the top of the float chamber by undoing the hexagon
nut (19).
(ii) Unscrew the float chamber lid (25).
(iii) Remove the float (12) being careful not to bend the needle (13) or dent the float.
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The float needle (13) is attached to the float by a groove in the needle which is grasped
between two spring wires on the bottom of the float, the position not being adjustable.
The float chamber can be removed from the mixing chamber by screwing out the jet (6)
by the hexagon cap.

Mixing chamber
,
54. This can be removed from the induction pipe by unscrewing the clamp ring screw (33) and
disconnecting the throttle governor linkage, the body then being pulled forward.
55. Never remove the throttle (29) but if it is loose on the spindle tighten up the screws (3)
through the engine connection end, with the throttle closed.
56. When cleaning the mixing chamber take precautions to prevent fluff or impurities getting
up into the internal feed passages and so cause obstruction in the small orifice underneath the lip
of the throttle. This small orifice can be examined by the removal of an external screw (31) on the
air adjusting screwboss if the body is not made of brass.

Fig. 11.— Generator driving spindle bearing housings

Cleaning the jet
57. Unscrew the small hexagon gland screw (3) from the large hexagon and withdraw the needle
(1), taking care not to lose the cork washer (4) and the small brass washer (5) of the needle. Avoid
fluff or impurities getting into the centre bore of the jet and make sure that the idling jet hole, in
between the threads is clear by blowing air through it.
Before assembling
58. If it is suspected that the float (12) is punctured, immerse it in hot water, when the appearance
of a series of bubbles will disclose and locate any puncture : if the point of leakage cannot be soldered,
fit a new float.
BEFORE ASSEMBLING NOTE THAT :—
(i) The passage in the float chamber arm is clear.
(ii) The small air vent in the rim of the lid (25) is clear.
(iii) The tickler (17) is free and springs into the up position.
(iv) The float clip is located in the needle groove.
(v) When the lid is put on, the needle point first enters the seating guide.
It is also desirable to check that the gauze filter, fitted at the tank union, is free from obstruction.
Ignition
59. The contact breaker points should open to 0.012 in. and the timing should be such that the
points are just about to open when the pistons are in. before the top of the stroke. The contact

breaker cam is held on to its shaft by means of a taper and screw, but once correctly set, any alteration
in timing due to wear either by contact point or the fibre heel, can be made by resetting the contact
points to open to 0.012 in.
60. When checking the timing, make sure that the stator plate casting shown in fig. 3 is located
with the fixing pins central on its slots, as the optimum spark is obtained only when the contact
breaker points are about to open with a gap of 6
1 in. between the poles on the stator and rotor. This
gap is obtained with the stator plate casting fixed as described. This setting should coincide with the
piston in. before T.D.C.
Adjustment of contacts
61. The contact p.oints gap is likely to require frequent adjustment during the first 50 running
hours, while the fibre heel on the moving contact plate beds into the face of the cam.
62. To adjust the contacts first turn the engine until the contact points are fully open. Slacken
the two screws securing the fixed contact plate which is a half circle shape, shown in fig. 10. Then
move the plate until the correct setting, 0.012 in. is obtained, and re-lock the two screws. Always
check the gap after relocking these screws.
63. The replacement of faulty contacts should always be effected in pairs. The procedure
it, as follows :—
(i) Slacken both nuts on the moulded terminal post.
(ii) Lift the moving contact off its pivot pin and remove the slotted end of the spring from the
terminal post.
(iii) Remove the two screws with spring and flat washers and lift out the fixed contact plate.
The necessary replacements can now be effected. The procedure for reassembly will be obvious.
The correct gap is 0.012 in.
64. It should be noted that if for any reason the cam operating the make and break, and secured
by the central hexagon headed bolt, is withdrawn, or the complete ignition system is dismantled
it will be necessary to re-tune the ignition system with the engine. The method is as follows. Set
the stator plate control on the slots. Adjust the contact breaker as described in para. 62. Set the
engine to T.D.C., then insert a * in. steel bar (the tommy bar in the tool kit is suitable) between
the rotor and the pole at the bottom of the L.H. stator coil and turn the engine gently backwards
until this bar is nipped between the rotor and the stator poles. Turn the cam forwards until the
points are just about to open and lock the cam on to the shaft. The pistons should now be at T.D.C.
If they are not, adjust the stator plate on its slots, turning it clockwise to give a later timing, or anticlockwise for an earlier timing. This will not effect the quality of the spark.
65. Note that although a keyway is provided for the cam, no key is fitted in the shaft.
66. The only lubrication necessary is a very small amount of vaseline or two or three drops of
oil on the felt pad approximately every 100 running hours. To apply the lubricant satisfactorily it
is advisable to remove the split pin and brass washer and lift off the cam pad.
Ignition coils
67. To renew a defective ignition coil, proceed as follows :—
(i) Remove the cover secured by four countersunk screws and unsweat the H.T. lead at the
coil.
(ii)

Unscrew the L.T. gland and partly withdraw the lead. With a finger inside the box push
the L.T. lead into the gland housing and apply a soldering iron to unsweat it from the contact
washer.

(iii)

Bend back the tag washers and unscrew the pillar with the hexagon shoulder nut each
side of the coil and lift the coil out of the box.

When replacing an ignition coil make sure the contact washer, etc. are clean for resoldering and
ensure that any fibre spacers which are fitted are not lost.
High tension leads
68. If the necessity arises to replace the H.T. lead, remove the cover of the box, unscrew the
cable gland, unsweating the H.T. lead from the coil and withdraw the lead from the box.
Condenser
69. The method of replacing a faulty condenser is as follows:—
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Take out the screw and spring washer from the condenser band, being careful not to damage
the adjacent lead.
Unscrew the terminal nut on the condenser, lift off the spring washer and slide the
condenser away from the connection strip.

When replacing a condenser, check that all the washers and nuts are complete. Loose washers, etc.
may fly to the magnets and coil cores. These features are all depicted in fig. 10.

Decarbonising the cylinder head
70. The decarbonising of the cylinder heads and ports is usually necessary every 100 running
hours; and should be carried out as described in the following paragraphs.
71. Disconnect the high tension leads and remove the *sparking plug. Unscrew the decompressor
lever underneath the cylinder. Withdraw the conical shaped cowling at the cylinder head. This is
a press fit, but a tool may be required to lever it out of the cylinder air ducts.
72. The finned cylinder head and its four hexagon-headed securing bolts are now accessible.
By using the appropriate box spanner provided, these four bolts should be removed. Due to the
amount of carbon it may be found that the cylinder head is very firmly adhering to the cylinder
barrel. The simplest method of breaking the joint at the cylinder head is to turn the starting handle
and so make use of the compression in the cylinder to loosen the cylinder head. The cylinder head is
clearly depicted in fig. 2, all the cowling having been removed.
73. This can now be withdrawn and all carbon should be carefully removed making sure that
the compression valve and its seating are perfectly clean. The removal of the carbon from the transfer
ports is most important. These can be reached when the pistons are set at B.D.C. Scrape the carbon
from the top of the piston. Before reassembly apply a small quantity of lubricating oil to the piston
top. Ensure that the cylinder head gasket is undamaged.

Decarbonising the complete cylinder
74. Under normal running conditions the engine will require thoroughly decarbonising after
every 500 running hours. It will be necessary to partly dismantle the engine and the procedure
outlined in the next paragraphs should be followed.
75. First divide the set into its two sections reversing the order of instructions, as described in
para. 29. Next remove the plate carrying the three shoes forming the driving member of the centrifugal
clutch, shown in fig. 6, after unscrewing the three nuts which secure this plate to the studs on the
flywheel fan, then lift off the distance pieces from the studs. Now remove the pressed steel casing over
the flywheel fan which is attached to the tubular framework by two clips and to the engine by two
in. bolts inside the casing.
76. Now unscrew the nut securing the flywheel fan to the engine shaft, fit the flywheel fan
extractor (supplied in the tool kit) over the three studs on the flywheel fan and secure it with the nuts
which were used for attaching the centrifugal clutch to the flywheel, taking care to screw all the nuts
an equal amount on the studs. Tighten the centre bolt of the extractor which will then withdraw the
flywheel fan from the engine shaft. Remove the key from the shaft.
77. After removal of the flywheel fan, six nuts will be seen securing the crankcase, endplate and
the bronze sealing washer. Remove these nuts and withdraw the aluminium fan trunk, bringing
with it the end plate, after which the bronze sealing washer should be lifted off the shaft.
78. Now disconnect the petrol pipe from the carburettor and remove the split pin and pin
securing one end of the link connecting the governor and throttle arms, shown in fig. 7. Disconnect
the choke control rod which is most easily done by unscrewing it from the toggle by which it is
attached to the choke arm.
79. Loosen the clip securing the carburettor to the induction pipe and remove the carburettor
complete with the choke rod and air cleaner. Then unscrew the four bolts which secure the induction
pipe to the cylinder and lift away the induction pipe. Remove also the aluminium packing pieces
and the joint wasVrs which are fitted between the induction pipe and the cylinders.
80. Proceed to turn the engine on to its side so that the magnets cover plate is uppermost,
taking care not to damage the eye bolts and clips for the fan casing. (The petrol tank must be less
than half full to prevent loss of fuel.) Then disconnect the decompressor crank lever pivot pins and
the decompressor crank lever posts and locknuts. Now remove the sparking plugs and the decompressor valves, disconnect the screened low tension cables from the magnet cover plate and the top
of one of the ignition coils.

