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LIST OF MODIFICATIONS INCORPORATED

(1) This list includes all modifications to items covered by this A.P., up to the latest A.L. No.

(2) Some of these modifications are of a purely mechanical nature and may not have necessitated any
change or warranted an immediate change to text andfor illustrations; in such instances the mod. no.,
is enclosed in parentheses.

(3) All equipment modification details are given in -2 of this publication.

Mod. No.

Unit affected

6593/1
(on return to
contractor)

6898/1
(on return to
contiactor)

6899 /4
(on return to
contractor)

(6900/1)
(on return to
contractor)

6901/3

(6902/2)
(on return to
contractor)

6903/1
(production
modification)

6904/1
(production
modification)

Chassis, electrical equipment Type M24
(Ref. No. 10D/23464), part of com-
puter, frequency tracker (Ref. No.
10AD/3984).

Navigation computer, sub - assembly
(Ref. No. 10AD/4022), part of com-
puter, frequency tracker (Ref. No.
10AD/3984).

Chassis, electrical equipment Type M24
(Ref. No. 10D/23464), part of com-
puter, frequency tracker (Ref. No.
10AD/3984).

Gear assembly, resolver (Ref. No.
10AR /5696), part of computer, naviga-
tional (Ref. No. 10AD/3998).

Chassis, electrical equipment M24 (Ref.
No. 10D/23464), part of computer,
frequency tracker (10AD/3984).

Acrial, Type M31 (Ref. No. 10B/
20083), part of aerial group M30 (Ref.
No. 10B/20082).

Aerial, Type M31 (Ref. No. 10B/
20083), part of aerial group M30 (Ref.
No. 10B/20082).

Amplifier. intermediate frequency Type
M131 (Ref. No. 10U/17631) part of
aerial group M30 (Ref. No. 10B/
22082).

Brief details

New component board added. Indicates
failure of follow circuits.

Resistors added. Prevents voltage surge
and relay chatter.

Note . . .

This modification should be em-
bodied concurrently with Mod.
6593/1 and Mod. 6899/4.

Resistor and capacitor added. Prevents
voltage surge and relay chatter.

Note . . .

This modification should be em-
bodied concurrently with Mod.
6593/1 and Mod. 6898/1.

Plain bearings replaced by bearings.

Relay changed. Improved reliability.

Knuckle fixing removed. Maintains
interchangeability of waveguide
knuckles.

Diodes changed. Improved noise factor.

Note . . .

This modification should be em-
bodied concurrently with Mod.
6904/1. Mod. 6905/1 and Mod.
6910/1.

Resistor changed.
factor.

Improved noise

Note . . .

This modification should be em-
bodied concurrently with Mod.
6903/1, Mod. 6905/1 and Mod.
6910/1.



Mod. No.

Unit affected

Brief details

6905/1
(production
modification)

6906/1
(on return to
contractor)
(6907/1)

(6908/1)

(6909 /2)

6910/1
(production
modification)

6920/5

6921/2

722572

(7226/1)
(on return to
contractor)

(7227/3)

7296/6

7621/2

7622/7

(7623/8)

Rack, electrical equipment, Type M19
{Ref. No. 10D/23420) part of trans-
mitter-receiver, radio M3 (Ref. No.
10D/23419).

Gear assembly. integrator (Ref. No.
10AR/5698). part of computer. fre-
quency tracker (Ref. No. 10AD/3984).

Interconnecting box Type M5 (Ref. No.
10AD/3986), part of ARI2308S.

Panel tuned circuit Type M108 (Ref.
No. 10D/23466), part of computer, fre-
quency tracker (Ref. No. 10AD/3984).

Chassis. electrical equipment Type M24
{Ref. No. 10D/23464) part of com-
puter, frequency tracker (Ref. No.
10AD/3984).

Chassis, electrical equipment Type M25
(Ref. No. 10D /23482), part of test set.
performance M29 (Ref. No. 10S/
17822).

Chassis electrical equipment Type M24
(Ref. No. 10D/23464), part of com-
puter, frequency tracker (Ref. No.
10AD/3984).

Interconnecting box, Type M5 (Ref.
No. 10AD/3986), part of ARI23085.

Rack. electrical equipment, Type M19
(Ref. No. 10D/23420), part of trans-
mitter-receiver radio, M13 (Ref. No.
10D/23419).

Counter, electrical (Ref. No. 10AF/
774), part of indicator, range M16 (Ref.
No. 10Q/16727).

Aerial Type M31 (Ref. No. 10B/
20083), part of aerial group M30 (Ref.
No. 10B/20082).

Chassis, electrical equipment, Type
M24 (Ref. No. 10D/23464), part of
computer, frequency tracker (Ref. No.
10AD/3984).

Chassis. electrical equipment, Type
M25 (Ref. No. 10D/23482), part of test
set, performance M29 (Ref. No. 10S/
17822).

Chassis, electrical equipment Type M25
(Ref. No. 10D/23464). part of com-
puter. frequency tracker (Ref. No.
10AD/3984).

Chassis, electrical equipment Type M24
(Ref. No. 10D/23464) part of com-
puter, frequency tracker (Ref. No.
10AD/3984).

Negative bias removed from diode cir-
cuit. Improved noise factor.

Note . . .

This modification should be em-
bodied concurrently with Mod.
6904/1, Mod. 6903/1 and Mod.
6910/1.

Slipping clutch added. Prevents damage
due to abnormal speed of Speed Motor.

Colour coding of sockets TC and TD2.

Diodes changed. Improved type.

Diodes changed. Improved type.

Test circuit changes. Increase of test
voltage.

Stabilization of relay by changing the
energizing voltage source.

Connecting link removed from socket.
Prevents false speed indication.

Continuity of screening of coaxial cable
and socket.

Counter reliability improved. Brass
spindle replaced by stainless steel
spindle.

Improved aerial switch contact.

Resistor and Screen H.T. lead added.
Maintains F.F.I. specification and
avoids spurious excitation.

Log law potentiometer changed for
linear law potentiometer.

Additional inter-relay wiring to im-
prove “In Flight” test.

Capacitors changed to improve reli-
ability.
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Mod. No.

Unit affected

Brief details

(7624/1)

(7625/1)

7626/1
{production
modification)

7627/1

7628

(7702)

7896

7897

(8531/2)

8532/5

(8533/3)

(8586/5)
(production
modification

Or on return
to contractor)

(8587/9)

Amplifier, velodyne, Type M152 (Ref.
No. 10U/17645, part of computer
navigation (Ref. No. 10AD/3998).

Amplifier, velodyne, Type M153 (Ref.
No. 10U/17646), part of (a) amplifier,
synchro signal (Ref. No. 5990-99-970-
2380) and (b) test set, performance M29
(Ref. No. 108/17822).

Power supply Type M73 (Ref. No.
10K /21865) part of (a) test set. per-
formance M29 (Ref. No. 10S/17822)
and {b) am>lifier synchro signal (Ref.
No. 5990-99-970-2380).

Navigation commouter, sub-assembly
(Ref. No. 10AD/4023), part of com-
puter. freguency tracker (Ref. No.
10AD/3984).

Aerial Type M31 (Ref. No. 10B/
29083). part of aerial group M30 (Ref.
No. 10B/200832).

Rack, electrical equipment. Type MI19
(Ref. No. 10D/23420), part of trans-
mitter-receiver, radio, M13 (Ref. No.
10D/23419).

Generator, reference signal (Ref. No.
10K /21884), part of amplifier. synchro
signal (N.S. No. 5990-99-970-2380) and
test set. performance M29 (Ref. No.
10S/17822).

Gear assembly (Ref. No. 10AR/5696).
part of computer, navigational (Ref.
No. 10AD/39938).

Amplifier, audio frequency (Ref. No.
582¢-99-970-8110), part of computer,
frequency tracker (Ref. No. 10AD/
3984).

Rack. electrical equipment M19 (Ref.
No. 10D/23420), part of transmitter-
receiver, radio M13 (Ref. No. 10D/
23419).

Rack, electrical equipment M19 (Ref.
No. 10D/23419°, part of transmitter-
receiver, radio M13 (Ref. No. 10AR/
5820).

Aerial Type M31, (Ref. No. 10B/
20083), part of aerial group, M30 (Ref.
No. 10B/20082).

Chassis, electr'cal equipment M24 (Ref.
No. 10D/23464). part of computer,
freauency tracker (Ref. No. 10AD/
3984).

Capacitor changed to improve reli-
ability.

Capacitor changed to improve reli-
ability.

Resistor change to reduce tacho genera-
tor exitation voltage.

Change of capacitors to improve reli-
ability.

Addition of tuning screws to obtain
overall v.s.w.r. specification.

Identity label changed.

Replacement of phonic wheel disc
(photo-emulsion) and flexible coupling
by phonic wheel (etched glass) and
dog-clutch coupling.

Replacement of phonic wheel disc
(photo-emulsion) and flexible coupling
by phonic wheel (etched glass) and
dog-clutch coupling.

Gain stabilization. Wiring change pre-
vents feedback between amplifier stages.

Capacitor added to prevent trim capaci-
tor being set to near maximum.

Anti-backlash  springs changed and
cover support bracket added. Prevents
overload of gear assembly.

Washers fitted to switch assembly: two
vaveguide slots lengthened. Improved
overall v.s.w.r.

Relays changed. Prevents large voltage
spikes on a g.c. control lines.



Mod. No.

Unit affected

859111

(8826/2)

(8920/6)

(8921/1)
(on return to
contractor)

914773

91902

91912

(9311/3)

95086

(9595/7)
(on return to
contractor)

0679 1

(0680/2)

(0681, 3)

Pulse modifier (Ref. No. 6625-99-970-
8113), part of computer, frequency
tracker (Ref. No. 10AD/3984).

Indicator. rangs. Type M16 (Ref. No.
10Q/16727). part of ARI2308S.

Aerial, Type M31 (Ref. No. 10B
20083), part of aerial group M30 (Ref.
No. 10B/20082).

Synchro assembly (Cat. No. 5990-99-
944-5855). part of ARI23085 test
equipment.

Chassis, electrical equipment Type M25
(Ref. No. 10D/23482), part of test set.
performance M29 (Ref. No. 10S/17822).

Amplifier, velodyne, Type M152 (Ref.
No. 10U/17645), part of computer.
navigational (Ref. No. 10AD/3998).

Amplifier, veledyne, Type M153 (Ref.
No. 10U/17636), part of amplifier.
synchro signal (Ref. No. 5990-99-970-
2380) and test set, performance M?29
(Ref. No. 10S/17822).

Interconnecting box. Type M5 (Ref.
No. 10AD '3936), part of ARI23085.

Rack. electrical eZuicment Type MI9
(Ref. No. 10D/23420), part of trans-
mitter-receiver. radio M13 (Ref. No.
10D/23419).

Aerial, Type M31 (Ref. No. 10B
20083), part of aerial group M30 (Ref.
No. 10B 20082).

Amplifier, photo electric cell Type
M150. part of amplifier synchro signal
(Ref. No. 10U/9702380) and computer.
navigation (Ref. No. 10AD /399%).

Generator. reference signal (Ref. No.
10K /21884). part of amplifier. synchro
s'gnal (Ref. No 10U/9702380) and test
set, performance M29 (Ref. No. 10§’
17822).

Gear assembly, resolver (Ref. No.
10AR /5696, part of computer. naviga-
tion (Ref. No. 10AD/3998).

Brief details

Screerned leads added to grid and anode
of first valve in each channel. Stability
improved.

Counter, electrical changed. More

robust.

LF. Amplifier Cable Assembly re-
placed. Prevents cable damage.

Special spring and washer fitted to
synchro rotor. Prevenis zero shift.

Mullard c.r.t. not available. replaced
by G.E.C. type.

Resistor value increased. Prevents velo-
dyne loop oscillation.

Resistor value increased. Prevents velo-
dyne loop oscillation.

Mounting lugs replaced by mounting
plate.

Capacitor value changed. Improved
interchange of R.F. cscillator M35.

Reduction of electrical noise.

Resistor 3R3 changed in vaule from
1-2 kilohms to 100 ohms.

Note . .

This mod fication should be embodied
concurrently with Mod. No.0680:2 and
Mod. No. 0681/3.

Photo electric cell SVI(I0E/13258) re-
placed by a new type (CV8478).

Nowe . ..

This modification should be embnadied
crrcurrently with Mod. No. 0679/1 and
Mod. No. 0682/4.

Photo electric cell 5V (10E/13258) re-
placed by a new type (CV8478).

Note . . .

This modification should be embodied
concurrently with Mod. No. 0679/1.p»
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Mod. No.

Unit affecred

- 0682 4

(891 8

(1356 1)

A2137 8

Brief details

Chassis, electrical equipment (Ref. No.
10D /17646), part of test set. perfor-
mance M29 (Ref. No. 10S 17822).

Aecrial Type M31 (Ref. No. 10B/20083).
part of aerial group Type M30 (Ref.
No. 10B/20082).

Chassis, electrical equipment (Ref. No.
10AR /5990-99-970-2381), part of amp-
lifier synchro signal (Ref. No. 10U/
5990-99-970-2380).

Rack, electrical equipment Type MI19
(Ref. No. 10D/23420). part of trans-
mitter-receiver. radio M13 (Ref. No.
10D/23419).

Resistor 1R97 changed in value from
1-2 kilohms to 100 ohms.

Note . . .
This modification should be modified
concurrently with Mod. No. 0680/2.

Replacement of control transformer
(synchro) 1X2 by a brushless type

Spacers of plug PLHI and collars of
plug PLH2 have been reduced in length
to ensure positive mating of the ampli-
fier synchro signal with its backplate.

Thermal cut-out 1X4 introduced. to
avoid risk of damage to 1V12 if motor
IMO1 fails.pp»
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Introduction

1. The Marconi AD2300 Doppler navigation
equipment (ARL23085) is a self-contained, air-
borne, radio navigational aid operating in the
X band. It is designed to combine high accuracy
and fully automatic operation with the minimum
of pre-flight setting up and alignment. Major units
of the equipment are fitted in cases conforming to
ATR sizes and require a 115V or 200V, 400 c/s,
3-phase a.c. supply from the aircraft system.

2. Two versions of the equipment are in service
in the RAF. These are:

ARI.23085/1 which is the standard single-
channel installation, providing ground speed, drift
angle, distance flown and track guidance informa-
tion on a simpie or composite track flight plan.
An ARIL.23085/1 installation consists of eight units
—transmitter-receiver, aerial, tracking unit, com-
puter and display unit, two indicators and a
junction box.

ARI.23085/3 which is the dual-channel installa-
tion. In effect, this consists of two of each of the
major units used in ARI.23085/1 but does not
include the computer and display unit. Instead, an
amplifier, synchro signal (indicator drive unit) is
fitted. In addition there is a combined switching
unit and junction box. The ARI.23085/3 installa-
tion is coupled to the Decca GPI Mk. 7 describsd
in A.P.1275B, Vol. 1, Sect. 16A.

Fig.

B N

3. In both installations ground speed and drift
angle are instantaneously measured and displayed
and these displays are continuous during the time
the equipment is in operation. Hence, variations in
speed and track caused by changing conditions are
immediately apparent. The measures necessary to
counter these changes can be applied instantly, thus
making possible more accurate and simpler
navigation.

4. Two test sets provide comprehensive test
facilitiecs. They may be used in the aircraft for
performance checking or fault location and can be
employed to advantage in the workshop when
testing and aligning the equipment.

5. Salient features of the ARI.23085 equipments
are:

(1) The use of a low-noise, frequency modu-
lated carrier wave technique which, for all
practical purposes, removes the difficulties
encountered when using conveational carrier
wave systems. These difficulties are usually
associated with the cross-coupling effect
resulting from the transmitted signal being
fed direct to the receiver aerial and from
spurious modulation of the transmitter caused
by vibration.

2 A signal-to-noise ratio circuit which con-
tinuously monitors the received Doppler



signal spectrum. If the signal-to-noise ratio
falls below what is considered to be a usable
level or if, for any reason, there is a temporary
interruption of the received signal, a memory
facility is brought into operation to ensure
continuity of indication. While the system is
operating under memory conditions, the
ground speed and drift indicators continue to
indicate the last recorded values until such
time as a valid usable signal is received.

(3) An automatic search system so designed
that the Doppler spectrum is continuously
monitored, ensuring that the follow circuits
are locked on to the correct signal without the
necessity for manual adjustment of the equip-
ment either at take-off or at any time during
flight.

(4) The use of a simple, mechanical, moving
aerial, thus simplifying the circuitry. This
results in a higher degree of reliability as well
as making servicing easier.

(5) There is no loss of signal due to the
power of the sideband falling to zero when the
aircraft is flying at one of the critical heights
wherc the delay between transmission and
reception of the frequency modulated signal
is equal to a full cycle of the modulation
frequency.

(6) A fan-shaped aerial beam ensures that
the signals are spread over a considerable
range and the use of a modulation signal
whose frequency is varied (wobbulated) causes
the position of the critical heights to vary. By
these means it is possible to obtain a signal of
sattsfactory strength at all times, except under
extremely unfavourable conditions, for in-
stance, when flying at high altitude over a
calm sea.

(7) The incorporation of test circuits which
facilitate the functional checking of the
equipment both on the ground and in flight.
A further aid to pre-flight checking and to
fault location is a portable test set. Compre-
hensive test facilities provided by the test set
permit certain important circuit parameters to
be checked rapidly and a fault can be traced
to a specific unit without the necessity of access
to any major unit. The plug-in sub-unit
principle is employed throughout the equip-
ment, thereby simplifying fault location, pro-
viding easy access to components and expedit-
ing periodic overhaul and inspection.

DETAILS OF UNITS

General

6. The two Service versions of the AD2300 equip-
ment for which information is given in this publica-
tion are ARI.23085/1 and ARI.23085/3. ARL
23085/1 is employed in single-channel installations
to provide ground speed, drift angle, distance

flown and track guidance information. A complete,

ARI.23085/1 installation consists of the units
listed below:
Transmitter-receiver, radio, Type M.13

Aerial group Type M.30

Computer, frequency tracker, air navigation
Indicator assembly Type M.15

Indicator, range, Type M.16

Navigation computer Type B

Indicator assembly, display head, Type M.14
Interconnecting box Type M.5.

7. ARIL.23085/3 is similar to ARI.23085/1 but has
two transmitter-receivers, two aerials and two
tracking units. In addition, the navigation com-
puter Type B is replaced by a two-channel ampli-
fier, synchro signal (indicator drive unit) and a
switching junction box replaces interconnecting
box Type M.5. A Decca GPI Mk. 7 is used in
conjunction with the dual-channel installation.

8. The equipments operate from a 115V or 200V,
400 cf/s, 3-phase a.c. supply. Major units are
designed for operation with ARINC cooling
systems or for satisfactory cooling by convection.
The plug-in unit principle of construction facili-
tates access to components for servicing purposes.

Transmitter-receiver Type M.13

9. This unit is housed in a long # ATR case and
is unpressurized. It consists of a two-deck chassis
assembly with a hinged sub-chassis and contains
three plug-in sub-units.

10. The transmitter klystron produces a c.w.
output of approximately 1W at a nominal fre-
quency of 8800 Mc/s frequency modulated by a
168 to 232 kc/s (200 kc/s 416 9) signal, the modu-
lation signal being swept between the limits of 168
to 232 kc/s at the rate of ten times per minute.
From the klystron the r.f. output is waveguide-fed
to aerial group Type M.30. A ferrite isolator
assembly fitted in the transmitter-receiver isolates
the klystron from reflections caused by any mis-
match in the aerial or waveguide, thus ensuring
stability of frequency and power output level.

11. The microwave assembly in the transmitter-
receiver also contains a directional coupler into
which is inserted a crystal detector. The crystal
detects any amplitude modulation present on the
output waveform and the resultant output is fed
to the control, elec. freq. Type M.40 sub-unit in
the transmitter-receiver. This sub-unit contains
the automatic mode centring circuit for the klystron
described in para. 42.

12, A series cascode regulator circuit is employed
to provide a stable e.h.t. supply for the klystron and
the klystron heater supply is smoothed d.c., this
obviating spurious modulation of the klystron
output.

13. The if. signal from the aerial-mounted first
i.f. amplifier is amplified by a single amplifier stage
in the receiver circuits before it is passed to a mixer
bridge. The audio frequency output (the Doppler
signal) resulting from the mixing of the i.f. signal
and a swept-frequency signal (504 to 696 kc/s)
generated in the transmitter-receiver is fed via a
cathode follower to computer, frequency tracker,
air navigation.
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Aerial group Type M.30

14. Aerial Type M.31, which is the major com-
ponent of aerial group Type M.30, is a simple
moving aerial of the slotted-waveguide type and
produces the four-beam transmission pattern
necessary to obtain speed, drift and pitch informa-
tion. It is mounted in a suitable position on the
underside of the aircraft and is protected by a
radome or panel as appropriate. Closed-loop servo
control systems are used to align the array in the
pitch and azimuth planes, the control signals being
derived from the received Doppler signal.

15. The aerial array consists of two matched pairs
of slotted waveguides lying parallel to one another
in a directional horn assembly, with the axis of the
aerials horizontal. Forward and rearward beams
are obtained by feeding from each end of the trans-
mitting waveguides in turn: two of the slotted
waveguides are used for transmission and two for
reception. The direction of feed is arranged by a
rotary waveguide switch mechanism driven by a
motor, cam and geneva mechanism.

16. Two plug-in units on the upper surface of the
array contain the first i.f. amplifier and servo
amplifier circuits. The servo amplifier amplifies the
signals which are applied to the pitch and drift
motors. Aerial Type M.31 has an operational
swing of +30° in azimuth and 4-10° in the pitch
plane. The if. signal, produced by mixing the
received signal with a small proportion of the
transmitted signal in a hybrid ring balanced mixer,
is amplified by the first i.f. amplifier before passing
to transmitter-receiver Type M.13.

Computer, frequency tracker, air navigation

17. The tracking unit is housed in an unpressur-
ized long 4 ATR case. It consists of a main chassis
assembly to which a number of components and a
detachable sub-unit are secured. This chassis
provides a mounting for six plug-in sub-units.

18. The unit contains the frequency comparison
circuits for determination of ground speed, drift
and pitch angles. Tratking of the signal is achieved
by comparing the frequency of the received
Doppler signal with that of a highly stable variable-
frequency tone produced in navigation computer
Type B or (in the dual-channel installation) in the
amplifier, synchro signal. Circuit action within the
tracking unit results in an automatic search of the
Doppler spectrum and lock-on to a correct signal
so that no manual setting of the tracking circuits to
an estimated ground speed before or during flight
is necessary. The signal resulting from the com-
parison of the two frequencies is used to control
the speed integrator as well as the aerial azimuth
and pitch drive circuits.

19. The integrator circuit controls the speed of a
reference signal generator motor (in the computer
or amplifier, synchro signal) and the speed of this
motor is an analogue of the aircraft’s ground speed.
The azimuth drive circuit controls the movement

A=P289GAC, Vol. 1, Part 1, Sect. 1, Chap. 1
A.L14, May 63

of the drift drive motor in aerial Type M.31 to
align the aerial array along the aircraft track and
this provides a direct indication ‘of drift angle.
Similarly, the pitch drive circuit aligns the axis of
the aerial with the aircraft’s flight path.

20. Other circuits in the tracking unit produce the
a.g.c. voltage which is applied to the aerial-mounted
first i.f. amplifier; measure the signal/noise ratio of
the received signal for automatic signal/memory
operation; and control the application of the d.c.
supply to the three-position flag indicator in
indicator assembly Type M.15.

21. The tracking unit also contains a follow-
failure circuit which monitors the drive to the
follow system. If the drive signal falls below the
level which permits satisfactory follow operation,
the monitor circuit causes the flag indicator in
indicator assembly Type M.15 to give the OFF
indication.

22. The system incorparates test circuits which
permit the in-flight checking of the tracking circuits
while operating under signal conditions or of
certain circuits in both tracking unit and trans-
mitter-receiver when the system is operating under
memory conditions.

Navigation computer Type B and indicator assembly
23. Navigation computer Type B and indicator
assembly, display head, Type M.14 are inter-
dependent and are used in the ARI.23085/1 instal-
lation. The computer is housed in an unpressurized
short 4 ATR case and consists of a main chassis
carrying six plug-in sub-units. The components of
the indicator assembly are mounted on three light
alloy plates (front panel, gearplate and backplate).
All controls and indicators are brought out to the
front panel, illumination for which is provided by
a Plasteck panel and screw-in lamps.

24. The computer accepts

(1) Ground speed and drift signals, derived
from the Doppler signal by the tracking unit.

(2) Heading reference signal from the air-
craft’s compass system.

(3) Desired track angle which is normally set
in on the display unit.

25, The computed outputs are

(1) Distance flown along track. This signal
drives the active distance (DIST) counter in the
display unit towards zero, subtracting the
distance flown along track from the total
length manually set in.

(2) Distance displacement from track. This
signal drives the across distance (ACROSS DIST)
counter in the display unit to indicate the air-
craft’s displacement to left or right of the
desired track. It can also be used to drive a



pilot's left-right steering indicator and is
smoothed to provide the signal required for
autopilot control.

(3) Track error angle. This output is not
displayed but is available for autopilot control.

Other outputs are available for driving an indicator,
range, Type M.16 and an indicator assembly

Type M.I5.

Amplifier, synchro signal o . ‘
26. Amplifier, synchro signal (indicator drive unit)
is used in the dual-channel installation (ARI.
23085/3) in lieu of computer Type B. The unit is
housed in an unpressurized long 3 ATR case and
consists of a chassis assembly on which are mounted
twelve plug-in sub-units. The inputs are speed and
drift information derived from the Doppler signal
by the trackipg unit and from this information the
amplifier produces 3-wire synchro outputs suitable
for driving the pointer-type speed and drift displays.
In addition, there is a further 3-wire synchro output
which is used to control the drift servo system of
the aerial. The variable frequency reference signal,
which is fed to the tracking unit for frequency
comparison purposes, is produced in amplifier,

synchro signal.

27. Cam-operated contacts in the réference signal
generator assembly provide the pulsed d.c. supply
necessary for the operation of the electro-magnetic
counting mechanism in indicator, range, Type
M.16. Since the speed of the reference signal
generator motof is proportional to ground speed
and the contacts are operated by a cam driven
(through reduction gearing) by that motor, distance
flown is given to the same degree of accuracy as

ground speed.

Indicator, range; Type M.16 .
28. This unit gives a counter-type presentation of

nautical miles flown up to a maximum of 99999 in
0-1 nautical mile increments. A 31 in. SAE case,
modified slightly to accommodate the combined
on/off switch and resetting control, houses the
counting mechanism. Voltage pulses necessary _for
the operation of the electro-magnetic actuating
mechanism are obtained from cam-operated con-
tacts in either the reference signal generator
assembly of the amplifier, synchro signal (ARIL.
23083/3) or the resolver gearbox of computer

Type B (ARI.23085/1).

Indicator assembly Type M.15 e 1
29. This unit, which is the speed and drift indica-

tor. is a dual pointer, circular scale indicator
housed in a modified 3% in. SAE case. Ground
speed is indicated on the outer scale by the larger
pointer while the smaller pointer indicates drift, to
port or starboard, on the inner scale. The ground
speed scale is graduated in 10-knot increments from
80 to 900 knots and the drift scale is graduated in
1° steps to a maximum of 30° in each direction

from a centre zero position.

30. The two pointers are driven by synchro
receivers, the stator windings of which are con-
nected to the stator windings of the speed and drift

synchro torque transmitters in computer Type B
(ARIL.23085/1) or in amplifier, synchro signal
(ARI1.23085/3).

31. A second function of the indicator is to pro-
vide, by means of a three-position magnetic indica-
tor, information concerning the condition under
which the system is operating. When signal con-
ditions prevail, an all-black flag is visible and this
gives way to a black M on a yellow background
when the system is operating under search con-
ditions. The third presentation is a black OFF on a
red background, displayed when no power is
applied to the installation or a failure of the follow
system occurs.

32. A spring-loaded TEST button, fitted below the
face of the indicator, is used to initiate a functional
test of certain circuits of the equipment either prior
to or in flight.

Junction boxes

33. Both single and dual-channel installations
employ junction boxes. Interconnecting box Type
M.5, used in ARI.23085/1, is a box of light alloy
construction carrying eight plugs and sockets which
mate with the unit interconnecting and power
supply cables. The box used in ARI.23085/3 is
similar in construction but has additional sockets
to meet the requirements of the second channel.
This box also carries a three-position switch pro-
viding channel 1, off, channel 2 selection.

SYSTEM DESCRIPTION

General

34. The object of the following paragraphs is to
provide an overall picture of the functioning of a
complete system. This description is based on the
single-channel installation and the differences
between ARI.23085/1 and 23085/3 are shown only
in block diagram form.

Production of the Doppler signal

35. A block diagram of the ARI.23085/1 instal-
lation is given in fig. 1. The transmitter klystron
produces a c.w. output of approximately 1 watt at
a nominal frequency of 8800 Mc/s which is modu-
lated by a swept frequency signal. This modulation
signal, produced in the transmitter-receiver, is
swept between the limits of 168 to 232 kc/s ten
times a minute by the action of a motor-driven
variable capacitor.

36. The klystron output is fed via a waveguide to
the aerial array consisting of two transmission and
two reception elements. The linear array, formed by
four slotted waveguides mounted side by side in a
reflector assembly, has in-phase and out-of-phase
clements and a system of providing the four beams
necessary to obtain ground speed, drift and pitch
information. The method employed is to switch
mechanically the direction of feed for the respective
transmission and reception elements. The result of
this switching is a transmission pattern which
consists of four sequentially switched beams whose
depression and broadside {or lateral) angles are
67° 14 min and 20° with a beamwidth of 3° 15 min
X 26° at the 3dB points.



F.S./3

A.P.114E-0400-1, Part 1, Sect. 1, Chap. 1
A.L217, Jan. 68

-
INDICATOR INDICATOR
ASSEMBLY RANGE
TYPE MI5 TIPE MIG
TERMINAL
BLOCK
INDICATOR
WAVE GUIDE ASSEMBLY
TYPE M 14
AERIAL TRANSMITTER - COMPUTER, INTERCON NECTING COMPUTER
FREQUENCY
GROUP ——  RECEIVER 1 raacxer BOX NAVIGATIONAL
TYPE M30 TYPE MI3 AR NAVIGATION TYPE M5 TYPE B
ARCRAFT
JUNCTION
BOX
1SV OR 200V
400c/s 3PHASE
TEST SEV
M 29
Fig. 1. ARIL23085/1: block diagram >

37. The radiation and reception sequence of the
signals is port forward, starboard aft, starboard
forward, port aft, signals being transmitted and
received for a period of 380ms in each direction.
A complete switching sequence occupies a period
of 2 seconds, signal blanking occurring for 120ms
each time the waveguide switch moves from one
position to the next. Thus, the transmitter signal is
radiated towards ground and the reflected signal
is received by the relevant reception element, since
the switching is so arranged that when an in-phase
transmission element is in use an out-of-phase
element is employed for reception and vice versa.

38. The received signals are subject to Doppler
shift; those from the forward beams are increased
in frequency in proportion to the ground speed of
the aircraft while those from the rear beams are
decreased in frequency with respect to the original
transmission frequency.

39. From the reception elements the signals pass,
via the waveguide switch, to a hybrid ring mixer
where they are mixed with a small preset propor-
tion of the transmitter signal obtained via a
directional coupler. The output of two suitably
biased diodss. fitted in the hybrid ring, is fed to
the first i.f. amplifier which is tuned to select the
third sideband (504 to 696 kc/s). The delay of the
rise in amplitude of this sideband provides re-
jection of near echoes and cross-coupled signals
while the amplitude of the reflected signals re-
mains at a workable level.

40. The first i.f. amplifier has a low-noise cas-
code stage followed by two normal stages with
a.g.c. and produces an if. signal of high signal/
noise ratio which is fed to the second i.f. ampli-
fier in the transmitter-receiver.

41. In the second if. amplifier the if. signal
594 to 696 kc/s plus Doppler shift) is mixed with
the third harmonic (504 to 696 kc/s) of the modu-
lation signal and the output from the mixer
bridge (the Doppler signal) is fed to the tracking
unit.

42, To ensure that the transmitter klystron
operates at the centre of its mode, an automatic
mode centring circuit is incorporated in the trans-
mitter-receiver. A signal from the modulation
signal generator and a sample of any amplituds
modulation present on the transmitter output
waveform (due to the klystron not operating at the
centre of its mode) are applied to a phase-sensitivs
sctifier. A d.c. output with polarity and magni-
tude dependent upon the phase difference of the
two signals and the magnitude of the transmitter
sample, is passed to a control valve forming part
of the klystron e.h.t. regulator circuit.

43. The application of the d.c. output from the
mode centring circuit to the regulator causes a
change in the e.h.t. voltage applied to the klystron.
This e.h.t. voltage is increased or decreased, as
appropriate, to bring the klystron back to ths
centre of its mode so that, for all normal changss.
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of input voltage or output circuit loading, the
regulator maintains the e.h.t. voltage at a constant
level. Thus, changes in the mode of oscillation
of the klystron are due solely to physical changes
brought about, for instance, by ambient tempera-
ture variations.

44. The tracking unit controls, either directly or
indirectly, the operation of all other units in the
system. Normally, it functions under signal con-
ditions (i.e. the unit is in receipt of a signal which
is considered to be of an acceptable signal/noise
ratio) and is able to ma%e an automatic search of
the Doppler spsctrum and rapidly lock on to the
correct signal. As soon as the unit has locked on
to a signal the follow circuits become operative,
the changeover being made automatically. For all
normal flight manoeuvres and speed changes the
follow circuits maintain effective control of the
speed. drift and pitch servo control loops.

Search operation

45. Consider, first, the operation of the tracking
unit and associated circuits under search condi-
tions (fig. 3). The af. Doppler signal from the
transmitter-receiver is amplifier and, from two
cathode followers, divides to follow two distinct
paths. The output of one cathode follower is fed
to the tuned circuit panel where it is used for the
production of the a.g.c. voltage and measurement
of the signal/noise ratio. The output of the other
cathode follower is passed to the frequency com-
parison (mixer) circuits and then to further ampli-
fiers which provide control (or drive) signals for
the speed, drift and pitch integrator motors. For
the 120ms period when the aerial waveguide
switch is moving from one position to the next, the

output of the cathode followers is earthed by the
contacts of a relay the operation of which is con-
trolled by blanking contacts in the aerial wave-
guide switch and gearbox assembly.

46. When a difference exceeding 109 exists
between the frequency of the reference signal
generated in the computer and that of the Doppler
signal, the dominant signal path is that containing
the tuned circuits of the tuned circuit panel. Such
a difference occurs when the equipment is
switched on at the start of a flight leg with an air-
craft ground speed of, say 300 knots, after it has
been switched off at the end of a previous flight
when the ground speed was, for instance,
200 knots.

47. The tuned circuit panel has a drive amplifier
stage in whose cathode circuit is an untunsd
transformer while the anode load is formed by
18 tuned circuits (Part 2, Sect. 1, Chap. 2, fig. 17
and 18). The rectified outputs of the untuned
transformer and the tuned circuits are fed to a sig-
nal comparator stage. Under signal conditions the
output from the tuned circuits is greater than that
from the untuned transformer with the result that
the relay control valve conducts and in so doing
energizes the primary and secondary signal/noise
relays. As a result, a h.t. supply is applied to a
power amplifier.

48. The 18 tuned circuits are tuned to frequencies
contained in the band 850 c¢/s to 13 kc/s approxi-
mately and the resultant composite response curve
is relatively flat over the entire spectrum, with in-
dividual response curves crossing at —3dB points.
Thus, when the Doppler signal is fed to the tuned
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circuits, an output is produced by one of them.
The circuit in which this occurs is dependent upon
the frequency of the incoming Doppler signal
which, in turn, is proportional to aircraft ground
speed. Due to the action of the rectifiers in each
tuned circuit, current pulses or pips are produced
and these are fed. via relay contacts, to a bank of
a.g.c. capacitors. Since the operation of the relays
is controlled by cam-operated springsets in the
aerial waveguide switch assembly, the capacitors
are sequentially switched, one being in circuit for
each direction of transmission and reception.
During the time each capacitor is in circuit a
negative charge is built up on it and is applied to a
cathode follower. This negative potential varies in
proportion to the power density of the Doppler
signal and switching the capacitors ensures that an
a.g.c. voltage at the correct level is fed to the first
i.f. amplifier for each direction of reception.

49, Pips are also fed from the tuned circuit panel
to the commutator section of a commutator
potentiometer which has two segments, each main-
taining contact with its own output brush over the
whole of the effective rotation while the 16 input
brushes are spaced evenly over the effective range.
From the relevant output brush the pips pass to a
pip amplifier. Here they are amplified and integrated
and cause the search up or search down relay to be
energized. As a result, 6-3V 400 ¢/s a.c. signals with
a phase-quadrature relationship are fed to a pre-
amplifier and then to a power amplifier. The output
from the power amplifier is applied to the speed and
pitch motors in the tracking unit and to the speed
motor in computer Type B.

50. The speed motor in the tracking unit is
coupled via a gear train to the commutator potenti-
ometer and rotates until the drive signals are
removed when the gap between the two segments of
the potentiometer commutator wiper is opposite
the pin from which pips were being fed to the pip
amplifier. In this position no pips are fed to the
amplifier, the search up or search down relay
reverts to the de-energized state and the 400 c/s
signals are no longer fed to the motors.

51. Since the commutator and resistive sections
of the potentiometer are driven by a common
shaft, the potentiometer wiper is also rotated as
the tracking unit speed motor rotates and an
increasing or decreasing potential (depending upon
the direction of rotation of the motor which, in
turn, depends upon whether the reference signal
frequency lies above or below that of the Doppler
signal) is fed to the speed servo circuits of computer
Type B.

52. The 400 c/s a.c. signal fed to the computer is
amplified in a speed amplifier and the output from
this circuit energizes the control windings of the
speed servo motor. This motor drives the shaft of
the speed potentiometer as well as that of a synchro
torque transmitter, A voltage derived from the
speed potentiometer is fed to a velodyne amplifier
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and as a feedback potential to the speed amplifier.
The result of any change of input to the velodyne
amplifier is an increase or decrease in the reference
signal generator motor speed and hence of reference
signal frequency. Through the action of the speed
servo control loop, the frequency of the reference
signal is within 109, of that of the Doppler signal
at the instant when drive is removed from the speed
motor in the tracking unit. The follow circuits now
become operative and for all normal flight con-
ditions maintain control of the speed, drift and
pitch circuits.

53. The synchro torque transmitter in the com-
puter transmits a 3-wire synchro output to the
speed pointer of the speed and drift indicator
(indicator assembly Type M.15) and, once the
system has locked on to a signal, the pointer
indicates the actual ground speed of the aircraft.

54. While the tracking unit is operating under
search conditions, a 28V d.c. supply is connected,
via contacts on the search up or search down relay,
to the flag indicator in indicator assembly Type
M.15 and the memory flag is displayed. As soon as
the system has locked on and control has passed to
the follow circuits, this supply is removed from the
memory flag circuit and connected to the signal
flag circuit. The signal flag now becomes visible
and remains displayed as long as the system is
operating under signal conditions.

Follow operation

55. Once the system has satisfactorily locked on
to the Doppler signal, the frequency comparison
(mixer) circuits which form part of the follow
system become operative. The amplified Doppler
signal at the signal amplifier output is fed to bridge
mixers (fig. 4) where it is mixed with the amplified
reference signal applied via a phase splitting and
quadrature network. Assuming that a frequency
difference exists between the two inputs, an output,
consisting of sum and difference frequencies, is fed
from the mixers via contacts on the now de-ener-
gized search relays to the tracking unit pre-
amplifier.

56. Here the difference frequencies are selected,
amplified and passed to the power amplifier, the
output from which is applied, as under search
conditions, to the motors. Production of the a.g.c.
voltage continues and, due to the predominance of
the Doppler signal, the signal/noise relays are
energized so that the h.t. supply is connected to the
power amplifier.

57. The speed motor in the tracking unit responds
to the drive signals applied and in so doing drives
the wiper of the commutator potentiometer. The
potentiometer output is thus varied and whenever
there is a slight increase or decrease in ground
speed the velocity of the reference signal generator
motor is altered accordingly. Since the frequency of
the reference signal is directly proportional to
motor speed, the frequency increases or decreases
until it is identical with the Doppler signal fre-
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quency. When this condition exists, no sum or
difference frequencies are produced by the bridge
mixers and there is no drive to the speed motor in
the tracking unit.

58. Distance travelled information is provided by
indicator, range, Type M.16 which receives d.c.
impulses for the operation of its electro-magnetic
counters from cam-operated cortacts in the refer-
ence signal generator assembly of the computer.
The cam which operates the contacts is coupled to
the reference signal generator drive shaft. This
shaft rotates at a speed proportional to the ground
speed of the aircraft so that the contacts are
operated at a rate which is a function of ground
speed and distance flown is given to the same
degree of accuracy as ground speed.

Aerial serve control

59, In order that the aerial array may be aligned
along the aircraft’s track in azimuth and along the
flight path in the pitch plane, signals from the
power amplifier in the tracking unit are applied to
a drift motor in the computer and a pitch motor in
the tracking unit. If the array is misaligned in
azimuth due to drift, the Doppler signals from the
port and starboard directions have a high/low
frequency difference instead of having the same
frequency which occurs when the array is aligned
along the aircraft’s track. The output from one
pair of valves in the tracking unit power amplifier
is applied direct to the drift integrator motor in the
computer and the output from the other pair, in
phase-quadrature, is fed to the motor via contacts
on the drift sense relay. The operation of this relay
is controlled by the drift sense contacts in the aerial
waveguide switch and gearbox assembly, the on/off
characteristic of the relay being 1 second in the
energized state and 1 second in the de-energized
state.

60. The direction of rotation of the motor is
governed by the relative phasing of the signals
applied to the motor. This phasing is dependent
upon whether the difference frequency is obtained
from a component of the -Doppler signal which lies
above or below the reference signal generator
frequency. The motor thus rotates in a direction
depending upon whether the aerial is misaligned to
port or starboard of track and drives, via gearing,
a synchro torque transmitter and control trans-
mitter.

61. The torque transmitter has its stator windings
connected to those of a synchro receiver which
drives the drift pointer on indicator assembly Type
M.15 while the control transmitter is connected to
an aerial mounted synchro control transmitter
whose output (the error signal) is fed to the drift
servo amplifier.

62. This error signal causes the aerial drift motor
to turn the aerial array until the Doppler signals
from port and starboard are on the same frequency.
When this condition exists there will be no net
drive to the drift integrator motor and the aerial
will be aligned along the true track.

63. Similarly, if the aerial array is not aligned

along the flight path in the pitch plane, there is a
frequency difference between the fore and aft
Doppler signals which causes the pitch integrator
motor in the tracking unit to rotate. The control
signals for this motor are applied via contacts of
the pitch sense relay, the operation of which is
controlled by the pitch sense contacts in the aerial
waveguide switch and gearbox assembly. These
contacts make and break every half-second.
Coupled to the motor is an a.c. pick-off and the
output of this is fed to the pitch servo amplifier.
This causes the pitch motor to be energized and
the aerial array is elevated or depressed, as neces-
sary, until the fore and aft Doppler signal fre-
quencies are identical.

64. Mechanical linkages, attached to one end of
the body of the aerial array and to the rotors of
the control transformer and pitch a.c. pick-off, turn
the rotors as the aerial is moved in the appropriate
direction, thus providing a position feedback signal
for each closed loop system.

Memory operation

65. Consideration has so far been given to the
operation of the system under signal conditions
but, in certain circumstances, operation may occur
under what are termed memory conditions. In the
event of the signal/noise ratio of the Doppler signal
falling below an acceptable level, circuits within
the tracking unit cause the system to change over
automatically to memory operation.

66. Degradation of the signal/noise ratio may
occur if the aircraft is flying at a considerable height
over a very calm sea or if a fault occurs in the trans-
mitter-receiver or signal amplifier circuits of the
tracking unit. Test facilities incorporated in the
system make it possible for the pilot to ascertain
readily which factor is responsible for memory
operation and the flag indicator in indicator
assembly Type M.I5 provides a visual indication
of the condition under which the system is
operating.

67. If, for one of the reasons given in the preced-
ing paragraph, the incoming signal degenerates to
the point where the Doppler signal content is small
compared with the noise, the signal comparator
circuit in the tracking unit causes the signal/noise
relays to be de-energized. The h.t. supply to the
power amplifier is removed and the signal from the
mixer bridges, now with a preponderance of noise,
cannot reach the integrator motors. The system
thus cannot respond to the noise signal which
would otherwise cause the production of erroneous
speed and drift information. As there is now no
drive signal fed to the speed, drift and pitch motors,
the shafts of these motors and those of the synchros
driven by the motors remain in the angular positions
they occupied immediately before the removal of
the drive signal.

68. While the speed motor in the tracking unit is
in the quiescent state, the voltage fed to the com-
puter from the resistive section of the commutator
potentiometer remains constant at the value pre-
vailing prior to the changeover to memory con-
ditions. In consequence, the speed of the reference
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signal generator motor in the computer remains
constant and the speed pointer continues to indicate
the ground speed at which the aircraft was travelling
at the time of the changeover. Since the rate of
operation of the range indicator mechanism is
related to the now constant speed of the reference
signal generator motor, the indicator continues to
operate at an unchanging rate until a Doppler
signal of usable signal/noise ratio is again available.

69. Similarly, with no drive signal applied to the
drift and pitch motors, the indicated drift angle
remains constant and there is no change in the
drive or error signals applied to the aerial drift and
pitch servo amplifiers, The aerial array remains in
the attitude it occupied relative to the aircraft fore
and aft line and flight path before the change from
signal to memory conditions.

70. Associated with the change over to memory
operation there is a follow-failure circuit in the
tracking unit. This derives its inputs, 90" out of
phase, from the power amplifier stages and, pro-
vided both inputs are present, there is an output
from the circuit. When one or both inputs dis-
appears, the loss of output causes a relay to be
de-energized so that the d.c. supply to the signal
flag indicator in indicator assembly Type M.15 is
broken and the flag moves 1o the Off position.

Test facilities

71. Test circuits which facilitate instant and
positive functional checks of the system both
before and during flight are incorporated. These
tests are initiated by depressing the resT button on
indicator assembly Type M.15 and the cquipment
may be checked during flight regardless of the con-
dition (signal or memory) under which the system
is operating. If the button is depressed when signal
conditions prevail, the tracking circuits arc checked.
Depressing the button under memory conditions
provides a check of the transmitter-receiver and
certain circuits in the tracking unit.

72.  During flight, with the system operating under
signal conditions and all indicators showing normal
indications, it may be desired to ascertain, particu-
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larly on a long distance flight leg, that the tracking
circuits are operating correctly. Circuit action
initiated by depressing the TEST button causes the
speed and drift servo systems to be inched off. This
produces corresponding movements of the ground
speed and drift pointers in opposite directions to
each other. On releasing the TES1 button the
received signals will, assuming all units of the
equipment are serviceable, return the pointers to the
true positions, i.e. the positions they occupied
before the button was depressed. To minimize the
error introduced by this check (in which the dis-
tance flown indicator receives false information) the
button is again depressed and speed and drift
inching now occurs in the opposite direction. In
consequence, the two disturbances average out any
error, previding equal displacement is introduccd
on each occasion.

73. If the system is operating under memory
conditions, with the flag in indicator assembly
Type M.15 showing OFF, the pilot can ascertain
whether such operation has been brought about by
deterioration of the Doppler signal or by a fault in
the transmitter-receiver or tracking unit. On
depressing the TEST button, the transmitter klystron
is modulated by an 800 ¢/s signal. The small pro-
portion of the transmitted signal which breaks
through by cross coupling from the transmitting to
the receiving waveguides is treated as a normal
received Doppler signal and is fed from the trans-
mitter-receiver to the tracking unit. Operation of
the TZST button also causes an inhibiting voltage to
pe applied to the follow-failure circuit so that,
assuming there to be no fault in the two units
concerned, the signal flag is displayed until the
TEST button is released. The pilot is thus assured
that the changeover to memory conditions is not
due to faulty equipment but to deterioration of the
signal/noise ratio of the received signal.

74. It is important to note that the in-flight test
facility provides evidence of the correct functioning
of the basic sensing elements only. It is not compre-
hensive and must not be regarded as confirming the
accuracy of the instruments.
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Chapter 1
TRANSMITTER-RECEIVER RADIO TYPE M.13
(Completely revised)
LIST OF CONTENTS
Para. Para.
Introduction ld“ ’ - s s " ; Amplifier, intermediate frequency Type M.133 35
tructi tai . . .. .
gf:;} ’Cl:rc czll(z)tnfies :; ;Inson . 9 Oscillator, radio frequency Type M.35 .. 40
Rack, electrical equipment Type M 19 17 Control, electronic frequency Type M.40 .. 48
LIST OF ILLUSTRATIONS

Fig. Fig.

General view of transmitter-receiver assemblies
Schematic arrangement of assemblies . .
Block diagram of transmitter-receiver . .

1 Ampllﬁe/ intermediate ﬁeauency Type M.133:
2
. 3
Block diagram of tone generator assembly .. 4
5
6

circuit
Oscillator, radio ﬁ'equency Type M.35: circuit 8
Purpose of a.m.c. circuit Control. electronic frequency Type M .40: circuit 9

Rack, electrical equipment Type M. 19 circuit Transmittei-receiver, radio Type M.13: circuit 10

LEADING PARTICULARS

Power supply .. . 115 or 200V 4+59%, 400 ¢/s j:S/,, 3-phase a.c.
Power consumption .. .. .. .. .. . .. 150 watts
Maximum temperature range .. . .. . —40°C to +70°C
Operating temperature range .. —40°C to +55°C
Altitude ceiling .. .. 30000 f1. If no addltlonal cooling is provided

60000 ft. when additional cooling at the rate of
0:6 /b/min at 20°C is provided
Weight .. .. .. . .. .. .. .. 345[b(156kg)
Overall dimensions . . .. .. .. Height 7%% in. (197 cm)
Width 7i m (19-4 cm)
Depth 22 in. (56-4 cm)

Case size .. . .. .. .. . Long 3 ATR
Type of mounting . . .. .. .. ARINC type shock-mounted tray
Compass safe distance .. .. .. . - .. . 8 f1.
Transmitter:
Type of emission .. .. .. .. .. Frequency modulated c.w.
Transmitting valve .. o .. .. . .. .. Klystron
Output power .. . .. . .. .. 1 wart (approximately)
Frequency .. .. .. .. .. .. .. 8800 430 Mc/s
Modulation frequency .. .. 200 kc/s +16%, (swept at 10 cycles per min.)
Modulation index .. .. .. . .. .. .. .. 25
Receiver:
Type .. .. .. .. Superheterodyne with crystal mixer
Intermediate frequency .. .. .. 600 kc/s £16%; (swept)

Output .. . .. An a. f Doppler signal fed to the tracking unit
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Fig. 2. Schematic arrangement of assemblies

1. The principal functions of the transmitter-
receiver are as follows:—
(1) The production of a frequency-modu-
lated signal, at a power of approximately 1
watt, which is passed to the aerial for
transmission.
(2) The amplification and detection of
the if. signal, which is fed from the 1st if.
amplifier, in order to produce a Doppler sig-
nal. This signal is then fed to the tracking
unit.

Constructional details (fig. 1)

2. The unit consists of a two-deck chassis
assembly (component prefix 1) with an integral
back plate, and a front panel which is attached to
the chassis assembly by screws and shakeproof
nuts. The unit is housed in an unpressurized
long 3 ATR case which is retained by a single,
quick-release fastener. Major components of the
transmitter, and those of the power supply cir-
cuit, are located on the bottom deck of the
chassis assembly, while the upper deck accom-
modates three plug-in sub-units, a hinged sub-
chassis, and an air blower.

3. The three plug-in sub-units are:—
(1) Amplifier, intermediate frequency Type
M.133 (component prefix 2)
(2) Oscillator, r.f. Type M.35 (component
prefix 3)
(3) Control, elec. freq. Type M.40 (a.m.c.)
(component prefix 4).

4. The hinged sub-chassis carries the compo-
nents for the e.h.t. voltage regulator circuit. Each
plug-in assembly is readily removable from the
chassis assembly, electrical connections being
effected by miniature plugs and sockets.

5. Protruding through the front panel and pro-
tected by a detachable cover are a variable capa-
citor and drive motor with associated gearing. A
short length of waveguide, fitted with a square
coupling-flange, also protrudes through, and is
clamped to, the front panel. All other external
connections are completed by means of two

F.S./2
AMPLIFIER LE PLC oxe
TYPE MIS3 —ﬂ
CIRCUIT: FIG 7
OSCILLATOR RF. PO L o
TYPE M35 —_ﬂ
CIRCUIT: FIG. 8
CONTROL ELEC. FREQ. PLE ] SkE
TYPE M40 —__“
CIRCUIT: FIC 9
Iniroduction

multi-pole plugs attached to the back plate.

6. Forced-air cooling of the klystron is effected
by the use of a small air blower. The complete
unit may be cooled by an ARINC cooling system
or by normal convection cooling. A detachable
nylon-mesh air filter is fitted in the front of the
cover which protects the variable capacitor and
drive motor.

7. Small components are either carried on tag-
boards or attached to tags held by small insulated
bushes which pass through the chassis. A few
groups of functionally-associated small compo-
nents are resin encapsulated. In all circuits, with
the exception of the e.h.t. rectifier circuit, flying-
lead base valves are employed. The e.h.t. rectifier
valves are fitted in B7G-type bases in an inverted
position on the underside of the upper deck.

8. The unit may be operated with an input
power supply of 115 or 200 volts, 400 ¢/s, 3-phase
a.c., provided that the connections to the primary
windings of the three power transformers and to
the two motors are correctly adjusted. A voltage
indicating label (located on the front panel)
should be fitted in such a manner that it shows
the voltage to which the unit is adjusted.

Brief circuit descriptien

9. The following brief circuit description
should be read in conjunction with the block
diagram of the transmitter-receiver (fig. 3).

10. The frequency-modulated continuous-wave
output of the transmitter is produced by a forced-
air cooled klystron 1V12, the modulation signal
being generated by the swept-frequency oscillator
3V1 in the tone generator assembly. The klystron
produces an output of 8800 Mc/s (nominal) fre-
quency modulated by the 168-232 kc/s (200 kc/s
+16 per cent) signal, with a power output of
approximately 1 watt. <A thermal cut-out
IX4 mounted on the outer cooling fin of the
klystron 1V12 and connected in series with the
earth return connection of the e.h.t. relay
IRLA, prevents possible destruction of the kly-
stron and burn damage to adjacent wiring should



the blower motor IMOI1, supplying cooling air,
fail. When the klystron overheats, 1X4 operates,
breaking the earth connection, via holding con-
tact IRLA1 to relay IRLA. Relay IRLA de-
energizes and causes the eh.t. supply to the
klystron to be cut off, preventing further over-
heating ard possible damage to the klystron.

11. The oscillatory circuit of 3V1 is tuned be-
tween the limits 168 to 232 kc/s by a motor-
driven variable capacitor, the rotor of which is
continuously driven, via anti-backlash spur gears,
at the rate of 10 revolutions per minute. From
3V1, the swept-frequency signal is fed, via a
cathode-follower stage 3V2 and a filter circuit, to
the cathode of 1V12 at a level determined by a
preset potentiometer in the cathode circuit of 3V2.

12. A short waveguide-run from the klystron to
the front panel is of rectangular cross-section and
contains a ferrite isolator 1X3. The undirectional
characteristics of the isolator are utilized to pro-
vide the klystron with a high degree of isolation
from reflections caused by any mismatch which
may occur in the aerial or waveguide, and yet
cause an almost negligible loss of output power.
Also fitted in the waveguide is a directional
coupler into which is inserted a crystal IMRS6.
The crystal detects any amplitude modulation
that may be present on the output waveform, and
this small proportion of transmitter output is fed
to the a.m.c. assembly where, after amplification
by 4V1 and 4V2, it is passed to the phase-
sensitive rectifier circuit 4MR1, 4MR2.

13. A 168-232 kc/s switching (or reference) sig-
nal taken from the output of the tone generator
filter circuit is fed, via the buffer amplifier 3V3, to
the phase-sensitive rectifier circuit. The output of
this circuit is zero positive d.c. or negative d.c.
depending upon whether the klystron is operating
at the centre of its mode of oscillation or at a
point which is above or below the centre fre-
quency. This output is fed to the control valve
1V14 which is, in effect, part of the potentio-
meter network of the e.h.t. voltage regulator
circuit. Application of the voltage to the grid of
1V14 changes the d.c. impedance of the valve
and, ultimately, the e.h.t. voltage is altered in
such a sense that the klystron is brought to the
centre of its mode.

14. 1t is essential that the klystron be supplied
with a stable e.h.t. supply to prevent frequency
instability. The regulated e.h.t. supply of —720
volts (nominal) is produced by the e.h.t. rectifiers
1V5, 1V6, 1V7 in conjunction with a series-cas-
code regulator circuit formed by valves 1V1, 1V8,
1V9. Any changes of the input voltage or load
cause voltage variations in a potentiometer net-
work, and these affect the double-triode 1V9,
which is connected to form a cascode circuit.
Simlarly, any change in the d.c. impedance
of 1V14 (caused by the voltage from the a.m.c.
phase-sensitive rectifier) affects 1V9, and in each
instance the result is that the effective d.c. im-
pedance of the parallel connected series regula-
tor valves, 1V1, 1V8 is altered. This effects an
appropriate increase or decrease of e.h.t. voltage,
thus ensuring that the klystron receives a stable

e.h.t. supply which permits it to operate at the
centre of its mode of oscillation. Four series-
connected neon stabilizer 1V2, 1V3, 1V10, 1V1
are used to produce the fixed reference voltage
for the cathode of 1V9b, while a further stabili-
zer valve 1V4 provides a stabilized supply h.t.
for the control valve 1V14. The h.t. supply for
the other valves in the transmitter-receiver (and
those of the aerial) is provided by IMR1, IMR2
from a secondary winding of the power supply
transformer.

15. The receiver circuits consist of an amplifier
stage 2V1 followed by a mixer bridge formed by
2MR1, 2MR2 and associated components. the
out-put of which is fed via a cathode-follower
stage 2V2 to the tracking unit signal amplifier
circuits. The signal from the aerial-mounted 1st
if. amplifier (504-696 kc/s plus Doppler shift) is
amplified by 2V1 before being fed to the mixer
bridge 2MR1, 2MR2. Here it is mixed with a
swept-frequency signal (504-696 kc/s) produced
by the 3rd harmonic amplifier 3V4 in the tone
generator, and the resultant a.f. Doppler signal
output is fed via cathode-follower 2V2 to the
tracking unit (Chap. 2.).

16. The circuit diagrams of the four assemblies
of the transmitter-receiver are in App. 1, Sect. 1.
as shown in fig 2. Reference should be made to
the appropriate diagram when reading the follow-
ing descriptions.

Rack, electrical equipment Type M.19

17. The chassis assembly is basically a two-deck
chassis with an integral back plate, and a front
panel which is attached to the two decks. The
front panel and back plate are suitably braced to
produce a rigid mechanical struture on which are
fitted the sub-units and components of the trans-
mitter-receiver. Occupying positions on the right-
hand side of the bottom deck are the transmitter
klystron, ferrite isolator, and microwave assem-
bly: four anti-vibration mountings in both the
horizontal and vertical planes support the kly-
stron and ferrite isolator. The remaining space
on the bottom deck is taken up by components
of the power supply circuits and the wiring to
plugs PLA and PLB which are mounted at the
rear of the chassis assembly.

18. Small sub-chassis, fitted one on each side at
the front of the upper deck, carry a thermal delay
switch 1X1 and a voltage stabilizer valve 1V4
respectively. The three assemblies, 2nd i.f. ampli-
fier, tone generator, and a.m.c. assembly, plug in
to three sockets which are attached to the
underside of the upper deck. Behind these
assemblies is the e.h.t. voltage regulator circuit
arranged on a hinged sub-chassis which affords
easy access to the components attached to the
underside. Air, drawn into the unit by a three-
phase motor blower through a detachable nylon-
mesh filter, circulates around the assemblies on
the upper deck and is directed downwards, by
the blower, to the klystron. The blower motor,
designed to operate on a 115-volt or 200-volt
supply, is mounted at the rear of the upper
deck, and adjacent to it are two capacitors which
are part of the e.h.t. circuit. Protruding from the
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Fig. 3. Block diagram of transmitter-receiver

front panel are a variable capacitor, drive motor
and associated gearing, and these items are pro-
tected by a detachable cover to which is fitted the
nylon-mesh air filter and its cover.

19. A tagboard at the rear of the motor carries
links which should be adjusted according to the
supply voitage applied to the unit.

20. The chassis assembly circuits may be divided
into those appertaining to the transmitter klystron
and its associated microwave assembly, those con-
cerned with power supply and regulation, and,
finally, miscellaneous circuits.

21. The transmitter klystron 1V12 is a low-noise,
two resonator klystron producing a c.w. signal at a
frequency of 8800 Mc/s (nominal) which is fre-
quency-modulated by a swept-frequency modula-
tion signal. This modulation signal, produced in the
tone generator by the swept-frequency oscillator
(wobbulator) 3V1, is swept at the rate of 10 cycles
per minute between the limits 168 and 232 kc/s by
the action of the motor-driven variable capacitor
1C29. The peak deviation of the transmitted signal
is 500 ke/s, which corresponds to the required
optimum modulation index of 2-5.

22, There is no provision for mechanical tuning
of the klystron, although a certain degree of control
of the carrier frequency is obtained by varying the
cathode potential, which is (nominally) —720 volts.
It is by varying the e.h.t. voltage applied to the

cathode that the 5. n.c assembly holds the klystron
to the centre of its mode of oscillation, as described
in para. 31. To ensurc tnat the klystron is stable in
frequency, and its cuipui free from unwanted
modulation, a regulatcd filtered e.h.t. supply and
an adequately smoothed d.c. heater supply are
essential. The circuits provided to meet these
requirements are described in para. 25-32.

23, The frequency-modulated output of the
klystron (approximately 1 watt) is taken via a
ferrite isolator 1X3 to a short length of rectangular
waveguide which protrudes through the front panel.
Unidirectional characteristics of 1X3 permit the
transmitter signal to travel forward with negligible
attenuation, while reflections caused by any mis-
match which may occur in the waveguide and aerial
are severely attenuated. The klystron is thus
isolated from these redections and, being presented
with a load of constant impedance at all times, does
not become liable to frequency instability. An
insertion loss of 0-5 dB is caused by the isolator
while the isolation afforded is greater than 30 dB.
To ensure that the klystron is free from all vibration
(which might cause spurious frequency modula-
tion), both it and the isolator—to which it is
mechanically connected—are supported by anti-
vibration mountings in the horizontal and vertical
planes, and they are mechanically isolated from the
fixed waveguide by an air-gap coupling. An acoustic
air filter assembly is fitted beneath the outlet of the
blower IMOU to protect the klystron from buffeting.



24. A directional coupler is fitted in the short
length of waveguide, and into the coupler is inserted
a crystal rectifier IMRG6. The crystal holder projects
through the front panel thus facilitating the removal
and replacement of the crystal if this should become
necessary. The function of IMR6 is to detect any
amplitude modulation which may be present on the
transmitter output waveform, and its output,
developed across 1R26, is fed to the a.m.c. assembly
via socket SKE and plug PLE pins 4 and 5. To
facilitate the checking of crystal current, an output
(at a level set by I1RV4) is taken to plug PLB pin 19,
and 1s ultimately connected to the test set. Provision
is also made on the test set for the measurement of
the forward and reverse currents of IMRS6, but for
this test the crystal must be removed from the
transmitter-receiver.

25. The power supply circuits employ three
transformers 1TR1, 1TR2, ITR3. The primary
winding of 1TRI is supplied with an input of 115
or 200 voits, 400 c/s single-phase a.c. via plug PLA
pins 16 and 17. A centre-tapped h.t. secondary
winding and associated rectifiers IMR1, 1MR2
provide a 110-volt d.c. supply for the valves of the
transmitter-receiver and those of the aerial-mounted
Ist i.f. amplifier and servo amplifier assemblies, the
supply being smoothed by the choke-input filter
formed by 1L1, 1C4, 1C24. To provide a stabilized
d.c. voltage for the control valve 1V14, and a bias
supply for the aerial diode mixer when relay 1RLB
is energized, the unsmoothed output of IMRI,
IMR2 is fed to a peak rectifier circuit formed by
IMR3, ICI, 1R1, and the output of this circuit is
stabiiized by 1V4 at a potential of +108 volts.
Three secondary windings of 1TR1 provide 6:3-volt
a.c. supplies for valve heaters and the heater of the
thermal delay switch 1X1; a further secondary
winding provides a 4-volt a.c. supply for the heaters
of the e.h.t. rectifier valves 1V5, 1V6, 1V7.

26. To provide a warming-up period for the e.h.t.
rectifier valves prior to the application of the e.h.t.
voltage from the secondary windings of 1TR2, the
input to the primary winding of 1TR2 is switched
by contacts of relay 1RLA, the energization of
which is controlled by a thermal delay switch 1X1.
Approximately one minute after the application of
the heater voltage to 1 X1 (equipment switched on),
it operates, and its contact completes the energizing
circuit for IRLA. A changeover contact 1RLAI
operates to act as a hold-on contact for the relay,
and also breaks the heater supply circuit of 1X1,
The remaining three contacts of the relay make and
complete the three-phase supply circuit to the
primary windings of 1TR2, which are delta-
connected for an input supply of 115 volts and
star-connected for a 200-volt supply. The output
of the star-connected secondary windings of 1TR2
is rectified by the three half-wave rectifier valves
IVS, 1V6, 1V7, and smoothed by 1L2, the resulting
d.c. voltage of approximately 900 volts being
applied to the e.h.t. voltage regulator circuit.

27. For the efficient and accurate operation of the
system it is essential that the klystron carrier fre-
quency be held stable to within relatively fine
limits. One of the factors most likely to affect the

frequency stability is the e.h.t. supply, any slight
variation of the voltage applied to the klystron
cathode causing a relatively large change of fre-
quency. Similarly, any a.c. ripple or hum super-
imposed on the e.h.t. supply causes undesirable
modulation of the klystron output signal; conse-
quently, in addition to being regulated, the supply
must also be efficiently smoothed.

28. To satisfy these requirements, a series-cascode
regulator circuit, incorporating suitable smoothing
and hum-bucking circuits, is employed. The series
valves 1VI, 1V8 are connected in parallel to pro-
duce the required current-handling capacity. Any
change in output voltage is fed to the grid of the
d.c. coupled cascode amplifier circuit 1V9a, 1V9b,
the output of which alters the impedance of the
series valves by changing the grid bias applied to
them. The phases of the amplifier input and output
voltages are such that any drop in regulator output
voltage is compensated by a reduction in impedance
of the series valves; this in turn reduces the voltage
drop across them and the output voltage is returned
to its original value. A rise in output voltage is
compensated in a similar manner.

29. The input to the grid of 1V9b is obtained from
the junction of 1R18, 1R 19, these resistors forming
part of a potentiometer chain, which is, in effect,
connected between the stabilized 108-volt d.c. line
and the negative 720-volt line. The series-connected
stabilizer valves 1V2, 1V3, 1V10, 1V11, are used to
produce a fixed reference voltage for the cathode of
1V9b. This fixed cathode voltage (approximately
—170V) ensures that any change of grid voltage
produces maximum change of grid-cathode poten-
tial and thus gives maximum control. The voltage
drop across the four stabilizers is in the order of
600 volts. During setting-up operations the bias
applied to the grid of 1V9a is set by the preset
potentiometer 1RV2 to produce the required e.h.t.
voltage at 1V12 cathode.

30. Capacitor 1C9, under normal operating con-
ditions, acts as a by-pass capacitor for any a.c.
ripple or noise which may appear on the potenti-
ometer chain. Although the series-cascode type of
regulator circuit is inherently free from a.c. ripple,
a hum-bucking circuit is incorporated in the grid
circuit of 1V9a to ensure that the ripple level of the
e.h.t. line is reduced to less than 3 millivolts peak-
to-peak. A voltage, obtained from the cathode of
1V5, is fed via 1R29 and 1RV3 to the grid of 1V9a
and this results in the elimination of any ripple
which would otherwise be superimposed on the
e.h.t, voltage.

31. To ensure that the klystron is held to the
centre of its mode, thus contributing to stability of
both frequency and power output, the voltage
derived from the phase-sensitive rectifier circuit of
the a.m.c. assembly is applied to the grid of 1V14
(referred to as the control valve). This arrangement
permits fine control of the e.h.t. voltage applied to
the cathode of 1V12. The anode and screen grid
potentials of 1V14 are obtained from the stabilized
h.t. supply, while the cathode bias is controlled by
preset potentiometer IRVI. Resistor 1R4 and the
control valve 1V14 are, in effect, part of the potenti-
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ometer network of the e.h.t. voltage regulator
circuit, hence any change in the grid potential of
1V14 (causing a change in the effective d.c. imped-
ance of the valve) results in a change of input to
1V9b. The resulting circuit action is as described
for the regulation circuit, and ultimately the e.h.t.
voltage for 1V12 is increased or decreased to bring
the klystron to the centre of its mode of operation.

32. The d.c. heater supply for 1V12 (6-3V, 1-7A)
is obtained from the centre-tapped secondary wind-
ing of transformer 1TR3. A choke-input filter
formed by 113, 1CS5, 1C6 is designed to remove any
a.c. ripple from the supply after rectification by
IMR4 and IMRS. If allowed to reach the klystron,
this ripple would give rise to unwanted modulation
of the carrier wave produced by the klystron.

33. Blower motor 1MOI1 and the capacitor drive
motor 1MO2 are supplied with a 115-volt or 200-
volt three-phase supply via plug PLA pins 15, 16
and 17, the motor windings being delta- or star-
connected depending upon the supply to be used.
The capacitor drive motor turns the rotors of the
3-gang variable capacitor 1C29 at the rate of
10 revolutions per minute, drive from the motor
being continuously transmitted via suitable gear-
heads and spring-loaded anti-backlash gearing.

34. The relay 1RLB is a part of the test circuit,
the description and operation of which is given in
Chap. 2. Operation of the relay is controlled by the
TEST button on the speed and drift indicator
(Chap. 4), and if the button is depressed when M
(memory) is shown on the indicator flag (secondary
S/N relay 1RLE of tracking unit de-energized) the
circuit for the operating coil of IRLB is completed
to earth via contacts 1RLG4 in the tracking unit.
This results in the energization of 1RLB and the
action of the contacts is as follows:—

(1) 1RLBI makes and connects IMR2 in the
aerial assembly to the stabilized positive
potential from 1V4.
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(2) 1RLB2 changes over to disconnect one
side of 1C9 from earth and connect it, via
1R22 and 1RLB3 (which makes), td the
unsmoothed output of the h.t. rectifiers IMRI,
1IMR2. Consequently, the 800-cycle ripple at
this point is fed via 1C9 to the grid of 1V9b
and eventually modulates the klystron output.
The small proportion of the transmission
which is cross-coupled to the receiving ele-
ments of the aerial array is treated as would-be
a normal received Doppler signal (Chap. 2)
and is used to check the operation of the
receiver and certain circuits of the tracking
unit.

Amplifier, intermediate frequency Type M.133

35. The function of the 2nd i.f. amplifier assembly
is to amplify the signal from the aerial-mounted
Ist i.f. amplifier, and then mix it with a 600 kc/s
416 per cent signal from the tone generator
assembly. The a.f. signal resulting from the mixing
of the two signals is the Doppler signal, and this is
fed, via a cathode-follower stage, to the tracking
unit (Chap. 2).

36. The assembly is built into a light-alloy chassis
which is secured to the main chassis assembly by
four captive screws. A 25-pole plug, PLC, carries
the electrical connections to a mating socket on the
chassis assembly. A dust cover, attached by two
quick-release fasteners, can be lifted without
removing the assembly from the transmitter-
receiver, thus facilitating inspection of the com-
ponents mounted on the two vertical tagboards.
These tagboards are fixed one each side of the
raised central portion of the chassis upon which
three transformers are mounted.

37. An h.t. supply of 110 volts (nominal) for the
two flying-lead base valves is obtained from the
power supply circuits of the chassis assembly, and
enters the unit on pin 1 of plug PLC. The heater
supply for the valves is provided by a 6-3-volt
secondary winding on 1TRI1, and is fed to the
valves via pins 2 and 3 of plug PLC.
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vl 3ve
FILTER
NETWORK
168-232 ke/s | I
MODULATION SIGNAL
76 CATHODE
iVI2
BUFFER
AMPLIFIER
3V3

3rd HARMONIC 504~ 696 ke/s
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Fig. 4. Block diagram of tone generator assembly



38, From the aerial-mounted Ist i.f. amplifier
(Chap. 3), a signal is fed by coaxial cable to pin Al
of plug PLA. This signal consists of a swept-
frequency signal (504-696 kc/s) plus Doppler shift
frequency. Passing by screened lead to pin 13 of
plug PLC, the signal is then fed to one end of the
primary winding of the iron-dust core tuned trans-
former 2TR1. The transformer is flatly tuned, and
the output from the secondary winding is fed to the
grid of the high-gain amplifier stage 2V1. The
primary winding of 2TR2, in the anode circuit of
2V1, is tuned by one gang of the motor-driven
variable capacitor 1C29 and associated trimmers
1C25, 1C27. This transformer is sharply tuned, and
the secondary winding output is fed to the centre
point of the mixer bridge formed by 2MR1, 2MR2
and associated components. The switching or
reference signal for the bridge is obtained from the
3rd harmonic amplifier stage 3V4 in the tone
generator and is fed to the primary winding of

2TR3.

39. Mixing of the two signals takes place in the
bridge, and the resulting a.f. Doppler signal is
applied to the cathode-follower 2V2. From 2V2 (a
normal, low-impedance output stage) the Doppler
signal is fed, via plug PLC pin 24 and plug PLB
pin 7, to the signal amplifier sub-unit of the track-
ing unit (Chap. 2).

Oscillator, radio frequency Type M.35
40, The function of the oscillator assembly is to

produce:—

(1) A swept-frequency (wobbulated) signal
centred on 200 kc/s, which is free from un-
wanted harmonics and which is applied to the
klystron cathode to frequency-modulate the
carrier wave output of the klystron.

(2) An amplified version of this swept-fre-
quency signal, which is used as the switching
or reference signal for the phase-sensitive
rectifier circuit in the a.m.c. assembly.

(3) An amplified signal, which is the 3rd
harmonic of the fundamental 200 kc/s wobbu-
lated signal. This is used as the switching or
biasing signal for the mixer bridge circuit in
the 2nd i.f. amplifier.

A block diagram of the assembly is given in fig. 4.

41, The basic construction, methods of connect-
ing, and of securing the assembly are similar to
those of the 2nd i.f. amplifier. All electrical connec-
tions to the assembly arc effected by the miniature
plug PLD, which mates with a socket attached to
the chassis assembly, the h.t. supply for the valves
being carried on pin 1 of the plug.

42, The four stages of the assembly, swept-fre-
quency oscillator, cathode-follower, buffer-ampli-
fier, and 3rd harmonic amplifier stages, utilize four
similar flying-lead base pentodes. Valve 3VI
functions as a swept-frequency oscillator (wobbu-
lator) to produce a signal whose instantaneous
frequency is varied between the limits 168-232
kc/s at the rate of 10 excursions per minute. As the

frequency deviation of the transmitted signal is
proportional to the amplitude of the modulating
signal, the output of the oscillator stage is, necess-
arily, of sensibly constant amplitude over the entire
frequency range. In the grid circuit of 3VI1, one
winding of 3TRI is tuned by one gang of the
variable capacitor 1C29, which is continuously
rotated at 10 revolutions per minute by the three-
phase motor 1IMO2. Across the tuned grid circuit
are the resistors 3R1, 3R2, and from the junction
of these resistors the swept-frequency signal is fed
to the grid of a cathode-follower stage 3V2.

43. Connected in the cathode circuit of 3V2 is the
preset potentiometer 3RV 1, which is used to set the
amplitude of the modulation signal applied to the
cathode of the klystron 1V12. From the slider of
3RVI, a signal is fed at a pre-determined level to
the filter circuit formed by 3L1, 312, 3L3 and 3C7
to 3C10 inclusive; he characteristics of the filter
are such that signa s in the band 160-240 kc/s are
able to pass without attenuation. while the har-
monics of frequencies within this hand are severely
attenuated. From the junction of 3L3 and 3C10
the signal is fed o three points:—

(1) To the klystron cathode, via plug PLD
pin 10, as a modulation signal.

(2) To the test set (Sect. 3, Chap. 1) via
3MRI and associated coinponents.

(3) To the grid of the buffer-amplifier 3V3.

44. The klystron modulation signal passes via
PLD pin 10 to the circuit formed by 1L4, 1C14,
1C13, 1C12, and is fed to the cathode of 1V12,
together with the e.h.t. voltage, where its frequency
modulates the klystron output. The circuit acts as
a load impedance for the modulation signal and
also forms a rejector circuit to prevent the modula-
tion signal being fed back into the e.h.t. supply
circuit.

45. In order that the amplitude of the modulation
signal may be checked without the necessity of
access to the transmitter-receiver, rectifier 3MR1
is used to rectify the modulation signal and its
output is fed, at a level determined by 3RV2, to the
test set socket on the junction box for the system.
The route for the rectified signal is from PLD pin 22
to PLB pin 22 and thence to PLM pin 22 of the
tracking unit. Pin 22 of PLM is cross-connected to
PLN pin 31 and from this point the signal is taken
to the junction box.

46. The third circuit connection at the junction
of 3L3, 3C10 is that taken to the potential divider
3R10, 3R11, from the junction of which the swept-
frequency signal is fed to the grid of the buffer-
amplifier stage 3V3. The object of feeding the grid
of 3V3 from the junction of 3L3, 3CI10 is to ensure
that a correct phase-relationship is maintained
between the klystron modulation signal and the
output of 3V3, which is used as the switching or
reference signal for the a.m.c. assembly phase-
sensitive rectifier circuit. The anode load of 3V3 is
formed by the parallel-tuned primary winding of
the iron-dust core transformer 3TR2, whose
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secondary winding is used to couple the output of
the amplifier to the transformer 4TR4 in the a.m.c.
assembly.

47. Applied to the grid of the 3rd harmonic
amplifier 3V4 is the output of cathode-follower
3V2. The primary winding of 3TR3 is tuned by one
gang of 1C29 and the associated trimmer 1C28,
consequently the anode is tuned in synchrohism
with the swept-frequency oscillator 3V1 and the
anode circuit of 2V1. From the secondary winding
of 3TR3 the 3rd harmonic of the swept-frequency
signal (504 to 696 kc/s) is fed, via PLD pin 24 and
PLC pin 10 to 2TR3 in the mixer circuit of the
2nd i.f. amplifier. Here, it is mixed with the
incoming i.f. signal in order that the Doppler
signal may be extracted, and fed to the tracking
unit.
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Fig. 5. Purpose of a.m.c. circuit

Control, electronic frequency Type M.40

48. The purpose of this assembly is to ensure that
the klystron operates at the centre of its mode of
oscillation at all times. It can be seen from fig. 5
that the sub-unit is a mode centring and not a
frequency-control device. Although the mode may
be shifted slightly due to physical changes in the
klystron (brought about by temperature variation,
for instance), the klystron is held to the centre of
the mode by the action of the a.m.c. circuit. If, as
shown in fig. 5, the klystron is operating at a centre
frequency A, but due to mechanical changes in the
klystron the mode is moved slightly in either
direction, the a.m.c. assembly ensures that the
klystron operates at the centre frequency B or C
as appropriate. The a.m.c. circuit effects its control
of the klystron by bringing about a suitable adjust-
ment of the e.h.t. voltage applied to the cathode of
the klystron.

49. The construction, layout, methods of securing
and connection are similar to those of the 2nd i.f.
amplifier. In the assembly, two signals are applied
to a phase-sensitive rectifier circuit. One, from
IMRS6 in the directional coupler, is a sample of
the amplitude modulation present on the trans-
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mitter output waveform. The other is a switching
or reference signal from the buffer-amplifier circuit
in the tone generator. The phase-sensitive rectifier
produces a d.c. output, the polarity of which
depends on the phase relationship of the applied
signals, and the magnitude of which is dependent
on the power output of the klystron and the
amount the klystron operating point is removed
from the mode centre. The phase relationship
existing between the signal from 1MR6 and the
switching signal depends upon whether the klystron
1V12 is operating at a frequency above or below
the centre of its mode. It should be noted that both
the transmitter modulation signal and the switching
signal are swept in synchronism between the limits
168 to 232 kc/s. The output of the a.m.c. circuit is
fed to the grid of the control valve 1V14 and, as
previously described, this results in an appropriate
increase or decrease of e.h.t. voltage to bring the
klystron to the centre of its mode of oscillation.

50. The output of IMRG is fed to the flatly-tuned
input transformer 4TR1. From the secondary
winding the signal passes to the grid of 4V1 and,
after amplification, is fed to the grid of 4V2, where
further amplification takes place.

51. Staggered tuning of the parallel-resonant
anode circuits is employed; 4L1, 4C2 are tuned to
160 kc/s, while 412, 4CS5 are tuned to give maximum
response at 240 kc/s. From the anode of 4V2 the
amplified signal is fed to the slider of the bridge
balancing preset potentiometer, 4RV1, and then to
the rectifiers 4MR1, 4MR2. Potentiometer 4RV1
is adjusted during setting-up and alignment opera-
tions to achieve bridge balance conditions.