81. Remove the silencer from the exhaust pipes and unscrew the bolts which secure the exhaust
pipes to the cylinders and remove the pipes. Unscrew the two bolts which secure the cylinder air
jackets to the front of the cylinders, after which the jackets can be withdrawn, exposing the four
nuts securing the cylinders to the crankcase. Unscrew these and pull the cylinders off the pistons
taking care not to damage the latter while so doing.
82. To remove the pistons from the connecting rods, the wire circlip at one end of the gudgeon
pin must be removed, using the end of a file or other suitable means for the purpose, then tap out the
gudgeon pin with a hammer and a brass or wooden drift, taking care to support the piston so as not
to bend the connecting rod.
83. Carefully scrape all carbon from the inside of the cylinder heads, the top of the pistons and
the exhaust and transfer ports in the cylinder barrel.
84. Carefully remove the piston rings and clean out the grooves behind them. Scrape away
as much carbon as possible from inside the pistons.
85. Before re-assembling it should be noted that the piston rings can only be fitted in the
grooves one way up, owing to the stop pegs fitted in the pistons to prevent the rings from turning
and catching in the ports, and also on account of the taper section of the ring and grooves.
86. If the rings are badly scored or have been broken, new ones must be fitted. It is important
to ensure that these are free in the grooves which, owing to the taper secti8n of the rings, can only
be checked by fitting the rings to the piston and entering them into the cylinder bore. It should
then be possible to insert a feeler .003 in. thick between the lower face of the ring and the groove.
The feeler can be inserted through the exhaust port or through one of the slots cut in that part of
the cylinder barrel which fits into the crankcase below the cylinder base. If a feeler gauge .003 in.
thick is not available, check the rings by making sure that they will drop right into the bottom of
the groove. The rings must also be checked in the cylinder bore to ensure that they have sufficient
gap at the joint. This should be •008 in. to •012 in.
87. When replacing the pistons, make sure that the gudgeon pin circlips are refitted. Note
that the pistons must be fitted with the gaps in the rings uppermost and take care to fit the piston
in the cylinder in which it was fitted originally.
88. Put a little clean oil on the pistons, particularly round the piston rings, before replacing the
cylinders and make sure that the paper washers between the cylinder bases and the crankcase are in
good condition and fitted correctly so as not to cover up the transfer passages.
89. The remainder of the parts are reassembled in the opposite order to that employed when
dismantling. Make sure that the flywheel nut is tightened up securely and adjust the decompressor
crank lever posts so that the rocker arms are just clear of the decompressor valves. Note that the
exhaust pipes are right and left-handed and must be fitted with the correct end uppermost, otherwise
they will not register with the flanges on the silencer.
90. When refitting the centrifugal clutch plate, make sure that it is fitted the correct way.
It must be fitted in the same position relative to the flywheel as before, in order to ensure that the
balance of the flywheel is not disturbed. One stud and one hole in the plate are marked with a centre
punch and these must register together. The leading ends of the shoes face the direction of rotation.
When reconnecting the two sections of the set, see that the guide tubes in the generator bracket
base are entered into the tubular guides in the engine baseplate before pushing the two sections
together. If this is not done difficulty may be experienced in entering the clutch shoes into the drum
and damage may be done to the linings. Push the guide tubes right home before tightening the four
clamp bolts..
Belt adjustment
91. Adjustment of the vee belts is achieved by loosening the hexagon nuts of the clamp sleeve
bolts on the left and right-hand slopes of the generator bracket (shown in fig. 2) tapping them lightly,
and turning the flange of the generator driving spindle bearing housing on which the generator is
actually mounted, until the appropriate belt adjustment is obtained; then re-lock the hexagon nuts,
being careful not to assert too great a pressure and risk jamming the locking faces.
Mounting the generators
92. The HZ generator is mounted on the left-hand side of the bracket (as you face the bracket
the generator side). Fit the generator to the flange and bolt it up loosely. Then fit the pulley and insert
and tighten up the clamp sleeve ensuring the pulley revolves freely. Tighten up the bolts securing
the generator to the flange.
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93. One U2 generator is mounted in the centre of the bracket. Fit the generator by twisting and
easing it until the shaft fits well in and bolt and tighten up the generator to the flange. The other
U2 generator is mounted on the right-hand side of the bracket and the method is similar to that
described in para. 92 for the HZ generator.
94. It should be noted that the two outer pulleys and the housing of the centrifugal clutch
coupling are all keyed to their respective shafts and locked with Allen safety screws.
95. The procedure outlined in the three preceding paragraphs covering one type HZ generator
and to type U2 generators is applicable primarily to the light transportable generating set (Stores
Ref. 42Y/650) similar to the series of P/E Test Sets. Details for fitting the appropriate combination
of generators to test sets is given in Section 7 of this Publication. General instructions for the assembly
of the component parts of test sets will be found in Section 8 of A.P.1186E.
96. As indicated in para. 25 a modification in the form of a flexible drive unit has been added.
It is intended to fit this form of drive retrospectively to all light transportable generating sets (Stores
Ref. 42Y/650) and to the series of Enfield P/E Test Sets with the exception of Test Set (Stores Ref.
42Y/888) or (Stores Ref. 42Y/920) if the test set is not mounted in a trolley.
97. Where the flexible drive unit is fitted to the generator bracket it may be found difficult
to register the splined shaft of the generator with the internal splines in the flexible coupling or
driving unit and at the same time the holes of the generator flange to the four studs to which it is
secured.
98.

An easier method of fitting the generators than that described in para. 92-95 is as follows.

99. Slacken the two hexagon bolt heads with screwdriver cuts on the flexible drive, accessible
through an opening in the casting; unscrew the clamp sleeve at the pulley face and tap the hexagon
head of the clamp sleeve to release the flexible drive unit and then withdraw the flexible drive from the
driving spindle. This can then be fitted to the splined shaft of the generator and then the generator with
the flexible drive unit in position, offered up to the flange studs and loosely bolted up. Screw up
tightly the clamp sleeve at the pulley and tighten up the four nuts at the generator flange. Finally
tighten up the two hexagon bolts on the flexible drive with a screwdriver.
FAULT FINDING CHARTS
100.

The following charts are given to facilitate the finding of faults and their elimination.

Engine will not start—

Conditions

Defect

No petrol at carburettor
when
tickle is depressed.
Petrol supply reaching carburettor
and spark at
plugs.

Mixture too rich

Mixture too weak

Cause

Remedy

Tank empty.
Petrol tap
closed.
Petrol system
blocked.

Re-fill. Open. See para. 53-58.

Tickler or choke used unnecessarily.
Carburettor flooding.

See para. 33 and 34.

Incorrect setting of the choke.

See para. 33 and 48-49. Check
tightness of carburettor.
See para 57.

Air leak jets blocked.
Spark too weak to
fire under compression

Petrol supply reaching carburettor

No spark at plug
points.
No spark at plug lead
terminals

See para. 35 (ii).

Dirty contact breaker points.
Leakage in H.T. leads.
Electrical leakage at sparking i
plugs.
Stator plate out of adjustment.
•

Para. 61-64.
Renew leads, para. 68.
Fit new plugs.

Defective, dirty or wet plugs.

Clean or renew

Para. 60,

Para. 62
Contact breaker sticking. "
Contact points dirty or out of Para. 66
adjustment.

Conditions

Defects

Petrol supply reaching carburettor
—contd.

No spark at plug lead
terminals—contd.

Petrol supply and
ignition unit in
order

Poor compression

Cause
Loose connection at condenser or terminal post.
Defective condenser.
Short in H.T. leads
Failure in ignition coil.

Remedy
Retighten.

Para. 69

Para. 69.
Renew. Para. 68.
Para. 67.

Sparking plug loose.
Cylinder head joint leaking.
Compression valve
Spring broken or carboned
excessively.
Piston rings gummed in.

Tighten.
Renew.

Mixture incorrect
Decompression valve seating
bad.
Ignition incorrect
Cylinder head joint leaking.
Piston
rings
broken
or
gummed in.
Sparking plug slack.

Para. 50-52.
Para. 35 (iii)

Renew and clean.
Decarbonise.

Engine runs badly
Engine runs steadily

Engine runs
erratically

Engine stops of
own accord

Engine lacks power

Engine hunts

Para. 59, 60.
Renew or tighten head.
Renew.
Tighten.

Friction in governor.
Connecting linkage out of
adjustment.
Unsuitable mixture.
Defective contact breaker.

Lubricate or adjust.
Para. 37.

Engine pinks or
knocks
•

Sparking plugs sooted.
Ignition setting incorrect.
Weak mixture.
Engine overheating

Clean. Para. 22.
Para. 64.
Para. 34.
Decarbonise.

Engine misfires

Water in the fuel tank.
Obstruction in fuel system.
Petrol tank cap air vent
blocked.
Faulty spark plugs.
Weak mixture.
Contact breaker points dirty.
Intermittent short in H.T.
leads or ignition unit.

Empty tank and re-fill.
Para. 53-58.
Clean

Petrol tank drained.
Petrol tap inadvertently
closed.
Petrol system blocked.
Air hole in petrol tank cap
blocked.

Refill.
Open.

No petrol at
carburettor

Para. 38.
Para. 62.

Para. 22.
Para. 34.
Clean. Para. 63.
Renew.

Para 53-58.
Clean.

No spark at plugs

Defective plugs.
Break in H.T. leads.
Defective ignition coil.
Faulty contact breaker.
Faulty condenser.
Faulty L.T. lead contact.

Para. 22.
Renew. Para. 68
Para. 67.
Para. 63-64.
Para. 69.
Para. 67 (ii).

Various defects

Air vent in rim of the float
chamber blocked.
Carburettor flooding, float
punctured.
Choked jet.