52. From the buffer amplifier stage 3V3, the
168-232 kc/s swept-frequency signal is applied to
the primary winding of 4TR4. The signal developed
in the centre-tapped secondary winding, which is
flatly tuned by 4C7, is the switching or reference
signal for the rectifier circuit. The action of this
circuit is that of a normal phase-sensitive rectifier
circuit and, depending upon the phase relationship
of the signals, capacitor 4C9 assumes a positive or
negative potential which is fed, via plug PLE
pin 10, to the grid of 1V14. If the klystron is
operating at a point below the centre frequency
a positive voltage is fed to 1V14; if it is operating
at a point above the centre frequency a negative
voltage is produced, but if the klystron is operating
at the centre of its mode there is no output from
the rectifier circuit.

53. The output of the a.m.c. assembly is also fed
to plug PLB pin 20, and ultimately to the test set
in order that the output of the circuit may be
checked.

54. The h.t. and valve heater supplies for the
assembly are obtained from the power supply
circuits of the chassis assembly, and enter on pins
1, and 2 and 3 respectively of plug PLE.
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Chapter 2
COMPUTOR, FREQUENCY TRACKER, AIR NAVIGATION
(TRACKING UNIT)

(Completely revised)
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Introduction (6) Measurement of the signal/noise ratio

1. The tracking unit is fed with the Doppler
signal output of the transmitter-receiver and, in
conjunction with the aerial and amplifier, syn-
chro signal (or computor), performs the follow-
ing functions:

(1) Initially, automatic search of the Dop-
pler spectrum to bring the follow circuits
quickly to the correct part of the spectrum.
‘When this operation has been accomplished,
the equipment is said to be locked on.

(2) Production of an alternating voltage
related to the ground speed of the aircraft.

(3) Production of an alternating drift error
signal related to the degree of misalign-
ment of the aerial in the drift plane. When
the aerial is correctly aligned, this output
is zero.

(4) Production of an alternating signal re-
lated to the pitch angle of the aerial.

(5) Production of an a.g.c. voltage for ap-
plication to the aerial-mounted first if.
amplifier.

of the received Doppler signal with auto-
matic changeover to memory operation if
the signal/noise ratio falls below a pre-
determined value.

(7) Switching of the power supply to the
three-position flag on the speed and drift
indicator to show the state of the equip-
ment.

2. The inputs to the unit are the Doppler sig-
nal from the transmitter-receiver, the phonic
wheel tone from the amplifier, synchro signal
(or computor) and the blanking, drift sense and
pitch sense information from the cam-operated
contacts in the aerial waveguide switch and gear-
box assembly on the aerial.

Constructional details (fig. 1)

3. The uni. is housed in an unpressurized long
3 ATR case and is designed for operation
with ARINC cocling systems or for satisfactory
cooling by convection. A welded, rectangular,
light alloy frame supports the vertically mounted
tray-type main chassis (component prefix 1)
which runs from front to rear of the unit to
divide the frame into two unequal compartments.



4. Housed in the smaller compartment are the
fixed wiring, minor tagboard-mounted com-
ponents, some encapsulated circuitry, securing
screws and connecting sockets for the plug-in
sub-units or valve decks. The larger compart-
ment contains the seven plug-in sub-units, com-
ponents of the power supply circuits and ten
relays. Circuit connections to the plug-in sub-
units are made by multi-pole miniature plugs
and soc%ets with gold-plated contacts. From
front to rear of the chassis six plug-in sub-units
are arranged as follows:

Amplifier, audio frequency (10AD/4022)
(valve deck A), component prefix 2
Amplifier assembly (10AD/4021) (valve
deck B), component prefix 3

Pulse modifier (10AD/4020) (valve deck C),
component prefix 4

Comparator, signal (10AD/4019) (valve
deck D), component prefix 5

Amplifier, elec. control (10AD/4023) (valve
deck E), component prefix 6

Gear assembly (10AR/5698) component pre-
fix 7

5. The seventh sub-unit, the search panel
(panel, tuned circuit Type M.108), component
prefix 8, is mounted on a detachable section of
the floor of the frame and circuit connections
are completed by a 25-pole plug. The com-
ponents of the panel are protected by a detach-
able perspex cover. All valves used in the track-
ing unit have flying-lead bases and, where prac-
ticable, groups of functionally connected small
components are encapsulated. External connec-
tions to the unit are made via two 32-pole plugs.
These are situated at the rear of the chassis and
have gold-plated contacts. The upper plug is
loosely mounted to facilitate mating with the
mounting tray back-plate socket.

6. The unit may be operated from power sup-
ply sources of 115 or 200V, 400 c/s, provided
the primary connections of the power trans-
former are appropriately adjusted. This trans-
former is fed from the red and white phases of
the 3-phase supply.

Brief description

7. The tracking unit forms the heart of the
AD2300 series of Doppler navigation equipments
and controls, either directly or indirectly, the
operation of all other units in the system. Com-
ponents contained in the unit form parts of the
speed, drift and pitch servo control loops and con-
tinuous monitoring of the Doppler signal input
from the transmitter-receiver is also done by
circuits within the tracking unit. These circuits,
which are in the signal comparator (valve deck
D), also produce the a.g.c. voltage applied to
the penultimate and final stages of the aerial-
mounted first if. amplifier.

8. Normally, the tracking unit functions under
what are termed signal conditions, i.e. the unit
is in receipt of a signal which is considered to
be of an acceptable signal/noise ratio and it is
able, initially, to make an automatic search of

the Doppler spectrum and rapidly lock on to
the correct signal. Once this operation has been
accomplished the unit is said to be locked on
in speed and the follow circuits are operative,
the changeover being made automatically by
valve controlled relays. Under normal flight con-
ditions the follow circuits maintain effective con-
trol of the speed, drift and pitch servo control
loops. When the system has locked on, indica-
tions of ground speed and drift are provided by
the speed and drift indicator which is electri-
cally driven by the amplifier, synchro signal
(or computor). The three-position magnetic in-
dicator, also contained in the speed and drift
indicator, is controlled by relay contacts in the
tracking unit. When the system is locked on
under signal conditions an all black indicator is
visible.

9. In the event of the signal/noise ratio of the
Doppler signal falling below the acceptable
level, the a.g.c and signal/noise circuits cause
the system to operate under memory conditions.
In these circumstances the h.t. supply to the
search relay control valves and to the power
amplifier unit is removed by relay operation
and consequently drive is removed from the
speed, drift and pitch integrator motors. The
system then continues to operate on the infor-
mation last received whilst operating under sig-
nal conditions. Thus, until such time as the
tracking unit receives a usable signal, the speed
and drift pointers continue to indicate the speed
and drift last recorded. Similarly, the distance
indicator continues to operate at the rate pre-
vailing prior to the changeover to memory con-
ditions. Additionally, in installations employing
a computor, the along-track and across-track
distance indicators continue to function on the
information last available when the system was
operative under signal conditions.

10. There is provision for in-flight testing of
the system and, under signal conditions, opera-
tion of the TEST button on the speed and drift
indicator initiates a functional check of the
tracking circuits (speed and drift servo systems).
A check of the transmitter-receiver and certain
circuits of the tracking unit is made if the TEST
button is operated when the system is function-
ing under memory conditions.

11. The following paragraphs give details of
the individual assemblies of the unit, circuit dia-
grams of which are given in fig. 10 to 18. After
the descriptions of the assemblies comes a more
detailed description of the circuit functions of
the unit as a whole under the various opera-
tional conditions.

Chassis, electrical equipment Type M.24

12. The circuits of the main chassis can be
divided into six groups as follows:

(1) Power supply and associated circuits.

(2) The circuits appertaining to the eleven
relays and associated components.

(3) Signal filter circuits.
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(4) Phonic wheel tone splitter and phase
shift circuit.

(5) Bridge mixer circuit.

(6) Follow failure indicator circuit.

Power supply

13. Transformer 1TRI1, which delivers all the
voltages for the tracking unit, is located at the
rear of the larger compartment and is fixed to
the chassis by a substantial triangulated frame.
All terminals of the transformer are accessible
from the smaller compartment via apertures in
the chassis. The transformer is designed to
accept a 115 or 200V, 400 c/s single phase input
supply. To facilitate the selection of the cor-
rect tapping on the primary winding, a link and
two fuse carriers are fitted at the lower rear
end of the smaller compartment and the link
must be placed in the fuse holder appropriate
for the input voltage to be supplied. During
testing and alignment operations a fuse of suit-
able rating may be fitted in place of the link.

14. From the seven secondary windings on
ITR1 are obtained the voltages necessary for
the production of the following supplies:

(1) A h.t. supply of +140V d.c. The output
of the 160-0-160V winding is rectified by
IMR1 and 1MR2 and the ouput from the
rectifiers is then

(a) Smoothed by 1L1 and 1C3 to pro-
vide a h.t. supply for the valve decks A,
B, C and D. This supply is also used as
the energizing voltage for the primary
signal/noise relay 1RLK and is fed, via
1TRS5, 1TR6 to the anodes of the double
triode 2V4.

(b) Smoothed by 1L2, and 1C2 to pro-
vide the energizing voltage for the operat-
ing coils of relays 1RLE, IRLD and
1RLC. It also supplies the anodes and
screens of the valves on valve deck E.

(2) —75V h.t. The voltage, rectified by
IMR3, IMR4 and smoothed by ICl1, is
used to bias 4V3 and 4VS5 via a potentio-
meter network. It is also fed to the a.g.c.
and signal/noise assembly.

(3) —75V relay supply. The output of the
56-0-56V winding is rectified by 1MR20,
1IMR21, smoothed by 1C27 and used as the
energizing supply for 1RLG, 1RLH and
1IRLJ.

(4) 63V a.c. on terminals X and Y. This
supply is distributed to the valve heaters
via the 6-way tagstrip 1TS3. Also connected
to this supply is an inching lattice consist-
ing of 1RS5, IR6, 1R7 and 1C20.
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(5) +28V d.c. for the magnetic indicator
flag and the operating coils of relays 1RLA,
1IRLB and 2RLA. The supply is obtained
from the 27-0-27V secondary winding on
1TR1, rectified by IMRS and 1MR6.

(6) 15V a.c. on terminals 4 and 5. This
supply is used as the energizing voltage
for the aerial pitch a.c. pick-off 1XI1.

(7) 15V ac. on terminals 2 and 3. This sup-
ply is used as the energizing voltage for the
pitch integrator a.c. pick-off 7X2 in the
tracking unit.

(8) 15V ac. on terminals 6, 7 and 8, 9.
These outputs are not used.

Relays

15. The eleven relays which form part of the
main chassis fixed equipment are of four dif-
ferent types. The functions and energizing
voltage of each relay are as follows:

1RLA. Provides drift sense. Energized once
per second by the cam-operated springset
contacts 1SWB in the aerial waveguide
switch gearbox. Also selects, in conjunction
with 1IRLB, the appropriate a.g.c. capaci-
tor (1C4, 1C5, 1C6 or 1C7) depending upon
the direction of transmission and reception.
28V operation.

IRLB. Provides pitch sense. Energized
every half second by the cam-operated
springset contacts 1ISWC in the aerial wave-
guide switch gearbox. Also selects, in con-
junction with IRLA, the appropriate a.g.c
capacitor. 28V operation.

IRLC. Designated the search up relay.
Energized by the anode current of 4V5 dur-
ing operation of the tracking unit under
search up conditions. Energized by relays
IRLH and 1RLJ wunder test conditions.
140V operation.

1RLD. Designated the search down relay.
Energized by the anode current of 4V3
during the operation of the tracking unit
under search down conditions. Energized by
relays IRLH and IRLJ under test condi-
tions, 140V operation.

IRLK. Designated the primary signal/noise
relay. Used to control the secondary signal/
noise (h.t. control) relay IRLE. Energized
by the anode current of 5V4. 140V
operation.

IRLE. Designated the secondary signal/
noise relay. 140V operation. This relay has
four functions:

(a) Switching of the h.t. supplies to the
search relay control valves 4V3, 4V5 and
to the power amplifier sub-unit via the
windings of 7MO1, 7MO2 (1RLE1).



(b) Switching capacitor 1C8 to ensure
that on receipt of a usable Doppler sig-
nal the equipment is slow in changing
to signal condition operation, yet quick
to revert to memory conditions when the
signal deterjorates (IRLE2).

(c) Switching of the power supply to the
magnetic indicator flag in the speed and
drift indicator (1RLE3).

(d) Removal of the —75V energizing
supply from the coil of the memory test
relay IRLG when the equipment is oper-
ating under signal conditions (1RLE4).

IRLG. Designated the memory test relay.
Energized when the TEST button is pressed
while the system is functioning under
memory conditions. Contacts 1RLG4 com-
plete the circuit to earth for the transmitter-
receiver relay 1RLB, thus causing an 800
¢/s modulating signal to be applied to the
klystron for test purposes. 48V operation,
supply obtained from the 75V line via
1R25.

1RLH, 1RLJ. These relays form a divide-
by-two circuit to inch the tracking system
up or down during the time that the TEST
button is depressed while the equipment
is functioning under signal conditions. 48V
operation, supplies obtained from the 75V
line via 1R24 and 1R23.

IRLL. Designated the follow failure indi-
cator relay. Energized by the anode current
of 1V1 when grid drive is applied from the
power amplifier sub-unit. The relay con-
tacts control the supply to the signal flag
so that if the oFF flag appears during sig-
nal conditions a fault in the follow circuits
is immediately indicated. 140V operation.

1IRLN. Causes relay 1RLL to be energized
when the TEST button is pressed while the
system is functioning under memory con-
ditions. The indicator flag changes from
yellow to black and immediately reverts to
yellow when the button is released. 75V
operation.

Signal filter

16. The signal filter is of the band-pass type
and consists of a group of capacitors in an en-
capsulated block (1X1) ‘and two Ferroxcube
inductors 1L3, 1L4. It is connected between the
anode of 2V1 and the grid of 2V2 in the signal
amplifier and its characteristics are such that
it attenuates all signals outside the frequency
band 800 c/s to 11-3 kc/s. Insertion of the filter
between the two amplifier stages ensures that
the Doppler signal spectrum applied to the
mixer bridges and the search panel is contained
in the frequency band between the two cut-off
frequencies.

Tone splitter
17. Transformer 1TR4 is used as the phonic

wheel tone splitter, while an encapsulated group
of capacitors and resistors (1X2) forms a phase-

quadrature lattice network. These components,
ITR4 and 1X2, are situated on the floor of the
larger compartment adjacent to the front panel.
Applied to the phase-quadrature network, via
1TR4, is the variable frequency tone of sinu-
soidal waveform developed by the phonic wheel
assembly in the amplifier, synchro signal (or
computor). The outputs of the network, taken
from pins 3 -and 4, have a 90° phase difference
and are fed to the grids of the double triode
amplifier for amplification before being applied
to the mixer bridges.

Mixer bridges

18. The mixer bridge circuit consists of trans-
formers 1TRS, 1TR6, auto-transformer 1TR3
and two balanced bridge modulators employing
selenium rectifiers in a conventional bridge ring
arrangement. The components of the bridge net-
work are encapsulated in a resin block 1X3
which is positioned between 1TR5 and 1TR6
at the front of the smaller compartment.

19. Applied to the primary windings of 1TRS5
and 1TR6 are the amplified outputs of the
phase-quadrature lattice network 1X2 and these
outputs are used as the switching or biasing
voltages for the mixer bridges. Auto-transformer
ITR3 is supplied with the amplified Doppler
signal spectrum from the cathode follower 2V3.
As previously stated, the signal is contained in
the band 800 c/s to 11-3 kec/s by the action of
the band-pass filter 1X1, 1L3, 1L4. From 1TR3
the signal is fed to the two mixer bridges.

20. The outputs of the mixer bridges, taken
from the centre-tapped secondaries of 1TRS,
ITR6, consist of the sum and difference fre-
quencies which result from the mixing of the
phonic wheel tone and the Doppler signal. The
use of balanced modulators ensures that the out-
puts are free from phonic wheel tone and signal
frequencies. The outputs of the two mixer
bridges are in phase quadrature, the difference
frequency of one bridge being 90° phase ad-
vanced or retarded with respect to the identical
difference frequency produced by the other
bridge. If the difference frequency is obtained
from a component of the Doppler signal which
lies above the phonic wheel tone, the phase
difference is in one sense, but, if the component
of the Doppler signal lies below the phonic
wheel tone, then the phase difference is in the
opposite sense. From the mixer bridges the sum
and difference frequencies are fed, via relay
contacts 1RLC1, IRLDI1, IRLC2, IRLD2 to
the band-pass filters in the grid circuits of 3V1
and 3V3 on the pre-amplifier sub-unit.

Follow failure indicator

21. The follow failure indicator circuit is
formed by the double-triode valve 1V1 and
relay 1RLL. The two sections of the valve are
connected in series with the relay coil between
1Vla cathode and 1V1b anode. 1Vla grid is
returned to cathode while 1V1b grid is taken
to the slider of a variable resistor 1RV1 which
is connected in series with 1R36 between —75V
and earth. 1IRV1 serves as a level control allow-
ing the d.c. bias on the 1VIb grid to be preset.



r.5./4 A=BA899AC, Vol. 1, Part 2, Sect. i, Chap. 2
A.L22, July 64
/" CATHODE CATHODE
AMPLIFIER ! osiGNaL | AMPLIFIER - FOLLOWER FOLLOWER
2vl | FILTER 2v2 2V3a 2V3b
|
2RLAI <
BLANKING 5
RELAY
DOPPLER SIGNAL
INPUT FROM AMPLIFIER  |——=|TRS5 Y
TRANSMITTER/ RECEIVER 2V4a 2V4b |———m|TR6 ]

PHONIC WHEEL TONE FROM
PHASE QUADRATURE NETWORK

8TRI8 ITR3

Fig. 3. Block diagram of amplifier audio frequency

22, The circuit derives its inputs from 6V2
via SKJ1 to 1Vla and from 6V4 via SKJ6 to
1V1b. Under normal signal conditions output
voltages are always present at the anodes of the
power amplifier valves and cause 1V1 to con-
duct with the result that the relay IRLL is
energized. In consequence, a 28V d.c. supply
is fed via 1RLE3, 1RLD4, 1RIC4 and IRLLI,
then via PLN23 to the signal flag in the speed
and drift indicator.

23. When the signal is lost, causing the cir-
cuits to change to the memory condition, there
are no inputs to the follow failure indicator cir-
cuit and current through 1V1 is cut off so that
IRLL is de-energized. However, since 1RLE is
also de-energized (para. 63) the 28V d.c. supply
is connected to the memory flag via 1RLE3.

24. If the inputs to 1V1 disappear as the result
of a fault occurring outside the signal circuits
(e.g. in the phonic wheel circuit, pre-amplifier
or power amplifier) 1IRLL is de-energized but
IRLK and IRLE remain energized. As a result
the black ofFF flag will be displayed, giving an
immediate indication of a fault in the follow
circuits.

25. To ensure that the follow failure indicator
does not affect the operation of the memory
test circuit, provision is made to render it in-
operative when the TEST button is pressed.
Operation of the TEST button when the equip-
ment is functioning under memory conditions
causes 1RLG to be energized and, since the
coil of IRLN is in series with that of 1RLG,
IRLN is also energized. Through the action of
1RLGI1, the bias is removed from 1VI1b grid
which thus rises to earth potential. At the same
time contacts IRLN1 change over and connect
1Vla grid to the +140V line through 1R46.
Under these conditions the valve conducts con-
tinuously and 1RLL is held in the energized
state.

Amplifier, andio frequency

26. Amplifier, audio frequency (10AD/4022)
which is the signal amplifier, is used to amplify
the Doppler signal (fed from the transmitter-
receiver) and the phonic wheel tone (produced
by the phonic wheel in either the amplifier,
synchro signal or computor) prior to their appli-
cation to the mixer bridges. Blanking of the
Doppler signal for approximately 120 milli-
seconds every half second also takes place in
this sub-unit.

27. The assembly, which is of book-type
chassis construction, is secured at the front of
the main chassis by two captive screws. Circuit
connections are completed to the fixed wiring
by a miniature 25-pole plug. The four valves
are of the sub-miniature type with flying leads.
Relay 2RLA, designated the blanking relay, and
the associated suppression diode 2MR2 are held
in position by a triangular, pillar-supported,
clamp plate. All other components are mounted
in a conventional manner on a hinged synthetic
resin-bonded fibre tagboard which is normally
held in the closed position by two screws.

28. A block diagram of the unit is shown in
fig. 3. The Doppler signal is a narrow-band
signal centred about a frequency in the band
800 c/s to 11 kc/s approximately, the freqency
being dependent upon the ground speed of the
aircraft. This signal, fed from the transmitter-
receiver to pin 7 of PLM on the tracking
unit, is passed via an attenuator 1R20, 1R21
to the primary winding of the 5-4: 1 ratio step-
up transformer 1TR2. From the secondary
winding of 1TR2 the signal passes via pin 5
of PLA to the grid of 2V1. Connected between
the anode of this valve and the grid of the
second amplifier 2V2 is the signal filter and a
preset gain control 2RV1.

29. Two cathode follower outputs are provided
by the double-triode 2V3. From 2V3a the am-
plified signal is fed, via pin 20 of PLA, to the



search panel and also to pin 6 of PLN for
signal test purposes (Sect. 3, Chap. 1). The other
output, from 2V3b, is passed to the mixer bridge
auto-transformer 1TR3 via pin 8 of PLA.

30. The single pole changeover relay 2RLA
performes two functions and its operation is
controlled by the cam-operated springset
mounted in the aerial waveguide switch gear-
box. When the relay is in the de-energized state
the moving contact completes the circuit to
earth for the —70V potentiometer chain in the
pulse modifier (pip amplifier). With the relay in
the energized condition the moving contact
earths the Doppler signal, the blanking period
being 120 milliseconds every half second. The
blanking period coincides with the transition
period of the aerial waveguide switch so ensur-
ing that signals are fed to the mixer bridges
and search panel only for the time that the
waveguide switch is in alignment with one of
the four waveguide entries and can pass the
received signal to the hybrid ring mixer. By
rendering the tracking wunit inactive for the
period that the waveguide switch is moving from
one position to the next the possibility of inter-
ference being fed to the circuits is reduced.

31. The phonic wheel tone outputs from the
phase-quadrature lattice 1X2 are amplified by
the double-triode amplifier 2V4. These amplified
phonic wheel tones, having a phase difference
of 90° are fed to the primary windings of trans-
formers 1TR5 and 1TR6 where they are used
as the switching or biasing signals for the mixer
bridges.

32. Valve heater and h.t. supplies for the unit
are obtained from the power supply circuits
contained on the main chassis and enter on
PLA pins 2, 3 and 4.

Amplifier assembly (valve deck B)

33. The function of this sub-unit, which is
the pre-amplifier, is to amplify and filter the
outputs of the mixer bridges and feed these
amplified outputs, via phase splitters, to the
power amplifier unit.

34. The unit is similar to the signal amplifier
in construction, method of securing and method
of connection to the main chassis.

35. Three sub-miniature valves are connected
to form two identical amplifier circuits with
phase splitter outputs to the power amplifier.
As previously stated, the output of each mixer
bridge is composed of the sum and difference
frequencies which result from the mixing of the
received Doppler signal and the phonic wheel
tone. The output of 1TRS is fed, via contacts
1IRLC1, IRLD! and a filter network, to the
control grid of the pentode amplifier 3V1. The
filter is of the non-critical low frequency band-
pass type centred on 150 c/s and is designed
to select the difference frequency. In conse-
quence, the output from the anode circuit of
3V1 fed to the phase splitter 3V2a is an am-

plified version of the difference frequency wave-
form. This is then passed via PLB pins 7 and 8
to the power amplifier.

36. Similarly, from the centre tap on the
secondary winding of 1TR6 a signal, having a
90° phase difference with respect to that from
ITRS, is passed via contacts 1RLC2, 1RLD2
and a filter network to the grid of 3V3. The
circuit action is similar to that described in the
preceding paragraph and from 3V2b the output
is fed via PLB pins 9 and 10 to the power
amplifier.

37. 1t should be noted that although the signal
inputs to 3Vl and 3V3 are always in phase
quadrature, the difference signal in one channel
(say 3V1) may be 90° phase advanced or re-
tarded with respect to the same difference signal
in the other channel (3V3). The sense of the
phase difference depends upon whether the com-
ponent of the Doppler signal lies above the
phonic wheel tone or is below it.

38. Each circuit has a gain of approximately
15 and all power supplies are obtained from the
main chassis.

39. The input signals are passed via the
changeover relay contacts 1RLC1, 1RLC2,
1IRLDI, 1IRLD?2 in order that a 400 c/s signal
may be applied to the pre-amplifier when the
system is operating under search conditions and
also for test purposes.

Pulse modifier

40. The pips produced by the search panel
tuned circuits are fed, via the commutator sec-
tion of the commutator potentiometer 7X3, to
the pulse modifier (pip amplifier). In this unit
the pips are amplified and then integrated, the
resulting d.c. potential being applied to valves
which have the operating coils of the search up
relay 1IRLC and the search down relay 1RLD
connected in their anode circuits.

41. The unit is similar in construction to the
signal amplifier and identical methods of secur-
ing and connection are employed.

42. Five sub-miniature valves are connected to
form two identical circuit configurations. Each cir-
cuit consists of a pentode amplifier, a triode amp-
lifier and a double-triode relay control valve with
the two sections connected in parallel to pro-
duce the current handling capacity necessary
for the control of the relay coil in the anode
circait.

43. The action of the search down circuit
formed by 4V1, 4V2a, 4V3 and the associated
components is as follows. Pips produced by the
tuned circuits of the search panel are fed to
the commutator section of the commutator
potentiometer 7X3. Under search conditions,
when pips are being fed from the wiper of 7X3
to PLG pin 1, the pips are passed via PLC pin
18 to the primary winding of 4TR1. This is a
1:31 ratio step-up input transformer the
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Fig. 4. Block diagram of signal comparator

secondary winding of which is connected to the
grid of 4V1. After amplification by 4V1 the
pips are passed to the grid of 4V2a which is
one half of a double-triode.

44. The relay control valve 4V3 has a negative
bias of approximately 8V applied to its grid,
the bias voltage being derived from the —75V
line via 4R12 and the ‘preset potentiometek
4RV1. The output of 4V2a is applied to the
integrating circuit formed by 4R10 and 4C6.
The capacitor becomes charged and the appli-
cation of this voltage to the grid of 4V3 causes
the valve to conduct heavily. The resultant
anode current energizes relay 1RLD, the search
down relay.

45. The application of a negative bias to 4V3
grid ensures that the valve does not conduct and
cause 1RLD to be energized until several search
pips have been integrated and 4C6 has charged
to a potential sufficient to overcome the bias.
Thus, random pips resulting from a sporadic
burst of noise or signal do not cause 4V3 to
conduct and 1RLD remains de-energized.

46. The action of the search up circuit formed
by 4V4, 4V2b, 4VS5S and the associated com-
ponents is similar to that of the search down
circuit. The input to 4TR2 consists of the pips
selected by the wiper of 7X3 and fed to pin 9
of PLH. The operating coil of the search up
relay IRLC is connected in the anode circuit
of 4VS and is energized by the anode current
of that valve.

47. Power supplies for the sub-unit are derived
from the power supplies on the main chassis
and all connections are effected via the 25-pole
plug PLC.

Comparator, signal

48. The signal comparator sub-unit performs
two functions:

(1) It produces, in conjunction with the
search panel, an a.g.c. voltage which is
used to control the gain of the first if.
amplifier to maintain a reasonably constant
signal strength in the receiver and tracking
unit.

(2) It measures the signal/moise ratio of
the incoming signal and limits the opera-
tion of the equipment to signals above a
certain signal/noise ratio.

49. The unit controls the operation of the
primary signal/noise relay 1RLK and, in con-
sequence, the operation of the secondary signal/
noise (h.t. control) relay IRLE. When a Dop-
pler signal of satisfactory signal/noise ratio is
being received the anode current of valve 5V4
energizes relay IRLK and the system operates
under signal conditions. If the signal/noise ratio
falls to a point where the Doppler signal is
considered unusable, 5V4 is rendered non-
conducting and the system functions under
memory conditions. A block diagram of the
sub-unit is shown in fig. 4.

50. The sub-unit is mechanically similar to the
signal amplifier and electrical connections are
completed via a 25-pole plug.

51. A simplified circuit diagram of the unit
and parts of other functionally associated cir-
cuits is shown in fig. 9. The signal fed from the
cathode follower 2V3a to the primary winding
of transformer 8TR18 in the search panel is
the Doppler signal from the transmitter-receiver,
suitably amplified by the signal amplifier cir-
cuits and confined to the frequency spectrum
800 c¢/s to 11-3 kc/s by the signal filter. The
signal output from the secondary winding of
8TR18 passes via a signal shaping network
SR2, 5R3, 5C2 to the grid of the search drive
valve 5V1. The function of this network is to
attenuate the high frequency signals received



when the aircraft is flying at a_ground speed in
the upper part of the range 80 to 900 knots.
The bandwidth of the received signal is a func-
tion of the ground speed of the aircraft as is the
frequency of the signal. To ensure that the fol-
low circuits are supplied with signals of con-
stant power per cycle, the higher frequency
signals are attenuated, resulting in a reduced
a.g.c. voltage and increased signal. As aircraft
ground speed increases the signal bandwidth in-
creases and the amplitude falls, for the power
received remains constant. The 18 transformers
which form the anode load of 5V1 are tuned to
frequencies in the range 800 c/s to 13 kc/s
approximately and the resulting composite re-
sponse curve is relatively flat over the entire
spectrum. From pin 24 of PLL the rectified out-
put from the tuned circuits is fed, via contacts
IRLA1, IRLB1 and 1RLB2, to the a.g.c. capa-

citors 1C4, 1C5, 1C6 and 1C7 where it is
smoothed.

52. The operation of relays 1IRLA and 1RLB
is controlled by the contacts of the cam-operated
springsets 1SWB, 1SWC fitted in the aerial
waveguide switch and gearbox assembly (Chap.
3). Relay 1RLA (drift sense relay) is switched
once per second and IRLB (pitch sense relay)
twice per second. The a.g.c. capacitors are thus
sequentially switched and each one is in circuit
for a period of approximately 500 milliseconds
as shown in Table 1. The output at pin 24 of
PLL is negative in polarity and varies in pro-
portion to the power density of the received
Doppler signal. The switching of the capacitors
ensures that an a.g.c. voltage at the correct
level is applied to the first if. amplifier for
each of the four directions of reception.

TABLE 1

AERTAL DRIFT
CONTACTS 1SWB — — Open

TRACKING UNIT
RELAY 1RLA — — Released
AFRIAL PITCH

CONTACTS lswc — Closed —

TRACKING UNIT
RELAY IRLB — Operated —
A.G.C. CAPACITOR

IN CIRCUIT — 1C6 —

TIME IN
SECONDS 0 — 05

Released —

— —- — Closed —

Operated —

Open — Closed — Open

Operated — Released

1C7 — 1C4 — 1C5

—_ 10 — 15 —

53. By normal cathode follower action, a
voltage is developed at the cathode of 5V2 and
it is this voltage which is immediately applied
to the penultimate and final stages of the first
if. amplifier as an a.g.c. voltage. The voltage
is fed to the aerial-mounted first if. amplifier
via pin 1 of PLM and is also fed, via pin 4 of
PLN, to the system junction box. This permits
the a.g.c. voltage to be monitored by means of
test set Type M.29 which may be connected to
the juncdon box.

54. The cathode of 5V2 is also directly coupled
to the grid of 5V3a, one half of the double-
triode 5V3 which operates as a cathode-coupled
paraphase amplifier (long-tailed pair). This valve
is used to compare the output of the tuned cir-
cuits on the search panel with the output of the
untuned transformer 8TR17 and is referred to
as the signal comparator.

§5. The anode of 5V3a is connected to the
grid of SV4 through a resistive coupling net-
work and variations in SV3a anode potential
thus control the flow of current through 5V4.

In turn, 5V4 controls the operation of the
primary signal/noise relay 1RLK. Contacts on
IRLK cause IRLE to be energized. Capacitor
1C8 is so switched to the grid of 5V4 that the
system must receive a usable signal for a certain
minimum time before changing from memory to
signal operation, yet will revert to memory
operation very quickly when the signal de-
teriorates.

56. To understand the operation of the signal
comparator 5V3 and relay control valve 5V4
it is necessary to consider the action of these two
valves and their associated circuits under two
distinct conditions. These are:

(1) When a Doppler signal of satisfactory
signal/noise ratio is being received, as a
result of which the system operates under
signal conditions.

(2) When a Doppler signal of low signal/
noise ratio is being received and the system
functions under memory conditions.
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Under both conditions the signal comparator has
potentials applied to its grids and these poten-
tials are derived from two separate circuits.
That applied to S5V3a grid is the negative poten-
tial which is developed at 5V2 cathode and is,
in effect, the a.g.c. voltage. As previously stated,
this voltage is proportional to the power density
of the received Doppler signal. That fed to
5V3b grid via 1RLG3 is the negative potential
derived from the output of the untuned trans-
former 8TR17 (effectively in series with the 18
tuned _circuits) and is proportional to the mean
power density of the total signal.

Signal conditions

57. When a Doppler signal of satisfactory
signal/noise ratio is applied to the tuned cir-
cuits, a relatively large negative a.g.c. voltage is
fed to 5V3a grid. The Doppler signal is also
applied to 8TR17 which, since it is untuned,
has a flat response curve over the entire Doppler
frequency spectrum and its rectified negative
voltage output under signal conditions is small
compared with that from the tuned circuits.
This voltage is applied to the grid of 5V3b.
The signal comparator thus has negative poten-
tials applied to both grids and under signal
conditions the current through 5V3a is com-
paratively low. In consequence, 5V3a anode
potential approaches h.t. and, by virtue of the
direct coupling, 5V4 grid voltage is raised suf-
ficiently to cause the valve to conduct heavily.
The resultant flow of anode current energizes
IRLK the primary signal/noise relay.

5§8. The energizing of 1RLK has the following
effects:

(1) Contacts 1RLK1 connect the —75V
supply to the coil of IRLE, causing the
secondary signal/noise relay to be energized.

(2) Contacts 1RLK2 short-circuit 5R19
and connect 5V4 grid to the slider of the
preset potentiometer 5RV4. This has the
effect of making 5V4 grid still more posi-
tive and ensures definite relay operation.

59. Energizing 1RLE has the following effects:

(1) Contacts IRLEl make, so applying
-+ 140 d.c. to the anodes of the search con-
trol valves 4V3, 4V5 through the coils of
IRLC, IRLD (the search up, search down
relays) via contacts 1RLG2, directly to the
screen grids of the power amplifier valves
and to the anodes of these valves through
the centre tapped control windings of
7MO1, TMO2.

(2) Contacts 1RLE change over to dis-
connect 1C8 from the grid of 5V4 and con-
nect it to —10V at the junction of 5R26,
S5R27. Since the other plate of 1C8 is
earthed via contacts 1RLG4, the capacitor
commences to charge.
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(3) Contacts IRLE3 change over and con-
nect the 28V d.c. supply to the signal
flag circuit in the speed and drift indicator
via IRLD4, 1RLC4 and 1RLLI.

(4) Contacts I1RLE4 change over, thus
disconnecting the —75V supply from the
coils of relays IRLG, IRLN and preventing
these relays from being energized if the
TEST button is pressed.

60. The system is now functioning under sig-
nal conditions and the state of the a.g.c. and
signal/noise circuits may be summarized as
follows:

(1) An a.g.c. voltage, proportional to the
power density of the received Doppler sig-
nal, is produced at 5V2 cathode and is fed
to the first i.f. amplifier. 5V4 is conducting
due to its high grid potential.

(2) Relays 1RLK and 1RLE are energized.
In consequence, h.t. is applied to the anodes
of 4V3 and 4VS5 via the coils of IRLD
and 1RLC. It is also applied to the screen
grids and anodes of the power amplifier
valves. One plate of capacitor 1C8 is con-
nected to a point which is at a potential
of approximately —10V and a 428V d.c.
supply is connected to the appropriate flag
indicator which now indicates that the sys-
tem is functioning under signal conditions.

Memory conditions

61. In the event of the signal/noise ratio of the
received signal degenerating to the point where
it is considered to be unusable since the Dop-
pler signal content is small and the noise con-
tent comparatively high, the operation of the
signal comparator and relay control valves is
as follows.

62. Due to the predominance of the noise com-
ponent of the received signal, the negative
potential produced by 8TR17 is lower than when
a strong Doppler signal is being received and
the current through 5V3a increases, causing a
corresponding fall in anode voltage. 5V4 grid
follows this fall until the grid potential is too
low for the valve to conduct and 1RLK is de-
energized due to the cessation of anode current.
As a result, contacts 1RILK1 break and cause
the secondary signal/noise relay 1RLE to be
de-energized, while contacts IRLK2 break and
disconnect 5V4 grid from the slider of 5RV4,
bringing about a further fall in grid potential.

63. De-energizing IRLE has the foliowing
effects:

(1) Contacts 1RLEl break, so removing
the +140V supply from 4V3, 4V5 and
from the screens and anodes of the power
amplifier valves.
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Fig. 5. Connections from power amplifiers to servo motors

(2) Contacts 1RLE2 change over and con-
nect 1C8, which has charged to approxi-
mately —10V, to the grid of 5V4. Since
the discharge path for 1C8 is 5R18 and
5R19 in series, 5V4 grid is held below cut-
off for several seconds immediately after
switching, thus avoiding relay flutter.

(3) Contacts 1IRLE3 change over, remov-
ing the 28V supply from the signal flag cir-
cuit and connecting it to the memory flag
circuit.

(4) Contacts 1IRLE4 change over and re-
connect the —70V supply to the coils of
the memory test relays IRLG and 1RLN.

64. The system is now functioning under
memory conditions and the state of the a.g.c.
and signal/noise circuits may be summarized
as follows:

(1) 5V4 is cut off. Capacitor 1C8 is con-
nected to the grid and is discharging very
slowly through a high resistance path so
that on receipt of a satisfactory signal the
system will wait for several seconds before
reverting to operation under signal con-
ditions.

(2) Hit. is removed from the screens and
anodes of the power amplifier valves. Thus
there is no drive to motors 7MOI1, 7MO2
in the tracking unit and 6MOI in the ampli-
fier, synchro signal (or computor).

(3) The <4140V supply is disconnected

from the search control valves and asso-
ciated relays.

(4) The 28V supply is applied to the
memory flag circuit.

65. 63V a.c. for the valve heaters, —75V bias
and +140V ht. supplies for the signal com-
parator sub-unit are obtained from the power
supply circuits contained on the main chassis, all
connections being made through the 25-pole
plug PLD.

Amplifier, electronic control

66. To effect control of the integrator motors
7MOI1, 7MO2 in the tracking unit and the drift
integrator motor 6MO1 in the amplifier, synchro
signal (or computor), the outputs from the pre-
amplifier (amplifier assembly 10AD/4021) are
applied to the grids of the power amplifier
valves in amplifier, electronic control. The centre
tapped windings of 7MO1, TMO2 are connected
in the anode circuits of the power amplifiers.

67. The assembly is of book-type construction
similar to that of the signal amplifier and the
same methods of connecting and securing are
used.

68. The sub-unit contains two identical push-
pull amplifier circuits with the inputs to the
grids of 6V1, 6V2, 6V3, 6V4 applied via pins
5, 6, 9 and 10 of PLE. The 140V h.t. supply
for the valves is derived from the power supply
circuits on the main chassis, switched by con-
tacts 1IRLElL, h.t. being applied to the valves
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when the relay is energized. As previously
stated, 1RLE is energized when the system is
functioning under signal conditions so that h.t.
is applied to the valves only during the time
that a signal of satisfactory signal/noise ratio
1s being received. The supply is connected
directly to the screéns of the valves but via the
centre tapped windings of 7MOI1, 7TMO2 to the
anodes. For this reason it is important to note
that the tracking unit must never be switched
on without the gear assembly (10AR/5698) in
place.

69. The signal inputs to the unit are the mixer
bridge frequencies suitably amplified by the pre-
amplifier. The two inputs are in phase-quad-
rature with the difference frequency in one chan-
nel 90° phase advanced or retarded with respect
to the same difference frequency in the other
channel. The sense of the phase difference de-
pends upon whether the component of the
Doppler signal lies above the phonic wheel tone
or is below it.

70. The signals are amplified by the push-pull
amplifiers, each stage having an overall gain
of approximately 5, and the outputs are used to
control the movements of 7MO1, 7MJ2 and
the drift integrator motor 6MO1 of the ampli-
fier, synchro signal (or computor). The direc-
tion of rotation of the motors is dependent upon
the sense of the phase difference between the
voltages applied to the windings.