Clean.
Para. 58.
Para. 57.
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Type F
Voltage measurement ...
Current measurement ...
Resistance measurement
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Capacity and power
Measurement of decibels
Type E
Voltage measurement ...
Current measurement ...
Resistance measurement
Type H
Voltage measurement
Current measurement ...
Resistance measurement
Type C
Voltage measurement ...
Current measurement ...
Resistance measurement
Care and Servicing
General care
Servicing
...
Leads
...
Fuses
...
Replacements of batteries
Accessories ...
Table 7
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I
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Fig.
Testmeter, type D 2 ...
Testmeter, type D.2, wooden case model .
Testmeter, type E

5
6

Introduction
I. These instruments are housed in dust and weatherproof cases and are of design suitable
to both temperate and tropical climates. Mounted on the front of the case are switches and/or
sockets controlling the ranges covered. A scale suitably protected with glass and appropriately
marked is also mounted on the front of the case. These, together with the necessary terminals,
comprise the control equipment and the complete testmeter provides a means of measuring wide
ranges of voltage, current, and resistance values.
Types available
2. Information concerning the testmeters and their accessories, together with stores reference
numbers. will be found in tables 1 and 7.

Fig. 1.---Testmeter, type D.1
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TABLE 1

Stores Ref.
10S/10610
10S/642
10S/10613
10S/1
10S/46
10S/8744

Type

No. of
ranges

D1
D2
E
F
H
C

34
34
14
47
22
13

Remarks
With leads
With leads
With leads and case
With leads
With leads and case
With leads and case

Size

Weight

7+ in. by 6+ in. by 4g in.
9 in. by 71 in. by 5 in.
41 in. by 3f in. by 2 in.
71 in. by 6+ in. by 4+ in.
41 in. by 3f in. by 2 in.
4; in. by 31 in. by 2Z in.

5 lb. 5 oz.
—
1 lb. 12 oz.
6 lb.
1 lb. 2 oz.
1 lb. 2+ oz.

DESCRIPTION
Testmeter, type F
3. The testmeter, type F, comprises an aluminium or moulded case into which fits a moulded
front panel carrying the switching apparatus, resistances, shunts, transformers, rectifiers, and
moving coil. The joint between panel and case is dust and weatherproof and a stud on each side
of the case affords attachment for a leather carrying strap.
4. Two switch knobs mounted on the panel control the entire switching of the meter, each
knob being plainly marked white on black, the range in use appearing opposite an arrowhead. The
d.c. ranges are governed by the left-hand switch knob and the a.c. ranges by the right-hand switch
knob. The switches are interlocked in such a manner that d.c. readings can only be obtained by
setting the appropriate switch to the range selected and turning the a.c. switch to the position marked
d.c., similarly, when taking a c. readings the a.c. switch must be set to the range required and the
d.c. switch turned to the position marked a.c. Should both switches be left on ranges when making
a test there is no circuit through the meter and the instrument is protected from any damage that
might result. Above each switch is an identification clearly marked in raised letters.
5. The movement is accurate and reliable and is of the moving coil type. An aluminium
former is wound with copper wire and supplemented with constantin for the reduction of error due
to changes of temperature. The coil swings in a gap energised by a cobalt steel permanent magnet
and is pivoted on polished steel points. Two phosphor-bronze hair springs convey current to and
from the moving coil and also ensure the return of the pointer to the zero position when current
ceases to flow and electrical damping prevents undue pointer oscillation. The resistance of the
electrical circuit is 1,000 ohms per volt on press button ranges and 500 ohms per volt on normal
ranges.
6. Six scales are engraved on the scale plate which is approximately 5 in. in length. Reading
from the top, the first scale is for resistance measurement, the second for a.c. and d.c. current and
voltage measurements, the third for use with the 400 volt range as marked on the switch knob, the
fourth for capacity, the fifth for power and the sixth or bottom scale for decibels. Each successive
range as indicated by the switch knobs, is ten times the value of the previous one, excepting the
400 volt a.c.—d.c. range and its associated 200 volt range, obtained by employing the press button.
An untarnishable mirror fitted to the dial is employed to prevent errors due to parallax.
7. The press button is situated in the centre of the panel and is used only for the measurement
of voltage and current. Normal full scale deflection as indicated by the switch knob is halved by
pressing the button, and, as the meter resistance is unchanged, twice the normal length of pointer
deflector is produced with a given input. The control marked P located on the left of the panel
under the scale, in conjunction with the control R situated under the centre of the scale, is used to
compensate for voltage drop in the dry cell when measuring resistance. Below the latter control
is the screw-driver slotted zero adjuster used for adjustment of the AMPS and VOLTS scale. On
the right of the panel in line with P is the control Q enabling pointer adjustment to be made when
employing the 1 megohm resistance range or when measuring capacity. Should an overload be
applied to the testmeter the cut-out re-set knob mounted in the centre of the panel, near the lower
edge, springs from its normal position and breaks the circuit.
8. The terminals affording attachment to the connecting leads are located on the bottom of
the panel, the + to the left and the — to the right. Two leads are supplied coloured red and black
respectively each lead being fitted with a flat hook connection at one end for connection to the testmeter, the free end being fitted with a threaded ferrule into which can be screwed either a crocodile
clip or a pointed prod. Of ample cross-sectional area to carry the current for which they are designed,
the leads are insulated to withstand a pressure of 6,500 volts and are 2 ft. 6 ins. in length. Three
rubber feet are fitted at the back of the case.

Ranges covered
9. The following table gives the ranges covered by the testmeter, type F. With older instruments having aluminium cases there is only one range for power and decibels from 0-4 watts of
4,000 ohms impedance with a minimum indication of 1 mW. The decibel limits are —10 to +15
decibels to a reference level of 50 mW.
TABLE 2
Voltage

Current
Resistance
A.G.

D.C.

A.G.
0-5 mA
0-10 mA
0-50 mA
0-100 mA
0-500 mA
A
0-1
0-5
A

With internal battery
0-10,000 ohm
0-100,000 ohm
0-1 megohm
With a.c. or
Mains
0-10 megohms
0-40 megohms

0-10

A

Capacity
0-20 ,uF
First indication 0.01 pF

0-50 mV
0-100 mV
0-500 mV
0-1
V
0-5
V
0-10 V
0-50 V

0-5
0-10
0-50
0-100
0-200
0-400
0-500

.0-..0-C-

D.C.

0-1 mA
0-2 mA
0-5 mA
0-10 mA
0-50 mA
0-100 mA
0-500 mA

0-100 V
0-200 V
0-400 V
0-500 V
0-1,000 V

0-1,000 V

0-1
A
0-5 A
0-10 A

Fig. 2.-- Testmeter, type D.1, internal view
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Power and Decibels
Impedance

Range

First
indication

500 ohms
5,000 ohms
50,000 ohms

0-200 mW
0-2 W
0-200 mW

0.1 mW
1 mW
0.1 mW

0 = 50 mW
—25 to +6 db.
—15 to +16 db.
—25 to +6 db.

Testmeters type D.1 and D.2
10. An illustration of the testmeter, type D.1 is given in fig. 1, and an internal view in fig. 2.
It is similar to the type F but a multiplier switch knob is situated in the centre of the panel in place
of the press button. It is engraved with a white indicating arrow and the. designation K =1 and
K=2 engraved white appear on the left and right-hand sides of the panel respectively. With the
arrow on the control pointing to the K2 position voltage indications are doubled. The control Q,
referred to in para. 7, used for pointer adjustment with the testmeter, type F is inoperative in this
model.
Three sets of calibrations appear on the scale, the markings being in sub-divisions of
AMPS, VOLTS, and OHMS. The resistance of the electrical circuit when used as a voltmeter is
400 ohms per volt on K=1 and 200 ohms per volt on K=2. The testmeter, type D.2 may be housed
in either a moulded or wood case and incorporates either a fuse or a cut-out. It is otherwise
electrically interchangeable with the type D. An internal view is given in fig. 3, an external view
in fig. 4, and the wooden case model in fig. 5.
Ranges covered
11. As seen in the following table, the ranges covered by the testmeter, type D are less than
those covered by the testmeter described previously.
TABLE 3
Voltage

Current

D.C.
0-150 mV
0-300 mV
0-1.5 V
0-3
V
0-15
V
0-30
V
0-150 V

A .0 .
0-7.5 V
V
0-15
V
0-75
0-150 V
0-300 V
0-600 V
0-750 V

D.C.
0-15 mA
0-30 mA
0-150 mA
0-300 mA
0-1.5
A
0-3
A
0-15
A

0-300 V
0-750 V
0-1,500 V

0-1,500 V

0-30

A C.
0-75 mA
0-150 mA
0-750 mA
A
0-1.5
0-7.5
A
0-15
A
Resistance

A
0— 1,000 ohms
0-10,000 ohms

Testmeter, type E
12. Constructed of moulded insulating material, the testmeter, type E may be seen illustrated
in fig. 6. At the back is a hinged instruction plate held in position by two spring clips. Beneath
this plate is a further plate clamped by a rubber buffer which gives access to the battery compartment.
13. On the left-hand side of the front panel are four protected sockets, which, reading from the
top downwards are marked 1,000 V, 200 V, 20 V, and 2 V respectively. Five similar sockets are
positioned on the right-hand side, which reading from the top downwards are marked 20A, 2A,
200mA, 100mA and 20mA. Two terminals are disposed at the bottom of the panel that on the left
being marked NEG, and that on the right 10,000Q. In the bottom left-hand corner is a fuse carrier.
engraved E which screws into a brass bush moulded into the panel.
14. The scale, which is marked in sub-divisions of AMPERES, VOLTS, and OHMS has three
sets of calibrations marked black on white. To assist ease and accuracy of reading the pointer is
fitted with a locating disc. Beneath the centre of the scale is the slotted zero adjuster Z, the three
position range selector switch being located immediately below it. The three switch positions
reading from left to right are VOLTS K=1, AMPS and OHMS, and VOLTS K=2 and an arrow

giving indication of the switch position is moulded upon the switch handle. On the bottom edge
of the instrument directly in line with the selector switch is the zero adjuster used when measuring
resistance. An electrically damped, approximately dead beat moving coil movement is employed..
Motion limiting stops are fitted and zero adjustment is sufficiently tight to prevent creeping. All
electrical connections are made in such a manner that no metal parts Pare isolated thus preventing

Fig. 3.—Testmeter, type D.2, internal view
the occurrence of high voltage between the line wire and the magnet system. The connecting leads•
are fitted with plugs for insertion in the sockets on the face of the panel in place of terminal connections.
The resistance of the electrical circuit of the testmeter on K=2 is approximately 400 ohms per volt and.
800 ohms per volt on K=1. A leather carrying case with shoulder strap is provided.
Ranges covered'
15. The ranges covered by the testmeter, type E are given in table 4.
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TABLE 4
D.C. Voltage

Direct Current

0-2
V
0-4
V
0-20
V
0-40
V
0-200 V
0-400 V
0-1,000 V
0-2,000 V

0-20 mA
0-100 mA
0-200 mA
0-2
A
0-20
A
Resistance
0-10,000 ohms.

Fig. 4.—Testmeter, type D.2

Testmeter, type H
16. Although similar in appearance to the testmeter described in para. 12 the testmeter, type H
has twelve range selection sockets disposed as follows. On the left-hand side reading from the top
downwards are 500 V, 250 V, 100 V, 25 V, and 5 V a.c. or d.c. sockets, whilst those on the right-hand
side reading from the top downwards are 500 mA, 100 mA, 25 mA, and 2.5 mA d.c. only. The bottom
left-hand socket is engraved COM-NEG, and the bottom right-hand socket 20,000 ohms. The two
position range-selection switch is marked A.C. VOLTS on the left-hand and D.C.—OHMS on the
right-hand side.
Ranges covered
17. The ranges covered by the testmeter, type H, are given in table 5.
TABLE 5
Current
D.C.

Voltage
D.C.

A.G.

0-75 mV
V
0-5
0-25 V
0-100 V
0-250 V
0-500 V

0-5
V
0-25 V
0-100 V
0-250 V
0-500 V

0-2.5 mA
0-5 mA
0-25 mA
0-100 mA
0-500 mA

Resistance
0— 20,000 ohms (internal cell)
0-100,000 ohms
0-500,000 ohms using
0-2 megohmsexternal
0-5 megohns I voltage.
0-10 megohms

ors
4.03

C.-

vbik

s„.-1•St'

Fig. 5.—Testmeter, type D.2, wooden case model
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Testmeter, type C
18. The testmeter, type C is designed for d.c. measurements only. It has a 21 in. scale, that
for voltage and current reading from 0 to 60 and that for resistance reading from 0 to 10,000. The
total resistance of 100,000 ohms enables a full scale deflection of 300 volts to be obtained for a current
consumption of 3 mA. An ohms adjuster is fitted to provide for voltage drop in the internal dry
battery. Eight protected sockets are mounted on the control panel, the socket at the top left being
marked + and that at the top right OHMS. The centre row of sockets, reading from the left are
marked 6 mA, 30 mA, and 120 mA and the bottom row 6V, 120V, and 300V respectively. The
hinged lid of the instrument case contains the test leads, clips, and prods.
Ranges covered
19. The ranges covered by testmeter, type C will be found in Table 6.
TABLE 6
Current

Voltage

Resistance

0-6 mA
0-30 mA
0-120 mA

0-6 V 0-12 V
0-120 V 0-240 V
0-300 V 0-600 V

With internal cell 0-10,000 ohms
With external supply 0-60,000 ohms
0-1,200,000 ohms 0-3 megohms

Fig. 6.—Testmeter, type E
OPERATION
General
20. The testmeters should not be used near steel or electro-magnetic circuits as they are not
magnetically screened. When not in use, the range selection device should be set so that the highest

range is in circuit, or with instruments having two range selection switches one should be set to the
a.c. and the other to the d.c. position, as with the switches so positioned there is no circuit through
the meter. There is no pointer deflection or ensuing damage to the meter if a.c. is passed when the
instrument is set to a correct range of d.c. or vice versa. Since pointer deflection is only produced
with the switches set for the same type of measurement as the source, it is possible to determine if a
supply is alternating or direct current. Rubber feet are provided at the back of the instrument on
which, when in use, it rests, face uppermost. Before taking tests always set the pointer to zero
by means of the adjuster, attach the leads to the appropriate terminals and fit clips or prods to the
free ends according to the nature of the test to be made.
Type D
Voltage measurement
21. Set the switches to the desired range and connect the leads across the source of voltage
to be measured, but, if the approximate value of the voltage is not known, first set the range switch
to the highest value and rotate until the correct range is found. With the multiplier switch in the
K=2 position full deflection is produced with twice the value shown on the switch knob.
Current measurement
22. Set the switches to a suitable range and connect the switches in series with the apparatus
being tested. The range can be increased by setting the multiplier switch in the K=25 position.
Resistance measurement
23. Before commencing tests it is advisable to check, and if necessary make adjustment to
compensate for any variation in battery voltage or resistance. With the test leads connected
together, set the d.c. range control to the 100,000 ohm position and adjust the control P so that the
pointer indicates zero ohms, after which set the range control to the 1,000 ohm position and adjust
the pointer to the zero position by use of the control R. This position should be maintained with
the switch in either the 1,000 or the 10,000 ohms position. Again set the pointer to the zero position
by a further adjustment of the control P with the switch in the 10,000 ohm position. When making
these adjustments the range multiplier switch must be set in the K=2 position. After the foregoing
adjustments have been satisfaCtorily completed, set the d.c. range control to the appropriate range,
connect the leads across the article under test and its resistance will be indicated on the OHMS scale.
Type F
Voltage measurement
24. When measuring voltage, adjustments should be made as in para. 21, but by using the
press button twice the normal length of pointer deflection is produced with a given input.
Current measurement
25. The instructions for current measurement are as laid down in para. 22, but to increase the
length of pointer deflection on lesser loads the press button may be employed.
Resistance measurement
26. When measuring resistance on the two lower ranges the current is furnished by the 62-volt
cell. Adjustment to compensate for battery exhaustion should be made as in para. 23; the leads
connected across the apparatus under test and its resistance will be indicated on the top scale. The
two 42-volt batteries housed in the battery compartment supply current when using the one megohm
range. To check and adjust for alteration in battery voltage or resistance connect the two leads
together, withdraw the control Q from the panel, and rotate in a clockwise direction until the pointer
indicates zero ohms. Resistance measurements may then be made in the normal manner, but it
must be remembered that the control Q must be restored to its original position before resuming
tests. The resistance ranges can be further extended by the use of a.c. or d.c. mains or some other
source of voltage in conjunction with the 100 or 400-volt range. Adjustment for supply voltage
can be carried out by connecting the leads to the source and using the control Q as previously described.
Compensation is from two-thirds to two-and-a-half times the voltage range employed. It will be
seen, therefore, that the 100-volt range may be employed with an external supply as high as 250 volts.
When the meter has been correctly adjusted connect the resistance to be measured in series with the
meter and the supply, when its value will be that shown on the OHMS scale, multiplied by 1,000
for the 100-volt and by 4,000 for the 400-volt range. When using the mains special care must be
taken, the apparatus under test must not be handled with the voltage switched on, and resistance
tests must on no account be made on apparatus already carrying current:
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Capacity and power
27. For measuring capacity and power, two further scales are provided. First set the switch
for capacity, and connect the leads to an a.c. supply of between 65 and 250 volts, 50 cycles. By
use of the control Q the pointer can be adjusted to the infinity capacity mark. When this adjustment
has been made the condenser under test is connected in series with the supply and the meter when its
capacity can be read directly within the limits 0.014uF to 20ttF. It is possible to use frequencies
other than 50 cycles, but this will effect the voltage limits and it is most important that 250 volts
is not exceeded. Always return the control Q to normal after use, and discharge the internal condenser
by joining the leads together. As the necessary polarising voltage cannot be applied it is not
practicable to test electrolytic condensers.
Measurement of decibels
28. There is a further range with a scale calibrated in decibels with a reference power level
of 50 milliwatts. Details of this range are given in the second part of table 2, para. 9.
Type E
29. The testmeter, when in use, should rest face upwards upon the four rubber feet provided.
Zero adjustment of the pointer is achieved by use of the control Z after which the blue lead should
be plugged into the socket marked NEG and the red lead into the socket appropriate to the measurement to be taken. The free ends of the leads may be fitted with prods or crocodile clips, whichever
are appropriate to the apparatus under test. When in doubt as to the value of the voltage or current
to be measured, start with the highest range, reducing gradually by changing to the socket controlling
the next lowest range until the correct range is found.
Voltage measurement
30. Two scales are used for the measurement of voltage and current with the testmeter type E
The top scale is calibrated with two sets of figures, the first reading from 0 to 40 and that below
it from 0 to 20. The lower current-voltage scale is calibrated from 0 to 10. These scale markings
are in fact multiples of the actual measurements and are governed by the range of the socket into
which the red lead is plugged, so that with the multiplier switch in the K = 1 position, the red lead
plugged into the 1.000-volt socket and a reading of 8 on the lower scale, the voltage measured will
be 800. Under similar conditions, but with the multiplier switch in the K= 2 position and a reading
of 8 on the lower markings of the top scale the voltage measured will be 1,600.
Current measurement
31. Current measurements should be made with the control switch in the mid AMPS-OHMS
position, the positive lead plugged into the correct range socket on the right-hand side of the panel
and the negative lead plugged into the socket marked COM—NEG. The apparatus under test should
be connected in series with the testmeter and the readings registered on the scale will be found
multiples of the annotation on the socket employed.
Resistance measurement
32. First set the switch in the mid position as in para. 31. For zero adjustment plug the
negative lead into the NEG socket and the positive lead Into the socket marked 10,000 OHMS and
connect the free ends of the leads together when adjustment may be made by rotating the compensator
control on the bottom edge of the panel. The free ends of the leads should then be connected directly
across the resistance to be measured and the resistance value read directly from the ohms scale
on the dial.
Type H
Voltage measurement
33. The procedure for d.c. voltage measurement will be similar to that for the testmeter,
type E given in para. 29, except that the range selection switch should be kept in the right-hand
D.C.—OHMS position. When making a.c. voltage measurements the switch should be in the left-hand
A.C.—VOLTS position, with the negative lead plugged into the COM—NEG socket, the positive lead
plugged into the correct range socket on the left and the free ends of the leads connected across the
source of voltage to be measured. The figure indicated on the scale will be a multiple of the marking
on the socket to which the positive lead is connected. The milliamp and voltage scale is marked
with 50 divisions, a special scale being provided for the 5-volt a.c. range only.