71. The outputs of 6V1 and 6V2 are connected
as follows:

(1) To one winding of 7MO1 via pins 7
and 8 of PLE and pins 1 and 3 of PLJ.

(2) To one winding of the drift integrator
motor 6MO1 (amplifier, synchro signal or
computor) via 1IRLA2, 1IRLA3 and pins 17,
19 of PLN.

(3) To one winding of 7MO2 via 1RLB3,
IRLB4 and pins 7, 9 of PLIJ.

(4) From 6V2 to 1Vla grid via pin 8 of
PLE and SKJ/1.

72. The outputs of 6V3 and 6V4 pass via pins
11 and 12 of PLE to: ‘

(1) The second windings of 7MO1, TMO2
(in parallel) via pins 4 and 6 of PLIJ.

(2) The second winding of the drift integ-
rator motor via pins 18 and 20 of PLN.

(3) From 6V4 to 1V1b grid via pin 12 of
PLE and SKIJ/6.

73. Relay 1RLA is switched once per second
by the action of the cam-operated- drift sense
contacts 1SWB in the aerial waveguide switch
and gearbox unit. Similarly, 1RLB is controlled
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by the pitch sense contacts 1ISWC which operate
every half second.

74. Preset potentiometers 6RV1 and 6RV?2 are
used to balance the anode currents of the pairs
of valves during alignment. The 63V heater
supply is obtained from the XY winding of
ITR1 on the main chassis.

Gear asssembly

75. Gear assembly (10AR/5698) (speed and
pitch integrator) is a plug-in sub-unit consist-
ing of a gearbox assembly on which are mounted
two 2-phase motors and gearheads, a commuta-
tor potentiometer assembly, an a.c. pick-off,
microswitch assembly and associated compo-
nents. The sub-unit is secured in position on the
main chassis by means of three fixing screws
and all electrical connections are made by four
9-pole plugs, the mating sockets for which are
attached to the main chassis.

76. The commutator potentiometer 7X3 1is
gear driven and is a combination of a log-law
potentiometer and commutator switch assembled
on a common drive shaft. Maximum effective
rotation of the shaft is limited to 159° + 1°.
The total resistance of the potentiometer section
is 1000 ohms + 10°. The commutator has two
segments each maintaining contact with its own
output brush over the whole of the effective
rotation while the 16 input brushes are spaced
evenly over the effective range.

77. The potentiometer section of 7X3 receives
a 47V a.c. energizing supply from 5TR1 in the
amplifier, synchro signal (or computor) which
is fed to terminals 19 and 20 via pins 3 and 32
of PLN and the output from the slider returns,
via pin 1 of PLN, to the amplifier or computor
Applied to the commutator section are the pips
produced in the search panel and these are fed,
via either PLG pin 1 or PLH pin 9, to the
amplifier assembly (10AD/4021).

78. In the gearbox there are two separate gear
trains, one driven by motor 7MO1 and the other
by 7MO2. Fitted to 7MOI1 is a gearhead of
150:1 reduction ratio and drive is transmitted
from the gearhead to 7X3 via a 45:1 reduc-
tion gear train and slipping clutch. Drive from
7MO?2 is transmitted to the rotor of the pitch
a.c. pick-off 7X2 via a gearhead of 300 : 1 ratio
reduction and a 22%:1 reduction gear train.
One winding of each motor is energized by the
output of 6V3, 6V4 in the power amplifier. The
second windings are energized by the output of
6V1, 6V2 (which is in phase-quadrature with
that from 6V3, 6V4), the signal to 7MO2 being
switched every half second by the action of the
pitch sense relay 1RLB.

79. Microswitch 7SWI1, operated by the cam
and cam follower assembly, switches out the
main tuning capacitors 7C1, 7C2 for the upper
half of the speed range in order to improve the



follow pull-in characteristics at the higher fre-
quency energizing voltages associated with high
speed flight. The gear drive for the cam is
arranged in such a manner that the angle of
rotation of the cam is twice that of the shaft
of 7X3.

80. Preset potentiometer 7RV2 controls the out-
put of the pitch a.c. pick-off 7X2 and is adjusted
during testing and alignment to equate the out-
put with that of the aerial-mounted a.c. pick-
off 1X1. The 15V a.c. energizing supply for

7X2 (terminals U and V) is obtained from the ~

power supply transformer 1TRI.

Panel, tuned circuit Type M.108

81. The function of the tuned circuit (or
search) panel is to produce

(1) The a.g.c. voltage and

(2) trains of pips which are fed to the pip
amplifier, via the commutator potentiometer
7X3, for operation of the search system.
These pips are produced by the 18 tuned
circuits formed by 8TR1 to 8TRI16 and
1TR7, 1TR8 on the main chassis.

Also located on the search panel are the signal
feed transformer 8TR18 and the untuned trans-
former 8TR17. 8TR17 forms part of the signal
comparator circuit.

82. The components of the search panel are
mounted on a detachable section of the floor
of the light alloy frame and are protected by a
Perspex cover. This cover is pillar supported
and is readily detachable. The 16 Ferroxcube
pot core assemblies 8TR1 to 8TR16 inclusive
are arranged in two rows and mounted between
the rows are, from front to rear, §TR18, 8X1
(consisting of 8Cl1 to 8Cl6 encapsulated in a
resin block) and 8TR17. The remaining circuit
components are soldered to the tags of the pot

core assemblies. Electrical connections to the
panel are made via a 25-pole plug PLL and
a short flexible cableform.

83. Transformer 8TR18 is a 1:1 ratio trans-
former to the primary of which the amplified
Doppler signal is applied. This signal has passed
through the signal filter so that it is within the
frequency spectrum 800 c/s to 11-3 kc/s and
the frequency of the signal is related to the
ground speed of the aircraft. By the action of
relay 2RLA in the signal amplifier, the signal
is blanked for a period of 120 milliseconds
every half second.

84. The output from the secondary winding is
fed, via a signal shaping network, to the grid
of the search drive valve 5V1 whose anode
load is formed by the series-connected primary
windings of 1TR7, 1TR8 and 8TR1 to 8TRI16
inclusive. These transformers form part of 18
frequency selective tuned circuits which cover
the frequency band 800 c/s to 13 kc/s approxi-
mately. Connected in parallel with each of the
secondary windings is a capacitor of suitable
value to effect the required tuning while a
degree of damping is afforded by a 15k resistor
across each winding.

85. This arrangement of tuned circuits pro-
duces a relatively flat composite response curve
with individual response curves crossing at the
—3dB points. Current pulses to feed the com-
mon line (PLL pin 24) are produced in the
tuned circuits (by the action of the rectifiers),
the circuit in which this occurs being dependent
upon the frequency of the Doppler signal ap-
plied to the primary windings of the trans-
formers. Although it is possible for pips to be
produced simultaneously in two tuned circuits
(as occurs when the Doppler signal frequency
is approximately midway between the centre fre-
quencies to which any two adjacent circuits are
tuned) this does not affect the operation of the
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search panel circuit or the circuits to which the
pips are fed. Since the output of all the tuned cir-
cuits are connected to a common point (PLL
pin 24) they combine to give the same effect as
that produced by a single tuned circuit which
alone handles the full Doppler signal input.

86. Transformer 8TR17 is untuned and the amp-
lified Doppler signal across SRV2 is applied to
its primary. The secondary output is rectified
by the action of 8MR33, smoothed by 5C8 and
fed to the grid of 5V3b via contacts 1RLGS3.
This circuit is described in para. 57.

OPERATION OF THE TRACKING UNIT
UNDER SIGNAL CONDITIONS

87. Under all operational conditions, the Dop-
pler signal is amplified in the signal amplifier,
filtered and passed to the mixer bridges via
auto-transformer 1TR3 and to 5V1 via trans-
former 8TR18. One output from 5V1 is de-
veloped across the bank of tuned circuits which
forms the anode load. A second output from the
cathode is fed to the wuntuned transformer
8TR17.

88. Pips are produced by one of the tuned cir-
cuits in 5V1 anode and are rectified for use as
the a.g.c. voltage. To supply the aerial-mounted
first i.f. amplifier with the correct a.g.c. voltage
for each of the four directions of transmission

and reception, four separate reservoir capacitors
1C4 to 1C7 are provided. These are switched
into circuit sequentially by contacts on the drift
and pitch sense relays 1RLA and 1RLB con-
trolled by the cam-operated springsets in the
aerial waveguide switch and gearbox assembly
(Table 1). Each capacitor is in circuit for ap-
proximately 500 milliseconds. During the time
a capacitor is in circuit, a negative potential is
built up and thus appears at the grid of the
cathode follower 5V2. The voltage at the
cathode of 5V2 is fed to the first i.f. amplifier
as the a.g.c. voltage.

89. The voltage is also directly coupled to the
grid of 5V3a which is one section of the signal
comparator stage. To the grid of the other sec-
tion 5V3b is fed the output from the untuned
transformer 8TR17 which is also a negative
potential. Under signal conditions the negative
voltage produced by the tuned circuits is large
compared with that produced by the untuned
transformer and so the current through 5V3a
is Iow. A resistive network couples the high
positive potential at 5V3a anode to the grid of
5V4 the relay control valve. 5V4 conducts
heavily and the flow of anode current is suf-
ficient to energize 1RLK the primary signal/
noise relay.

90. Contacts 1RLK1 complete the energizing
circuit for IRLE (h.t. control relay) and this



relay is energized. As a result, 140V h.t. is ap-
plied direct to the screens of the power amplifier
valves, to the anodes via the centre tapped
windings of 7MOI1, 7MO2 and to the anodes
of 4V3, 4V5.

Search

91. The tracking unit operates under search
conditions when the difference in frequency be-
tween the received Doppler signal and the local
phonic wheel tone exceeds 159%. This occurs when

the equipment is switched on while the aircraft is:

flying at a ground speed which differs substan-
tially from that at which it was flying when the
equipment was switched off.

92, The speed of the phonic wheel motor in
the amplifier, synchro signal (or computor) and
consequently the phonic wheel tone is controlled
by the potential at the slider of the 7X3 poten-
tiometer and the position of the slider is, in
turn, a function of the ground speed of the air-
craft. Suppose that the aircraft is flying at a
ground speed of 300 knots at the instant the
equipment is switched on and that at the time
the equipment was switched off the ground
speed was 100 knots. The frequency of the re-
ceived Doppler signal, which depends upon the
aircraft’s ground speed, is 3-498 kc/s while the
frequency of the phonic wheel tone, being re-
lated to the last recorded speed of the aircraft,
is 1166 kc/s. The 3-498 kc/s Doppler signal
causes pips to be produced by the appropriate
tuned circuit in the anode of 5V1.

93. From the tuned circuit the pips are fed to
the commutator section of 7X3 and, in this in-
stance, via the wiper, PLH pin 9 and PLC19
to 4TR2 in the pip amplifier. After ampli-
fication and integration the pips cause 4V5 to
conduct and the search up relay 1RLC is ener-
gized. When IRLC is energized the functions
of its contacts are as follows:

(1) Contacts IRLC1 and 1RLC2 change
over and the outputs of the mixer bridges
are disconnected from the grids of 3VI1,
3V3 in the pre-amplifier as shown in fig. 8.

(2) A 63V 400 c/s supply from 1TRI1 is
fed via the 90° phase shift network and
IRLCI, 1RLDI1 to the grid of 3V1. The
6-3V supply is also fed, without phase shift,
to the grid of 3V3 via 1RLC2.

(3) Contacts 1RLC4 change over, discon-
nect the 28V d.c. supply from the signal
flag indicator circuit and complete the cir-
cuit for the memory flag indicator via con-
tacts IRLD4 and 1RLE3.

94. The 400 c/s signals are amplified in the
pre-amplifier, then fed to the power amplifier
and finally applied to the windings of 7MO1,
7MO2 and to 6MOIl in the amplifier, synchro
signal (or computor). Consegently 7MOI1 rotates
and, via the gear train, drives the commutator
potentiometer 7X3. 7MOI continues to rotate

until the gap between the two segments of the
commutator is opposite the appropriate tuned
circuit (the one which is producing pips due to
the 300-knot signal). When this occurs, the cir-
cuit to the pip amplifier is broken and pips are
no longer fed to 4TR2. 4V5 is cut off, IRLC
is de-energized and the 400 c/s signal is removed
from the grids of 3V1 and 3V3. Search drive
is now removed from 7MOI.

95. Since the commutator and potentiometer
sections of 7X3 are coupled to a common drive
shaft, the potentiometer section is also rotated
and, as 7MO1 rotates, an increasing potential
is fed via PLN pin 1 to the amplifier, synchro
signal (or computor). This causes the speed of
the phonic wheel motor to increase and, since
the frequency of the phonic wheel tone is pro-
portional to the speed of the motor, the fre-
quency of the tone increases. At the moment
when search drive to 7MOI1 is removed, the
phonic wheel tone and Doppler signal fre-
quencies will differ by less than 159% and from
then on the tracking unit operates under follow
conditions.

96. If the equipment is switched on when the
aircraft is flying at a ground speed of 300 knots
and it was flying at a higher speed when the
equipment was switched off, similar search
action results, but in the opposite direction.
Pips fed from the appropriate tuned circuit to
7X3 are applied in this instance via PLG pin 1
to 4TR1 in the pip amplifier. 4V3 conducts and
energizes the search down relay 1RLD. Contacts
IRLDI change over to feed the 63V 400 c/s
signal without phase shift to 3V1 grid while
contacts IRLD2 change over to feed the same
signal in phase quadrature to 3V3 grid. Motor
7MOL1 now rotates in the reverse direction until
the gap between the commutator segments is
opposite the appropriate tuned circuit. Simul-
taneously, the potential fed from the potentio-
meter section of 7X3 to the amplifier, synchro
signal (or computor) decreases, thus causing a
decrease in the frequency of the phonic wheel
tone. Again, when search drive to 7MO1 is
removed, the phonic wheel tone and Doppler
signal frequencies differ by less than 159 and
the tracking unit begins to operate under follow
conditions.

Follow

97. When the tracking unit is in receipt of a
Doppler signal of sufficiently high signal/noise
ratio and is also locked on in speed, drift and
pitch after functioning under search conditions,
the follow circuits are operative and control the
system. These circuits maintain effective control
for all normal increases or decreases of ground
speed and search drive is not applied to the
speed servo loop provided the difference between
the centre frequency of the incoming Doppler
signal and that of the phonic wheel tone does
not exceed 59%.

98. Assume that the system is functioning
under signal conditions and is locked on in
speed, drift and pitch with normal indications
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displayed on the speed and drift indicator, the
distance indicator and the computor display unit.
The operation of the relevant circuits is as
follows.

Speed

99. Both the Doppler signal input and the
phonic wheel tone input are amplified in the
signal amplifier, the signal passing via the signal
filter network and the phonic wheel tone having
passed through the phase splitter and quadrature
circuits. The amplified signal is fed to 1TR3
and the amplified phonic wheel tone is fed to
1TR5, 1TR6 in the double balanced bridge
mixer circuit. Here mixing takes place and the
resultant sum and difference frequencies are fed
to the pre-amplifier via contacts on relays 1IRLC
and 1IRLD. These relays are de-energized since
the commutator section of 7X3 is so positioned
that there is no pip input to the pip amplifier
and valves 4V3, 4V5 are not conducting. In the
pre-amplifier the difference frequencies are
selected, amplified and then fed from two identi-
cal phase splitter stages to the twin channel push-
pull amplifier circuits in the power amplifier be-
fore being used to control the speed, drift and
pitch integrator motors.

100. At the same time, the amplified Doppler
signal from the signal amplifier is fed to the
search drive valve 5V1 in the signal compara-
tor unit. The grid circuit of 5V1 consists of
a filter network giving a falling amplitude
characteristic to the signal with increasing sig-
nal frequency of approximately 7dB per decade.
From 5V1 anode the signal is fed to the 18
tuned circuits and from the cathode circuit to
8TR17, the untuned transformer on the search
panel. The rectified output of 8TR17 is fed to
one grid of the signal comparator 5V3 while the
rectified output of the tuned circuits (in effect,
the a.g.c. voltage) is fed to the other grid.

101. The valve, functioning as a cathode-
coupled paraphase amplifier, has a high posi-
tive potential at the anode of 5V3a under signal
conditions due to the predominance of the Dop-
pler signal. This potential is coupled, via a resis-
tive coupling network, to the grid of the relay
control valve 5V4 and causes the valve to con-
duct sufficiently to energize the primary signal/
noise relay 1IRLK. Contacts on 1RLK cause the
secondary signal/noise (h.t. control) relay to be-
come energized, resulting in the completion of
the 140V h.t. supply to the screens and anodes
of the power amplifier valves as well as to the
anodes of the search relay control valves 4V3
and 4V5. In consequence, the power amplifiers
amplify the signals fed from the pre-amplifier.
The power amplifier outputs, in phase quadra-
ture, are then applied to the three motors,
7MO1, 7MO2 in the tracking unit and 6MOI1
in the amplifier, synchro signal or computor.

102. Motor 7MOI1, part of the speed servo
loop, rotates in a direction dependent upon the
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sense of the phase difference between the signals
and drives the shaft of the commutator poten-
tiometer 7X3. The output from the potentio-
meter section is thus varied and an increasing
or decreasing potential is fed to the amplifier,
synchro signal (or computor) whenever there is
a slight increase or decrease in ground speed.
The pointer of the speed and drift indicator
shows the ground speed of the aircraft and
closely follows any change.

Drift

103. 1In order that the drift angle may be de-
termined, the transmitted beam is displaced to
port and then to starboard of the fore and aft
line of the aerial array (fig. 7) the displacement
sequence being controlled by the aerial wave-
guide switch. If the aerial is not aligned along
the track, the Doppler signals received from the
port and starboard directions are of differing
frequencies, the difference being dependent upon
the degree of misalignment. The drift measure-
ment is obtained by moving the aerial in azi-
muth until identical Doppler signals are received
from the port and starboard beams. When this
condition exists, the aerial is aligned along the
track (fig. 7b) and the angle 6, being a measure
of the difference between aircraft heading and
track, is the drift angle.

104, Assume that the aircraft heading is 015°
but, due to the effect of the prevailing wind,
the track actually made good is 000° and the
fore and aft lines of the aerial array and air-
craft are coincident. The transmitted beam is
switched every half second, the switching se-
quence being

Port  Starboard Starboard Port
forward aft forward aft
PF SA SF PA

Under these conditions the frequency of the
Doppler signal received by the tracking unit,
relative to the frequency of the phonic wheel
tone, is

PF—high SA—high SF—low PA—low

105. The signals are amplified in the signal
amplifier and are then mixed with the phonic
wheel tone in the mixer bridges. The difference
frequencies are selected and used to control the
rotation of 7MO1, 7MO2 and the drift integra-
tor motor (amplifier, synchro signal or com-
putor) via the pre and power amplifiers. The
phase sense of the signals applied to these
motors is dependent upon whether the difference
frequency is ohtained from a component of the
Doppler signal which lies above or below the
phonic wheel tone and this phase sense governs
the direction of rotation of the motors.

106. For the period (one second) that the
centre frequency of the received Doppler signal
is higher than that of the phonic wheel tone,



7MOI rotates in one direction then, for one
second when the Doppler signal frequency is
lower than that of the phonic wheel tone, the
motor rotates in the opposite direction. Conse-
gently, when the system is locked on for speed,
the difference in frequency of the Doppler sig-
nals due to drift has no net effect on the speed
circuits and the frequency of the phonic wheel
tone remains unaltered.

107. The outputs of 6V3, 6V4 in the power
amplifier are fed via PLN pins 18 and 20 direct
to one winding of the drift integrator motor
(amplifier, synchro signal or computor) while
the outputs of 6V1, 6V2 are fed to the same
motor via relay contacts 1RLA2, 1RLA3
(operated once per second) and PLN pins 17
and 19. The high Doppler signals cause the
motor to rotate in one direction. After one
second IRLA is energized and TRLA2, IRLA3
change over (fig. 5). Thus, the phase sense of
the signals applied to the motor is unaltered (at
the anodes of 6VI, 6V2 the phase sense is re-
versed due to the application of a low Doppler
signal to the amplifiers) and the motor continues
to rotate in the same direction.

108. The drift integrator motor is coupled elec-
trically to the aerial and the aerial begins to
swing towards the aircraft track. As the diver-
gency of the aerial is reduced, the difference in
frequency between the Doppler signals received
from port and starboard directions becomes less
and finally, when the frequencies are identical,
the drift motor ceases to turn. The aerial array
is now aligned along the aircraft’s track and
the drift circuits are locked on for existing con-
ditions. Any further deviation from track due
to a change in the prevailing conditions results
in the initiation of similar circuit action.

109. The drift angle is shown on the speed
and drift indicator which is connected electri-
cally to the drift integrator circuits in the amp-
lifier, synchro signal or computor.

Pitch

110. The aerial is stabilized in the pitch plane
by the system and this arranges that the aerial
array shall move in pitch until the Doppler sig-
nals received by the tracking unit from the fore
and aft beams are of the same frequency. When
this condition exists, the aerial is aligned along
the aircraft flight path in pitch and the angle
between the aircraft horizontal axis and the
flight path is determined. This angle is called
the pitch angle and is the angle of attack of the
aircraft in the absence of head or tail winds. If
the aerial is not aligned along the flight path
in the pitch plane, the angle between the flight
path and the rearward beam differs from the
angle between the flight path and the forward
beam. In consequence, the frequencies of the
fore and aft Doppler signals are different, the
difference depending upon the degree of mis-
alignment.

111. Relative to the frequency of the phonic
wheel tone, the frequencies of the signals re-

ceived from the four directions of transmission
and reception may be

Port forward—low Starboard aft—high
Starboard forward—low Port aft—high

These signals, after amplification in the signal
amplifier, are mixed in the mixer bridges with
the phonic wheel tone. The resultant difference
frequencies are amplified by the pre-amplifier
and then by the power amplifier before appli-
cation to motor 7MO2. The phase sense of the
signals applied to the motor is dependent upon
whether the difference frequency fed to the pre-
amplifier is obtained from a component of the
Doppler signal which lies above or below the
phonic wheel tone and it is this phase sense
which governs the direction of rotation of the
motor.

112. One winding of 7MO?2 is energized by
the outputs of 6V3, 6V4. The other winding is
energized by the outputs of 6V1, 6V2, these
outputs being applied to the motor via relay
contacts IRLB3 and 1RLB4. Relay IRLB is
energized every half second by the action of the
aerial-mounted pitch sense contacts. Conse-
quently, the signal received from the port for-
ward direction causes 7MO2 to rotate in one
direction. The signal from the starboard aft
direction would, if applied direct to winding
1-6-3 of the motor, cause it to rotate in the
opposite direction but, due to the switching
action of 1RLB3 and IRLB4, the motor con-
tinues to turn in the same direction. A similar
action results from the application of the signals
from the two remaining directions.

113. Mechanically coupled to 7MO?2 is an a.c.
pick-off 7X2, energized by a 15V supply from
ITRI1. The output of 7X2 is compared with the
output of the aerial-mounted pitch a.c. pick-off
1X1 and the potential difference which appears
across the pitch servo amplifier input trans-
former is, after amplification, used to control
the aerial pitch motor IMO2. Rotation of 7MO2
causes a variation in the output from 7X2 and,
as a result, the aerial is moved in the pitch
plane until it is aligned along the flight path
and the received signals are of identical fre-
quency. When these conditions prevail, there is
no net drive to 7MO?2, the outputs of the two
a.c. pick-offs are balanced and the aerial is sta-
tionary with its axis aligned along the flight
path. It can be seen that the pitch error signals
have no net effect on the speed motor 7MO1 and
the drift motor in the amplifier, synchro signal
(or computor) due to the pitch sequence of fre-
quencies in the Doppler signal.

OPERATION OF THE TRACKING UNIT
UNDER MEMORY CONDITIONS

114. In the event of the signal/noise ratio of
the received signal falling below the acceptable
level (as determined by 5V3 in the signal com-
parator sub-unit) the tracking unit automatically
changes over to operation under memory con-
ditions. Reduction of the signal/noise ratio may
be due to the fact that the aircraft is flying at
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considerable height over very calm sea or, alter-
natively, a fault in the transmitter-receiver or
certain circuits of the tracking unit can produce
a similar reduction in signal/noise ratio. As
described in para. 127, in-flight test facilities
incorporated in the system permit the pilot to
ascertain  which factor is responsible for the
reversion to operation under memory conditions.

115. Assume that the system is functioning
under signal conditions with the follow cir-
cuits operative as previously described. If the
received signal degenerates to the point where
the Doppler signal content is small and the
noise content comparatively high, the negative
potential produced by 8TR17 and the associated
circuit becomes large compared with that pro-
duced by the tuned circuits. The negative poten-
tial fed to 5V3a grid is now smaller than when
a signal of high signal/noise ratio is being re-
ceived and the current through 5V3a increases.
There is a corresponding drop in voltage at
5V3a anode and the lower potential fed to the
grid of 5V4 causes that valve to be cut off.
Relays 1RLK, 1RLE are de-energized so that
the 140V h.t. supply is removed from the anodes
of 4V3, 4V5 in the pulse modifier and from the
screens and anodes of the valves in the power
amplifier. The power amplifier unit is now in-
operative and the signal from the pre-amplifier,
which has a preponderance of noise, cannot
reach the three integrator motors. At the same
time, drive to 1V1 ceases and relay 1RLL is
de-energized. As there is no drive to the speed,
drift and pitch motors the shafts of these motors
remain in the angular positions they occupied
prior to the removal of the drive signal. The
system thus cannot respond to the noise signal
and is said to be operating under memory
conditions.

116. When the speed motor 7MO1 is in the
quiescent state, the voltage fed from the wiper
of the potentiometer section of 7X3 remains
constant at the figure prevailing immediately
prior to the changeover to memory conditions.
Hence the speed of the phonic wheel motor re-
mains constant and the speed indicator con-
tinues to show the ground speed at which the
aircraft was travelling at the moment of change-
over. The distance indicator continues to operate
at a rate determined by the speed of the phonic
wheel motor which is now unchanging.

117. Similarly, with no drive applied to the
drift and pitch motors, the indicated drift angle
remains unaltered and, in ARI.23085/1, there
is no change in the drift information fed to
the computor. The computor thus continues to
operate on the information last made available
prior to the changeover from signal to memory
conditions.

118. While the memory conditions persist there
is no change in the potential across the primary
windings of the aerial drift and pitch servo amp-
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lifier transformers since 7X2 in the tracking
unit and the drift synchro control transmitter
in the amplifier, synchro signal or computor are
stationary. In consequence there is no drive to
the aerial pitch and drift motors and the aerial
remains in the attitude that last existed under
signal conditions. De-energization of the second-
ary signal/noise relay 1RLE causes contacts
IRLE3 to change over and the 28V d.c. supply
is switched to the memory flag circuit. The sig-
nal flag circuit is inoperative since 1RLL is
de-energized immediately the drive to 1V1 is
removed. When 1RLE is de-energized a nega-
tive 75V supply is made available to the operat-
ing coils of the memory test relays I1RLG,
IRLN through the action of contacts 1RLEA4.

TEST CIRCUITS

119. The test circuits incorporated in the track-
ing unit enable a quick check of the system to
be made under the following conditions.

(1) In flight during normal signal condi-
tions to ensure that the speed and drift
servo circuits are operating correctly.

(2) In flight under memory conditions to
ensure that the equipment has changed to
memory operation because of deterioration
of the received Doppler signal and not be-
cause of an equipment failure.

(3) Before flight, or when bench testing,
as a general check. The test is then identi-
cal with that made in.flight under memory
conditions.

120. The principal components controlling the
testing operations are relays iRLG, 1RLH,
IRLJ, IRLN in the tracking unit, relay 1RLB
and the 800 c/s tone source in the transmitter-
receiver and the TEST push-button switch SWA
on the speed and drift indicator.

In-flight test under signal conditions

121. If, during flight, the operator wishes to
ascertain that the tracking circuits are function-
ing correctly when the system is working under
signal conditions, he presses the TEST button
and observes the speed and drift indicator.
Operation of the button causes the speed and
drift servo systems to be inched off producing
corresponding movements of the speed and drift
pointers. When the TEST button is released, the
received signal returns the pointers to the true
positions if all the units are serviceable. During
this check the distance flown indicator and the
computor receive false information and, to mini-
mize the error introduced, the TEST button is
again pressed and inching occurs in the opposite
direction. Consequently, if equal speed displace-
ment is introduced on each occasion, the two
disturbances cancel.

122. The circuit action initiated by this check
is as follows (fig. 9). With the system operating



under normal signal conditions the primary and
secondary signal/noise relays IRLK and IRLE
are cnergized. Contacts 1RLE4 are thus open
and the memory test relays IRLG and 1RLN
cannot be energized. When the TEST button is
first pressed, relay 1RLH is energized from the
—75V supply via contacts 1RLGI, resistor
1R24, contacts 1RLH2 and the TEST button to
earth. Relay 1RLJ cannot be enetgized since the
coil is short-circuited via contacts IRLJ1. Ener-
gizing 1IRLH has the following effects:

(1) The hold-on contacts 1IRLH2 main-
tain the supply so that the relay remains
energized when the TEST button is released.

{2y Contacts IRLHl change over and
prevent relay 1RLD being energized.

(3) Contacts 1RLH3 complete the ener-
gizing path for IRLC from the 140V supply
via contacts IRLG2, contacts 1RLEl
(operated). contacts IRLH3 (operated) and
contacts IRLJ3 to earth.

(4) Contacts 1RLH4 change over and
cause the drift sense relay IRLA to be
energized.

123. When the search up relay IRLC is ener-
gized, a 400 cfs signal derived from the lattice
formed by IR3, IR6, IR7 and 1C20 is fed, via
contacts 1RLC1, 1RLC2, to the pre-amplifier.
This signal causes the speed.servo to be inched
up and the speed indicator registers increasing
speed until the TEST button is released. At the
same time, due to the drift sense relay being
energized, continuous drive is applied to the
drift integrator motor in the amplifier, synchro
signal (or computor) and the drift pointer on
indicator assembly Type M.15 moves to port.

124. When the TEST button is released, the
short-circuit is removed from 1RLJ and this
relay is now energized through contacts 1IRLGI,
resistor 1R23 and contacts 1RLH2 to earth.
Relay IRLH remains energized. Through the
action of the changeover contacts 1RLJ3, IRLC
is de-energized removing the search drive from
the pre-amplifier. At the same time contacts
1RLJ4 break the circuit of 1IRLA and the drift
sense relay is also de-energized. The system will
now revert to signal conditions and, if all the
units are functioning properly, the speed and
drift pointers will return to their correct
positions.

125. However, during the time the TEST button
is pressed, incorrect information is fed to the
distance indicator and to the computor and the
errors thus introduced are not corrected auto-
matically. To compensate for these errors the
TEST bution must be pressed a second time and
the system allowed to inch down by an equal
number of knots.

126. When the TEST button is pressed the
second time, IRLH is short-circuited through the
action of contacts 1RLJ1 and the relay is de-
energized. The sequence of events is now

(1) Contacts IRLHI1 change over and the
search down relay 1RLD is energized via
IRLG2, IRLE1l, IRLH1 and 1RLJ3.

(2) Contacts 1RLJ4 cause the drift sense
relay 1RLA to be re-energized.

The 400 c/s signal, reversed in phase, is again
fed to the pre-amplifier and the speed servo is
inched down so that the speed indicator shows
decreasing speed. Similarly, continuous drive in
the reverse direction is applied to the drift in-
tegrator motor and the drift pointer moves to
starboard. On releasing the TEST button the
speed and drift pointers will return to their
original positions. Failure of either or both
pointers to return to the correct positions indi-
cates a fault in the system.

In-flight test under memory conditions

127. If the system is operating under memory
conditions, the operator may wish to check that
the equipment has reverted to memory condi-
tions because of deterioration of the received
Doppler signal and not because of an equipment
fault. To check the transmitter-receiver as well
as the signal amplifier and signal comparator in
the tracking unit, the transmitter klystron is
modulated by an 800 c/s signal derived from
the 400 c/s power supply. A small proportion
of the transmitted signal breaks through to the
receiver and takes the place of the normal
Doppler signal which, when the system is operat-
ing under memory condifions, is unusable. If
the various circuits are all functioning correctly,
the memory flag on the speed and drift indica-
tor disappears and the signal flag is displayed.
Relay switching arrangements are incorporated
to ensure that the test signal does not interfere
with the speed, drift or pitch integrator circuits.

128. The circuit action of the test is as follows
(fig. 9). With the system receiving an unusable
signal the primary and secondary signal/noise
relays 1RLK and 1RLE are de-energized. Since
IRLE is de-energized a —75V supply is avail-
able at the coil of 1IRLN via contacts 1RLE4
and diode 1MR19 and depression of the TEST
button - completes the circuit to earth for the
coils of IRLN and IRLG. These relays are now
energized and remain in that condition as long
as the button is pressed with the following
effects:

(1) Contacts IRLG1 change over and re-
move the —75V supply from relays 1IRLH
and 1RLJ. This prevents the relays being
energized so that the tracking circuits can-
not be inched up or down. The contacts
also provide a hold-on circuit for 1RLN
and 1RLG to ensure that these relays re-
main energized when 1RLE is energized
due to the signal comparator receiving the
test signal.

(2) Contacts 1RLG2 change over and
break the h.t. circuit through 1RLEl to
the search relay control valves and power
amplifier. This ensures that the speed, drift
and pitch integrator circuits are inoperative
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considerable height over very calm sea or, alter-
natively, a fault in the transmitter-receiver or
certain circuits of the tracking unit can produce
a similar reduction in signal/noise ratio. As
described in para. 127, in-flight test facilities
incorporated in the system permit the pilot to
ascertain which factor is responsible for the
reversion to operation under memory conditions.

115. Assume that the system is functioning
under signal conditions with the follow cir-
cuits operative as previously described. If the
received signal degenerates to the point where
the Doppler signal content is small and the
noise content comparatively high, the negative
potential produced by 8TR17 and the associated
circuit becomes large compared with that pro-
duced by the tuned circuits. The negative poten-
tial fed to 5V3a grid is now smaller than when
a signal of high signal/noise ratio is being re-
ceived and the current through 5V3a increases.
There is a corresponding drop in voltage at
5V3a anode and the lower potential fed to the
grid of 5V4 causes that valve to be cut off.
Relays IRLK, IRLE are de-energized so that
the 140V h.t. supply is removed from the anodes
of 4V3, 4V5 in the pulse modifier and from the
screens and anodes of the valves in the power
amplifier. The power amplifier unit is now in-
operative and the signal from the pre-amplifier,
which has a preponderance of noise, cannot
reach the three integrator motors. At the same
time, drive to 1V1 ceases and relay 1RLL is
de-energized. As there is no drive to the speed,
drift and pitch motors the shafts of these motors
remain in the angular positions they occupied
prior to the removal of the drive signal. The
system thus cannot respond to the noise signal
and is said to be operating under memory
conditions.

116. When the speed motor 7MOI1 is in the
quiescent state, the voltage fed from the wiper
of the potentiometer section of 7X3 remains
constant at the figure prevailing immediately
prior to the changeover to memory conditions.
Hence the speed of the phonic wheel motor re-
mains constant and the speed indicator con-
tinues to show the ground speed at which the
aircraft was travelling at the moment of change-
over. The distance indicator continues to operate
at a rate determined by the speed of the phonic
wheel motor which is now unchanging.

117. Similarly, with no drive applied to the
drift and pitch motors, the indicated drift angle
remains unaltered and, in ARIL23085/1, there
is no change in the drift information fed to
the computor. The eomputor thus continues to
operate on the information last made available
prior to the changeover from signal to memory
conditions.

118. While the memory conditions persist there
is no change in the potential across the primary
windings of the aerial drift and pitch servo amp-
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lifier transformers since 7X2 in the tracking
unit and the drift synchro control transmitter
in the amplifier, synchro signal or computor are
stationary. In consequence there is no drive to
the aerial pitch and drift motors and the aerial
remains in the attitude that last existed under
signal conditions. De-energization of the second-
ary signal/noise relay IRLE causes contacts
IRLE3 to change over and the 28V d.c. supply
is switched to the memory flag circuit. The sig-
nal flag circuit is inoperative since 1RLL is
de-energized immediately the drive to 1V1 is
removed. When 1RLE is de-energized a nega-
tive 75V supply is made available to the operat-
ing coils of the memory test relays IRLG,
IRLN through the action of contacts 1RLE4.

TEST CIRCUITS

119. The test circuits incorporated in the track-
ing unit enable a quick check of the system to
be made under the following conditions.

(1) 1In flight during normal signal condi-
tions to ensure that the speed and drift
Servo circuits are operating correctly.

(2) In flight under memory conditions to
ensure that the equipment has changed to
memory operation because of deterioration
of the received Doppler signal and not be-
cause of an equipment failure.

(3) Before flight, or when bench testing,
as a general check. The test is then identi-
cal with that made in flight under memory
conditions.

120. The principal components controlling the
testing operations are relays 1RLG, I1RLH,
IRLJ, IRLN in the tracking unit, relay 1RLB
and the 800 c/s tone source in the transmitter-
receiver and the TEST push-button switch SWA
on the speed and drift indicator.

In-flight test under signal conditions

121. If, during flight, the operator wishes to
ascertain that the tracking circuits are function-
ing correctly when the system is working under
signal conditions, he presses the TEST button
and observes the speed and drift indicator.
Operation of the button causes the speed and
drift servo systems to be inched off producing
corresponding movements of the speed and drift
pointers. When the TEST button is released, the
received signal returns the pointers to the true
positions if all the units are serviceable. During
this check the distance flown indicator and the
computor receive false information and, to mini-
mize the error introduced, the TEST button is
again pressed and inching occurs in the opposite
direction. Consequently, if equal speed displace-
ment is introduced on each occasion, the two
disturbances cancel.

122. The circuit action initiated by this check
is as follows (fig. 9). With the system operating



under rormal signal conditions the primary and
secondary signal/noise relays IRLK and 1RLE
are energized. Contacts 1RLE4 are thus open
and the memory test relays IRLG and IRLN
cannot be energized. When the TEST button is
first pressed, relay IRLH is energized from the
—75V supply via contacts 1RLGI, resistor
|R24. contacts IRLH2 and the TEST button to
carth. Relay 1RLJ cannot be energized since the
coil is short-circuited via contacts IRLJ1. Ener-
oizing IRLH has the following effects:

(1) The hold-on contacts 1RLH2 main-
tain the supply so that the relay remains
energized when the TEST button is released.

(2) Contacts 1RLHI change over and
prevent relay IRLD being energized.

(3) Contacts 1RLH3 complete the ener-
gizing path for IRLC from the 140V supply
via contacts IRLG2, contacts 1RLE1L
{opzrated), contacts IRLH3 (operated) and
contacts 1RLJ3 to earth.

(4) Contacts 1RLH4 change over and
cause the drift sense relay 1RLA to be
energized.

123. When the search up relay IRLC is ener-
gized, a 4C0 ¢/s signal derived from the lattice
formed by 1R5, 1R6, IR7 and 1C20 is fed, via
contacts IRLCI, 1RLC2, to the pre-amplifier.
This signal causes the speed servo to be inched
up and the speed indicator registers increasing
speed until the TEST button is released. At the
same time, due to the drift sense relay being
energized, continuous drive is applied to the
drift integrator motor in the amplifier, synchro
sienal (or computor) and the drift pointer on
indicator assembly Type M.15 moves to port.

124. When the TEST button is released, the
short-circuit is removed from 1RLJ and this
relay is now energized through contacts 1IRLGI,
resistor IR23 and contacts 1RLH2 to earth.
Relay IRLH remains energized. Through the
action of the changeover contacts 1RLJ3, 1RLC
is de-energized removing the search drive from
the pre-amplifier. At the same time contacts
1RLJ4 break the circuit of IRLA and the drift
sense relay is also de-energized. The system will
now rtevert to signal conditions and, if all the
units are functioning properly, the speed and
drift pointers will return to their correct
positions.

125. However, during the time the TEST button
is pressed, incorrect information is fed to the
distance indicator and to the computor and the
errors thus introduced are not corrected auto-
matically. To compensate for these errors the
TEsT butlon must be pressed a second time and
the system allowed to inch down by an equal
numbet of knots.

126. When the TEST button is pressed the
second time, IRLH is short-circuited through the
action of contacts 1IRLJ1 and the relay is de-
energized. The sequence of events is now

(1) Contacts IRLH1 change over and the
search down relay IRLD is energized via
IRLG2, IRLEl, IRLHI1 and 1RLJ3.

(2) Contacts 1RLJ4 cause the drift sense
relay IRLA to be re-energized.

The 400 c/s signal, reversed in phase, is again
fed to the pre-amplifier and the speed servo is
inched down so that the speed indicator shows
decreasing speed. Similarly, continuous drive in
the reverse direction is applied to the drift in-
tegrator motor and the drift pointer moves to
starboard. On releasing the TEST button the
speed and drift pointers will return to their
original positions. Failure of either or both
pointers to return to the correct positions indi-
cates a fault in the system.

In-flight test under memory conditions

127. If the system is operating under memory
conditions, the operator may wish to check that
the equipment has reverted to memory condi-
tions because of deterioration of the received
Doppler signal and not because of an equipment
fault. To check the transmitter-receiver as well
as the signal amplifier and signal comparator in
the tracking unit, the transmitter klystron is
modulated by an 800 c/s signal derived from
the 400 c/s power supply. A small proportion
of the transmitted signal breaks through to the
receiver and takes the place of the normal
Doppler signal which, when the system is operat-
ing under memory conditions, i1s unusable. If
the various circuits are all functioning correctly,
the memory flag on the speed and drift indica-
tor disappears and the signal flag is displayed.
Relay switching arrangements are incorporated
to ensure that the test signal does not interfere
with the speed, drift or pitch integrator circuits.

128. The circuit action of the test is as follows
(fig. 9). With the system receiving an unusable
signal the primary and secondary signal/noise
relays 1RLK and IRLE are de-energized. Since
IRLE is de-energized a —75V supply is avail-
able at the coil of IRLN via contacts IRLE4
and diode 1MR19 and depression of the TEST
button completes the circuit to earth for the
coils of IRLN and IRLG. These relays are now
energized and remain in that condition as long
as the button is pressed with the following
effects:

(1) Contacts 1RLG1 change over and re-
move the —75V supply from relays 1RLH
and IRLJ. This prevents the relays being
energized so that the tracking circuits can-
not be inched up or down. The contacts
also provide a hold-on circuit for 1IRLN
and 1RLG to ensure that these relays re-
main energized when IRLE is energized
due to the signal cemparator receiving the
test signal.

(2) Contacts 1RLG2 change over and
break the h.t. circuit through 1RLEIl to
the search relay control valves and power
amplifier. This ensures that the speed, drift
and pitch integrator circuits are inoperative
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and that the test signal cannot give rise to
spurious information. The contacts also con-
nect capacitor 1C46 to 1R42.

(3) Contacts IRLG3 change over and
transfer the grid of 5V3b from 8TRI17 to
a preset potential of the order of —7V
at the slider of 5RV3 to simulate low noise
conditions.

(4) Contacts IRLG4 change over, discon-
nect capacitor 1C8 from earth and, at the
same time, complete the energizing circuit
for relay 1RLB in the transmitter-receiver
to apply the 800 c/s modulating signal to
the klystron.

(5) Contacts 1RLN1 change over and con-
nect 1Vla grid through 1R46 to a positive
potential. Since the negative bias has
already been removed from 1VIb grid
through the action of contacts 1RLGI, relay
IRLL is energized.

(6) Contacts 1RLN2 change over and dis-
connect 1R43 from earth.

129, When relay 1RLB in the transmitter-
receiver is energized the action of its contacts
causes the transmitted signal to be modulated
with the 800 c/s tone. The portion of this sig-
nal which breaks through to the receiver forms
the test signal and is fed into the signal ampli-
fier. From there it passes to the signal compara-
tor which, due to the circuit changes brought
about by the contacts on 1RLG, functions as
though a normal input of acceptable signal/
noise ratio were being applied.

130. On receipt of the test signal the anode
potential of 5V3a rises and causes 5V4 to con-
duct. As a result relay 1RLK is energized. Con-
tacts TRLK2 cause 5V4 grid to be raised to the
potential at the slider of 5RV4 while contacts
IRLK1 complete the energizing circuit for
IRLE. When IRLE is energized, contacts
IRLE1 change over and apply + 140V to one
plate of 1C8 via 1R42. Contacts 1RLE2 change
over and connect the other plate of 1C8 to a
source of approximately —10V. Since 1RLG is
energized, the +140V supply is also connected,
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through contacts IRLG2, to one plate of 1C46,
the other plate of this capacitor being at the
same potential as 5V3b grid, ie. —7V. Both
1C8 and 1C46 are thus charged.

131. The flag on the speed and drift indicator
may flash 3 or 4 times as the a.g.c. voltage
builds up, i.e. as capacitors 1C4, 1C5, 1C6 and
1C7 are charged up in turn, but eventually the
signal flag will be displayed steadily.

132. When the TEST button is released. relays
IRLG and 1RLN are de-energized. Through the
action of contacts IRLG2 the +140V supply
is momentarily connected via IRLEl to the
search and follow circuits but, since relay 1RLE
is de-energized immediately after 1RLG, the
duration of this h.t. pulse is too short to have
any significant effect.

133. With IRLE de-energized. the 4140V
supply is disconnected from 1C46 and as IR43
is now returned to earth through contacts
IRLN2, a large negative puise is applied to the
grid of 5V3b. This brings about a fall in poten-
tial at 5V3a anode which causes 5V4 to be cut
off. In consequence, relays IRLK and 1RLE
are de-energized.

134. During the time the TEST button is de-
pressed a very large a.g.c. voltage may be pro-
duced by the strong test signal. This voltage
must be given time to leak away before the
comparator valve is allowed to control the
signal/noise circuits again and thus the positive
plate of 1C8 is re-connected to earth when
IRLG is de-energized and the negative plate to
5V4 grid when IRLE is de-energized.

135. Before 1RLG was de-energized, capacitor
1C8 was charged to approximately 150V. In
the short interval of time between the de-ener-
gizing of relays IRLG and IRLE part of the
charge on 1C8 will have leaked away through
SR26 but when the capacitor is re-connected to
5V4 grid, through the action of contacts 1RLE2,
the remaining charge can only leak away through
resistors SR19 and 5RI18. As a result, 5V4 is
held in the cut-off condition for a period of
approximately 20 seconds before a signal of
satisfactory signal/noise ratio can be accepted.
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Introduction

1. The aerial is a moving aerial of the slotted-
waveguide type, and it produces the four-beam
transmission pattern required to obtain both the
ground speed and drift information. The principal
function of the aerial is to transmit groundwards
the frequency-modulated c.w. signal produced by
the transmitter-receiver and to receive the reflected
signal. The received signal is mixed with a small
proportion of the transmitter signal in the hybrid
ring balanced mixer, which forms part of the aerial
assembly, to produce an i.f. signal. To ensure that
a signal of relatively high signal-to-noise ratio is
fed to the transmitter receiver, the signal is ampli-
fied in the 1st i.f. amplifier which is a plug-in sub-
unit mounted on the aerial assembly. Closed-loop
servo control systems stabilize the aerial in the
pitch and azimuth planes.

115 or 200 volts +5%,

400 c/s +5%, 3-phase a.c.

28 watts at 115V a.c.

—60°C to +70°C

—40°C to +55°C

60,000 feet

. 30-5 /b (13-8 kg)
Height 10 in. (25-4 cm)

Width 12% in. (31-8 cm)

Depth 261 in. (664 cm)

Not normally required

. Underside of aircraft
3 degrees 15 minutes at 3dB points
67 degrees 15 minutes

+10 degrees
+ 30 degrees
1 foot

2. In order that the drift and pitch angles of the
aircraft may be resolved, it is essential that the
transmitted beam should be directed alternately
forward and backward of the aircraft, and
additionally, the beam must be successively dis-
placed to port and starboard. This is achieved by
the use of end-fed, slotted-waveguide elements and
adjacent reflectors. The direction of feed of the
transmitting elements is arranged by a rotary
waveguide switch driven by a motor via a cam and
geneva mechanism. Likewise, the elements used
for reception must be switched and this is done by
a contra-rotating cam and geneva mechanism
driven by the same motor. Stabilization of the
aerial in the pitch and drift planes is accomplished
by the use of two servo amplifier-controlled motors
with associated gearboxes and gear segments.
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AERIAL TYPE M3t
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Fig. 1. General view of aerial assemblies

Constructional details (fig. 1)

3. Mechanically the aerial assembly consists of
two major assemblies: the gimbal and hub assem-
bly, and the main aerial body or hood assembly.
The complete assembly is attached to a mounting
plate, which is accurately aligned and secured to
the aircraft structure. Dowel pins ensure that the
assembly is correctly positioned with respect to the
mounting plate; thus, providing the position of the
mounting plate remains unaltered, the aerial
assembly can be readily replaced without the
necessity for realignment.

4. The gimbal and hub assembly includes the
pitch and drift motors with their associated gear-
boxes, a.c. pick-off and synchro control trans-
former, respectively, and the pitch-plane waveguide
joint. Basically, the hood assembly is a light-alloy
structure which has two matched pairs of slotted-
waveguide elements and three aluminium honey-
comb reflectors attached to its underside. The upper
surface of the assembly carries the waveguide
switch and gearbox, 1st i.f. amplifier, servo ampli-
fier, the hybrid ring and waveguide sections, and
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Fig. 2. Schematic arrangment of assemblies

the gimbal and hub assembly, which is attached to
it at the longitudinal centre.

5. The function and operation of the various
sub-assemblies and components of the aerial are
dealt with under the following headings:—
Waveguide assembly and aerial drive motors
(component prefix No. 1)
Ist i.f. amplifier assembly
(component prefix No. 2)
Servo amplifier assembly
(component prefix No. 3)

6. The waveguide assembly consists of the slotted-
waveguide aerial array, waveguide switch and gear-
box unit, hybrid ring, feeder waveguides and joints.
Four, accurately slotted, aluminium waveguides,
lying parallel to one another and between alumin-
ium honeycomb reflectors, form the directional
horn aerial array. Centrally placed in the array is a
longitudinal screen which greatly reduces cross-
coupling between the pair of waveguides used for
transmission and the pair utilized for reception of
the reflected signal. The axis of the aerials is
horizontal.

7. A three-phase motor, with associated cams and
geneva mechanisms, is used to drive the contra-
rotating sections of the waveguide switch, the cams
and geneva mechanism being fitted in a gearbox
which is mounted above the switch assembly.

8. The hybrid ring is a milled alloy component
into which are inserted two germanium diodes. 1t
isolates the receiving elements of the aerial array
from the transmitter while allowing the mixing of
the received signal and a small proportion of the
transmitted signal in the low noise mixer circuit
formed by the two diodes.

9. In conjunction with the slotted waveguides, the
feeder waveguides form complete longitudinal loops
round the hood assembly, the cross-sectional arca

of the feeder waveguides being greater than that of
the slotted waveguides. To effect mechanical con-
tinuity of the waveguide during movements of the
aerial in the pitch and azimuth planes respectively,
a rotating joint and a knuckle joint are used.

10. Servo amplifier-controlled aerial drive motors
move the aerial in the pitch and azimuth planes via
associated gearboxes and segment-gears. Spring-
loaded stops are fitted to prevent the aerial travel-
ling beyond pre-determined limits in the two planes
of movement.

11. The output of the transmitter is connected to
the aerial assembly by a waveguide, all other
external connections being effected by a 24-pole
plug. From the Ist i.f. amplifier, which is a small
plug-in assembly attached to an anti-vibration
chassis assembly on the upper face of the hood
assembly, the i.f. signal is fed, via coaxial cable, to
the receiver. The servo amplifier is a chassis similar
to the Ist i.f. amplifier and is also secured to the
anti-vibration chassis assembly by a single captive
SCTew.

\

Brief circuit description

12. When reading the following brief description
of the circuits and operation of the aerial assembly,
reference should be made to the block diagram,
fig. 3.

13. The frequency-modulated c.w. signal pro-
duced by the transmitter is fed by a waveguide to
the aerial assembly. Here it passes via the direc-
tional coupler to the transmit section of the wave-
guide switch. This section has four connections to
the two slotted waveguides used for transmission,
switching being accomplished by the use of a
rotating waveguide connector. The signa! is 1ed to
each end of the slotted waveguides in sequence, the
duiation of feed to each end being 380 milliseconds,
while the entire switching cycle occupies a period «f



2 seconds. One of the slotted waveguides functions
as an in-phase element, and radiates a signal in the
direction of the feed. The other, operating as an
anti-phase element, transmits the signal in a
direction opposite to that of the feed. By switching
the direction of the feed, and by the use of reflectors
parallel to, and to the side of, the radiating elements,
directional properties are produced in the aerial
assembly. These directional properties result in the
transmitted signal being radiated forward, rear-
ward and, concurrently, to port and starboard of
the aircraft.

14. The reflected signal is received by an iden-
tical slotted-waveguide array, switching being so
arranged that when an in-phase transmission
element is in use, an anti-phase element is employed
for reception of the reflected signal, and vice versa.
The output of the reception elements is connected
by the receive section of the waveguide switch to
the hybrid ring balanced mixer. Mixing of the
received signal and a small preset proportion of the
transmitter signal, the latter being obtained via the
directional coupler, takes place in the balanced
mixer. The output of the diodes IMR1, IMR2 is
fed to the Ist i.f. amplifier. This consists of a high
gain, low noise, cascode amplifier stage followed by
two normal a.g.c. controlled amplifier stages. The
amplified 600 kc/s +169; i.f. signal is fed, via a
coaxial cable, to the 2nd i.f. amplifier in the
transmitter-receiver (Chap. 1).

15. Control of the pitch and drift motors is
effected by the use of two almost identical servo
amplifier circuits, each consisting of a push-pull
amplifier stage with a signal input transformer con-
nected to the grids. The control voltage, or error
signal, applied to the primary winding of the pitch
servo amplifier input transformer is the difference
voltage existing between the pitch a.c. pick-off
mounted on the aerial assembly and the a.c.
pick-off 7X2 in the tracking unit (Chap. 2). The
voltage fed to the primary winding of the drift
servo amplifier input transformer is the output of
the rotor winding of the drift synchro control
transformer.

16. In the event of the aerial not being aligned
along the aircraft flight path in the pitch plane, a
difference of potential exists between the two a.c.
pick-offs associated with the pitch servo system.
This difference voltage is amplified by the servo
amplifier and applied to the pitch motor. As a
result, the hood assembly is moved in the appro--
priate direction until the aerial is correctly aligned
and no potential difference exists between the two
a.c. pick-offs, the direction of rotation being
dependent upon the phase relationship of the signal
from the servo amplifier. Transformer I TR1 in the
tracking unit produces the energizing voltage for
the aerial-mounted a.c. pick-off.
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17. Similarly, if the aerial is not correctly aligned
in the azimuth plane, an error voltage is fed from
the drift synchro control transformer to the servo
amplifier input transformer, and the aerial is
rotated until it is correctly aligned and no error
voltage exists.

18. Fitted in the waveguide switch and gearbox
assembly are three cam-operated springsets which
provide blanking, drift, and pitch sense control for
the tracking unit.

19. The h.t. and crystal bias supplies are obtained
from the transmitter-receiver, and valve heater
supplies are provided by the aerial-mounted trans-
former ITRI. A three-phase a.c. supply of 115 or
200 volts for the primary of ITRI, and for motors
IMOI1, IMO2, 1MO3, enters the unit on pins 15,
16, 17 of plug PLA.

20. The circuit diagrams of the waveguide assem-
bly and aerial drive motors, and of the other two
assemblies are in ¢ fig. 8, 9 and 10. p Reference
should be made to the appropriate diagram when
reading the following descriptions.

Waveguide assembly and aerial drive motors

21. The functions of the waveguide assembly are
the feeding, switching, transmission, reception and
mixing of the transmitter and reflected signals. The
aerial drive motors form part of two closed-loop
servo systems designed to align or stabilize the
slotted-waveguide aerial array in the pitch and
azimuth planes.

22. The component parts of the waveguide
assembly are the slotted-waveguide aerials, which,
with the associated feeder waveguides, form a
complete longitudinal loop round the hood assem-
bly, the waveguide switch and gearbox assembly,
and the hybrid ring. Aluminium waveguide of
rectangular cross-section is used throughout the
waveguide assembly. Two matched pairs of
accurately slotted waveguides, which form the
radiating and receiving elements of the aerial
array, are arranged symmetrically on the underside
of the hood assembly. The narrow face of the wave-
guides is slotted, thus producing inclined shunt-
coupled slots; these waveguides are of smaller
cross-sectional area than the feeder waveguides.

23. Precision-machined flanged joints are used to
join the various sections of fixed waveguide, while
a knuckle joint is employed to permit movement of
the aerial in the azimuth plane to compensate for
drift of the aircraft, and a rotating joint provides
continuity of the waveguide at the gimbal and hub
assembly to permit movement in the pitch plane.
Connected adjacent to the knuckle joint, in the
waveguide run to the transmit section of the wave-
guide switch, is the directional coupler. This con-
tains a variable card attenuator which is used to
set the level of transmitter output signal fed to the
hybrid ring balanced mixer.
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24. The hybrid ring is a milled alloy component,
the mean circumference of which is equal to
one-and-a-half times the wavelength of the feeder
waveguide. This device isolates the transmitter
signal from the reception elements of the aerial
array, while permitting the mixing of the received
signal and a small preset proportion of the trans-
mitter signal in a low-noise mixer arrangement. Of
the four waveguide arms which form series
junctions with the ring, one is connected to the
receive section of the waveguide switch, and one
to the directional coupler. A germanium diode is
inserted in each of the remaining arms and it is
here that the mixing takes place. The diodes IMRI1,
IMR?2 are inserted in relative positions such that
each receives signals of the same level and phase
from the directional coupler. Access to the two
diodes is via two knurled retainers, the collets of
which carry the diodes.

25. A test aperture in the waveguide connecting
the receive section of the waveguide switch to the
hybrid ring 1s covered by a small, detachable plate.

26. Waveguide switch ISWE, ISWF is contained
in 2 machined alloy block which is attached to the
horizontal portion of the hood assembly. Secured
above the switch is a plug-in drive section consisting
of the driving motor IMO1 and gearbox assembly.
The motor drive terminates in two offset cam wheels
which mesh with two geneva mechanisms. These
mechanisms are attached to the drive shafts of the
two sections of the switch, thus providing drive to
the switches at times determined by the cams and
geneva mechanisms. The supply connections of the
three-phase synchronous motor IMOI are brought
out to a tagboard to tacilitate the setting of the
tappings of the windings for use on either a 115-volt
or a 200-volt a.c. supply. Also incorporated 1n the
switch box are three springsets 1SWA, ISWB,
ISWC which are operated by cams attached to the
geneva mechanism drives. The contacts of these
springsets provide blanking, drift, and pitch sense
control, respectively, for the tracking unit.

27. The aerial system is driven in the pitch and
azimuth planes by two 115-volt, two-phase motors
IMO2, 1MO3 via their respective gearheads and
gear segments. The motors are controlled by
individual servo amplifiers; these form the servo
amplifier assembly.

28. The pitch motor IMO2 is secured to the
gearbox assembly by two L-clamps. The gearbox
has a reduction ratio of 6000 : 1, and is secured
to the hub assembly by three screws. The driving
gear-assembly of the gearbox meshes with a
phosphor-bronze gear segment mounted on the
gimbal assembly, thus producing drive about the
segment for pitch movement. A locking pin is fitted
so that the aerial may be locked in the zero pitch
position during transportation, and during align-
ment in the aircraft. Spring-loaded stops on the
hub assembly, in conjunction with the adjustable
stops on the gimbal assembly, limit the operational
pitch movement to 110 degrees.



29. Mounted on the hub assembly, on the side
remote from the pitch motor, is the pitch a.c.
pick-off 1X1. This has movement imparted to its
rotor by means of a lever assembly and link, the
latter having its outer end attached to the gimbal
assembly. Any movement of the gimbal assembly
is, therefore, transmitted to the rotor by the lever
assembly, the leverage of which produces a 3 : 1
increase of angular movement at the pick-off. The
drift motor 1MO3 and gearbox assembly are
secured to the base casting. The driving gear
assembly meshes with, and drives on, a gear seg-
ment attached to the hub assembly. The gearbox
has a reduction ratio of 4000 : 1. The operational
drift movement is limited to 30 degrees by spring-
loaded stops, and the aerial can be locked in the
zero drift position by the insertion of a locking pin.
Mounted in a position adjacent to the hybrid ring,
and between the feeder waveguides, is the drift
synchro control transformer 1X2. Movement is
transmitted to its rotor by means of an arm and link
assembly which has its outer end attached to the
hub assembly. Hence, any movement of the aerial
in the azimuth plane is transmitted to the rotor of
the synchro control transformer.

Waveguide switching

30. The frequency-modulated c.w. signal (8800
Mc/s nominal) from the transmitter-receiver is
coupled to the aerial assembly by a waveguide, the
length of which is kept to a minimum in order to
reduce the overall attenuation of the transmitter
signal. The signal enters the directional coupler
from where, apart from a small preset proportion
which is coupled to the hybrid ring, it is fed to the
transmit section of the waveguide switch ISWF.

31. In the circuit diagram the switch is shown
feeding the signal to number 4 waveguide cntry.
This is an entry to an in-phase slotted-waveguide
element, and the signal is, therefore, radiated in
the direction of feed. The reflectors fitted parallel
to, and at each side of, the element cause the signal
to be radiated rearwards and to starboard of the
aircraft’s track (assuming the system is locked-on
in the drift and pitch planes). It should be noted
that although indication of the forward and aft
directions has been made on the block diagram
(fig. 3). this is purely an aid to description, and
the aerial may, in fact, be mounted in the reverse
direction.

32. The receive section of the waveguide switch
ISWE switches the signal received by the anti-
phase receiving element (in the instance number 4
entry is open) to the hybrid ring. The number 4
entries are open for a period of 380 milliseconds,
and at the end of this time the cam wheels, driven
by the motor IMOI, engage the geneva mechanisms
and move the contra-rotating switch sections (in
the directions indicated by the arrows) until
position 1 is reached.

33. The direction of feed to the in-phase trans-
mitting element is then reversed, and the signal is
transmitted in a starboard-forward direction for a
period of 380 miiliseconds. Similarly, the reflected
signal is received by the anti-phase element from
the starboard-forward direction, and passes via
number | entry to the hybrid ring.

34. During the 120 milliseconds when the wave-
guide switch is rotating, resulting in the waveguide
entries being blanked, the contacts of springset
ISWA are closed by the action of a cam. The
closure of ISWA completes the operating circuit
for relay 2RLA in the tracking unit, thus providing
blanking information at the appropriate times
(Chap. 2).

35. The third position of the waveguide switch
brings into operation the number 2 entries, and the
signal is radiated to, and received from, the port-aft
direction. In the fourth position, the signals travel
to and from the port-forward direction via the
number 3 entries. Motor IMOI1 is constantly
rotating, consequently the direction of radiation
and reception of the signal is continuously and
sequentially switched. The sequence is starboard-
aft, starboard-forward, port-aft, port-forward.
Control of drift and pitch sense circuits in the
tracking unit is effected by the use of cam-operated
contacts ISWB and 1SWC. The timing sequence of
switches ISWA, 1SWB, ISWC, ISWE and ISWF
is shown in fig. 4.

Mixing

36. The received signals are mixed in the hybrid
ring balanced mixer with a small, pre-determined
proportion of the transmitter signal. The level of
transmitter signal fed to the hybrid ring from the
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directional coupler is adjusted, by means of a
variable card attenuator, to give a current of 1-8 to
19 milliamps in each diode. The two germanium
diodes IMR1 and IMR2 are connected with
reversed polarities to form a balanced mixer with
a high signal-to-noise ratio. The application of a
positive bias voltage of 0:16 4 0:02 volts to each
diode also tends to improve the signal-to-noise
ratio. The bias vol.ages are fed from the trans-
mitter-receiver and enter the aerial on plug PLA
pins 18 and 21. The output of the mixer diodes is
fed via coaxial cabies to the 1st i.f. amplifier, both
cables being terminated at each end by a miniature
coaxial plug.

Servo systems

37. To align the transmitting and receiving
elements in the pitch and azimuth planes, two
servo amplifier-controlled motors are used to
provide the requisite movement. These are 1IMO2
and 1MO3, which are 115-volt, two-phase a.c.
motors. The reference winding of each motor is
supplied with 115 volts, 400 c/s a.c., while the
control windings of each motor are connected to
form the anode loads for the valves of the respec-
tive servo amplifiers. Resistors 3R6, 3R12 and
rectifiers 3MR 1, 3MR2 in series with the reference
windings provide a degree of damping to counteract
any tendency of the motors to overshoot.

Pitch servo

38. The primary winding of the pitch servo
amplifier input transformer 3TR2 is connected in
series with the output of the a.c. pick-off 1X1 and
with the output of the pitch integrator a.c. pick-off
7X2 in the tracking unit, as shown in the simplified
circuit diagram fig. 5. If a potential difference exists
across the primary winding of 3TR2 (this occurs
when the aerial is not correctly aligned along the
aircraft flight path), the difference voltage is
amplified by 3V3, 3V4 and the pitch motor rotates.

39. Anenergising voltage of 15 volts a.c., obtained
from a secondary winding of 1TR1 in the tracking
unit, is fed to terminals U, V of 1X1 via pins 9 and
10 of plug PLA. Any movement of the array in the
pitch plane causes the rotor of 1Xi to be rotated,
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and this sets up an unbalance of the inductance
bridge formed by the windings of the pick-off. As
a result of this, an error voltage is produced, the
phase of which is dependent upon the direction of
rotation of the rotor.

40. The action of the pitch closed-loop servo
control system, as shown in the block diagram
fig. 6, is as follows If the aerial array is not aligned
along the aircraft flight path in the pitch plane, the
angle between the flight path and the rearward
transmission beam differs from the angle between
the flight path and the forward beam. Conse-
quently, the frequencies of the fore and aft Doppler
signals differ by an amount dependent upon the
degree of misalignment, and, as a result of the
circuit action which takes place in the tracking
unit, motor 7MO2 in that unit rotates. Mechanic-
ally coupled to this motor is the rotor of the pitch
integrator a.c. pick-off 7X2, hence an error voltage
(nominally 0-165 volt per degree of rotor displace-
ment) is produced across terminals X, Y of the
pick-off when the rotor is displaced from its zero
(or null) position. This voltage appears across the
primary winding of transformer 3TR2, is amplified
by 3V3 and 3V4, and causes the pitch motor IMO2
to rotate. The motor, via its associated gearing,
elevates or depresses the array, the direction of
movement being dependent upon the phase of the
error signal produced by 7X2, which in turn is
dependent upon the relationship of the Doppler
signals received from the fore and aft directions.

41. As previously stated, the rotor of 1XI is
mechanically coupled to the gimbal assembly by a
lever and link assembly, and movement of the
array is, therefore, transmitted to the rotor. The
resultant error voltage produced across terminals
XY of 1X1 is applied to the primary winding of
3TR2. The magnitude of this voltage increases
with rotor (or shaft) displacement angle until the
voltages produced by 7X2 and 1X1 are of equal
magnitude but opposite phase. Under these con-
ditions there is no potential difference across the
primary winding of 3TR2 and continuous drive is
removed from 1MO2.
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42. During the time that the array is being
elevated or depressed, the difference in frequency
between the Doppler signals from the fore and aft
directions is continually decreasing. At the point
where the outputs of 7X2 and 1X1 are balanced,
the Doppler signal frequencies are identical and,
because of this, there is no net drive to 7TMO2 in
the tracking unit. Thus the aerial array now has its
axis aligned along the aircraft flight path, the fore
and aft Doppler signals are of equal frequencies,
the outputs of 1X1 and 7X2 are balanced, and there
is no continuous drive to motors IMO2 and TMO2.
Any further deviations of the aerial axis from the
aircraft’s flight path due to a change in aircraft
attitude cause similar circuit action to take place
and the aerial remains correctly aligned along the
flight path whenever the system is operating under
signal conditions.

Drift servo

43. To the primary winding of the drift servo
amplifier input transformer 3TR1 is fed an error
signal which is derived from the rotor winding of
the synchro control transformer 1X2. In the event
of the aerial array not being aligned along the
aircraft’s track, due to the aircraft being subjected
to drift conditions, an error signal is developed in
1X2; this is suitably amplified and used to control
the drift motor IMO3. The operation of the drift
servo control system, which is shown in the block
diagram fig. 7, although similar to that of the pitch
servo control system, differs insofar as synchro
elements are used in place of the a.c. pick-offs
employed in the pitch system. The operation of the
system is as follows, If the aerial array is not
aligned along the aircraft’s track, circuit action in
the tracking unit causes the drift integrator motor
6MOLl in the indicator drive unit (or computor,
depending upon which unit is fitted) to rotate. The
direction of rotation of the motor is dependent
upon whether the aerial 1s misaligned to port or
starboard of the track.

44, Mechanically-coupled to 6MOL is the rotor
of a synchro control transmitter 6X3, and move-

l TRACKING UNIT

of pitch servo

ment of the rotor results in the procuction of an
error voltage; the phase of the error voltage is
dependent upon the direction of rotation, while the
amplitude is related to the angular displacement of
the rotor. The stator windings of 6X3 are electric-
ally-coupled to the stator windings of the aerial-
mounted transformer 1X2, via pins 11, 13, 14 of
plug PLA. Consequently, an error signal is induced
in the rotor winding of 1X2 and is fed to the
primary winding of 3TR1. The output from the
secondary winding of the transformer is amplified
in the push-pull servo amplifier 3V1, 3V2, and this
amplified signal controls the drift motor 1MO3.
The motor rotates and, via associated gearing,
drives the aerial array in the appropriate direction
until the Doppler signals received from the port
and starboard directions are of identical fre-
quencies. When this condition obtains, steady drive
in one direction is removed from 6MOI1 and IMO3,
and the aerial is correctly aligned along the air-
craft’s track.

45. A mechanical linkage between the hub
assembly and the rotor of 1X2 imparts any move-
ment of the aerial array to the rotor, and the
condition when the Doppler signal frequencies are
identical coincides with the null or zero error signal
position of the rotor. Thus, as the aerial moves, the
error signal fed to 3TR2 becomes gradually less
(due to the rotor being moved towards the null
position), until no error signal is produced by 1X2,
drive is removed from 1MO3, and, as previously
stated, the aerial is aligned along the aircraft’s
track. To facilitate the checking of the error signal
produced in the rotor winding of 1X2, a drift
svnchro test connection is taken from the RI1
terminal of 1X2 to pin 22 of PLA and ultimately to
the test set.

1st i.f. amplifier assembly

46. The Ist i.f. amplifier is a high-gain, low-noise
amplifier used to amplify the i.f. signal from 1MR1
and IMR2 in the hybrid ring balanced mixer. This
ensures that a signal of high signal-to-noise ratio
is fed to the 2nd i.f. amplifier in the transmitter-
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receiver which, in some aircraft, may be mounted
a considerable distance from the aerial.

47. The components of the plug-in amplifier are
mounted on a tray-type alloy chassis, which is
secured to an anti-vibration chassis assembly by a
single captive screw. A drip-proof cover is attached
to the unit by two screws. The unit is spigot-located,
and a 15-pole plug, mating with a socket on the
anti-vibration chassis assembly, effects the electrical
connections to the amplifier. Four flying-lead base
valves are used in the assembly. They are screened
and supported by spring-loaded metal sleeves.

48. The i.f. signal of 600 kc/s +169, (swept at
10 excursions per minute) produced by IMR1 and
IMR2 is fed by coaxial cable, via SKE and SKF,
to the split-primary windings of the flatly-tuned
signal transformer 2TR1. From the secondary
winding the signal is fed to the grid of 2V1, which
with the earthed-grid valve 2V2 forms a low-noise,
cascode input stage. 2L1 is tuned to minimum
inductance,p and 212, 2C9 and 2L3, 2C14 are
stagger-tuned to low and high frequencies respec-
tively. Two further amplifier stages follow the
cascode stage, and from the anode circuit of 2V4,
which is tuned to 600 kc/s, the amplified i.f. signal
is fed, by coaxial cable, to the 2nd i.f. amplifier in
the transmitter-receiver. Applied to the grids of
2V3and 2V4isan a.g.c. voltage that is produced in
the a.g.c. and S/N assembly of the tracking unit
and fed to the valves via pin 3 of PLA. A rectifier
2MR1 ensures that no positive a.g.c. voltage is
applied to 2V4 grid.

49. The 110-vo.t h.t. supply for the valves is
produced by the power supply circuits of the
transmitter-receiver and is fed to the unit via pin 18
of plug PLA. Transformer 1 TR 1, which is mounted
adjacent to the 1st if. amplifier, provides the
6-3-volt heater supply for the valves.

Servo amplifier assembly

56. The function of the servo amplifier circuits is
to amplify the error signals applied to them from
the pitch a.c. pick-off and drift synchro control
transformer. The amplified signals are then used to
control the pitch and drift motors.

51. The construction and lay-out of the assembly
are similar to those of the Ist i.f. amplifier. The
assembly is mounted on the side of the anti-
vibration chassis assembly remote from the 1st i.f.
amplifier, and is secured by a single captive screw.

52. Two almost identical push-pull amplifier
circuits form the servo amplifier. Applied to the
grids of 3V1 and 3V2 is the error signal produced
in the rotor winding of the synchro control trans-
former 1X2 after it has been stepped-up by the
input transformer 3TR1. Similarly, the pitch error
signal is stepped-up by 3TR2 and fed to 3V3, 3V4
for amplification, the anode loads for the valves
being the centre-tapped control winding of 1IMO2.
The h.t. and valve heaters supply circuits are the
same as for the 1st i.f. amplifier.
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Chapter 4
INDICATOR, RANGE TYPE M.16

(DISTANCE INDICATOR)
and

INDICATOR ASSEMBLY TYPE M.15

(SPEED AND DRIFT INDICATOR)
LIST OF CONTENTS
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Description .. 1
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LIST OF ILLUSTRATIONS
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General view of distance indicator 1

General view of speed and drift indicator 2

Indicator, range Type M.16: circuit 3

Indicator assembly Type M.15: circuit 4

LEADING PARTICULARS
DISTANCE INDICATOR
Scale .. .. 0 10 999-9 nautical miles in 0-1 nautical mile increments
Operating voltage .. .. .. .. .. .. 30 +2volts d.c.
Maximum temperature range .. .. .. .. —40°C to +170°C
Operational temperature range . . . —40°C to +55°C
Altitude ceiling .. . .. .. .. .. . 60,000 feet
Weight .. .. .. .. .. .. .. .. 1 /b (0-45 kg)
Case size .. .. .. .. .. - .. .. .. 3} SAE
Diamensions .. .. .. .. .. Flange 3% in. (8:26 cm)

Case depth 2% in. (1-06 cm)
Bezel diameter 3% in. (7-94 cm)

Mounting . .. . .. .. .. .. Three 6-32 ANC screws
Compass safe distance .. . .. .. 2:5f1(0-762 m)
SPEED AND DRIFT INDICATOR
Scales .. .. .. .. .. 80-900 knots and 30° port to 30° stbd
Maximum temperature range .. .. .. .. —40°C to +70°C
Operational temperature range .. .. .. —40°C to +55°C
Altitude ceiling .. e - .. . .. .. 60,000 feet
Weight .. .. .. . .. .. .. .. 1:51b(0-68 kg)

Case size .. .. .. .. . .. Flange 3% in. (8:26 cm)

Case depth 3%% in. (9-92 cin)
Bezel diameter 3} in. (7-94 cm)

Mounting .. .. .. .. .. .. Three 6-32 ANC screws
Compass safe distance .. .. .. .. .. .. 4in. (10-2 cm)
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DISTANCE INDICATOR

Fig. 1 General view of distance indicator

Description

1. ‘The distance indicator gives a counter presenta-
tion of nautical miles flown up to a maximam of
9,999-9 in 0-1 nautical mile increments. The voltage
impulses necessary for the energization of the
electro-magnetic operating mechanism are pro-
duced by cam-operated contacts in the phonic
wheel assembly of the indicator drive unit, or the
resolver gearbox of the computor.

2. Thé mechanism is housed in a 3} inch SAE
case, which is slightly modified to accommodate
the combined on-off switch and resetting control.
The instrument is normally anti-vibration panel
mounted, and secured by three No. 6-32 ANC
screws. To suit various types of aircraft, the socket
which carries the electrical connections to the plug
fitted at the rear of the instrument may be of either
the straight or angled type, with a choice of three
different angles being available. A combined on-off
switch and resetting control with a milled-edge,
engraved, knob is fitted to the front face of the
instrument. If the distance flown indication 1s not
required, the knob should be pressed fully inward,
when it will remain in this position due to the
action of the pinion shaft and hollow spindle,
which become locked by a spring-loaded: ball.
The circuit to the impulse counter is broken by the
action of a cam on the hollow spindle, which

depresses the plunger of a miniature microswitch,
thus opening the normally closed contacts.

3. Ifitis desired to reset the counters in flight, or
on completion of a flight, the engraved knob,
which will be in the operating position (fully
extended), must be depressed to break the electrical
circuit to the counter mechanism, and then turned
in a counter-clockwise direction. This rotary action
is transmitted via a gear and pinion train, and
miniature bevel gears, to reset the counter wheels
of the integrating mechanism. Inadvertent mileage
subtraction by reverse rotation of the reset knob is
prevented by ratchet action in the integrating
mechanism.

4. The integrating mechanism consists of five
plastic wheels, each one numbered around its
periphery, and pivoted on a central spindle. Each
wheel has moulded teeth on the right-hand face to
enable it to be rotated. The operating mechanism
is electro-mechanical, and consists of two 500-ohm
bobbins connected in parallel and mounted on a
common former. Pivoted between the pole-pieces
of the former is an armature which is spring-loaded
out of magnetic alignment, and carries a scissor-
type operating cam which engages the projections
on the right-hand (1/10 nautical mile) counter.

S. When the € 30V 42V ) d.c. impulses are
received from the cam-operated contacts SSWA in
the phonic wheel assembly of the i.d.u. or the
resolver gearbox of the computor, via the on-off
microswitch SWA in the instrument, the two coils
are energized. This causes the pivoted armature to
align with the pole pieces, and the scissor cam
rotates the red wheel one-tenth of a turn for each
impulse received. As each wheel turns a full
revolution, it operates the wheel adjacent to its
left-hand face one-tenth of a revolution by means of
small plastic pinions mounted on a separate spring-
tensioned spindle.

6. Manual operation of the reset control sets the
counter wheels to zero by rotating the rotary
ratchet plates which are fitted between each wheel.

7. The flying leads of the counter are connected
to a small tagboard which is fitted on the instrument
structure. A silicon diode MRI1 is connected in
parallel with the coils of the integrating mechanism
to facilitatc a rapid pulse decay and to ensurc
positive operation of the mechanism.

SPEED AND DRIFT INDICATOR

Description .

8. The speed and drift indicator is a dual pointer,
circular-scale indicator housed in a modified 3} inch
SAE case, providing an indication of groundspeed,
and port or starboard drift angle. The larger
pointer indicates groundspeed on the outer scale,
which has a range graduated in 10 knot increments
from 80 to 900 knots. while the smaller pointer
indicates drift to port or starboard on the inner
scale. This scale is graduated in 1 degree steps to a

maximum of 30 degrees in each direction from a
centre zero position.

4 9. As described in Part 1, Sect. 1, Chap. 1, the
system can operate under search, follow or memory
conditions. Alternatively, it may be inoperative due
to a failure of the power supply, to the power supply
switch being in the off position or to a failure of the
follow system. When the aircraft is in flight and the
system is functioning under search conditions, the
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Fig. 2 General view of speed and drift indicator

indicator flag displays a black M on a yellow back-
ground. Once the system has locked on to a signal
a black flag is displayed. In the event of the received
Doppler signal becoming of such a low signal/noise
ratio as to cause the equipment to change to the
memory condition, a black OFF on a red back-
ground is presented. This also occurs when no
power is applied to the installation. b

10. A spring-loaded in-flight TEST button is fitted
below the front face of the instrument. If this
button is pressed when a normal signal is being
received (indicator black) the groundspeed pointer
inches up or down the scale until the button is
released, whereupon circuit action of the speed
servo system of the tracking unit causes the pointer
to return to its original position. If the button is
now depressed a second time, the groundspeed
puinter inches in the opposite direction until the
button is released, when the pointer is again
returned to its original position. thus proving that
the traching circuits (speed servo system) are
aperating  correctly. Should the equipment be
functioning under memory conditions with no
usabie Doppler signal being received when the
button is operated. the magnetic indicator changes
frem OFF to black (assuming the transmitter-
receaiver 1s funcuoning correctly) until the button is
refeased, but there is no movement of groundspeed
a=d dnft pointers

t1.  Ihe construcnon of the instrument takes the
fcim of a circular, machined, light-alloy casting,
which houses two gear trains, and supports the
groundspeed synchro receiver X3, the drift synchro
receiver X2, and the magnetic indicator XI.
Attached to the casting are four circular pillars,
which provide a rigid mounting for the plugplate.
This houses the twelve-pole connector plug, and
provides attachment for the instrument outer cover.