Current measurement
34. Measurement of current is carried out in a manner similar to that described in para. 31
for the testmeter, type E, with the exception of the range control switch setting, in which case the
switch should be set in the D.C. and OHMS position.
Resistance measurement
35. With the range control switch set in the D.C. and OHMS position, tests may be carried out
as described in para. 32.

Type C
I "oltage measurement
36. When taking voltage measurements plug the positive lead into the socket marked ± and
the negative lead into the socket governing the range to be measured. With clips or prods connected
across the source to be measured readings may be taken in the normal manner, but with the positive
lead plugged into the socket marked 6 mA the voltage ranges are doubled, the resistance of the
instrument remaining the same as before.
Current measurement
37. Current measurements may be taken by plugging the positive lead into the socket marked
+ and the negative lead into the appropriately marked socket on the front panel. The apparatus
under test should be in series with the testmeter.
Resistance measurement
38. Adjustment for change in battery voltage or resistance should be made by plugging the
positive lead into the socket marked + and the negative lead into the OHMS socket. Next join
the free ends of the leads together and rotate the compensator control until the pointer indicates
zero ohms. With the positive plug inserted in the correct socket in the voltage series at the bottom
of the panel, tests can be made by connecting the leads across the resistance to be measured.
CARE AND SERVICING

General care
39. Every effort has been made to render these instruments proof against corrosion, they have
been tested at temperatures beyond that in which they will normally be required to function, and
also for overload, vibration, insulation and continuous load conditions. Rough handling or misuse
ho AN ever, cause harm to the meters and impair their accuracy. Cases have arisen in the past
where damage has been done to equipment through testing with inaccurate instruments. It is
advisable therefore, that, wherever possible a standard instrument be kept in a rubber padded wooden
case, so that it can be used to verify the accuracy of the meters in general use.

Servicing
40. The instruments are sealed and the seals should not be broken; it follows therefore that
very little can be done to instruments in service. The testmeters although reasonably strong are
very delicately adjusted and must be handled accordingly. If the glass covering the scale is broken,
return to the appropriate depot for repair.
Leads
41. A good connection must be ensured when replacing prods or crocodile clips. The insulation
of the leads should be inspected at intervals for depreciation or damage as they may be used to carry
comparatively high voltages. As standard leads are employed it is not advisable to repair them
unless this can be done without altering their resistance value. New leads must be requisitioned
and the faulty ones returned to Stores. See that all terminal connections are kept clean and that the
plugs are a good sliding fit in their sockets.
Fuses
42. Fuses are employed on testmeter, type E and on some of the earlier models of the type D
to protect the instrument against overload. A blown fuse can be replaced by unscrewing it from the
bush and replacing with a new one of the correct type and value. Do not replace fuses with the
meter in circuit, and endeavour to ascertain and correct the cause of the blowing. Faulty fuses
can be returned to depot for repair.
Replacement of batteries
43. The cells used for the measurement of resistance must be renewed when they become
exhausted. For the testmeter, type D. slacken the two wood screws in the top or back of the case
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and remove the co\ er plate. -Unscrew the two nuts on the cell top, remove the wire and lift out
the cell. Insert the new, cell the correct way round, and see that the connections from the cell to
the central spring clip and the wire, and also the tightening of nuts and wire connections are secure.
Refit the cover plate and secure with the two wood screws.
44. To replace cells in testmeters, types E and H, lift the hinged instruction plate at the back
of the instrument, remove the insulated cover and lift the cell from between the two spring clips.
Insert the new cell negative end first. See that the cell is replaced correctly; the positive connection
at the right-hand end of the cell housing is marked with red paint. Replace the insulated cover and
strap the instruction plate under its two fasteners. Whenever new cells have been fitted zero
adjustment must be made on the OHMS scale before measuring resistance.
Accessories
45. The following table gives a list of accessories available together with their Stores Reference
Numbers.
TABLE 7
Stokes Ref.
1011/10612
10H/10616
10H/10611
10H/10615
5 J12000
5 J/1723
10S/10614

Testmeter
Type

Item
Connecting leads No. 4
Connecting leads No. 5
Fuse, type 15
Fuse, type 16
Battery
Battery
Leather carrying case
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Introduction
1. The testmeter, type N, Stores Ref. 10S, 13017, may be used as a multi-range a.c. d.c. test
instrument for the measurement of current, voltage, or resistance. Suitably connected, the meter
can also be used for the determination of capacitance. A brief indication of the controls is engraved
on the panel, facilitating ease of use once the general operation of the instrument is understood.

Ranges covered
2. The following table gives the ranges of measurement available by suitable connections to
the instrument sockets and setting of the rotary selector switch and toggle switch. Determination of
capacitance may be made in conjunction with the graph given in fig. 2.
TABLE 1
Current

Voltage

Reszstaiue
D.C.

D.C.

A.C.

A.C.

0-2.5

0-2.5

0-100 micro amps.

0-0.5 amps.

0-100 ohms

0-10

0-10

0-1 mA.

0-1.0 amps.

0-1000 ohms

0-50

0-50

0-10 mA.

0-5.0 amps.

0-100,000 ohms

0-250

0-250

0-50 mA.

0-1000

0-1000

0-500 mA.

0-10 megohms
—

DESCRIPTION
3. The general appearance of the testmeter is illustrated in fig. 1. All the equipment, with the
exception of the batteries employed for the ohm range, is mounted on the bakelite panel. Sixteen
sockets which are connected internally to the electrical circuits are mounted on the panel. The two
located above the meter are employed only for mounting a circuit selector block. The sockets to the
left of the panel are used for the measurement of a.c. and those to the right for the measurement of
d.c. and ohms. The twelve position rotary switch used for range selection is situated in the lower
centre section of the panel. On the left is a toggle switch marked A.C. and D.C.—OHMS, and on
the right the zero adjusting knob used when the instrument is employed as an ohm-meter Immediately
beneath the rotary range selector switch is a press stud connected directly in the instrument circuit
and the instrument remains disconnected until this stud is depressed.

Fig. 1.—Testmeter, type N
4. A large open face gives maximum visibility to the scale, whilst a large scale, and long, knifeedged pointer, give maximum scale length. The d.c. scale consists of a 100 division arc, and directly
above it appears an OHM scale figured 0-1000 ohms. For the a.c. ranges separate scales figured red
are located below the D.C. and OHMS scales. The 2.5 volt range is read on the lower, and all other
a.c. voltage and current ranges on the upper red scale. By this disposition, those scales most frequently
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employed and upon which greatest accuracy is obtainable are of the greatest length. The figuring
for the OHMS scale is given immediately above and for each of the other scales near the appropriate
scale.
TABLE 2

Measurement
Volts a.c. or d.c.

Range

Switch
position

Sockets

1000

1000 V

1 A.C. ± VOLTS +

250

250 V

50

50 V
D.C.

10

Milliamperes d.c.

Microamperes d.c.
Amperes a.c.

Ohms

or
VOLTS +

10 V

Scale
figures

Scale
factor

0-10

x 100

0-25

x 10

0-5

x 10

0-10

Direct

2.5

2.5 V

0-2.5 A.C.

Direct

2.5

2.5 V

0-25 D.C.

±10

0-5

x 100

0-5

x 10

0-10

Direct

0-10

±10

OHMS/CURRENT
—100 MIC. A+

0-10

x 10

500

500 mA

50

50 mA

10

10 mA

1

10 mA

100

10 mA

5

AMPS AC

+CURRENT+ 5 AMP

0-5

Direct

1

AMPS AC

± CURRENT± 1 AMP

0-10

±10

0.5

AMPS AC

± CURRENT ± 0-5 AMP

0-5

+10

—OHMS/CURRENT+
j
__.
OHMS/CURRENT-1 mA+

10 megohms R x 10,000
100,000 ohms R x 100

x 10,000
—OHMS/CURRENT+

1
I
-0-1,000

1,000 ohms R
100 ohms

R ± 10

x 100
Direct

OHMS R=10

.1

±10

5. Two pairs of test leads are provided, one having insulated test prods suitable for making
contact on the less accessible parts of complicated wiring assemblies, the other fitted with clips which
may be clipped on to any part of a circuit under test.
OPERATION
General
6. When despatched from the makers the rotary range selection switch is set in the 1000 V./
AMPS. A.C. position and it should be remembered that whenever the meter is not in use the switch
should be left in this position.
7. The press stud situated beneath the rotary switch may be locked in position by twisting,
when the instrument will remain in circuit continuously so that a series of measurements may be
taken on the same range. At all other times the stud should be free, and momentary connection is
then made by lightly depressing the stud, thus ensuring that the meter is not overloaded either by
operation of the rotary switch or by the selection of incorrect sockets.
Selection of ranges
8. By setting the rotary selector switch to the appropriate range as marked on the panel the
internal connections of the instrument are adjusted correctly for this range and measurements may
then be taken by plugging the test leads in the appropriate sockets.