12. The spindle assembly consists of three con-
centric spiadles, the inner drives the groundspeed
pointer, the hollow outer spindle drives the drift

AR2890AC, Vol. 1, Part 2, Sect. §, Chap. 4
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pointer, and the intermediate hollow spindle.
which is anchored to the bearing support plate,
acts as a bearing tube. The outer spindle is secured
by a spring circlip. The counterbalanced ground-
speed pointer is a press fit on a tapered inner
spindle, which is driven by the synchro torque
receiver X3 through a simple 1 : 1 ratio gear train.
The drift counter, which is also counterbalanced, is
a press fit on the tapered outer spindle. The spindle
is rotated in either direction by the synchro torque
receiver X2 driving a 1 : | gear train, in a similar
manner to the groundspeed pointer. It should be
noted that both poianters and the scale markings
are non-luminous, and are normally illuminated by
panel-type lighting.

13. The gear train of each synchro is similar, and
consists of a gearwheel secured to the splined
synchro shaft by a nut and drive washer, meshing
with a flat gear wheel which in turn drives the
pointer spindle gearwheel. The gear mechanism
and spindles are assembled dry, and should remain
unlubricated.

14. The excitation windings (R1-R2) of both
synchro receivers are paralleled across pins 1 and 2
of the connecting plug PLA, and are energized by
a 26-volt a.c. supply from the power assembly in
cither the i.d.u. or computor. The stator windings
of the drift pointer synchro X2 are connected to
the drift integrator synchro torque transmitter 6X2
in the i.d.u. or 6X1 in the computor: in either case
5 degrees of rotation of X2 is equivalent to | degrec
of drift. This system ensures that the drift pointer
accurately follows all rotational changes of X2,
hence aerial array movement in azimuth.

15. The stator windings of the groundspeed
pointer synchro X3 are connected to the speed
servo synchro toraue transmitter 7X3 in the i.d.u.
or 6X5 in the computor. which provides a 3-wire
synchro output of 36 degrees rotation per 100 knots
of groundspeed. Conseauently the speed display
pointer accurately monitors all speed variations,
after the speed circuits have locked on.

16. All pointer indications arc dead-beat and. as
no return springs are fitted, the pointers will
remain in the relative positions occupied when
power is switched off.

17. The d.c. power supplies for the operation of
the magnetic indicator are switched by contacts of
the secondary S/N relay 1RLE in the tracking unit.
The common terniinal (3) of the magnetic indicator
is returned to earth via the transformer ITRI! in
the tracking unit. A description of the magnetic
indicator control circuits is in Chap. 2. The TEST
button mounted on the front face of the instrument
is a spring-loaded push switch SWA with the
normally broken contacts, 3 and 4, utilized.
Operation of the button completes the earth con-
nection to the tracking unit relays 1IRLG, IRLH
and IRLJ, dependent on whether the equipment is
functioning under signal or memory conditions.
A full description of the action of the TEsST button
is also in Chap. 2.
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Chapter 5

COMPUTOR NAVIGATIONAL
(Computor B)

and

INDICATOR ASSEMBLY TYPE M.14

(Display Unit)
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LEADING PARTICULARS

Supply voltage .. .. .. .. 115 or 200 volts, 3-phase, 400 c/s a.c.
(5% tolerance on voltage and Sfrequency)
Power consumption at 115 volts .. ... .. 80 watts max.-(Figure taken on
slewing.) Power factor 0-6
Power consumption at 26 volts .. .. 7-5 watts max. Power factor 0-35
(auto-pilot phase)
Compass safe distance
Compu[or .o . . . . .. .. .o 15 in.
Display unit .. .. .. .. .. .. .. .. 12 in.
Maximum temperature range .. .. .. .. .. —40¢t +70°C
Operational temperature range .. .. .. .. .. —401t0 +55°C
Altitude ceiling .. .. .. .. .. - .. .. 60000 ft
Weight
Computor (with all sub-assemblies) .. .. .. .. .. 17-7 Ib
Display unit .. .. .. .. .. .. .. .. 7-41b
Case size
Computor o .. . Short + ATR
Display unit .. .. .. .. To ARINC Characteristic No. 543
Type of mounting
Computor .. .. .. .. . . .. ARINC racking
Display unit .. .. .. Panel mounting employing Dzus fasteners

Overall dimensions

Computor
Height e e e e TE .
Width . . .. .. .. . .. .. .. . 5 in.
Depth .. .. .. .. .. 14% in. (exclusive of plug receptacle)
Display unit
Height O = 3
Width . . .. .. .. .. .. .. . .. 54 in.
Depth .. .. .. .. .. 6 in. (exclusive of plug receptacle

and locating pins)
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POWER SUPPLY TYPE M74 (7)

AMPLIFIER VELODYNE TYPE M52 (?)

AMPLIFIER RESOLVER TYPE MISI (4)

AMPLIFIER PHOTO-ELECTRIC CELL

TYPE M50 (3)

ELECTRICAL EQUIPMENT

TYPE M23 (1)
GEAR ASSEMBLY (10 AR/5696) (S)

GEAR ASSEMBLY (IOAR/5697) (6)

General view of computor assemblies

Fig. 1.



Fig. 2 General view of display unit

Introduction

1. The principal functions of the computor are as
follows:—

(1) To convert the groundspeed and drift
information derived from the Doppler signal
by the tracking unit into forms suitable for
driving the pointer-type displays in the specd
and drift indicator and the counting mechan-
ism in the distance flown indicator.

(2) Using the same groundspeed and drift
information together with heading information
from the aircraft gyro-compass system to com-
pute both the distance-to-go to the end of the
current leg of the flight and the transverse
distance from the planned track. These two
distances, which are referred to as the ‘along’
and ‘across’ distances respectively, are continu-
ously indicated on the display unit, which
because of its close association with the com-
putor, is also described in this chapter. It
should be noted that whereas the distance
indicator (Chap. 4) shows at any moment, the
total distance already flown, the display unit
shows the remaining distance to be flown to a
previously-decided point.

(3) To provide an error signal for the drift
servo loop, and the phonic wheel tone for the
speed servo loop. In addition, an *across’ out-
put is available from the display unit for auto-
pilot operation or for a pilot’s left/right
steering indicator when this is provided on the
aircraft.

Constructional details: computor (fig. 1)

2. The computor is housed in an unpressurized
short LATR case and consists of the following
sub-assemblies:—
Chassis, electrical equip-
ment Type M.23
Amplifier, velodyne Type
M.152 (component prefix 2)
Amplifier, photo-electric
cell Type M.150
Amplifier, resolver Type
M.151 {component prefix 4)
Gear assembly (10AR/
5696 (component prefix 5)
Gear assembly (10AR/
5697) (component prefix 6)

Power supply Type M.74 (component prefix 7)

(component prefix 1)

(component prefix 3)

3. The main chassis consists of two similar decks
mounted back-to-back with sufficient space between
them to accommodate the fixed wiring looms and
the miniature sockets by which the sub-assemblies
are connected. The external connections to the
complete computor are made by two 57-pole plugs
mounted in receptacles on the backplate. Two fuses
(FS1, 2-5A, and FS2, 4A) are mounted on the front
panel.

4. A welded, light-alloy cover is fitted over the
chassis and is secured by an Oddie fastener at the
rear. The computor is designed for operation with
ARINC cooling systems or for satisfactory cooling
by convection. For the former method, an air vent
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Fig. 3. Schematic arrangement of assemblies

for the ARINC suction coupling is provided on the
underside of the cover, and an air intake, complete
with an air filter and filter cover, is fitted on the
front panel. For convection cooling an alternative

cover with ventilation holes is provided.

Constructional details: display unit (fig. 2)

5. The components of the display unit are assem-
bled on three parallel light-alloy plates, a front
panel, a gear-plate, and a backplate, which are
secured and spaced apart by means of hexagonal
mounting pillars. A welded, light-alloy cover is
fitted from the rear of the unit to butt against the
panel and is secured by two snap fasteners riveted
to the backplate. The unit is arranged for panel or
rack mounting. Two Dzus fasteners are fitted at
each side of the front panel (which extends beyond
the cover to form mounting flanges), and two
locating pins for aligning the connectors are fitted
to the backplate. Two 37-pole plugs, PLA (top)
and PLB (bottom), are mounted in receptacles at
the rear of the unit for inter-connection purposes.
The unit is not pressurized and does not require
cooling.

6. The desired track gearbox, the distance along
track gearbox, and the distance across track gear-
box are mounted on the rear of the central gear-
plate together with all the synchros. The Ledex
switch SWA, the output transformer TR1 (and the
synchroverter RLC, when fitted) are mounted on
the backplate by means of distance pieces. The
three distance counters, the two desired track angle
counters and desired track angle reset mechanism
are fitted on the forward face of the gearplate. The
three manual switches, SWB, SWC, and SWD, are
carried on the front panel. An engraved panel with
clear windows for the counter scales is fitted over

the front panel and is secured by the screw-in panel
‘llumination lamps and also by the securing nuts of
the controls.

Brief description

7. The controls on the display unit enable two
consecutive legs of a composite flight plan to be set
up in terms of track angle and distance. They are
arranged so that, if desired, the computor will
automatically change to the second leg on com-
pletion of the first. The form of track angle set in
(i.e. true or magnetic) must be the same as the
heading input.

8. As progress is made along the first leg, the
display unit shows the computed distance to travel
to the turning point, and also any departure from
the desired track in terms of transverse distance in
nautical miles (fig. 4) to the left or the right. A
warning lamp lights approximately 10 nautical
miles from the end of the leg, and when the air-
craft is over the turning point, as indicated by ‘a
zero iles reading on the distance counter, the
computor changes to the second leg automatically
if desired. Details of the third leg caif then be set in,
also with automatic changeover if required. In this
manner any number of flight stages can be accom-
modated. If a change of plan becomes necessary
during flight, the controls can be reset accordingly.

Functions of the controls (fig. 5)

9. The controls and other items mounted on the
front of the display unit are as follows:—

(1) A TRACK and B TRACK counters. Thesc arc
three-digit counters calibrated in half-degreces.
They are set manuall by i}em (2).
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.(2) Desired track reset knobs. These are
mounted to the right of the A TRACk and B
TRACK counters, respectively, and are used to
set the counters to the desired track angles.
They are not engraved.

(3) A pist and B DIST counters. These are
three-digit counters calibrated in nautical
miles up to 999. They are initially set manually
by item (5) to display the lengths of two con-
secutive legs of the flight. During flight, the
counter appropriate to the leg being flown
runs down, and thus shows, at any moment,
the distance-to-go to the end of the leg.

(4) Across DIST counter. This is a two-digit
counter calibrated in nautical miles, together
with a left-right indicator. It is normally reset
to zero at the beginning of a leg, and there-
after shows the transverse distance the aircraft
is, at any moment, from the planned track up
to a maximum of 89 n.m. left or 90 n.m. right.

(5) ALONG reset switch (SWC). This is a
rotary switch which is used to reset either the
A DIST or B DIST counter, depending on the pos-
ition of the selector switch, item (7). It is
spring-tensioned to an‘off’position in the centre.

(6) Across reset switch (SWD). This is also a
rotary switch, spring-tensioned to a centre ‘off’
position. It is used to reset the ACROSS DIS1
counter.

(7) Selector switch (SWB). This is a 360°
rotary switch labelled from left to right,
A STBY, A RUN, AUTO RUN, B RUN, B sTBY. The
switch controls a Ledex switch (SWA) in the
display unit. Its functions are described later.

(8) A and B indicator lamps. These are fitted
above the corresponding A and B DIST counters.
One or the other glows to show which leg is
active. The covers are blue in colour, and incor-
porate adjustable dimming irises and “press-to-
test” devices.
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(9) 10 ~NM warning lamp. This lamp, which
has an amber-coloured cover, lights when the
aircraft is 10 nautical miles from the end of the
current leg of the flight. It incorporates a
*press-to-test” device.

(10) Illumination lamps. There are four panel
illumination lamps, each fitted beneath a
removable cover.

10. The ALONG and AcRross switches, which are
used to set the corresponding counters, control
motor-driven resetting systems in the computor.
The Across switch can be used at any time to reset
the Across DIST counter regardless of the positions
of the other controls, whereas the ALONG switch
resets either the A DIST or B DIST counter, depending
upon the position of the selector switch. Two
driving speeds are available for resetting the
counters; a high speed, for coarse control, and a
low speed, for fine adjustment. They are selected
by full or half-way movement of the control knobs.

Functions of the selector switch SWB (fig. 6)

11. In the A sTBY position (A standby) the output
of the computor is disconnected and the ALONG
control resets the A DiST counter.

12. In the A RUN position, Doppler groundspeed
and drift angle, heading, and the desired track
angle as set on the A TRACK counter are fed to the
computor. The computed distance flown along
track counts down the A DIST counter, and the
‘across’ track distance drives the ACROSS DIST
counter. The A indicator lamp glows, and when the
A DIST counter reads approximately 010 the 10 n.m.
warning lamp glows until the counter reads zero.
If the aircraft maintains a constant track, the
A DIST counter runs through 000 to 999, 998 and
so on. Note that with the selector switch in this
position, operation of the ALONG control resets the
B DIST counter.

13. If the switch is turned through the A RUN
position to AUTO RUN, the computor operates as in
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Fig. 5 Display unit controls

para. 12 above until the A DIST counter reads 000,
when the desired track angle input to the computor
is automatically switched from A TRACK to B TRACK.
As this occurs, the A indicator lamp is extinguished
and the B lamp illuminated, and the computor
distance drive is transferred from the A DIST counter
to the B DIST counter. Operation of the ALONG
control then resets the A DIST counter.

14. In the B RUN position, the B stage is coupled
to the computor and the B indicator lamp glows.
The ALONG control resets the A DIST counter.

15. Switching to the B STBY position disconnects
the output of the computor and the ALONG control
resets the B DIST counter.

16. [t should be noted that when the AUTO RUN
facility is required, that is, the changeover from
one leg to the next is to be automatic, the stage
first brought into use is dependent upon the order
in which the switch positions are selected. If the
swilch is turned through A RUN to AUTO RUN, the
A stage is made active first, and if the switch is
turned through B RUN to AUTO RUN, the B stage is
made active first. Once the AUTO RUN position is
selected, the switch is not normally touched again
during the flight. On completion of the first leg, the
data for the third leg is set into the inactive stage
using the ALONG control and the desired track
reset knob for that stage; on completion of the
second leg, data for the fourth leg is set in, and
S0 on.

17. Should a change of flight plan become
necessary, a revised track may be .set into the
inactive stage. At the point sclected for the com-
mencement of the new leg, the changeover is
effected manually by turning the sclector switch to
the required RUN position. This overr.des the
automatic switching obtained in the AUTO RUN
position,
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PRINCIPLES OF OPERATION
Speed servo (fig. 8)

18. The purpose of the main speed servo loop is
to track the Doppler signal frequency, and in doing
so, to produce a number of outputs suitable for
computing and indication. The loop is a position
servo in which the frequency of the output of a
phonic wheel generator is compared with the
frequency of the Doppler signal, any difference
between the two causing the potentiometer 7X3
in the tracking unit to be re-positioned until
equality is obtained. The phonic wheel is a trans-
parent plastic disc bearing black radial lines near
its periphery. It is driven by a motor 5MOI, and
it revolves between a light source, lamp SLP1, and
a photo-electric cell, 5V1. As the disc rotates, the
light shed on the cell by the lamp is inter.upted by
the black lines, and the corresponding variations
in the output of the cell are amplified in the photo-
cell amplifier 3VI, 3V2 to become the phonic
wheel tone.

9. The motor 5MOI is part of a velodyne
arrangement which includes the amplifier 2V1,
2V2, 2V3, 2V4 and the tacho generator 5X1. The
input to the velodyne is a fixed-frequency, variable-
amplitude alternating voltage which is proportional
to groundspeed and which is related to the output
from commutator potentiometer 7X3 in the track-
ing unit. The output from the velodyne is a mech-
anical shaft rotation, the speed of the shaft being
proportional to the amplitude of the input voltage
and hence to the groundspeed of the aircraft. As
the speed of the shaft is related to groundspced.
the total angle through which the shaft turns during
a flight is proportional to the total distance flown.

20. There are effectively three outputs from the
velodyne. The first is the drive to the phonic wheel,
already described, the second is to the distance
indicator, and the third is to the computing
mechanical resolver. The distance indicator count-
ing mechanism is actuated by a cam-driven contact
unit SSWA which interrupts a 28V d.c. supply at
a rate determined by the groundspeed. This steps
the counter which thus continuously indicates the
distance flown. The output to the mechanical
resolver is one of the three principal inputs to the
computing sequence ( fig. 10) and s dealt with in
para. 25.
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21. Included in the main speed loop is a position
servo comprising the amplifier 3V3, 3V4, the motor
6MO2 and the potentiometer 6X7. The input is the
fixed-frequency alternating voltage of amplitude
proportional to groundspeed from the commutator
potentiometer 7X3 in the tracking unit, and the
output is a mechanical shaft angular position which
is proportional to the input voltage and hence to
groundspeed. This shaft drives the rotor of trans-
mitter 6X5 which delivers a 3-wire output to the
speed indicator, and also a pick-off pot 6X7 which
passes an alternating voltage back to the input of
the amplitier for comparison with the speed voltage
from the tracking unit. '

22. A change of aircraft speed causes the fre-
quency of the received Doppler signal to differ
from that of the phonic wheel tone, and this causes
the tracking unit circuits to move the slider of
potentiometer 7X3. The change of voltage from
7X3 is conveyed to the input of the speed amplifier
3V3, 34, and the speed motor 6MO2 begins to
turn, resetting the wiper of potentiometer 6X7.
Thus, in turn, the velodyne amplifier input is
changed. and the spced of the phonic wheel motor
SMOIL is altered to bring the frequency of the
phonic wheel tone again into coincidence with that
of the Doppler signal. When this condition is
reached there is no further drive to the potenti-
cometer 7X3 in the tracking unit. The voltage
delivered to the speed amplifier becomes constant,
the speed motc: 6MO2 ceases to turn when the
feedback voltage from potentiometer 6X7 equals
the input voltage, and the phonic wheel motor
5MO1 rotates at constant speed. The new shaft
position of motor 6MO2 is conveyed by the
synchros to the speed indicator, and the new speed
of rotation of motor SMOI1 is applied to the
mechanical resolver and to the pulsing contacts
for the distance indicator.

Drift servo (fig. 9)

23. The purpose of the drift servo is to align the
aerial with the path of the aircraft over the ground
and, in doing so, to measure the angle between this
path and the fore-and-aft axis of the aircraft, i.e.
the drift angle. The opcration of the complete loop
is described clsewhere: the following brief descrip-
tion is restricted to the portion concerned in the
computing functions.

24. In the computor is the motor 6MO1 which is
coupled by shafting to transmitter 6X3. If the
aerial  displaced. motor 6MOI is energized by
the tracking unit and turns the shaft. The change of
angle of the shaft is conveyed to the aerial by the
transmitter 6X3, where the motor IMO3 begins to
turn the aerial into alignment. When this condition
is reached, controlling signals from the tracking
unit cease, motor 6MOI swops, and the angular
position of the motor shaft represents the drift
angle. This informanon is conveyed to the drift
indicator by transmitter 6X1 for display, and to
the differential trancioitter 612 for computing
puIposes

Computing ( fig. 10)
25. The inputs to the computing sections of two
units are as follows:

(1) Drift angle. Form: shaft angular position
from drift integrator motor 6MOI.

(2) Heading angle. Form: 3-wire stator from
aircraft’s compass system.

(3) Desired track angle (A and B legs). Form:
shaft angular position set in manually by the
desired track reset knobs.

(4) Distance flown. Form: shaft rotating at
rate proportional to aircraft’s groundspeed from
phonic wheel motor SMOI.

26. The outputs from the computing sections of
the unit are:—

(1) Distance-to-go to the end of the leg of the
flight in progress. Displayed on A and B leg
digital counters, consecutively, on the display
unit.

(2) Transverse distance of the aircraft from the
desired track. Also displayed by digital counter
on display unit, together with flag showing L for
left or R for right.

27. The drift angle input shaft ( fig. 10) positions
the rotor of the differential transmitter 6X2 one
way or the other from zero depending upon the
sense (port or starboard) of the drift angle. Since
the input to the stator represents heading angle,
the output from the rotor represents the sum of the
headng and drift angles when the drift is to star-
board, or the difference when the drift is to port.
This is the actual track angle, and it is passed to the
display unit.

28. In the display unit, the track angle informa-
tion is conveyed to the stator of either the A leg
differential transmitter X1 or the B leg transmitter
X2 by contacts of the Ledex switch SWA (para. 45).
The positions of the rotors of these transmitters
arc pre-set manually by the desired track setting
knobs, and the output from the rotor of the trans-
mitter to which the track angle is switched repre-
sents the difference between the desired track angle
and the track angle actually being made good. This
error angle is sensed in relation to the desired track
angle, and it is passed back to the computor.

29. In the computor the form of the track error
angle is converted from a 3-wire synchro signal to
a shaft angle by a position servo consisting of
motor SMO2, amplifier 4VI1, 2, 3 and 4. and
synchro control transformer 5X4. The input signal
feeds the stator of the control synchro, and the
amplified output of the rotor controls the motor,
which, in turning the shaft, drives the svnchro rotor
to the null position, when the rotor output falls to
ze:o and the motor stops. The angular posjtion of
the shaft then represents the track error angle, and
this provides one of the two inputs to the mech-
anical resolver, the other being the speed shaft.
which positionally represents distance flown.

30, The mechanical resolver converts the com-
puted information regarding the aircraft’s move-
ment, relative to the planned track, from polar
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co-otrdinates into rectangular co-ordinates. Refer-
ring to fig. 4, Iet the distance flown along the actual
track, as represented by the speed shaft, be X n.m.,
and let the error between the track actually flown
and the desired track, as represented by the error
angle shaft, be 0g degrees. In rectangular co-
ordinates, X cos 6g n.m. is the equivalent distance
measured along the required track, and X sin 8g
n.m, is the transverse departure from the required
track (‘across’ track distance).

Mechanical resolver

31. The resolver is illustrated diagrammatically
in fig. 7. It consists of a hardened steel sphere
supported by an input roller (1), two output rollers
(2) and (3), and two spring-tensioned idling rollers
which are not shown in the illustration. The dis-
tance drive X is transmitted through bevel gearing
to impart rotation to the sphere by means of roller
(1), while the error angle drive 8g rotates the
carriage containing the axis of the shaft of roller (1).
These two inputs are arranged concentrically, the
distance drive shaft passing through the error drive
gear to the bevel gears. The output shafts are
positioned mutually at right-angles, and the two
idling rollers press the ball against the input and
output rollers to provide operating friction.

32. When the error angle is zero, the carriage is
in the position shown, and the distance drive is
conveyed to roller (2), the other roller remaining
stationary. When the error is not zero, the axis
around which the sphere rotates is displaced, and
motion is imparted to both rollers (2) and (3) in
the required relationship.

33. The sine output shaft, roller (3), drives the
rotor of transmitter 5X2, while the cosine output,
roller (2), drives the rotor of transmitter 5X3. The
outputs from the stators of these two transmitters,
representing the ‘across’ track distance and the
distance flown along track, respectively, are fed to
the display unit to drive the counters.

Counter drive and resetting (fig. 11)

34. The ‘across’ distance information is fed to the
‘across’ receiver X7 via contacts on the ACROSS
reset switch SWD and on the selector switch SWB,
which. is arranged such that the drive is connected
only in the RUN positions. The purpose of the
SWD/3 contacts is described in para. 37. Receiver
X7 drives the ACROSS DIST counter.

35. The distance flown along track information
is also connected only when the selector switch
(SWB/1) is in one of the RUN positions, when it is
passed to contacts of the Ledex switch SWA. This
is set to the A position when the selector switch is
set to A STBY or A RUN, and remains in the A
position if the selector is turned from A RUN to
AauTo. Conversely, it is set to the B position if the
selector switch is set to B STBY or B RUN, and
remains in the B position if the selector is turned
from B RUN to AUTO. (The circuit arrangements of
the Ledex switch are described later.) Thus the
distance flown along track is passed either to the
A leg receiver X3 or the B leg receiver X4. The
counters which are driven by these receivers are
pre-set to the full leg lengths, and the direction of
drive is arranged to count the readings down, so
that at any given moment, the counter of the active



stage displays the ‘along’ distance to go to the end
of the leg in progress.

36. To reset the ‘along’ and ‘across’ distance
counters, a motor-driven 3-wire transmitter 6X8 is
fitted in the computor. When either the ALONG or
the ACROSS reset switch is turned, an a.c. supply is
connected to the motor, and simultaneously, the
output of 6X8 is connected to the appropriate
counter receiver. The direction of the drive is
determined by SWC/1 and SWD/1, which reverse
two of the three wires when turned from INC to
DIC or from 1 to R, respectively.

37. Considering the across track resetting drive,
when the ACROSS knob is turned to L, SWD/4
connects the a.c. supply to motor 6MO3, and
SWD)/1 connects the drive from 6X8 to receiver X7.
At the same time, SWD/3 disconnects the com-
putor input; the across resetting facility can thus
be used at any time.

38, If the across switch is turned to R, similar
switching actions occur except that, because of the
sense reversing connections on SWD/I, the
direction of the drive is reversed.

39. Considering the along track resetting drive,
when the ALONG knob is turned to in¢, SWC/3
connects the a.c. supply to motor 6MO3, and
SWC/1 connects the drive from 6X8 to either
receiver X3 or X4, depending on the positions of
the main selector switch SWB and the Ledex
switch SWA., If the selector is in either standby
position, the resetting drive is switched through to
the correspondir < receiver and the computor input
is cut off by SWB/1. When the selector is in any
RUN position, the resetting drive is connected to the
idle receiver. Thus, when switched to A RUN or to
AUTO from A RUN, the resetting drive is fed to the
B leg recciver X4. and when switched to B RUN or
to AUTO from B RUN, the resetting drive is applied
to the A leg recciver X3. If the ALONG switch is
turned to DEC, similar circuit considerations apply
except that the sense reversing connections on
SWC/1 reverse the direction of the drive.

Counter resetting speed control (fig. 12)

40. Two driving speeds are available for resetting
the ‘along’ and ‘across’ distance counters. They
are selected by half-way or full movement of the
ALONG and ACROsS knobs in either direction of
rotation. Fig. 12 shows the circuit arrangements.
It is complete except that, for clarity, only one-half
of the control switch functions are included.
Rotation on the switches in the oppasite direction
has the same effect on the circuit elements shown:
reversal of the direction of the drive is obtained by
reversing two of the three wires from transmitter
6X8 as previously explained.

41. Control of the resetting speed is effected by
two simultancous circuit changes, one in the a.c.
supply circuit to motor 6MO3 and the other in the
rotor excitation circuit of receiver X3, X4 or X7.

42. In either slow position of either the ALONG
(SWC) or across (SWD) switch, the 115V supply
to the control winding 2, 4 of motor 6MO3 is

applied through a -02uF capacitor C8. When
either switch is further rotated to the fast position,
an additional capacitor, C7, is added to C8, making
the total capacitance -12uF. Thus, in either position,
the supply circuit is completed, but in the slow
position the smaller capacitor produces a lower
voltage across the motor control winding, a smaller
phase difference between the currents in the two
windings and, hence, slower running. When both
switches are in the central, off, position. netther
capacitor is connected and thc motor is not
energized.

Note . . .

In an aircraft installation where long cables are used
between the display unit and the computor, stray
capacitance may cause 6 MO3 to rotate slowly whei
the switches are in the off positions. This effect is not
important because, as previously explained. the
3-wire drive from transmitter 6 X8 is cut off.

43. Considering first the “across’ resetting circuir,
when the Across switch SWD is in the centre (off)
position, resistor RS is short-circuited, and the full
26V is applied to the rotor of X7 so that it functions
normally in response to the input from the com-
putor. When SWD is turned to cither slow position,
R5 is introduced and the voltage across the rotor
falls to 2-:5V. For fast resetting, RS 15 again short-
circuited.

44. The supply to the rotors of the along receivers
X3 and X4 is reduced by resistors R3 and R4 in a
similar manner, but a Ledex switch pole, SWA/S
is included to ensurc that during run conditions the
26V energizing supply to the active receiver is not
disturbed when the inactive counter is resct. Thus,
supposing the B leg counter is reset during fhght
on an A leg, resistor R4 is switched in or out by
SWC/4 while resistor R3 is held out of circuit by
SWA/S through contacts RLDI  Conversely,
during flight on a B leg, R4 is shorted out by
SWA/S, and SWC/3 switches R3. Relay RLD 18
included to break the short-circuit provided by
SWA/5 under standby conditions. When the
selector switch is in any of the three RUN positions,
relay RLD is energized from the 28V supply
through SWB/6. In either standby position RLD
is released, and SWC is effective on both R3 and
R4. Under these conditions, however, there is no
input from the computor, and only that receiver
being fed by the reset transmitter 6X8 is affected,
the other remaining idle.

Ledex switch SWA (fig. 13)

45. The purpose of the Ledex switch is to select
the appropriate synchros and indicator lamps for
the A and B flight legs. It is controlled by the main
selector switch SWB, and when encrgized it steps
three positions (90°). Consecutive operations of the
switch change the circuit connections from A to
B tc A and so on.

46, The basic circuit of the Ledex switch consists
of the operating solenoid, the interrupter contacts,
wafer SWA/2, and wafers S and 6 on the sclector
switch SWB. In fig. 13, wafers SWB'S and SWB.6
are shown scparated into separate functions to
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clarify the circuit. The Ledex switch is drawn in the
A leg position. Suppose SWB is turned to either of
the B positions, The Ledex solenoid is energized
from | 28V, through SWB/6a, SWB/5a, SWA/2/9,
SWA/2/1, and thence through the solenoid to
earth. This causes the Ledex to step three positions,
when the circuit is opened at SWA/2/9. If SWB is
next turned to an A position, the Ledex solenoid is
again energized, but through SWA/2/12 instead
of /9, and the switch shaft once more rotates
through 90°. Thus, whenever SWB is turned from
A to B, or from B to A, the Ledex turns in the
same direction through three positions.

47. The wafers SWA/S to 10 (not shown in
fig. 13) switch the A and B leg synchros. They are
arranged as six two-pole two-way changeover
switches. and successive 90° rotation of the shaft
changes the connections to synchro X1 to X6 so
that those appropriate to the A and B stages are
made active alternately.

48. On wafer SWA/4, contacts 1, 2, and 3 are
arranged as a changeover switch, and either the
A or the B lamp is lit to indicate the active stage
under RUN conditions. When SWB is set to a
standby position, the 28V supply is cut at
SWRB/6b.

49. Also on SWA/4, contacts 4, 5 and 6 connect
the 10 n.m. warning lamp in readiness for the
428V supply which is applied by the appropriate
counter switches when the “hundreds” and “tens”
dials reach zero.

50. The remaining contacts on SWA/4 maintain
the -+28V supply to the Ledex solenoid independ-
ently of the selector switch SWB once the Ledex
begins to turn. This is to prevent the Ledex from
stopping in an intermediate position if SWB is not
left in a selected position long enough for it to
complete its 90° movement.

51. The purpose of SWB/6a is to open the Ledex
drive circuit when SWB is turned through the back
positions from one standby setting to the other.
This is necessary bccause the switch wafers used
are actually of the shorting type, and unwanted
connections, not apparent in the simplified circuit,
arise when SWB/5 turns through the back positions.

Automatic changeover (fig. 13)

52. When the selector switch SWB is turned from
a RUN position to the AuTO position, the +28V
supply to the Ledex drive circuit is cut at SWB/5a
and the Ledex remains in its former position. Thus,
on turning directly from A RUN to AUTO, the Ledex
stays in the A position, and on turning from B RUN
to AUTO, the Ledex stays in the B position (fig. 6).
Simultaneously, the Ledex drive circuit is offered
to the +28V supply by SWB/5b and c in readiness
for the subsequent operation of the distance
counter switches X9 and X10. These switches are
associated with the A and B leg distance counters,
and their contacts are closed in sequence when the
hundreds, tens, and units digits are in turn reduced
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to zero as the flight proceeds. SWB/6b is included
to disconnect the automatic changeover circuit
under standby conditions.

53. To follow the operation of the circuit,
assume that leg lengths of over 100 miles have
been set on both counters, and SWB turned from
A RUN to AUTO. As the A distance counter runs
down, the sequence proceeds as follows:—

(1) The “hundreds” switch closes when the
“hundreds” scale reaches zero, extending the
+28V supply to the “tens™ switch,

(2) When between 10 and 9 miles remain, the
“tens” switch closes, extending the 428V supply
to SWA/4 terminal 6 and thence through the
switch to the 10 n.m. warning lamp, which lights,

(3) At the end of the leg, the “units” switch
closes and connects the 428V supply through
RLA1 and SWB/S to terminal 9 of SWA/2 and
thence through the switch to the Ledex solenoid.
This causes the Ledex to drive to the B position,
when the circuit is interrupted at terminal 9 as
previously described.

54. When a B leg is being flown, and the A
counter is set up in readiness for the following leg,
a similar sequence of events occurs. The 10 n.m.
warning lamp is energized by the closure of the
‘tens’’ switch on' the B leg distance counter, and,
at zero miles, the Ledex is energized by the ‘“units”
switch through RLB1 and SWB/5. The Ledex then
drives to the A position. Relays RLA and RLB are
included in the circuit to give the automatic over-
run facility.

Automatic over-run on AUTO (fig. 13)

§5. When SWB is in the AuTo position, an elec-
trical interlock provides automatic over-run on
either ‘along’ distance counter when zero miles is
reached and the alternative distance counter is also
at zero. In this condition, the switching reverts, in
effect, to the manual sequence in which the ‘along’
counters over-run when zero is reached. To obtain
this facility, relays RLA and RLB are connected to
the output side of the distance counter switches so
that closure of all three leg A switches disconnects
the leg B drive circuit of the Ledex switch, and
closure of all three leg B switches disconnects the
leg A drive circuit of the Ledex.

56. Suppose the B distance counter is at zero and
an A flight leg is in progress. Relay RLA is ener-
gized because all the B distance counter switches
are closed, and contacts RLA1 are, therefore, open.
Thus, when the A distance counter “units” switch
closes at zero miles, the Ledex switch is unaffected
and remains in the A position. The A distance
counter over-runs the zero position, therefore, and
continues to count down from 999.

57. When the A distance counter is at zero and a
B leg is being flown, relay B is energized by the
A counter switches, The B energizing circuit for



the Ledex switch is open at RLBI, and when zero
miles is reached, the B counter over-runs.

‘Across’ track output for extermal purposes

58. In addition to driving the ‘across’ distance
counter, the receiver X7 in the display unit also
drives the transmitter X8 at one revolution per
100 miles. From X8, two ‘across’ track outputs are
available as follows:—

(1) 2-wire a.c. ‘across’ output. The X and Y
lines of X8 stator are connected to the tapped
primary of TR1. This provides a variable 400 =/s
output from the secondary winding terminals
12 and 13 for autopilot purposes. The output
range is nominally from 1-2 to 4-5 volts per mile,
depending on the tapping selected, and on the
load.

(2) 3-wire synchro ‘across’ output. The three
stator lines of X8 are also brought out to the
plug to provide a 3-wire output for use when
required.

‘Across’ track limit switch SWE

59. To operate an external flag warning, con-
fidence light, or other warning that the ‘across’
track limit has been reached, a cam-operated switch
SWE is installed in the across track gearboXx in the
display unit. This switch is normally closed, and it
feeds a +28V supply to PLB pin S. The supply to
the switch is taken through SWB/6 which connects
only on the three RUN positions.

60. The switch is opened when the aircraft is
approximately 40 miles off track in either direction,
and the flag or lamp is extinguished. 40 miles is
chosen because the ‘across’ track synchro trans-
mitter X8 rotates one revolution per 100 miles,
and at 50 miles in either direction, therefore, there
is a change of sign in the ‘across’ track output to
the flight system. Before either of these positions
is reached, the limit switch SWE is opened by the
cam on the X8 gear drive to give warning to the
pilot that the ‘across’ track output has become
incorrect.

61. The mechanical design is such that the switch
is closed again by the cam from approximately
60 miles to approximately 140 miles across track,
but this is irrelevant for operational purposes.

62. It should be noted that the output provided
by SWE is limited to the three RUN conditions and
is not present on STBY, nor outside the stated limits,
nor if the d.c. supply fails. In the absence of this
indicating voltage, confidence should not be placed
in the steering indicator (if fitted), and the auto-
pilot (if coupled) should not be engaged.

Provision for additional facilities

63. Spece provision is made in the computor for
the installation of four additional synchros which
can be driven by the existing gears. The wiring for
these synchros is completed, but the connections
for those not fitted are turned back and insulated.
The additional synchros are shown in the main
circuit diagram for completeness. They are planned
to provide the following services:—

(1) Drift angle output for autopilot. Trans-
mitter 6X4 may be fitted in the speed and drift
gearbox to provide a 3-wire synchro output of 1°
rotation for 1° drift angle for autopilot opera-
tion. The rotor connections of 6X4 are wired to
plug PLH.

(2) Error angle output for autopilot. Control
transformer 6X6 may be fitted in the speed and
drift gearbox to provide a 2-wire output of
approximately 200mV per 1° of track error angle
for autopilot operation. The rotor shaft of this
synchro 1s fixed to the chassis so that the rotor
is immobilized.

(3) Error angle output for indication purposes.
An additional output of track error angle can be
provided by transmitter SXS5 in the resolver gear-
box. This is designed to give a 3-wire output of
1° synchro rotation per 1° of track error for
indication purposes.

(4) Provision for use of computor with alter-
native sensor. It is possible that the computor
may be required to operate from signals pro-
duced by a sensor of alternative manufacture.
Since certain types of sensor utilize a 3-wire
synchro output for the speed signal provision is
made for the installation of synchro 6X9 in the
speed and drift gearbox for operation of the
speed servo. To make use of this facility, other
modifications would also be necessary.

64. In the Service version of the computor, the
drift angle output transmitter 6X4 is fitted; the
other three mentioned above are not. The excita-
tion voltage for this synchro is 115V.

65. Space provision is made in the display unit
for the installation of two addit'onal synchros,
X5 and X6, which can be driven by the existing
gearing, and also for the installation of a synchro-
verter, RLC. The wiring for these components is
completed, but the connections are turned back and
insulated. The synchros and synchroverter are
shown in the'main circuit diagram for complete-
ness. They are planned to provide the following
services :—

(1) Distance-to-go output for indication pur-
poses. Transmitters X5 and X6, when installed
in the distance along gearbox, are driven through
10C : 1 reduction gears by the leg A and leg B
receivers X3 and X4 respectively. They provide
an output of distance-to-go on either leg in the
form of a 3-wire synchro output for external
applications such as additional indication for a
crew position, operation of a roller map, etc.
The 26V rotor excitation supply is connected by
the Ledex switch SWA/5 to either X5 or X6
depending on the leg selected. The outputs from
the stators are also switched vy the Ledex
SWA/6 and the selected output is connected to
plug PLB.

(2) D.c. across track output for autopilot. T¢
produce a d.c. ‘across’ track output for use with
certain types of autopilot, or for the operation
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66. The output from the centre-tapped winding
of TR1, which is fed by the ‘across’ transmitter X8,
is rectified by the synchroverter and smoothed by
R2 and Cl. The synchroverter is energized at
400 c¢/s by a 6-3V supply. The d.c. output may be
adjusted by the tappings on the primary windings
of TR1 to give scalings of 10 to 50 mV per nautical
mile, limited at 150mV by the referencc diodcs
MR! and MR2.

67. Because only one adjustment point is pro-
vided, namely, the tappings on TR1, the a.c. and
d.c. output scalings cannot be varied independently.

68. The display unit used in ARI.23085/1 does
not have the additional synchros X5 and X6 (para.
65) but the synchroverter is fitted.

COMPUTOR ASSEMBLIES

Main chassis assembly

69. The main chassis is of two-deck construction
and consists of, two welded-up, light-alloy cradles
which are bolted back-to-back on to distance-
pieces to provide a space between decks for inter-
unit wiring. Both cradles are also bolted to an
alloy backplate and an alloy front panel.

70. The sub-assemblies are secured by captive
screws which engage in anchor nuts fitted to the
base of each section of the chassis. The lower deck
houses the speed and drift gearbox (incorporating
the counter reset gearbox) and the resolver gearbox
while the three “book” type amplifiers and the
power assembly are mounted on the upper deck.
Also, on the upper deck, space provision is made
for the addition of a wind memory unit. Circuit
connections between the plug-in assemblies and the
fixed wiring of the chassis are effected by miniature
plugs and sockets, the sockets being bolted to the
chassis. External connections to the computor are
made by means of two 57-pole plugs mounted in
receptacles on the backplate. All plugs and sockets
are fitted with gold-plated contacts.

Velodyne amplifier

71. The essential function of the velodyne ampli-
fier is to control the speed of the velodyne motor
5MO2 which drives the phonic wheel. Of ““book”™
type construction, the amplifier has three tagboards
for component mounting and connection, one being
hinged for ease of access and one being used for the
flying leads of 2V1, 2V2, 2V3, and 2V4. The com-
plete assembly is connected to the computor wiring
by a 9-pole miniature plug and is secured by two
shouldered captive fixing screws.

72. A 400 ¢/s a.c. voltage of amplitude equivalent
to 5 millivolts per knot (nominal) is derived from
the slider of the potentiometer 6X7 (terminal 3) in
the speed servo and is fed via SI-S2 of the tacho-
generator 5X1 to the grid of 2V1 after the variable
a.c. voltage from the tacho-generator 5X1 (which
is in phase opposition) is deducted from it. 2CI
and 2R1 are arranged in parallel with the tacho-
generator winding to load it so that its scaling is
equal to the output of the potentiometer 6X7.
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73. 2VI1 and 2V2 are arranged as an amplifier and
phase-splitter respectively to form the input to
2V3 and 2V4 which are connected to provide a
push-pull output, the anode load being the control
winding of the velodyne motor SMOI (terminals
2-4). Anode voltage for 2V3 and 2V4 is supplied
via the centre tapping of the control winding
(terminals 5 and 6). 2C3 provides positive feedback
to improve stage gain. The reference winding of the
motor 5SMOI1 (terminals 1-3) is continuously
energized by a 115-volt, 400 c/s supply from TRI
in the power assembly.

74. Thus, the speed of the velodyne motor SMOI
is directly controlled by the output of the high gain
(75 dB) circuits of the velodyne amplifier, and a
small input voltage drives the motor at the speed
required to make the output of the tacho-generator
5X1 closely approximate the slider potential of the
speed potentiometer 6X7. The motor 5MOI, the
tacho-generator and the phonic wheel all rotate at
5 rev/min per knot under these conditions.

Note . . .

Whilst the velodyne amplifier used in amplifier,
synchro signal and also in test set Type M.29 is
generally similar to the velodyne amplifier in the
computor, it is NOT interchangeable. In the
i.du. and the test set velodyne amplifiers, the
valve heaters are supplied in two pairs from two
separate windings whereas, in the computor
velodyne amplifier, all valve heaters are supplied
from one winding (J5-J17) of TTR]1.

Photocell/speed amplifier

75. The photocell/speed amplifier comprises two
separate amplifier circuits which perform different
functions. Signals from the photo-electric cell 5V1
of the phonic wheel assembly are amplified by one
circuit; and the input to the speed servo motor is
amplified by the other.

76. The components of the assembly are mounted
on a “book” type sub-chassis by means of three

tagboards, the largest of which is hinged to facilitate
access. lhe pentodes 3V1, 3V2, 3V3, 3V4 are ot

identical type and are connected by flying leads to
one of the fixed tagboards.

Photocell circuit

77. The interrupted d.c. output of the photo-
electric cell 5V1 is fed into the amplifier via 3Cl
and 3TRI, and the resulting a.c. signal is applied
to the grid of 3V1 for further amplification. The
resulting signal is fed to a cathode-follower 3V2,
and is then passed to the tracking unit for com-
parison with the Doppler frequency. The resistance
network 3R1, 3R2, 3R3 is arranged to provide a
bias of 4-7 volts on the photo-electric cell. Because
of the very low level signal input, the decoupling
capacitor 7C6 (fitted in the power asrembly) is
included to cut down 400 ¢/s ripplc and improve
the signal-to-noise ratio.



Speed circuit

78. The function of the specd amplifier circuit is
to energize and control the speed servo motor
6MO2. An a.c. voltage, within the range 400
millivolts to 4.7V, proportional to the speed of the
aircraft, is fed from the commutator potentiometer
7X3 in the tracking unit to one side of the primary
winding of the transformer 3TR2, and an a.c.
feedback voltage from the speed servo potenti-
ometer 6X7 is fed to the other side. The potenti-
ometer 6X7 has a supply of 4-75 volts, 400 c/s,
obtained from 7TR2 in the power assembly, and
its slider is driven by the motor 6MO2 via a gear
train to provide a servo voltage. The motor 6MO2
reference winding (terminals 1-3) is continuously
energized by a [15-volt a.c. supply from the power
assembly. Rectifier 7TMR2 in the power assembly
introduces a certain amount of viscous damping to
obviate instability.

79. As the tracking unit integrator motor 7MOI
turns, the tracking unit commutator potentiometer
7X3 output varies, and a potential is developed
across the primary of 3TR2. This signal is stepped
up by 3TR2 and is fed to the push-pull valves 3V3
and 3V4 for further amplification to energize the
speed motor 6MO2. When the motor rotates, it
drives the slider of the speed potentiometer 6X7
until it is at the same potential as the tracking unit
speed output. Under this condition, there is no
potential across 3TR2 primary and the motor
stops; only when a voltage is applied to the
amplifier input grid does the motor run.

80. Circuit connections are such that the error
signal across 3TR2 is phase-dependent on the
relative positions of both speed potentiometer and
commutator potentiometer sliders in order to
obtain correct direction of motor rotation.

Resolver amplifier
81. - The function of the resolver amplifier is to
energize and control the resolver motor 5SMO2 to
produce a shaft angle proportional to any angle of
error which exists.

82. Construction of the amplifier is generally
similar to the velodyne amplifier. Components are
motnted and connected by means of three fixed
tagboards. The four identical pentodes (4V1, 4V2,
4V3, and 4V4) are clip-mounted and one tagboard
is used for connection of the flying leads. The
assembly. is connected to the computor fixed wiring
loom by a 7-pole miniature plug and is secured by
two shouldered captive fixing screws.

83. A 3-wire synchro output of 1° rotation per
1, of error angle (6) is fed from a differential
transmitter in the display unit to the control
transformer 5X4 in the resolver gearbox. This
produces a variable a.c. voltage output (terminal
R1) which is connected via the amplifier terminal
B4 and 4R1 to the grid of 4VI.

84. 4Vl and 4V2 are arranged as an amplifier
and phase splitter to feed a suitable input into 4V3
and 4V4 which are connected to provide a push-
pull output. The anode load is the control winding

of the motor SMO2 (terminals 2-4). Anode voltage
for 4V3 and 4V4 is supplied through the centre
tapping of the control winding (terminals 5 and 6).
The reference winding of 5SMO2 is continuously
energized by a 26-volt, 400 c¢/s supply from the
aircraft’s auto pilot supply phase via TMRI and
7RI in the power assembly. The rectifier 7TMRI is
provided for damping purposes and is accom-
modated in the power assembly for convenience.

85. The motor 5SMO2 is fitted with a 300 : I
gearhead and drives the control transformer 5X4
through a further 15 : 1 reduction gear, thus com-
pleting the servo-loop which controls the motor to
a position directly proportional to the angle of
error.

Resolver gearbox

86. The resolver gearbox assembly consists of a
mechanical resolver with two input and two output
drive shafts, together with its two separate drive
systems and its two output torque transmitters.

87. A machined, die-cast gearcase of light alloy
forms the body of the assembly. To this, a machined
light-alloy gearplate is fitted and secured by five
cheese-headed screws to form a closed gearbox.
All the geartrains are housed in the box with the
exception of the 300 : 1 gearhead fitted to SMO2.
Integral with the body are two side-plates, one of
which forms the mounting base and is fitted with
three anchor nuts for attachment to the computor
chassis. A 37-pole miniature plug for inter-connec-
tion is recess-mounted in the plate and is secured
by two screws and stiffnuts.

88. On the ggarcase, the resolver, the tacho-
generator 5X1 and the resistor SRI are mounted.
The resolver and the tacho-generator are each
secured by three standard clamps which engage in
mounting recesses on the components and are
screwed to the gearcase.

Note . . .
The tacho-generator 5x 1 and the resistor 5R1
are supplied as a pair matched for temperature
compensation. Neither should be replaced
independently.

89. The remaining components arc mounted on
the gearplate, the synchros being cach secured by
two clamps and motor SMO2 by three clamps.
Two brackets are fitted for mounting 5CI1, 5R2,
and 5C2, 5R3, and are screwed to the gearplate.
A blanking plate, secured by clamps, is fitted over
the drive aperture provided for control transmitter
5X5. The motor SMOI is mounted on the gearplate
opposite the tacho-generator 5X! to which it is
directly connected through a dog clutch coupling.
The tacho-generator shaft also carries the phonic
wheel and the driving gearwheel for the cam-
operated total distance switch S5SWA.

90. A spring-loaded split gear is utilized in the
gear drive between the control transmitter 5X4 and
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the mechanical resolver to obviate backlash in the
error angle drive. This is arranged so that the
torque required to compress the spring loading is
slightly greater than the torque necessary to rotate
the resolver drive.

91. A hinged door of synthetic resin-bonded fibre
is fitted to the gearcase over the phonic wheel. The
photo-electric cell 5V1 is mounted in a clip, which
forms the negative connection, in a recess in the
outside of the door; the positive connection is
soldered to a tag also provided in the re.ess.

Note . . .

This lead must not be shortened as damage to the
photocell may occur during soldering.

92. The light source 5LP1 is fitted in an alloy-
block holder mounted behind and secured to the
phonic wheel door. The lamp is energized from the
6-3V heater supply and has the resistance 5R2
wired in series. A filter screen designed to improve
waveform is also screwed to the inside of the door.
With the door closed, the components are correctly
aligned with the phonic wheel which rotates
between the light source and the photo-electric
cell. As the phonic wheel has 140 translucent and
140 opaque radial sections arranged alternately
near the periphery, the light input to the cell is
interrupted at a frequency which varies with the
speed of rotation. The output from the cell is then
amplified by the photocell amplifier to form the
phonic wheel tone.

93. Provision is made for adjusting the pea lamp
position to peak up the cell output. The lamp
holder is secured by two small screws to the phonic
wheel door and the screw holes in the door are
slotted to allow movement of the lamp holder to
the optimum position. The phonic wheel door is
secured in the closed position by a countersunk
screw. A small window is provided in the door for
visual checking of the light source when the unit
is on the workbench.

Functions of the resolver gearbox

94, The functions of the gearbox are as follows:—

(1) To convert the error angle 3-wire synchro
input to a shaft angle.

(2) To convert the speed signal voltage to a
shaft rotation in which shaft velocity is propor-
tional to aircraft groundspeed and the total
angular position is proportional to distance
travelled.

(3) To apply the two above shaft angles to the
mechanical resolver to produce shaft angle out-
puts representing distances along and across
track.

(4) To convert the above shaft angles to 3-wire
synchro outputs suitable for transmission to
external units for indication purposes.
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(5) To drive the phonic wheel to produce a
signal at a frequency directly related to the
velocity of the shaft rotation (2), above, for
feeding back to the tracking unit for comparison
with the Doppler frequency.

(6) To drive the cam-operated switch SSWA by
the shaft rotation, (2) above, via a 30 : 1 reduc-
tion gear, for operation of the total distance
flown counter.

Speed and drift gearbox

95. The three motors and the synchros, which
form the main components of the speed and drift
gearbox, are clamp-mounted on a machined light-
alloy gearcase. A machined light-alloy gearplate is
fitted to the gearcase and is secured by four screws,
thus forming a gearbox which contains all the
gearing except for the gearheads fitted to the motors
6MO1 and 6MO2. To close the gearbox, an alloy
dust coverplate is then fitted over the gearplate,
which is webbed and is secured by six small screws.
A webbed mounting plate is fitted parallel to the
gearcase by means of four distance pieces screwed
to the gearcase. The mounting plate is then secured
to the distance pieces by four cheese-headed screws.
The 37-pole and 25-pole miniature interconnection
plugs are each secured to the mounting plate by
two screws and stiffnuts. Four shouldered fixing
screws for securing the assembly to the computor
chassis are held captive between flanges on the
gearcase and the mounting plate.

96. Since the speed and drift drives are both
position servos, travel is limited in each drive in
each direction by stop pins fitted in the gearing.
A spring-loaded slipping clutch is, therefore,
incorporated in each drive to permit overrun of
the motors without damage to the gears resulting.
In the drift drive, the motor gearwheel contains
the clutch; whilst, in the speed drive, the clutch is
fitted in the second intermediate gearwheel from
the motor.

97. Space provision is made for the three
additional synchros, 6X4, 6X6 and 6X9, the
apertures in the gearcase being fitted with alloy
blanking plates secured by mounting clamps.

98. 6RV2, the output adjustment for the potenti-
ometer 6X7, and 6R2 are mounted on a bracket
screwed to the gearcase. The diode 6MR1 and the
resistor 6R3, which provide a d.c. current for
damping the counter reset motor 6MO3, are
mounted, together with 6C1, on a bracket screwed
to the gearcase.

Functions of the speed and drift gearbox

99. The speed and drift gearbox comprises the
following three separate systems: the electro-
mechanical components of the speed servo system,
the drift integrator system, and. also, the counter
reset gearbox which is incorporated for convenience
in the computor instead of the display unit.



(1) The speed servo. The operation of the speed
servo is dependent on the speed amplifier section
of assembly No. 3 which completes the servo
loop. The functions of the servo are to supply an
a.c. voltage (a position feedback) proportional
to the speed of the aircraft to operate and
control the velodyne amplifier associated with
the resolver gearbox; and also to supply a 3-wire
synchro output to operate the groundspeed
section of the speed and drift indicator.

(2) The drift integrator. The drift angle informa-
tion from the tracking unit consists of the outputs
of two identical push-pull amplifiers whose inputs
are in quadrature, one leading or lagging accord-
ing to the direction of drift error. These outputs
drive and control the drift integrator motor
6MO1, each output being connected to one
winding of the motor. The direction of rotation
of the motor is dependent upon the phase
relationship of the voltages applied to the wind-
ings, i.e. the direction of drift error. The functions
of the drift integrator are as follows:—

(@) To convert the drift angle information
to a 3-wire synchro output of 5° of rotation
per 1° of drift anglefor indication purposes.

(b) To add the drift angle signal to a heading
reference signal from the aircraft’s gyro-
compass system to produce a 3-wire synchro
output of 1° of rotation per 1° of track angle.

(¢) To provide a 3-wire synchro output as an
error feedback to control the aerial unit drift
servo system to correct any angle between the
aerial axis and the line of the aircraft’s track.

(3) Counter reset gearbox. The counter reset
gearbox is accommodated in the speed and drift
gearbox for space considerations. The gearbox
comprises the reset motor 6MO3 and the torque
transmitter 6X8 which it drives through 4 : 1
reduction gears to provide a synchro output for
resetting the along track and across track dis-
tance counter systems in the display unit.
Control of the system is by switches on the
display unit.

100. Control of the reset motor drive supply and
the output for resetting either of the along track
distance counters is by the ALONG switch. The reset
output is automatically switched to the leg counter
not in use by the Ledex changeover switch during
resetting under RUN conditions.

101. Control of the across track distance counter
is by the Across switch. With the switch in the
central position, the across track distance output
from the torque transmitter 5X2 in the resolver
gearbox is connected to the torque receiver X7 in
the display unit. When the switch is operated to
L or R, the across track distance signal is dis-
connected and the reset output is connected by one
wafer, and the motor drive supply is connected by
another wafer.

Note . . .

The ALONG distance and ACROSS distance reset
controls should never be operated simultaneously.

Power assembly

102. The power assembly provides all except one
of the necessary a.c. and d.c. supplies for all the
sub-assemblies of the computor and for the display
unit. The exception is the 26-volt, 400 c/s reference
supply to the resolver motor SMO2; this supply is
obtained from the autopilot phase of the aircraft’s
26-volt, 400 c/s supply system.

103. All major components are mounted directly,
and minor components indirectly by means of tag-
boards, on a tray-type chassis of pressed and
welded aluminium-alloy sheet. Three hexagonal
mounting pillars containing captive fixing screws
are provided for securing the assembly to the
computor chassis. The transformer 7TRI, the
power transformer, is mounted through the base-
plate of the chassis. The single-phase, 400 c/s
supply from the aircraft’s a.c. system may be either
115 volts or 200 volts, the voltage adjustment being
made at the soldered terminal pins of 7TRI
primary, 4-7 and 4-8 respectively.

104. Five secondary windings provide the follow-
ing outputs:—

(1) Terminal pins 2-3. A 6-3 volt output for
valve heaters.

(2) Terminal pins 5-1-6. An h.t. supply for
amplifier anodes, rectified by 7TMR5 and 7TMR6
and smoothed by 7L1, 7Cl, and 7C2 to produce
145 volts d.c. (nominal) at J4.

(3) Terminal pins 10-11. 40 volts a.c. Through
the series resistor 7R3 this is dropped to a
24-volt output at J15 for energizing the primary
of the tacho-generator 5X1. The network 7L2,
7L3, 7L4 and 7C3, 7C4, 7CS5 constitutes a 400 ¢/s
filter. Through the transformer 7TR2 ar output
of 4-75 volts is provided at J14 for the speed
potentiometer 6X7 in the speed and drift
gearbox.

(4) Terminal pins 13-15-14. A 28-volt output,
rectiied by 7TMR3 and 7MR4 to produce a
28-volt d.c. output at J16 for operation of the
total distance flown indicator through the cam-
operated switch 5SWA. This supply is used to
energize the Ledex switch SWA in the display
unit.

(5) Terminals 12-16. A 26-volt a.c. -output for
synchro operation.

105. The following components of external cir-
cuits are accommodated in the power assembly for
space considerations.

(1) Capacitors 7C7 and 7C8, wired to terminals
J9, J10 and J11, are provided for “fast-slow”
control of the counter reset system. The common
end of the two capacitors is connected, via J9
and D24, in series with one winding (terminal 2)
of the reset motor 6MO3 in the speed and drift
gearbox. The appropriate capacitor is selected
by the ‘“‘fast-slow’ switching on the display unit,
i.e. 7C8 provides a smaller phase shift than 7C7
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and, hence, a lower voltage and a consequently
lower motor speed.

(2) The rectifier 7TMR2 and resistor 7R2, con-
nected to J13-J24, provide a d.c. damping
current for 6MO?2, in the speed and drift gear-
box, from the 115-volt a.c. input.

(3) The rectifier 7TMR1 and resistor 7R1, con-
nected to J12 and J23 provide a d.c. damping
current for 5SMO2 in the resolver gearbox. The
requisite a.c. supply is taken from the aircraft’s
26-volt a.c. autopilot phase.

(4) The capacitor 7C6, wired between J21 and

AETBIOAC, Vol. 1, Part 2, Sect. 1, Chap. §
A.LS, Jan. 62

earth, is connected via A9 to 3R1, 3R2 in the
photocell amplifier for decoupling purposes.

Supply fuses

106. The two fuses, mounted on the front panel
of the computor, are connected to the. power
assembly as follows:—

(1) FSI1, 2-5 amps. In series with 115-volt, 400
¢/s supply to 7TR1. Connected between PLG54
and J22 on power assembly.

(2) FS2, 4 amps. In series with 26-volt output
from 7TR1 to synchros. Connected between
PLGS52 and J18 on power assembly.
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Chapter 6
AMPLIFIER, SYNCHRO SIGNAL
(Indicator drive unit)

(Completely revised)
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Positive rotation reference
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Fig. 1. General view of amplifier, synchro signal assemblies
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Drift error signal
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Form: 3-wire synchro stator, 11-8V leg to leg. 400 c/s

Scale: 1° drift per 1° synchro rotation

Positive rotation reference

Zero index at zero drift

Ground speed

Form: 3-wire synchro stator, 11-8V leg to leg, 400 c/s
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Maximum load: Two torque receivers

Distance travelled
Form: Single wire earth return, 30V +2V d.c.

Scale: 1 pulse per 0-1 nautical mile

Maximum load: Two indicators

NOT
USED _

AMP PHOTOELECTRIC AMP VECODYNE GENERATOR
CELL TYPE M 150 TYPE M 153 RESISTANCE SIGNAL
(COMPONENT (COMPONENT (COMPONENT
PREFIX No 3) PREFIX No 2 ) PREFIX No.5)
CIRCUIT: FIG & CIRCUIT" FIG. 9 CIRCUIT FIG 10
PLA PLC PLE  SKE/2
=)
SKA/l SKA/2 SKC/l SKC/2 SKEN
CHASSIS ELECTRICAL EQUIPMENT "
SKB 5990-99- 970-238| PLH/
COMPONENT PREFIX Ne | SEE
INSTALLATION
CIRCUIT: FIG. 7 DIAGRAM .
] PLH/2
SKG/I SKG/2 SKF/l  SKF/2 SKD/|
=
PLG PLF PLD  SKD/2
GEARBOX MECHANICAL  [GEARBOX MECHANICAL POVER
DRIFT 2382 SERVO 2383 SUPPLY TYPE M 73
{ COMPONENT COMPONENT (coMPONENT
PREFIX Ne.6) PREFIX No 7) PREFIX Na.8)
CIRCUIT: FIG |} CIRCUIT: FIG. 12 CIRCUIT FIG. 13
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Introduction
1. The principal function of amplifier, synchro

signal (indicator drive unit) is to convert the ground
speed and drift information derived from the
Doppler signal by the tracking unit into forms
suijtable for driving the pointer-type displays in the
speed and drift indicator and the counting mechan-
ism in the distance indicator. It also provides an
error signal for the drift servo loop and the phonic
wheel tone for the speed servo loop. Provision is
made for optional facilities but these are not used

in AR1.23085/3.

Constructional details (fig. 1)
2. The unit is housed in an unpressurized long
ATR case and is designed for operation with
ARINC cooling systems or for cooling by con-
vection. For ghe first m_ethoc_l, an air vent for the
ARINC suction coupling is provided on the
underside of the case and an air mtqke, with a
nylon-mCSh air filter and ﬁltpr cover, is fitted on
the front panel. For convection cooling, an alter-
native case with suitably placed ventilation holes

is prOVldCd.
3. The unit consists of a two-deck main chassis

assembly (component prefix 1) upon which are
mounted the following plug-in sub-units:—

Amplifier, velodyne
Type M.153

Amplifier, photoelectric
cell Type M.150

Generator, reference

(component prefix 2)

(component prefix 3)

signal (component prefix 5)
Gearbox, mechanical,

drift 2382 (component prefix 6)
Gearbox, mechanical,

servo 2383 (component prefix 7)
power supply

Type M.73 (component prefix 8)

4. The main chassis is designed to accommodate
two complete sets of assemblies so that only one
indjcator drive unit is required for the dual sensor

installation.

5. The unit may be operated with an input power

supply of 115 or 200V, 400 ¢/s, 3-phase a.c., pro-

Brief circuit description

General

6. The following brief description should be read
in conjunction with the block diagram of the unit
(fig. 3) and the block diagrams of the drift and
speed servos (fig. 4 and 5).

7. The inputs to the unit are:—
(1) Drift drive. An a.c. signal varying in
phase and magnitude with the degree of mis-
alignment of the aerial in the drift plane,
derived from the power amplifier in thc track-
ing unit.

(2) Speed drive. An a.c. voltage, which varies
in magnitude with the aircraft’s ground speed,
derived from the potentiometer section of the
commutator potentiometer 7X3 in the track-
ing unit.

8. From these inputs the indicator drive unit
produces the following outputs:—

(1) Drift angle. A 3-wire synchro output used
to drive the drift display pointer.

(2) Ground speed. A 3-wire synchro output
used to drive the ground speed display pointer.
These two displays are contained in the speed
and drift indicator.

(3) Distance travelled. A pulsed 30 +2V d.c.
output used to drive the counting mechanism
of the distance indicator.

(4) Drift error signal. A 3-wire synchro
output used to drive the aerial into alignment
in the drift plane.

(5) Phonic wheel tone. An a.c. signal
employed in the main speed servo loop.

Drift angle

9. Dirift information is fed in from the power
amplifier of the tracking unit in the form of an
a.c. signal of variable phase and magnitude. This
signal is fed to the windings of the drift integrator
motor 6MO1 which, through 600 :1 and 6 : 1
reduction gears, drives the synchro torque trans-
mitter 6X2 (fig. 4). An electrical analogue of

vided that the connections on the power unit are ) (
correctly adjusted. shaft angle is presented by 6X2 in the form of a
VELODYNE
SPEED AMPLIFIER PHOTOCELL
SpEED INPUT AMPLIFIER SPEED o o PHONIC WHEEL| | AmpLiFiER _.ruomcvum
7X3 > bl - TONE TO
e SEWVO ASSY 2vl - 2v2 AssY 3V 3V2[  TRACKING uwiT
I | vl 2v4 i
FEEDBACK FEEDBACK
SYNCHRO OUTPUT PULSED ouTPUT
S rou
AC.AND DC. SPEED INDICATOR DISTANCE INDICATOR

QUTPUTS
TO ASSEMBLIES

or 200V
"5400 s
S PHASE AL.

POWER
ASSY

ORIFT IweuT ONIFT SYNCHRO OUTPUT
FroM  — P INTEGAATOR P> DAIFT |==|cmm
ASSY A
TRACKING T AERIAL DRIFT SERVO

Fig. 3. Block diagram of amplifier, synchro signal



F.S./3

3-wire synchro output (5° rotation per degree of
drift) which is connected to the drift angle section
of the speed and drift indicator.

10. The same drive shaft, through a further 5:1
reduction gear train, drives the synchro control
transmitter 6X3. This provides a 400 c¢/s a.c.
voltage as an error feedback signal to the aerial-
mounted synchro control transformer which is
part of the aerial drift motor servo loop. This
signal varies in phase and magnitude according
to the degree of misalignment of the aerial to port
or starboard of the aircraft’s track and causes the
fore-and-aft axis of the aerial to be aligned along
the aircraft’s track. The operation of the aerial
drift servo loop is described in Chap. 3.

Ground speed

11. Ground speed information is obtained by
means of a position servo system consisting of a
servo motor 7MO1 which drives a synchro forque
transmitter 7X3 and a speed potentiometer 7X4
through a 300:1 reduction gearhead and 2-8:1
reduction gear train (fig. 5).

12. From the commutator potentiometer 7X3 in
the tracking unit a 400 c/s a.c. voltage, propor-
tional to the ground speed of the aircraft, is fed
to the speed amplifier circuit (part of the photo-
electric cell amplifier M.150) in the indicator drive
unit. The output of the amplifier energizes the
control windings of 7MO1, the reference windings
of which are supplied with a 115V 400 c/s supply
from the power supply. Motor 7MOI rotates and
drives 7X3 and 7X4, a servo feedback voltage
being fed from 7X4 to the speed amplifier circuit.
The shaft angle of the motor is then proportional
to the input voltage from the tracking unit and
thus to the frequency of the received Doppler sig-
nal and the speed of the aircraft.

13. A 3-wire synchro output of 36° shaft rota-
tion per 100 knots of ground speed is provided
by the synchro torque transmitter 7X3 and this
is fed to the ground speed section of the speed
and drift indicator.

Distance travelled

14. Distance travelled information is derived
from the ground speed information by the use of a
velodyne integrator servo loop (fig. 5). The input to
the velodyne is the voltage from the slider of the
speed potentiometer 7X4 and this voltage is pro-
portional to ground speed. The velodyne contains
a motor 5SMO1 which continuously drives a tach-
ometer generator 5X1. By comparing the output
of the generator 5X1 with the input from the
slider of 7X4, the speed of rotation of the drive
shaft is made proportional to ground speed. Asso-
ciated with the motur shaft is a pair of cam-
operated contacts SSWA and these pulse a 30V
+2V d.c. supply to actuate the counting mechan-
ism of the distance indicator.

A.P.114E-0400-1, Part 2, Sect. 1, Chap. 6
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Phornic wheel tone

15. The shaft of motor SMO1 also drives direct-
ly the phonic wheel (fig. 5), <an etched glass
disc,> which revolves between the light source
SLP1 and the photoelectric cell 5V1. As the disc
rotates, the light shed on the cell by the lamp is
interrupted by the <detchings® and the output
of the cell is thus interrupted at a frequency re-
lated to the speed of SMOI.

16. The sinusoidal output of 5V1 is amplified in
the photoelectric cell speed amplifier and the
output of this amplifier, termed the reference
signal or phonic wheel tone, is fed to the tracking
unit for frequency comparison with the received
Doppler signal. Any frequency difference causes
a change in the a.c. voltage output from 7X3 in
the tracking unit to the indicator drive unit speed
servo circuit.

Chassis assembly (fig. 1)

17. The main chassis, which is housed in a long
2 ATR case, consists of two similar decks
mounted back to back and suitably braced to pro-
duce a rigid structure. There is sufficient clearance
between the horizontal decks, which are attached
to front and back plates, to accommodate the fixed
wiring and connecting sockets. Connection to each
of the plug-in units is by miniature sockets and
external connections to the indicator drive unit
are effected via 40-pole plugs.

18. On the upper deck are fitted, from front to
rear, the photoelectric cell amplifiers M.150, the
velodyne amplifiers M.153, and power supply
units M.73. In inverted positions on the lower
deck are the reference signal generators, the servo
gearboxes 2383 and the drift gearboxes 2382.

Amplifier, velodyne Type M.153

19. The function of the velodyne amplifier is to
amplify, to a suitable level, the a.c. voltage used
to control the speed of the phonic wheel drive
motor SMOI1 and, consequently, the frequency of
the reference signal. The components of the
assembly are mounted on three synthetic resin-
bonded tagboards secured to a book-type plug-in
chassis. The largest tagboard is hinged to facili-
tate access to components and connections and the
four flying lead base pentodes are clip-mounted
on one of the fixed tagboards. The complete
assembly is secured to the main chassis by two
shouldered captive screws. The assembly is identi-
cal with that used in test set Type M.29 but not
with that used in the computer.

20. The amplifier together with the phonic wheel
motor SMOI and the tachometer generator 5X1
forms an electro-mechanical integrator system.
Applied to the grid circuit of amplifier 2V1 (fig. 8)
are a variable amplitude a.c. voltage in the order
of 3-5 millivolts per knot of ground speed, which
is derived from the slider of the speed potentio-
meter 7X4, and a further variable amplitude a.c.
voltage (1 millivolt/rev/min) from the tachometer



generator 5X1 (terminals S1, S2). In the steady
state, the voltage fed back from 5X1 is of opposite
phase but of equal magnitude to that fed from
7X4, the output of 5X1 being proportional to
shaft speed. Components 2R1, 2C1, 2R4 form the
load for the output winding of 5X1. The difference
voltage which exists between the two inputs is
amplified by 2V1 and then fed to a phase-splitter
stage 2V2, the outputs from the anode and cath-
ode of 2V2 being passed to the push-pull ampli-
fiers 2V3, 2V4. The anode loads of these valves
are formed by the centre-tapped control winding
of ithe phonic wheel motor 5SMOI1, h.t. being
applied to the valves via the centre tap. The refer-
ence winding of 5MOI, terminals 1 and 3, is
continuously energized by a 115V, 400 c/s supply
from the power unit. Thus, the speed of the phonic
wheel motor is controlled directly by the output of
the high gain circuits of the velodyne amplifier
and a small input voltage drives the motor at a
speed necessary to make the output of 5X1 closely
approximate the slider potential of speed poten-
tiometer 7X4. Under these conditions the motor
drives 5X1 and the phonic wheel at a rate of 5
rev/min/knot of ground speed.

21. The 6-3V a.c. heater supply for the valves is
obtained from the centre-tapped secondary wind-
ing S, TQ, R of 8TR1 in the power unit (fig. 13);
the supply to 2V1, 2V2 is fed via pins 3 and 6 of
the 9-pole miniature plug PLC while the supply
for 2V3, 2V4 is fed via pins 2 and 6 of the plug.
The h.t. supply for 2V1, 2V2 and the screen grids
of 2V3, 2V4 is obtained from the power unit
and enters the amplifier unit on pin 1 of plug
PLC.

Amplifier, photoelectric cell Type M.150

22. The photoelectric cell amplifier contains two
separate amplifier circuits. One amplifies the sig-
nal from the photoelectric cell 5V1 in the refer-
ence signal generator unit (the phonic wheel tone)

prior to its being fed to the tracking unit. The
other is used to amplify any potential difference
existing across the primary winding of transformer
3TR2 to which, as shown in fig. 6, the slider
potentials of the speed potentiometer 7X4 and the
tracking unit commutator potentiometer 7X3 are
applied. The output of this amplifier circuit is
used to control the speed motor 7MO1 in the
speed servo assembly.

23, The components of the amplifier are
mounted on three synthetic resin-bonded fibre tag-
boards which are mounted on a book-type plug-in
chassis. To facilitate access to the components and
connections, the largest tagboard is hinged. Four
flying lead base pentodes 3V1 to 3V4 are of the
same type and are clip-mounted on one of the
fixed tagboards. Two captive screws secure the
unit to the main chassis and a 25-pole plug PLA,
which mates with socket SKA on the main chassis,
effects the electrical connections. The assembly is
identical with that employed in the computer.

Phrotoelectric cell circuit

24. The photoelectric cell amplifier circuit con-
sists of a single amplifier stage 3V1 and a low
impedance cathode follower output stage 3V2.
Applied to the primary winding of the step-up
transformer 3TR1 is the sinusoidal output of the
photoelectric cell 5V1 (phonic wheel assembly)
and from the secondary winding the signal is fed
to the grid of 3V1 for amplification. From the
anode of this valve the amplified signal is fed, via
the cathode follower stage 3V2, to the tracking
unit for comparison with the Doppler signal.

25, A bias of 47V d.c. is fed to the photo-
electric cell from a potential divider network R1,
R2, R3, connected between the h.t. line and earth.
The decoupling capacitor for the divider network
is 8Cl in the power unit, which is connected
through PLA, pin 9.

10.u. (DRIFT INTEGRATOR ASSY.)

ORIFT DRIFT DRIFT
INTEGRATOR SYNCHRO SYNCHRO
MOTOR TRANSMITTER TRANSMITTER
6MOI 6X2 6X3
J— - Y— - - - -
INPUT FROM
TRACKING UNIT DRIFT ]
POWER AMPLIFIER INDICATOR
TRACKING i B -
o DRIFT
i
i AERIAL TRANSFORMER
! 1X 2
TRANSMITTER / ’
RECEIVER
& > DRIFT DRIFT
Z:;( MOTOR - SERVO
l\AEﬂE’___”J/ 1M03 AMPLIFIER

Fig. 4. Block diagram of drift servo
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Speed amplifier circuit

26. The speed amplifier circuit consists of two
pentodes connected in push-pull, the anode loads
being formed by the centre-tapped control wind-
ings of speed motor 7TMO1. These valves amplify
any potential difference which exists across the
primary winding of 3TR2, the amplified signal
being used to control the movement of 7MOI.

27. As shown in fig. 6, the slider potential of
the speed potentiometer 7X4 is connected to
one end of the primary winding while the slider
potential of the commutator potentiometer 7X3
in the tracking unit is fed to the other end.
Applied to these potentiometers is a common
excitation supply of 4-7V a.c. derived from trans-
former 5TR1 in the power unit. Any difference
in potential which exists between the two slider
potentials appears across 3TR2 primary, is
stepped up by the transformer and fed to the grids
of 3V3, 3V4, the outputs of which are applied to
the control windings of 7MO1. Mechanically
coupled to this motor is the slider of 7X4 and as
the motor rotates, the slider of the potentiometer
is driven until it is at the same potential as the
slider of 7X3 in the tracking unit. As a result,
there is no potential difference across 3TR2 prim-
ary and the motor stops. Circuit Connections are
such that the error signal across 3TR2 is phase
dependent on the relative positions of both speed
and commutator potentiometer sliders in order to
obtain the correct direction of rotation of the
motor to reduce the error.

Generator, reference signal

28. The phonic wheel assembly forms part of
the speed servo loop (fig. 5) and generates a tone
of sinusoidal waveform which is amplified in the
photoelectric cell amplifier. The amplified tone,
referred to as the reference signal or phonic wheel
tone, is compared with that of the Doppler signal.
When the system is locked on in speed, the fre-
quency of the phonic wheel tone is directly pro-
portional to the speed of the aircraft. The unit
also produces the pulsed supply necessary for the
operation of the distance indicator.

29. All components are mounied in an enclosed
plug-in assembly fitted with two hinged access
doors which are secured by screws. Electrical
connections to the assembly are completed by
means of a 25-pole miniature plug. The two-phase
phonic wheel motor 5SMOI, the phonic wheel and
tachometer generator 5X1 are mounted in line.
Motor drive to the phonic wheel and 5X1 is direct.
» <€ The phonic wheel is coupled to the tacho-
meter generator through a dog clutch to minimize
axial overloads on the generator. A rigid, light
alloy box structure supports SMO1 and 5X1 and
houses the 30:1 ratio simple reduction gear train
which drives the concentrically mounted ball
bearing cam to operate the springset contacts
SSWA.

30. The phonic wheel, which is <an etched
glass disc,»> revolves between the light source
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5LP1 (a midget 6V lamp) and the photoelectric
cell 5V1 which form the projector assembly. A
filter screen is fitted over the photoelectric cell
aperture to improve the output waveform and a
small <€hole? in the synthetic resin-bonded fibre
cover permits a visual check of the light source to
be made when the unit is being serviced. Lamp
SLPI is energized by a 6-3V a.c. supply obtained
from the secondary winding of 8TR1 in the
power unit.

31. The reference winding of motor SMOI is
continuously energized by a 115V a.c. supply
from the power unit and the control winding is
energized by the output of the velodyne amplifier.
This output is, in effect, an amplified version of
any difference of potential which exists between
the slider of the speed potentiometer 7X4 and the
feedback voltage from the tachometer generator
5X1.

32. Light from 5LP1 is projected through the
phonic wheel and focused upon 5V1, the light
being interrupted by the radial lines on the phonic
wheel as it is rotated by SMO1. A bias voltage
of +47V d.c., obtained from the photoelectric
cell amplifier, is applied to the photoelectric cell.
The output of 5V1 is a sinusoidal waveform and
is of a frequency dependent upon the speed of
the motor which is, in turn, proportional to the
ground speed of the aircraft (assuming the system
is locked on in speed). This signal is amplified
by the photoelectric cell amplifier and is fed to
the mixer bridge circuits of the tracking unit
where its frequency is compared with that of the
Doppler signal.

33. The tachometer generator 5X1 is used to
produce a voltage output proportional to the speed
of rotation of its shaft suitable for velocity (deriva-
tive) feedback to the velodyne amplifier. The
phase of the alternating output, which is depen-
dent on the direction of rotation, is opposite to
that of the spsed potentiometer 7X4 (tracking
unit) input to the velodyne amplifier. A 26V a.c.
energizing supply is applied to the P1-P2 winding
of 5X1, the supply being obtained from secondary
winding VU of 8TR1 in the power unit via resis-
tor 8R2 and the narrow-band filter formed by
SL1, 5L2, 5L3 and 5C1, 5C2. This filter has sharp
cut-off characteristics and also ensures that the
voltage applied to the P1-P2 winding is in quad-
rature with that applied to the reference winding
of 5MOI. The tachometer generator is driven by
5MO1 at a speed such that, when the system is
operating under follow conditions, the output of
the tachometer generator is closely equated to the
slider potential of 7X4. Under these conditions,
5X1 rotates at 3-41 rev/min/knot with an output
of 1 millivolt/revolution.

34. 1In order that the output of 5X1 may be of
constant amplitude for any given speed of rotation
over a wide range of ambient temperatures, the
temperature-compensating rtesistor SR1 is fitted
(5X1 and 5R1 form a matched pair). Transformer



5TR1 is t to provide the 47V a.c. excitation
supply“’co?gg?}l to the speed potentiometer 7X4
in the speed servo assembly and the commutator

po-t)entiomcter 7X3 in the tl’acking unit.

35. A 30V 42V dc. supply from the power unit
is a_pphed to _the CO‘l‘ltaG’CS Of 'the Sprlngseit SSWA

ia D PLE. Consequently, as the con-
Z;itf lgpleiai %1;1 g/[he motion of the phonic wheel
gearbox and cam Wheel at a speed determined by
the phonic wheel motor SMOI, a pulsed supply
is fed to the counter unit of the distance indicator

every one-tenth pautical mile.

Gearbox, mechanical, drift 2382
36. The functions of the drift integrator unit are
as follows:—

(1) To convert the drift angle information
to a 3-wire synchro output of 5° synchro
shaft rotation per degree of drift suitable
for driving the drift indicator section of the

speed and drift indicator.

(2) To provide a 3-wire synchro output as
an error feedback signal to control the aerial
drift servo system and so ensure that the
aerial is aligned along the aircraft’s track

(fig. 4).

i ts forming the assembly are
goun(t::én gﬁnznmachined, light alloy base, which
has removable covers, and a triangulated light

alloy frame.

.nhase induction motor 6MOI1, a
ggﬁchﬁ) :mgg atfansmittel' 6X2 and a synchro
control transmitter are mechanically linked by a
gear train. A 600:1 ratio reduction gearhead
fitted to 6MO] transmits drive to a 6:1 ratio
reduction gear train that drives 6X2; a further
5:1 reduction gear train drives 6X3. Total travel
of the gear train is limited to +150° from the
zero position and the travel of the rotor of 6X3
is limited to +30°. A slipping clutch device is
fitted in the gearboX to prevent mechanical dam-
age should the aerial array be displaced to

maximum in azimuth.

indings of 6MOL, the drift integrator
13119&0}: l;evg?grlgi%ed independently by the outputs
of the power amplifier in the tracking unit. The
direction of rotation of 6MO1 is dependent upon
the phase relationship existing between the sig-
nals applied to the motor and this, in turn,
depends upon whether the difference frequency
amplified by the tracking unit circuits is obtained
from a component of the Doppler signal which
lies above or below the frequency of the phonic
wheel tone. Again, this relationship is dependent
upon whether the aircraft is drifting to port or

starboard.