9. The press stud must never be turned to the locked position until the operator is satisfied
that the range selected is the correct one. If any doubt exists the highest range should be selected
and then lower ranges successively tried until the one required is obtained. The toggle switch must
be set in the correct position dependent on whether a.c. or d.c. measurements are to be made.
D.C. voltage
10. D.C. voltage measurements are taken with the leads plugged into the two top right hand
sockets and the free ends connected across the source to be measured using clips or prods as may be
most convenient. The toggle switch must be set in the D.C.—OHMS position. When the approximate
value of the voltage is not known the selector switch must be set on the highest, 1000 V./AMPS A.G.
mark and if the reading obtained is less than one-quarter full scale deflection the lower ranges must
be selected progressively until a deflection of half scale or more is obtained. This process avoids
overloading the instrument, a condition which is indicated by deflection beyond full scale. If this
occurs the press stud should be released instantly to protect the meter. All d.c. voltage ranges are
available at a sensivity of 20,000 ohms per volt and accurate readings are possible where high resistance
circuits are used such as those employed with grid bias, screen, and plate voltage supplies.
5
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2

.001

10
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Fig. 2.—Capacitance chart
A .C. voltage
11. A.C. voltage readings are taken in a manner similar to that described in the preceding paragraph, but it is important to remember that the toggle switch must be set in the A.C. position. Five
a.c. voltage ranges are available for the same full scale value as the d.c. ranges, at a sensivity of
1000 ohms per volt. This is preferable to a higher sensivity as the characteristics of the rectifier
incorporated do not permit maximum accuracy when the rectifier current is reduced below one
milliampere. The instrument is for all practical purposes unaffected by changes in frequency up to
7,000 c/s.
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Direct current
12. To take direct current readings with the toggle switch in the D.C.—OHMS position, set
the selector switch to the 10, 50, or 500 milliampere range as required, using the highest range if the
value of the current to be measured is in doubt. With the leads plugged into the sockets marked
D.C.—OHMS—CURRENT and the instrument connected in series with the load the current may
be read on the 100 division scale (applying a factor according to the range selected) by depressing
the press stud. Five current ranges are available, and if a lower range than 10 milliamperes is required
the negative test lead may be left in position and the positive lead plugged into the I.M.A. or 100
MIC.A. socket. The circuit should be checked before employing these last two ranges, particularly
when using the 100 microampere range when the instrument is sufficiently sensitive to record leakage
currents. Both ranges are brought out to separate sockets and are not controlled by the selector
switch so that when changing switch positions the meter will not be subject to overload when passing
through these ranges. When extreme sensitivity is required, readings of 50 microamperes full scale
may be taken by plugging the test leads into the VOLTS, A.C.-D.C. sockets and setting the rotary
switch to the 2.5 volts position. The instrument may then be used as a high resistance microammeter
and readings up to 50 microamperes, full scale, may be read directly.
Alternating current
13. The inclusion of a small, tapped transformer permits the measurement of a.c. up to 5 amperes.
With the toggle switch set in the A.C. position, plug one test lead into the A.G. socket marked ±
CURRENT and the other into the socket marked ± 0.5 AMP, ± 1 AMP, or ± 5 AMP, according
to the value of the current to be measured. As previously stated always start with the highest range
when the value of the current is in doubt.
Resistance
14. Before making resistance measurements, plug the leads into the appropriate sockets, join
the free ends together, and with the selector switch in the position appropriate to the resistance to
be measured, rotate the ohmmeter adjuster until full scale deflection (zero ohms) is obtained. 11
this is unobtainable, one or both the batteries may need renewal. The accuracy of the readings
obtained depends upon the care with which this adjustment is made and it is therefore of particular
importance.
15. When measuring resistance it should be appreciated that, since a d.c. potential due to the
batteries is established at the sockets of the instrument when the selector switch is set on the ohm
range, no resistance measurements are to be made on live circuits as the readings would be meaningless and serious damage might be caused to the instrument. The switch must never be left in the
R ± 10 position when the instrument is not in use. With the switch in this position the battery 1.=
supplying current to an internal circuit even when the instrument is not in use, and very rapid
depreciation of the battery will result.
16. It may also be found necessary with a new testmeter, or one fitted with a new battery, when
using the lower ohm range to leave the leads short circuited together for a minute or two before a
steady state is reached.
17. Four ohm ranges make provision for measurement from 0.1 ohm to 10 megohms. For
measurements of less than 5 ohms with the switch in the R=10 position, plug the ends of the to-,t
leads into the sockets marked R ±10 and touch the free ends to the circuit under test. When taking
readings of from 5 to 100 ohms the leads should be plugged into the OHMS—CURRENT sockets
and the selector switch set to R, and for resistances between 100 and 10,000 ohms or 10,000 ohms
up to 10 megohms the selector switch must be set to the R A 100 or R 10,000 marks respectively.
Capacity
18. For the measurement of capacity a source of 50 c/s a.c. supply is required, when values of
from 0.0002 microfarads to 2 microfarads may be measured in conjunction with the graph given in
fig. 2. The test procedure is as follows: first connect the source of supply to be employed to the A.C.
VOLTS sockets, and measure its value in the usual way. Next set the range selector switch to the
voltage range given in the second column of table 3 corresponding with the supply voltage as given
in the first column, and connect the condenser to be measured in series with the instrument and the
source of supply.
19. Readings may then be made on the 250 V a.c. scale using the 0-5 figuring. Read the capacity
corresponding with this deflection from the appropriate curve given in fig. 2. When the supply volt-

age differs from those tabulated, the curves corresponding with the voltage nearest that used should
be employed. It will then be possible to use a correction for the difference in voltage by estimation
of the spacing between the curves.
TABLE 3
A .C. supply
voltage

Position of selector _witch
when measuring capacity

1000

1000

500

1000

400

10)0

300

250

250

250

240

250

230

250

220

250

210

250

200

250

110

25))

13

10

6.3

10

4

10

4

2.5

Condenser leakage
20. Paper condensers should have a resistance value of 50 megohms or more; lower values
indicate the presence of moisture which may result in final breakdown. Electrolytic condensers
have leakage resistances of lower value, and those used in power supplies should be rejected if their
leakage resistance is below 400,000 ohms. For measurement of the leakage resistance of condensers
other than electrolytic it is necessary to extend the highest ohm range of the instrument. The method
used is as follows and is illustrated in fig. 3. Connect one terminal of a resistance of 900,000 ohms to
the positive OHMS—CURRENT socket and the negative terminal of a 60-100 volt battery to the
negative socket.
21. The condenser under test is connected between the positive battery terminal and the remaining
terminal of the resistance. The rotary selector switch is set to R \ 10,000 and zero adjustment made
by the zero adjuster with the resistance to be measured short-circuited. When adjustment has been
completed the condenser resistance can be measured, the scale multiplying factor being 100,000
with a mid-scale deflection of one megohm and 100 megohms at the highest mark. The accuracy of
the measurement obtained is dependent on the accuracy of the 900,000 ohm resistor which should
be within one per cent. of its stated value. Always ensure that the additional battery is correctly
connected in accordance with fig. 3, as if it is placed in opposition to the internal battery there is a
loss of effective voltage in the circuit.

Summary of operations
22. Before making any test or connecting any circuit ensure that the rotary switch is in the
1000 V/AMPS A.C. position, the press stud is free, and the toggle switch in the correct A.C. or D.C.
position. Plug the test leads into the appropriate sockets for the measurement required. When in
doubt as to the value to be measured, always set the selector switch to the highest appropriate range,
that is, 1000 V/AMPS A.C. for A.C. or D.C. voltage measurement, the 500 milliampere position for
direct current measurement, and the 1000 VOLT A.C. CURRENT position with the leads plugged
into the 5 ampere range for alternating current measurement. For resistance measurement the
selector switch should be set on the R 10,000 position and the range then reduced according to the
resistance being measured.
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0

0
900,000 OHMS.

Fig. 3.—Leakage resistance measurement

Fig. 4.—Internal view of testmeter

23. When using the test leads with prods the press-button may be depressed and locked by
turning, the deflection being observed by momentarily applying the prods to the circuit and then
setting the selector switch successively on lower ranges until a suitable deflection is obtained.
24. If the leads with clips are employed the press-button should remain free, and be depressed
only momentarily whilst the correct range is being selected.

SERVICING
25. Little or no servicing should be necessary; if a fault develops the meter should be returned
to the appropriate depot for repair.
Leads
26. These should be examined periodically for signs of abrasion or defective insulation. Do
not shorten the leads by removing frayed or faulty portions as this will alter their resistance value;
if faulty, they should be replaced with new.
Batteries
27. Inability to obtain full scale deflection on the ohms range is an indication that the batteries
need renewal. To do this, remove the four corner panel screws and lift the complete panel from the
case. The battery leads are sufficiently long to allow the tester to be placed on the bench to the left
of the case. The three lower ranges are operated from a 1.5-volt battery, which is connected in series
with a 9-volt battery. If full scale deflection is unobtainable on the lower ranges, the 1.5-volt battery
is run down; but if this occurs only on the R x 10,000 range the 9-volt battery is run down. To remove
either or both the batteries disconnect the trailing leads from battery to panel. The connector on
the negative leads of the smaller battery is removed by unscrewing. Release the thumbscrew holding
the ( lamp in position and lift out the batteries.
Replacements
28. The 1.5-volt battery may be replaced with an Ever Ready type R or Siemens type S, Stores
Ref. 5 J1 2000 and the 9-A olt grid bias type with an Ever Ready "Winner" or Siemens type CG2,
Stores Ref. 5J/1893. Care must be taken to see that the batteries are inserted correctly and without
reversal of polarity.
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Introduction
1. The testmeter, type Q, is a compact, multi-range a.c./d.c. testing instrument, fitted in a
polished black moulded bakelite case. Range selection sockets at the top, and a rotary range selection
switch located on the front of the panel enable ten ranges to be employed. The meter, a pair of
insulated test prods, and a pair of connecting leads fitted with plugs and crocodile clips are housed
in a leatherette case lined with velvet. The instrument measures 44 x 34 x 24 in., the total weight
being 144 oz.

Types available
2.

The following table gives particulars of the testmeter and the ranges covered.
TABLE 1
Voltage
Testmeter
type Q,
Stores Ref.
10S/509

D.C.

A.C.

Current
D.C.

0- 3 volts
0- 15 volts
0- 30 volts
0-150 volts
0-600 volts

0- 15 volts
0- 30 volts
0-150 volts
0-600 volts

0- 7.5 mA
0- 30 mA
0-150 mA
0-750 mA

Resistance
0-25,000 ohms

DESCRIPTION
3. The five range selection sockets are mounted on the end panel immediately over the scale.
Reading from left to right, the first socket is marked C —, the second 15+, 3V DC, DC mA,• and
OHMS, the third, fourth, and fifth being marked 30, 150, and 600, respectively. As illustrated in
fig. 1, the scale plate, suitably protected by glass, is located at the top centre of the front panel. Only
three scales are employed, the lower scale 0-25,000, annotated black on white, being for resistance
measurement, the middle scale, marked red, for 15 volt a.c. only, and the top scale 0-150, annotated
black on white, for all other readings a.c. or d.c. The pointer is of aluminium, constructed on the
girder principle, with a knife-edge tip to enable accurate readings to be taken. In the centre of the
panel below the scale plate is a screw-drive operated zero adjuster, used when measuring voltage
and current, whilst slightly below and to the right is a knurled control for zero adjustment when
taking resistance measurements. The rotary range selection switch located in the centre below the
zero adjuster, is engraved white on black. It is operated by turning the switch until the desired
range marking appears opposite the white indentation at the bottom of the panel.

4. The movement is of the moving coil type and requires 1 mA for full scale deflection. The
coil swings between the poles of a cobalt-steel magnet, current being supplied through hair springs
which also act as a controlling force, returning the pointer to zero when current ceases to flow. The
movement is electrically damped and undue pointer oscillation is avoided. The strength of the
movement is such that intermittent accidental overloads of several times full scale value will not
cause mechanical damage.

Fig. 1.—General view of testmeter, type Q
5. The a.c. ranges suitable for measurement on 20-20,000 c/s are provided by the incorporation
of a copper oxide rectifier.
6. For resistance measurements a 1.5 V cell is fitted inside the case, access for renewal being
obtained by the removal of a small insulated cover secured by two screws located at the back of the
instrument.
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OPERATION
Voltage measurement, d.c.
7. With the negative (black) lead plugged into the C - socket, the positive (red) lead plugged
into the 3 V D.C. socket, and the range selection switch turned to the 3 V D.C. •position, readings
of 0-3 volt may be taken on the top scale. For higher voltage readings the range selection switch
should be turned to the D.C. position, the negative lead plugged into the C - socket and the red
lead into the appropriate socket on the right. The free ends of the leads should be connected across
the source to be measured using prods or clips as may be most convenient.
Voltage measurement, a.c.
R. With the negative lead plugged into the C - socket, the positive lead plugged into the socket
marked 15 and the range selection switch turned to the A.C. VOLTS position, readings of 0-15 volts
may be taken on the centre (red) scale.
Current measurement
9. With the negative lead plugged into the C - socket, the positive lead plugged into the
D.C. mA socket, and the range selection switch turned to the appropriate range, readings may be
taken on the top scale by connecting the meter in series with the apparatus under test.
Resistance measurement
10. When used as an ohmmeter, changes in battery voltage or resistance may necessitate
checking for zero adjustment. This is accomplished by plugging the negative and positive lead
terminals into the C — and OHMS terminals, respectively, and joining the free ends together when the
pointer may be set in the zero position by means of the knurled adjusting knob. Should zero adjustment prove impossible it will be necessary to renew the battery. After the adjustment has been
completed and the leads connected across the article under test its resistance may be read directly
on the lower or OHMS scale.
Precaution
11. Before connecting the instrument in circuit it is important that the range selection switch
is set correctly and that the correct sockets are employed. Where any doubt exists it is advisable,
in order to avoid overloading the meter, to use the highest range, successively selecting lower range
until the correct one is reached. When taking high voltage reading the ends of the leads must be
kept apart, and away from other connections or earthed metal.
SERVICING
12. These instruments are sealed and few if any repairs can be effected in service. In the
event of accidental damage, or if the glass protecting the scale is broken, the instrument should be
returned to the appropriate depot for repair.
13. The leads should not be replaced except by others of the same resistance or the accuracy
of the meter may be impaired. When renewing or replacing prods or crocodile clips, care is to be
taken to see that good electrical connection is made. As the leads may carry comparatively high
voltages they must be examined periodically for defective insulation. The 1.5 volt cell employed
when resistance testing must be renewed if exhausted. Withdraw the two countersunk screws
holding the insulated cover plate at the back of the case, and after removing the old cell insert the
new one,
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Introduction
1. When setting up the voltage regulator, type G, used with the V.H.F. power units, types
15 and 16, the supply should be taken from a modified test set, type 88, Stores Ref. 10S/13027, or,
when this is not available, from one of the test boards described in this chapter. When testing
the power units high voltages might occur during adjustment of the voltage regulator, resulting
in damage to the valves and condensers of the T.R.1143. It is not advisable, therefore, to use this
set as the load, but a suitable artificial load as described in para. 8-9.
2. It must be remembered when adjusting the regulators that it is not sufficient to check the
output voltage at a fixed input voltage, but that it is essential to vary the input voltage over the
complete range. With the 12 volt unit it should be possible to vary the input voltage from 11-14
volts, and from 21.8-29 volts with the 24 volt unit.
3. The voltage regulator is described in A.P.1186D, Vol. I, Section 2, Chapter 3, and the test
set type 88 in A.P.1186E, Vol. I, Section 4, Chapter 1. For additional information reference should
be made to these chapters.
DESCRIPTION

Test set, 24 volt model
4. This set is used for testing the power unit, type 16 only, and is designed to enable the
applied voltage to be varied in two volt steps, over the widest possible range of voltages without
any interruption of the input supply. A front view of the terminal board, which is approximately
8 in. x 16 in., is given in fig. 1 and a theoretical circuit diagram is given in fig. 2. Protection is
afforded by a 40 amp. fuse box, type A, Stores Ref. 5C/445, mounted at the top of the panel.
Immediately below the fuse box are 5 pairs of 0 B.A. terminals, type B, Stores Ref. 10H/7321, each
pair being bridged by i in. wide copper strip. There terminals are numbered 1 to 5 reading from
the bottom upwards, and are connected to a specially tapped accumulator so as to give nominal
voltages of 16, 18, 20, 22 and 24 volts, respectively. On the left-hand side of the board is a terminal
marked BRIDGE, and a corresponding terminal on the right-hand side of the board marked TAP.
These are connected together by the 0.13 ohm 16 s.w.g. Eureka wire resistance R1, fig. 2. A further
0.09 ohm resistance of the same material and gauge is connected between the TAP connection and
the positive MG. input terminal at the bottom of the board. These resistances should be kept well
spaced from the panel and other conductors as they will become very hot when in use.
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Fig. 1.—Front view of 24 volt model
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Fig. 2.—Back of board and wiring
of 24 volt model
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5. At the bottom left-hand side of the board is mounted a two way terminal block, type B,
Stores Ref. 5C/430, marked CONTROL VOLTS which affords external connection for the L.T.
output. At the bottom right-hand side of the board is a similar terminal block marked METER
to which a test meter, Stores Ref. 10S/10610 or 10S/642, is connected enabling both input and
output voltages to be read by operating the change-over switch, type 975, Stores Ref. 10F/1211,
located in the centre of the panel immediately above the two motor generator input terminals.
Unicel 19 cable is used for the back of board wiring, fig. 3, and the ends of the tapping leads are
fitted with terminal lugs No. 1, Stores Ref. 5C/850, slotted to form spade connection. The red
connector is for tap and the blue for bridge.

+
TO 24 VOLT
CMARCER

IF REQUIRED
2V 90A.H

40A

Fig. 3.—Circuit diagram of test set, 24 volt model

Test set, 12 or 24 volt model
6. This set can be used for testing power units type 15 (12 volt) or type 16 (24 volt). The
board is similar to the 24 volt model but extended to cover the additional range, unicel 37 cable
being used for the 12 volt circuit. Fig. 4 illustrates the lay out of the panel.
Modified test set, type 88
7. The modified test set type 88 as used with power unit types 15 and 16 has the existing
generator removed and replaced with a generator, type K. When used for testing the type 15 unit,
a blower, Stores Ref. 10KB/115, is fitted but for 24 volt working with power unit type 16 the generator
may be run for periods not exceeding half an hour without a blower. The existing regulator, type D,
is connected to the generator, type K as follows. The positive (yellow dot) terminal on the generator
terminal block is connected to the G+ terminal on the regulator terminal block and the negative
(blue dot) generator terminal is connected to the G— terminal on the regulator terminal block with
ducel 37 cable. The shunt field terminal of the regulator is connected to the SW terminal of the
regulator with unicel 7 cable, whilst ducel 4 cable is used for connecting the control resistance to the
regulator. The G+ and G — terminals of the regulator are connected to the input terminals of the
rotary transformer with ducel 37 cable.
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Fig. 4.—Front view of test set, 12-24 volt model
Artificial load for use with power units, types 15 and 16
8. As stated in para. 1 it is essential
that an artificial load and not a T.R.1143
be used when testing power units. An
additional advantage is that with the
use of an artificial load it is not
necessary to remove the transmitterreceiver from the aircraft.
9. A connector, approximately two
feet in length, is used to connect the
load to the power unit. At each end
of the connector a socket, type W151, is
fitted. The loads used are, two 210 volt
60 watt lamps in series, or two 230 volt
75 watt lamps in series for the H.T. output; one 15,000 ohm type 6845 resistance,
2 watt rating for the M.T. output, and
one 12 volt 60 watt lamp for the L.T.
output. A circuit diagram is given in
fig. 5.

W PLUG
TYPE 199

SWITCHBOX
TYPE B

M.T. LOAD
15,000 OHMS
2 WATT

L.T. LOAD
I2V. 60W. LAMP

HI LOAD
Fig. 5.—Wiring diagram of artificial load

OPERATION
Operation (24 volt model)
10. The accumulator should be in good condition and on charge to give a maximum of 29
volts. If this voltage is not obtainable an extra 2 volt cell may be added in series at the negative
end as shown in fig. 3. The CONTROL VOLTS terminal block must be connected to the LT.+
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terminal on the terminal board of the power unit and to the frame. A testmeter is to be connected
to the METER terminal block on which both input and output voltages may be read by operation
of the change-over switch. For minimum voltage both BRIDGE and TAP connectors are connected
to number one terminals. To increase the voltage move the BRIDGE connector up one, followed
by the TAP connector. To decrease the voltage move the TAP connector down one, and follow
with the BRIDGE connector. It is most important to remember that the TAP and BRIDGE
connectors must not be connected to terminals other than adjacent ones, or the resistance R1 will
pass an excessive current.
Operation (12-24 volt model)
11. Operation is exactly as laid down in the preceeding paragraph for the 24 volt model.
CARE AND SERVICING
12. Little or no servicing should be necessary, all terminals must be kept clean and bright
and terminal lugs free from corrosion. Free ends of wire must never be used, particularly when
connecting up accumulators. The switches should be positive in action, and if the springs show
signs of deterioration new switches should be fitted. It is important that the two resistances are
examined periodically as should they be pushed out of alignment the insulation of adjacent wiring
may be impaired through overheating.

P10356 1412852/22 7/46 1500 C & P
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This leaf issued with A.L. No. 77, September, 1948

A.P.1186E, Vol. 1, Sect. 9

Chapter 5
TESTMETER, TYPE V
LIST OF CONTENTS
Para.
Introduction
General

...

General

Ranges covered

2

Description
General
0

...

...

14

Voltage measurement

...

16

Current measurement

...

18

Resistance measurement

...

19

22

4
Care and servicing

Switching ...

5

...

7

General

...

Safety device

10

Servicing

...

23

Scales

II

Leads

...

24

12

Batteries

...

25

Controls
t7z,

Para.
Operation

.

High-voltage measurements

...

LIST OF ILLUSTRATIONS
Fig.

0
0
cu

INTRODUCTION
General
-a

1. The testmeter, Type V (Stores Ref. No.
10S/821), fig. 1, is a multi-range test set for
the measurement of current, voltage (AC or
DC) and resistance. It is capable of measuring
a wider range of voltage and resistance than
earlier types of this class of test set. In
general appearance it is similar to the Type D.

E
a)
C

a)

3. The sensitivity is 20,000 ohms per volt on
all DC ranges, and 1000 ohms per volt on AC.
The meter is not supplied with test leads,
which have to be demanded separately. The
instrument measures 8 in. x 71 in. x 41 in.,
the weight being 9} lb.
DESCRIPTION
General

'a

4)

4)

E

4,3 a

E >

-o

Fig.
Battery compartment

General view

c _c

Ranges covered

2. The following table gives the ranges of
measurement available by suitable connection
of the instrument and setting of the selector
switches.
TABLE I
Ranges of measurement
DC voltage

AC voltage

0-50 itA
0-250 „

0-2.5
0-10

0-40
0-25

0-1 m/A
0-2.5 „
0-10 „
0-25 „
0-100 „
0-250 „
0-1 amp.

0-25
0-100
0-250
0-1000
0-2500
—
—

0-100
0-250
0-1000
0-2500
—

DC current

—

Resistance
with internal
batteries

ohms
0-50
0-50000
megohms
0-5

4. A view of the instrument is shown in fig.
1. The moulded front panel, which carries
the ineter movement, selector switches,
multipliers, shunts and rectifiers, is mounted
in a moulded case, and finally surrounded by
a steel case which provides magnetic screening
of the instrument. An earthing terminal,
located at the left-hand side of the case, is
not connected to the electrical circuits of the
instrument .
Switching

5. Two selector switches are mounted on the
front panel. The current and resistance ranges
are controlled by the left-hand switch. The
voltage ranges from 0-1000 volts, are governed by the right-hand switch.

Fig. I. GENERAL VIEW
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SPARE

Fig. 2. Battery compartment

<1) Setting the right-hand selector switch in
the mA & S2 position and selecting the
appropriate range on the left-hand switch
Or

<2) For reading volts, by setting the lefthand switch to the VOLTS position and
selecting the required range on the lefthand switch.
-Should both switches be left on ranges when

making tests, there will not be a circuit
through the meter.

Controls

7.. The control marked S1 Low located on the
left of the panel, below the scale, is pressed
when setting-up and taking measurements
on the Low f) scale only.
8. On the right of the panel, in line with Si
Low, is the control Si ZERO, which is used to
compensate for variation of battery voltage
on all resistance ranges.
9. The control z, situated in the centre of the
panel, is the pointer zero-setting control. The
test meter may be employed as a galvano-

meter by rotating the zero setting control to
giv,e. approximately 30 per cent of the fullscale deflection.
lafety device

10. Should an overload be applied to the
testmeter, the CUT-OUT RESET knob, mounted
in the centre of the panel near the lower
edge, springs from its normal position and
the main circuit is interrupted.
Note ...

Before resetting the CUT-OUT, disconnect the
meter from the circuit and ensure that the fault
is cleared before continuing with any tests
(para. 15).
Scales
I. Five scales are provided. Reading from
the top, the first scale is for the two highresistance ranges, and the adjacent (red)
scale for the low-resistance range. These
are followed by two uniformly divided scales,
0-100 and 0-25, which are used for all
voltage and current ranges except for the
10 volts AC range, which is indicated on the
lower (red) scale.
High-voltage measurements

12. Two high-voltage ranges, 2500 DC and
2500 volts AC not controlled by the selector
switches, are internally connected to the two
terminals located immediately above the
instrument scales. When making measurements on these two ranges, the positive test
lead should be left connected to the com+
terminal and the negative test lead connected
to the 2500 volts AC or 2580 volts DC
terminal, according to the measurement to
be made.
13. All ranges engraved on the switch knobs
are obtained by connecting the test leads to
the two terminals mounted on the lower edge
of the front panel. The two leads, coloured
black and red, are fitted with flat hook
connectors for attachment to the meter
terminals.
OPERATION
General

14. The testmeter, when in use, should be
placed face upwards on the four rubber feet
provided. Before commencing tests, ensure
that the pointer is set to zero by means of the
control z.
15. Attach the test leads to the appropriate
terminals, and fit the crocodile clips, or test
prods, as required. When in doubt as to the

value of the current or voltage to be measured,
start with the highest range, reducing gradually by means of the selector switch to the
appropriate range. If a high voltage is.
suspected, leave the positive test lead connected to the com+ terminal and transfer the
negative test lead to the 2500Ac or 2500Dc
terminal according to the test being made.
Voltage measurement

16. When making AC or DC measurements,
attach the test leads to terminals marked_
com+ and NEG., turn the left-hand selector
switch to VOLTS, and select a suitable range
by means of the right-hand switch. AlL
voltage and current measurements, with the
exception of the 10 volts AC range, will be
indicated on the two uniformly divided scales
0-100 and 0-25.
17. The reading indicated by the pointer on
the appropriate scale will be a multiple of
the actual value which is determined by the
position of the right-hand switch; for example,
with the right-hand selector switch turned to
250v DC, and a reading of 15 on the third
scale, the voltage measured will be 150. A
separate scale is provided for the 10 volts
AC range.
Current measurement

18. Direct-current measurements should be
made by rotating the right-hand selector
switch to mA & ti and selecting a suitable
range by means of the left-hand switch.
Connect the test leads to the terminals com+
and NEG. The instrument should be connected in series with the apparatus to be
tested.
RESISTANCE MEASUREMENT

WARNING
19. No resistance measurements are to be
attempted on live circuits, as serious damage
might be caused to the instrument.

20. Before commencing tests on the 50000 a
or 5 M11 ranges, check and if necessary to
compensate for variation of battery voltage,
adjust the pointer to zero by means of the
S2 ZERO control. With the free ends of the test
leads connected together, and the selector
switch in the x 1 or x 100 position, adjust
the a ZERO control until the pointer indicates
zero on the top (black) scale.