40. Tf a difference exists between the aircraft
heading and track (that is, the aircraft is subject
to drift) motor 6MOl rotates in the relevant
direction by virtue of the signals applied to its
windings from the tracking unit. The rotor of

6X2 is thus rotated and the signal induced in the
stator windings is transmitted to the synchro
torque receiver X2 in the speed and drift indica-
tor, which indicates the port or starboard drift
angle. Similarly, 6X3 rotor is rotated and an
error signal is induced in the stator windings
which are connected to those of synchro control
transformer 1X2 jn the aerial. The resultant sig-
nal induced in the rotor winding of 1X2 is
applied to the aerial drift servo amplifier and,
after amplification, is used to drive the aerial
drift motor. Thus, the aerial is aligned along the
aircraft track and, as a result, there is no net
drive to 6MOI! until a change of drift angle
arises.

41. The rotors of 6X2, 6X3 are energized by a
26V a.c. supply obtained from 8TR2 in the power
unit.

Gearbox, mechanical, servo 2383

42. The functions of the speed servo assembly
are to provide an accurate synchro signal for the
operation of the ground speed pointer in the
speed and drift indicator and to produce an a.c.
voltage proportional to ground speed which is
fed to the velodyne amplifier to control the speed
of the phonic wheel motor 5SMOI1. Ground speed
information is provided by a synchro torque
transmitter 7X3 while the a.c. voltage is obtained
from the slider of speed potentiometer 7X4.

43. A light alloy sub-chassis houses the 37-pole
connecting plug PLF while a machined light
alloy base accommodates the gear train and sup-
ports the speed servo motor 7MOI, synchro tor-
que transmitter 7X3 and speed potentiometer
7X4. Access to the gear train is gained by the
removal of two covers,. each secured by two
screws.

44. The reference winding of 7MO1 is energized
by a 115V a.c. supply from the power unit and
a degree of damping is afforded to the motor by
8MR1, 8R1, also in the power unit. The control
winding is energized by the signal from the speed
amplifier section of the photoelectric cell amplifier
and this signal is, in effect, the amplified poten-
tial difference between the voltage from the com-
mutator potentiometer 7X3 in the tracking unit
and that at the slider of 7X4. When a difference
exists between these two voltages, a signal is fed
to the control winding of 7MO1 so that the motor
rotates and drives a 300:1 ratio reduction gear-
head and a 2-8:1 gear train before actuating the
synchros and potentiometer. Rotation of the gear
train is limited by mechanical stops and a slip-
ping clutch mechanism prevents damage to the
gear train.

45. As the rotor of 7X3 is rotated, a signal is
induced in the stator windings which are con-
nected to a synchro receiver X3 in the speed and
drift indicator so that the rotor of X3, to which
the speed pointer is attached, follows changes of
speed and direction of rotation of 7MO1. The
rotor of 7X3 is energized by a 26V a.c. supply
from 8TR2
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Fig. 5. Block diagram of speed servo

in the power unit and 7X3 provides a 3-wire
synchro output of 36° shaft rotation per 100 knots
of ground speed.

46. The preset potentiometer 7RV1 is adjusted
during alignment operations to set the output of
7X4 to a stipulated level. The h.t. supply for the
valves of the speed amplifier circuit is obtained
from the power unit and is applied via the centre
loop of the control windings of 7MOI.

Power supply Type M.73

47. The power supply unit provides the necessary
a.c. and d.c. supplies for the indicator drive unit.
The power unit consists of a tray-type chassis on
which are mounted the two transformers 8TRI1,
8TR2 and the choke 8L1 together with 8R2, all the
remaining components being mounted on two tag-
boards on the underside of the chassis. Four screws
secure the unit to the main chassis and all electrical
connections are made through a miniature 25-pole
plug. The power unit is identical with that used in
test set Type M.29.

48. The primary winding of 8TR1 may be delta
or star-connected according to whether the 3-phase
400 c/s input supply is 115 or 200V (nominal), the
necessary voltage adjustment being obtained by the
changing of links on the tagboard under the chassis.
For an input of 115V, terminals 1-4, 2-5, 3-6 are
linked to produce a delta arrangement whilst an
input of 200V necessitates the linking of terminals
4-7, 5-8, 6-9 to obtain star connection of the
windings.

49. Secondary windings ST, QR provide heater
supplies of 6:3V +0-3V a.c. for the valves in the
velodyne and photoelectric cell amplifiers and for
the light source 5LP1 in the phonic wheel assembly.
The winding VU produces 40V a.c. which is fed
via 8R2 to provide an excitation voltage of 26V
+2V at the PI, P2 winding of the tachometer
generator 5X1.

50. The output of the star-connected secondary
winding PLMN is rectified by germanium diode
rectifiers 8MR5, 8MR6, 8MR7 to provide a 30V
+2V d.c. supply for the cam-operated contacts
SSWA to produce the impulses for the distance
indicator.
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51. A h.t. supply of - 145V 4+ 5V is produced by
rectifiers SMR2, 8MR3, 8MR4 from the output of
the secondary winding WXYZ and is smoothed by
the choke-input filier formed by 8L1, 8C3. This
supply is used by all the valves in the indicator
drive unit.

52. The primary winding of the single-phase
transformer 8TR2 is tapped to provide a synchro
excitation supply of 26V +1-5V a.c. and the
secondary winding produces a 6-3V +0-3V a.c.

heater supply which is not normally used. Capacitor
8C]1 (fitted in the power unit owing to the lack of
space in the photoelectric cell amplifier) is the
decoupling capacitor for the photoelectric cell
excitation supply produced in the photocell
amplifier. Resistor 8R1 and rectifier SMRI1 provide
a degree of damping for the speed motor 7MOI,
thus obviating hunting,

53. The normal total power required by the
indicator drive unit is approximately 100 watts.
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SWITCH BOX (10F/21420)
LIST OF CONTENTS
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Description .. . .. I
LIST OF ILLUSTRATIONS
Fig.
Switch box (10F[21420): general view I
Switch box (10F[21420): circuit ... e 2
Description

1. Switch box (10F,21420) is the system junction
box employed in dual sensor installations (ARI.
23085,3). The box. which is illustrated in fig. 1.
is of light alloy construction and measures 5 in.
wide > 6 in. high x 33 in. deep excluding the plug
and socket projections. The front plate is
extended at the sides to form mounting flanges.
each } in wide. Four holes are provided for
mounting purposes at centres of 4} in. and 5-365
in. The front plate carries a three-position switch,
two panel lights and two sockets (SKE and SKF),
providing outputs for test set, performance Type
M.29. All other plugs and sockets are mounted
on the back of the unit.

PLC
lele)

a3
.
OO}

SKTH PLB SKTG

PANEL LIGHTS

2. A dual sensor installation has two aerials.
two transmitter-receivers, two tracking units and
a two-channel amplifier, synchro signal (indicator
drive unit) with common indicators. Normally,
only one set of eyuipment is in operation, the
other set forming a standby. The junction box
switch allows either channel to be selected and
has a centre OrF position in which both channels
are inoperative. It should be noted that the switch
is fitted with special wafers having contacts rated
at 5A at 250V a.c. to permit switching of the
115V, 400 ¢/s supply.

3. A circuit diagram of the box is given in fig. 2
and details of its application can be found by
reference to the installation diagram in Sect. 2,
fig. 2. Fig. 1. Switch box (10F/21420): general view
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Chapter 8
INTERCONNECTING BOX TYPE M.5
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¢

PLB

SKB

Fig. 1. Interconnecting box Type M.5: general view

1. Interconnecting box Type M.5 is the system
junction box employed on single installations
(ARI.23085). It consists of an aluminium case
fitted with two multi-pole plugs and six sockets.
One of the sockets, SKC, provides access for the
test set performance Type M.29. This socket is
sealed by a captive cover when not in use. The
internal connections are shown in the circuit
diagram, 4fig. 2.p For details of the destinations of
the cables associated with the unit, reference
should be made to the appropriate installation

diagram in pq Sect. 2.

2. The principal dimensions of the body of the
unit, viewed as in fig. 1, are: length 74Z in., width
41in., depth 242 in. Four % in. diameter fixing holes
are provided, spaced on centres 82 in. by 2 in.
{These are drilled in a mounting plate which
extends approximately 1 in. beyond the ends of
the case.p

3. The weight of the unitis 2 1b 13 0z (1-27 Kg).p
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Introduction

1. The test set ts a portable unit designed to pro-
vide a convenient m:ans of performing function s}
tests on the Doppler equipment. It is intended
primarily for checking an installation in an air-
craft, but is may also be used in the workshop. A
special cable connects the test set with a socket,
SKC, on the installation junction box (inter-
connecting box Type M.S). This cable conveys
power supplies to the test set and provides access
to a number of points in the installation for
measurement purposes.

2. The unit is cssentially a combined multi-range
meter, monitoring oscilloscope, and signal genera-
tor. Arrangements for checking the drift, pitch.
distance, and aerial switching circuits are also
included. The tests which may be performed with
the unit are as follows'—

(1) Check of the amplitude of the modulation
applied to the transmitter klystron.

(2) Check of the a.m.c. crystal. This gives an
indication of the power output sample
detected for automatic mode centring of the
klystron. It also gives an indication of trans-
mitter power output.

(3) Check of the output level of the a.m.c.
circuit. The presence of unwanted modulation
can be observed.

(4) Check of the a.g.c. voltage. Any un-
wanted modulation or transient conditions
can be observed.

(5) Check of the two types of crystal diode
used in the equipment. Both forward and
reverse currents are measured.

Fig.
CRT timebase and power supply circuit 1
Y amplifier and meter circuits . . . .. 8
Velodyne amplifier, phonic wheel assembly and
miscellaneous circuits .. 9
Noise, tone amplifier and mixing circuits .. 10
Power assembly: circuit .. .. .. 1
PARTICULARS
115 or 200V +5Y%;, 400 ¢/s 3-phase
.. 70 watts
—40°C to +70°C
20000 feet

. 231b (1043 kg)
Height 109 in. (27-6 cm)
Width 15-4 in. (39 cm)
Depth 9 in. (22-7 cm)

Not required
None: portable unit

(6) Check of receiver noise and signal
charac erstics.

(7) Check of the amplitude of the phonic
wheel tone from either the indicator drive unit
or computor.

(8) Check of the search, follow, in-flight test,
and distance-flown circuits, using the signal
generator portion of the test set.

(9) Check of the action of the tracking unit
in correcting drift and pitch errors.

(10) Check of the aerial waveguide switch for
correct functioning and sequence of switching,

3. In addition to making functional tests, the test
set can also be used to aid fault-finding. There is
provision for using the oscilloscope to monitor
waveforms other than those brought in by the test
sct connector.

Constructional details (fig. 1)

4. The basic structure of the unit consists of a
horizontal chassis plate attached behind a rec-
tangular front panel and supported at the rear by
a pair of end-frames. Three vertical component
boards are mounted above the chassis, one at the
rear and one at each end. The complete assembly
thus formed is referred to as the chassis assembly
(component prefix No. 1). Three plug-in assemblies
are fitted below the chassis plate; these are the
velodyne amplifier (component prefix No. 2), the
phonic wheel assembly (component prefix No. 5)
and the power assembly (component prefix No. 8).
The unit is housed in a metal container which,
when the detachable front cover is properly
fastened, is waterproof, both the container and the
cover being fittcd with rubber seals.
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5. To allow air to flow through the unit for
cooling purposes, the edges of the front panel are
cut away. These vents are enclosed when the cover
is fitted.

6. As far as practicable, the components are
arranged in functionally-connected groups. All
controls and components to which access is
required when the test set is in use are mounted on
the front panel. They are protected by a pair of
guard frames. The left-hand vertical component
board carries the components of the c.r.t. timebase
circuit. Flying-lead based valves are employed.
The right-hand vertical component board carries
the components of the noise-shaping circuit. Again,
flying-lead based valves are fitted, except for the
noise valve 1V9, which has a B7G base. On the
rear component board are the components of the
Y amplifier, the tonc amplifier, and the bridge
mixer circuits, and the B9G base for the c.r.t.

7. Mounted beneath the chassis plate, in addition
to the three plug-in assemblies, are the power
transformer 1TR1 and the components forming the
phase-sensitive rectifier circuit. On the top of the
chassis plate are the e.h.t. smoothing capacitors,
relays 1IRLA and 1RLB, the e.h.t rectifier 1V5,
and a small sub-chassis carrying the potential
divider chain 1R94, 1R95, 1R96, IRVI4 and
IRVIS.

8. The three plug-in assemblies are identical with
those fitted in the indicator drive unit (Chap. 6).
It should be noted that the velodyne amplifier
assembly fitted in the computor is not identical
with the equivalent assembly fitted in the test set
and the indicator drive unit.

Functions of the controls (fig. 2)

9. The functions of the controls and other items
mounted on the front panel are as follows:—

Oscilloscope controls

(1) Cathode ray tube (1V6). Displays wave-
form present in circuit selected by scopE
SELECTOR switch.

(2) BriLL (1RVS). Controls brilliance of c.r.t.
trace.
(3) rFocus (1RV7). Controls focus of c.r.t.
trace.

(4) verocity (1RV9). Controls timbease
speed within the limits set by the TIMEBASE

switch.

(5) Y sHiFr (1RVS5a/b). Shifts c.r.t. trace
vertically.

(6) x sHiFT (1RV6a/b). Shifts c.r.t. trace
horizontally.

(7) sync (IRVI10). Controls level of signal
fed to timebase for locking purposes.

(8) Y amP GAIN (1ISWD). Controls amplitude

of signal applied to the input of the Y ampli-
fier, in seven steps.

AdB2896AC, Vol. 1, Part 2, Sect. 3, Chap. 1
A.L.13, June 62

(9) TiMEBASE (ISWE). Sets timebase speed
range.
Positions: 1 25 to 0-3 seconds
2 50 to 7-5 milliseconds
3 18 to 3 milliseconds
4 5 to 0-75 milliseconds
5 1-8 to 0-3 milliseconds.

(10) scope SeLECTOR (1SWC). Selects signal
to be applied to the Y amplifier for display on
the c.r.t. All signals reach the Y amplifier via
the Y AMP GAIN control.

Positions:

SIG Output of test set signal gen-
erator (cathode of 1V12).

sMC o/p  Output of a.m.c. assembly of
transmitter-receiver
(PLB20).

AGC Output of a.g.c. circuit of
tracking unit (PLN4) for
observation of switching
transients, ‘etc.

p/w TONE Output of photocell amplifier
of computor (PLG39) or
indicator drive unit
(PLH7).

CAL In this position, a 30mV peak-
to-peak 400 c/s signal is
applied to the Y amplifier
for gain calibration.

EXT Y AMP terminal connected to
Y amplifier for monitoring
external circuits.

(11) Y amp and EARTH terminals. For the
connection of any external circuit when the
oscilloscope section of the unit is required for
general waveform monitoring work.

Meter controls

(12) Meter engraved 10-0-10 (IM1). Indi-
cates parameter of circuit selected by METER
SELECTOR switch.

(13) METER SELECTOR (ISWA). See (12).
Positions:

MOD Output of tone generator
assembly of transmitter-
receiver (PLB22) for check
of modulation level applied
to klystron.

amc xTL  Qutput of a.m.c. crystal diode
circuit of transmitter-re-
ceiver (PLB19) to provide
indication of power output
sample detected for a.m.c.
circuit and indication of
power output.

AMC o/p  Output of a.m.c. assembly of
transmitter-receiver (PLB
20). This point can also be
monitored by the c.r.t.

AGC Output of a.g.c. circuit of
tracking unit (PLN4). This
point can also be monitored
by the c.r.t.



CHASSIS ASSEMBLY (1)

VELODYNE AMPLIFIER ASSEMBLY (2)

POWER UNIT ASSEMBLY (8)

PHONIC WHEEL ASSEMBLY (5)

Fig. 1. General view of test set assemblies
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Fig. 2. Front panel controls

Output of drift servo ampli-

fier 3V2 in aerial.

Deflec-

tion of meter shows that
the drift servo is respond-
ing to a dri't error signal
introduced by operation of
the pRIFT key (17).

Output of pitch a.c. pick-off
7X2 in tracking unit. De-
flection of meter shows that
the pitch servo is respond-
ing to a pitch error signal
introduced by operation of
the PITCH key (item 18).

For testing the two types of
crystal used in the equip-
ment i the forward and
reverse directions of current.

(14) xwnots (IRVI12a and b). Controls fre-
quency of simulated signal within a range
equivalent to 100 to 900 knots.

(15) siGNAL outpir (ISWF and 1RVI3).

ISWF is a toggle switch,

labelled ON/OFF,

which is wired in the signal path. It cuts off
the signal when not required. 1RV13 controls
the output level.

(16) pHONEs (1JKA). Enables the output
signal to be monitored with headphones.
These must be of high impedance.

(17) prirt PORT, STBD (1KA). Causes the
signal generator to simulate a drift error to
check the operation of the drift servo system.
Used in conjunction with the meter DRIFT

circuit.

(18) rpitchH pOwN, UP (1KB). Causes the
signal generator to simulate a pitch error to
check the operation of the pitch servo system.
Used in conjunction with the meter pITCH

circuit.

Miscellaneous

(19) priFT HOLD (ISWG). Stops the drift

sense switching.

(20) ritcH HoLD (ISWH). Stops the pitch

sense switching.

(21) PORT AFT, FORE and STBD AT, FORL
lights (ILP! to 1LP4). Operated by the sense
switching to show the direction of trans-

mission.

(22) NaurmiLis(1X1). Calibrated in 0-1 mile
steps to 999-9 nautical miles. It is driven from
the signal generator portion oi the test set.

(23) COUNTER/OIF

(ISWK).  Disconnects

counter from the energizing pulses. Must be
set to OFF before attempting to resct counter.



(24) x7L TEST crystal holders. For connect-
ing the crystals undergoing test by the meter
circuit. The two sockets are ‘connected in
paraliel.

Supplies
(25) inputT plug (IPLA). Input of test lines
and power supply from installation junction
box.
(26) POWER/OFF (ISWB). Switches the 115V
(or 200V) 400 c/s power supply. Power “on
shown by amber indicator lamp ILPS.
(27) RreD, WwHITE, BLUE fuses (1FSI, 1FS2,
IFS3). 1A power supply fuses. They are
positioned to protect both the test set and any
other equipment which may be connected to
the socket 1SKA (item 29).

(28) Lamps/oFF (1SWIJ). Switches the 6-3V
supply to the waveguide switch sequence
lamps ILPI to 4 (item 21).

(29) rep 17, whHiTtE 18, BLUF 19 (ISKA).
Makes available a power supply of 115V (or
200V) 400 c/s for other test equipment.

Brief description (fig. 3)

10. The scope SeLecTOR switch (ISWC) deter-
mines which signal is displayed on the c.r.t. The
first four positions of the switch monitor various
circuits in the installation, the fifth position brings
in a calibrating voltage, and the final position
connects the Y AMP terminals so that the unit can
be used for general-purpose waveform monitoring,
With the calibrating voltage selected, the gain of
the Y amplifier can be adjusted with a preset
resistor to give a trace of icference amplitude.

11. The chosen signal is passed to a potential
divider network, and a fraction of the nput, as
decided by the position of the v AMP GAIN switch
(ISWD) is amplified by a three-stage amplifier
1V1 to 1V4 for application to the Y plates of the

r,_l‘“
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AMPL IFIER - ;'f;;;r,
1SWD Wi L
‘ | o - —
1swc y’:mp AMPLIFIER SPLITTER _t' - f
——v———o [—f = L. .
OSCILLOSCOPE 1v3 1 w7
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-
' F
POWER -0 * + 1v5
' -—;; . — | RECTIFIER |
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Fig. 3. Block diagram
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c.r.t. The output stage 1V3, 1V4 is arranged in
push-pull to give symmetrical deflection.

12. The timebase sweep waveform is generated
by a Miller-transitron stage 1V7 and symmetrical
deflection for the X plates is provided by a para-
phase amplifier 1V8. A synchronizing signal for
the timebase is fed from the Y amplifier, 1V3.

13. The simulated Doppler signal is produced by
noise-modulating a variable-frequency tone. This
tone is produced by the phonic wheel assembly at
a frequency determined by the setting of the KNOTS
control, while the noise is produced by a thyratron
1V9. Both the signal and the noise are amplified
and passed to the mixer, which is of the double-
balanced type and so produces an output consisting

of sum and difference frequencies only. A cathode .

follower, 1V12, is interpcsed between the mixer
and the ottput plug PLA pin 10. The SIGNAL
outpuT level control is connected in the grid
circuit of this stage.

14. The METER SELECTOR switch (1SWA) selects
the required input signal for application to the
meter circuit, which, for the drift and pitch tests,
includes a phase-conscious detector arrangement.

e E- Okoco- |
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To carry out a pitch or drift servo test, key 1KA or
1KB is operated, as appropriate, and the signal
generator simulates the corresponding error con-
dition. Deflection of the meter needle then indicates
that the servo system concerned is functioning.

15. The NaUT MILES counter 1X1 is operated by
impulses from cam-operated contacts in the phonic
wheel assembly. The impulses are fed to the counter
via the COUNTER/OFF switch.

16. Two relays, IRLA and IRLB, are included in
the test set. They are operated by the drift and pitch
sense contacts in the aerial of the equipment under
test in synchronism with the sense relays in the
tracking unit. Their purpose is twofold :—

(1) to switch the PORT and sTBD lamps 1LPI,
2, 3 and 4;

(2) to cause the signal generator to simulate
a pitch or drift error signal when the appro-
priate key is operated.

17. Power supplies are derived from the 400 c/s
input by the power assembly (component prefix
No. 8) and by the circuit associated with trans-
former 1TR1 on the main chassis.

CIRCUIT DESCRIPTION

Oscilloscope circuits

18. Power supplies for the c.r.t. are derived from
the power transformer 1TR1 (fig. 7) which is
tapped to permit the use of a 115V or 200V input
supply. The input supply from the installation is
3-phase, and this is conveyed from the input plug
PLA pins 17, 18 and 19 to the fuses 1FSl1, 2, and 3
via the POWER/OFF switch 1SWB (fig. 11). Trans-
former 1TR1 is fed from the white and blue phases
and is protected by fuses 1FS2 and 3.

19. Secondary windings on 1TR1 provide an
e.h.t. supply together with a 4V supply for the e.h.t.
rectifier 1V5, and 6-3V supplies for the timebase
valves, the c.r.t., and the panel lights. In addition,
the transformer provides a 6-3V supply for the
noise generator valves 1V9, 10, 11 and 12, and a
24V supply for the phase-sensitive rectifier circuit.
The 140V h.t. supply is obtained from the power
assembly.

20. The e.h.t. supply is smoothed by 1R54 and
1C13 and is then fed to a potential divider network
consisting of 1RV8, 1RSS5, 1RV7, 1R53, which
provides the various voltages required by the
cathode, grid, and first anode of the c.r.t. The
nominal cathode voltage is —700V. The grid
voltage, negative with respect to the cathode, is
adjusted by the BRILL control 1RVS, and the first
anode voltage, positive relative to the cathode, is
adjusted by the rocus control 1RV7. The second
anode is fed from a further network 1R39, 1R40,
which is connected to the +140V h.t. supply
provided by the power assembly, as are also the
ganged shift potentiometers 1RV5a and b and
1RVé6a and b.

Timebase
21. The timebase generator consists of a Miller-

transitron stage [V7 and an anode follower para-
phasing stage 1V8. Control of the sweep speed 1s
obtained by varying the voltage to which the grid
of 1V7 is returned with the VELOCITY potentiometer
1RV9. A number of speed ranges arc made avail-
able by the TIMEBASE switch 1SWE. One wafer,
ISWE], selects a combination of Miller capacitance
at i resistance from the components 1C20, 21. 22,
1R57, 58, while the other wafer, ISWE2, selects a
corresponding transitron capacitor. ISWE2 also
switches the h.t. supply to the timebase valves, and
in the OFF position, the h.t. is cut off.

22. The sweep is synchronized by applying a
small portion of the signal voltage from the Y
amplifier output valve 1V3 to the suppressor grid
of 1V7. The magnitude of this voltage 15 adjusted
by the sync control 1RV10.

23. To prevent the flyback stroke,from appearing
on the screen of the c.r.t., a negative-going pulse
developed in the screen-grid circuit of 1V7 during
the transitron action is fed via 1C19 to the control
grid of the c.r.t. The pulse is ncgatively d.c.—
restored with respect to the bias voltage at the
slider of 1RV8 by IMRS. In addition, to ensure
that the c.r.t. grid voltage is constant during the
sweep period, the point from which the black-out
pulse is taken is limited positively to the voltage at
the junction 1R62, 1R63 by IMR6. Thus the c.r.t.
grid is held steady during the sweep, and is driven
negative to black-out the trace during the flyback.

24 The sweep voltage appearing at the anode of
1V7 is applied to the paraphase amplifier 1V8. This
valve produces an output substantially equal in
amplitude but of opposite phase relative to the
output of 1V7. The two outputs are applied to the



X plates of the c.r.t. via the blocking capacitors
1C16 and 1C17.

Y amplifier

25. The Y amplifier consists of three stages, 1V1,
1V2 and 1V3, 1V4 (fig. 8). Associated with the
amplifier is a potential divider network 1R41—
1R47. The signal to be displayed is chosen by the
SCOPE SELECTOR switch 1SWC and passed via the
blocking capacitor 1C2 to the top of the divider
network. A fraction of this input is then passed by
1SWD to the first amplifier 1V1, and from thence
via 1CS5 to the phase splitter 1V2. The load resistor
of 1V1 is in the form of a pre-set potentiometer
which énables the signal level to be adjusted for
gain calibration purposes. The phase splitter
employs a triode-connected pentode, with half the
load in the anode circuit and half in the cathode
circuit. Voltages equal in magnitude but opposite
in phase are developed at the anode and cathode
respectively, and these are applied to the grids of
the output valves 1V3, 1V4 in a push-pull arrange-
ment. The outputs of 1V3, 1V4 are applied to the
Y plates of the c.r.t. via the blocking capacitors
1C14, 1CI15. In addition, a portion of the output of
1V3 is tapped off by IRVI10 to synchronize the
timebase generator, as previously mentioned.

26. Gain calibration of the Y ampilifier is effected
by turning the sCOPE SELECTOR switch ISWC to the
CAL position, setting the GAIN switch. ISWD to
30mV, and adjusting 1RV4 to give a c.r.t. trace of
reference amplitude. With 1ISWC in the caAL
position, a 30mV peak-to-peak 400 c/s test voltage
1s picked off at the junction 1R27, 1R26 from the
6:3V r.m.s. valve heater supply originating in the
power assembly transformer 8TR2. As ISWD is in
the 30mV position, the full 30mV is applied to the
amplifier 1V1. Adjustment of 1RV4 then varies the
amplitude of signal passed on to the phase splitter
and from thence through the output stage to the
c.r.t. deflector plates. 1RV4 is set so that the peaks
of the displayed waveform just touch the calibra-
tion lines on the screen graticule. The deflection
resulting from the subsequent application of a test
voltage is then proportional to 30mV, e.g. a trace
of half the amplitude of the test signal indicates an
input of 15mV and so on. To measure test voltages
greater than 30mV the GAIN switch ISWD is
turned to a higher position. If, for example, the
GAIN switch is set at 10V and the trace is half the
calibration amplitude, the amplitude of the test
voltage is 5V. It should be noted that the method
of calibration gives results in terms of peak-to-peak
voltages.

Signal generator circuits

27. The portions of the unit concerned in the
generation of the simulated Doppler signal are the
phonic wheel assembly (fig. 9), the velodyne ampli-
fier (fig. 9), and the tone amplifier, noise generator
and mixer circuits (fig. 10).

Tone

28. Dealing first with the tone generating sequence
(fig. 9), a 24V, 400 c/s reference voltage is fed to
transformer 5TR1 from 8TR1. Transformer 5TRI
supplies a resistive network which includes the
speed control 1RVI2b. From the wiper of this

control a small 400 c/s voltage is fed to the input
of the velodyne amplifier in series with the output
of the tacho generator 5X1. The velodyne amplifier
supplies the control winding of the phonic wheel
motor 5MOI1, while the reference winding is
energized by a 115V supply from the power
assembly. Motor SMOI rotates at a speed deter-
mined by the setting of the kNOTs control 1RV12b,
velocity feedback being provided by the tacho
generator 5X1. A filter, consisting of 5LI, 2, 3 and
5CI, 2 is included in the circuit of transformer
5TRI1 to ensure that a pure waveform is applied to
the energizing winding of 5X1 in phase quadrature
with the reference supply to SMOI. The velodyne
amplifier and phonic wheel assemblies are similar
to those used in the indicator drivé unit.

29. Rotation of the phonic wheel causes a tone
to be generated by the photocell 5V1 at a frequency
determined by the setting of the KNOTS control
IRV12b, and this tone is passed to the amplifier
1V13 via 1TR2 (fig. 10).

30. The tone amplifier consists of two resistance-
capacitance coupled stages 1VI3 and 1VI4. The
tone input is fed to the primary winding of 1TR2,
the secondary of which is damped by 1RI17. As
in the main equipment, a bias voltage is fcd to the
photocell from a potential divider network 1R97,
98, 99 connected between the h.t. line and carth.
A preset gain control 1RVI16 is interposed between
the two stages. The output transformer 1TR3 is
parallel-fed from the anode of 1V14 via 1C50.

Noise

31. The noise with which the simulated signal is
generated originates in the thryatron 1V9. The
circuit is arranged so that a small current flows into
the grid of 1V9 from the h.t. line, and the noise
output is tapped off at the junction 1R73, 74. This
is fed via a preset level control 1RVI1 to the grid
of 1V10 which, with 1V11, forms a noise-shaping
amplifier circuit. The higher-frequency components
of the noise output of 1V9 are reduced by 1R75,
1C33.

32. The shaping amplifier incorporates a feed-
back capacitor 1C34 which is connected between
the cathode circuit of 1V11 and the control grid of
1V10. As there is no phase reversal between the
grid and cathode circuits of 1V11, this component
1s, in effect, a Miller capacitor connected between
the anode and grid of 1V10. The resulting apparent
capacitance between the grid of 1VI0 and earth,
together with the series resistor 1R76, gives the
amplifier a falling amplitude/frequency response
characteristic to simulate the shape of half the
Doppler spectrum. In the air, however, the width
of the received spectrum varies with the aircraft’s
speed, and to simulate this additional factor a
variable component, 1RVIi2a, is included in the
feedback circuit of the amplifier. This is ganged
with the KNOTs control and changes the response
shape of the amplifier simultaneously with changes
of speed setting. The maximum output of the
shaping amplifier occurs at approximately 20 c/s,
falling to half-amplitude at about 700 ¢/s when the
KNOTs control is set to the highest speed. At lower



F.S./5

speed settings, the roll-off occurs at progressively
lower frequencies, until at 100 knots the output is
half the 20 c/s level at about 80 c/s.

Mixer

33. The noise output, now shaped to represent
half the Doppler spectrum, is passed to the phase
splitter 1V15 via 1C40. Anti-phase outputs from
the cathode and anode of 1V15 are fed to the
double-balanced mixer, the cathode output being
adjustable by 1RVI9 to equalize the two levels
during setting-up operations. The mixer circ.ut
causes the noise to modulate the phonic wheel tone
introduced by 1TR3, and provides an output
between the centre-tap of ITR3 and carth which
consists of the upper and lower sidebands only, the
tone and original noise frequencies being sup-
pressed. The two sidebands together simulate the
Doppler spectruipn which is derived by the equip-
ment when the aircraft is in flight at a speed
corresponding to the setting of the KNOTS control.
Variable components 1RV17, IRV18 and 1C52 are
adjusted during setting-up operations to balance
out the tone frequency.

34. From 1TR3, the signal is passed to the cathode
follower output stage 1V12 via the SIGNAL OUTPUT
level control 1RVI13, and from thence to the
SIGNAL input of the SCOPE SELECTOR switch 1SWC,
the phone jack 1JKA, and to pin 10 of PLA. From
this point the signal is fed, via the test set connector
and the installation junction box, to the input
transformer associated with 5V1 in the tracking
unit search panel (fig. 6). An ON--OFF switch ISWF
is included in the output circuit.

Drift and pitch tests

35. Fig. 6 shows functionally the portions of the
test set concerned with testing the operation of the
drift servo system together with the appropriate
parts of the Doppler installation.

36. As previously described, the control voltage
for the phonic wheel velodyne is fed from trans-
former STR1 and is made variable by the KNOTS
control 1RVI12b. Besides the setting-up resistors
1RV14, 15, there are two fixed resistors 1R94 and
1R9S. Associated with these two resistors are the
PitcH and prIFT keys 1KB and 1K A, and contacts
of the pitch and drift sense relays, 1RLB3 and
1IRLAZ2, respectively. With both keys normal, both
relay contacts are disconnected, 1R94 is connected
in series with the KNOTS control, and 1R9S is
shorted out. The signal generator circuits then
function as described, with the phonic wheel tone,
at a frequency determined by the setting of the
KNOTS control, being fed to the mixer together with
the shaped noise spectrum from 1V9, 10, 11. At a
level set by 1RV13, the simulated Doppler signal
is passed to the equipment under test by a screened
lead, where it is fed into the point in the tracking
unit at which the real Doppler signal appears
under operational conditions.

37. Within the equipment, the signal is tracked
by the speed servo and the search, follow, and
distance circuits can be checked. To simulate pitch
and drift errors, use is made of the pitch and drift
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sense contacts in the aerial. These contacts operate
the drift and pitch sense relays IRLA and 1RLB
in the tracking unit. When the test set is connected,
the drift and pitch sense relays in the test set are
placed in parallel with those in the tracking unit,
and contacts IRLA2 and 1RLB3 therefore operate
in synchronism with the sense switching in the
equipment.

38. 1If the pitcH key 1KB is thrownto either
position, the short-circuit across 1R95 is broken,
and the two resistors 1R94, 95 are together switchéd
in and out of circuit by contacts IRLB3. Similarly
with the pITcH key normal and the DRIFT key 1KA
thrown to either position, 1R94, 95 are switched in
and out by contacts 1RLA2. Thus when either key
is thrown, the value of resistance in series with the
KNOTS control is alternately raised and lowered, the
timing being determined by the switching of the
corresponding sense relay, and the phasing by the
position of the key UP or DOWN, PORT or STBD.

39. The switching of the series resistance when a
key 1s thrown causes cyclic variations of the voltage
applied to the velodyne, and this, in turn, produces
corresponding variations in the frequency of the
tone passed to the mixer. Thus the spectrum of the
signal finally produced is shifted to and fro about
the mean position in simulation of an error in the
aerial drift or pitch plane, depending upon which
key is operated.

40. Assuming that the DRIFT key is operated, the
signal causes a 400 c/s error voltage to appear in
the aerial drift servo control transformer 1X2
which is amplified and applied to the motor IMO3.
A portion of the error voltage is taken out through
3CS5 to the test set where, when the METER SFLECTOR
switch ISWA is set to DRIFT, it is passed to the
phase-sensitive rectifier circuit IMR1, 2, 3, 4. In
this circuit the phase of the error sample is com-
pared with that of a 400 c/s reference voltage from
ITR1. Unidirectional current is produced which
passes through the meter 1M1, the direction of the
current being dependent upon the relative phasing
of the servo error voltage and the reference voltage
from 1TR1. The sense of the connections is such
that the meter needle moves to the right when the
DRIFT key is thrown to STBD.

41. The general arrangement of the PITCH test
circuit is similar to that described for the drift
circuit except that, with the meter selector switch
set to PITCH, the phase-sensitive rectifier is con-
nected to the pitch pick-off 7X2 in the tracking
unit. Deflection of the meter when the pITCH key
is thrown indicates that a signal is reaching the
pitch servo amplifier input (not the ousput, as in
the drift circuit). The sense of the connections is
such that the meter needle moves to the right when
the pITCH key is thrown to UP.

42, For both drift and pitch tests the meter
scaling is approximately 5-0-5 volts r.m.s. for
full-scale deflection.

Meter circuits

43. The functions of the meter circuits in the
pitch and drift tests are described in para. 40 above.



The remaining positions of the METER SELECTOR
switch ISWA are as follows.

MOD position

44. With the switch in the MoD position, the
meter functions as an a.c. voltmeter to indicate the
amplitude of the modulating tone produced by the
tone generator assembly in the transmitter-
receiver for application to the klystron (Sect. 1,
Chap. 1). Connected across the output of the tone
assembly is a rectifying circuit which feeds a
unidirectional current through a series variable
resistor 3RV2 to the test set PLAS. Within the test
set the meter is switched in series with 1R20,
Resistor 3RV2 in the tone generator is adjusted to
give a reference deflection of the test set meter
when the transmitter-receiver is set up (Sect. 2,
Chap. 1).
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Fig. 4. Forward crystal test circuit

AMC XTL position

45. With the METER SELECTOR switch in the aMC
XTAL position, the meter functions as a r.f. power
meter to measure the power output of the trans-
mitter. This is accomplished by connecting the
meter as a d.c. voltmeter and causing it to indicate
the d.c. component of the output of the a.m.c.
crystal IMR6 in the transmitter-receiver (Sect. 1,
Chap. 1). The d.. is fed from the transmitter-
receiver PLB19 to the test set PLA12 and from

thence to the meter in series with 1R6 and 1R20.
Included in the transmitter-receiver is a series
variable resistor 1RV4 which is adjusted during
setting-up operations to calibrate the test set meter
in terms of power output (Sect. 2, Chap. 1). The
relationship between meter reading and power is
not linear; readings of 4, 6, and 8, for example,
represent powers of 450mW, 1W, and 1-8W
respectively.

AMC O/P position

46. With the METER SELECTOR switch in the aMcC
O/P position, the meter functions as a d.c. voltmeter
to measure the output of the a.m.c. assembly in the
transmitter-receiver (Sect. 1, Chap. 1). This d.c.
output is fed from the a.m.c. assembly to the grid
of the e.h.t. control valve 1V14 and also to PLB20,
from whence it is extended to the test set PLA9.
Within the test set the meter is switched in series
with 1RS and 1R20. The meter scaling for the
AMC O/P circuit is 2:5-0-2-5 volts d.c. for full-scale
deflection.

AGC position
47. With the METER SELECTOR switch in the AGC
position, the meter functions as a d.c. voltmeter to
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Fig. 5. Reverse crystal test circuit
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measure the voltage on the a.g.c. line in the track-
ing unit (Sect. 1, Chap. 2). This voltage is fed from
the a.g.c. and S/N assembly to the 1st i.f. amplifier
in the aerial, and also to the test set PLA8. Within
the test set the meter is switched in series with
1R9, 1R10 and 1R20. The meter scaling for the
AGC circuit is 10-0-10 volts d.c. for full-scale
deflection.

XTL TEST positions
48. With the METER SELECTOR switch in the XTL
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TEST positions, the circuit is as shown in fig. 4 for
the forward current test, and as in fig. 5 for the
reverse current test. In each instance, a known
voltage, derived from the 28V d.c. supply, is
applied to the crystal and the resulting current is
measured by the meter. IRV1 is adjusted during
setting-up to give a known voltage across 1R3. For
the forward test, the open-circuit voltage at the
crystal holders is then 1-45V, and for the reverse
test 1-3V,

SERVICING

General

49. The following paragraphs describe the tests
and adjustments to preset components necessary
to ensure that the test set is capable of assessing
the performance of AD2300 equipments. The test
set should not, however, be disturbed unnecessarily.

50. It is desirable that the correct supply voltage
is maintained throughout the testing procedure.
A warming-up period of 15 minutes should be
allowed before making adjustments or taking
measurements. Test apparatus should also be
warmed up for the proper length of time.

Note . . .

Where electrolytic capacitors are used, these
are of the tantalum type and do not require
reforming.

51. Before commencing, the test set should be
removed from its case, and, if the tests are to be
followed through in sequence, the phonic wheel
and power assemblies should be initially removed
from the chassis assembly.

52. The three plug-in assemblies employed in the
test set are identical with those of the same type in
the indicator drive unit and would normally be
interchangeable with them. If, however, it is
necessary to interchange a phonic wheel assembly
from a test set to an indicator drive unit, the
assembly must be checked in accordance with the
instructions for the indicator drive unit.

53. Where soldering action is called for during
the tests, suitable thermal shunts should be
employed.

Test equipment

54. (1) Multimeter, 20,000 ohms per volt.
(2) Signal generator, 20 ¢/s-50 kc/s.
(3) Valve voltmeter to measure voltages in
the range of 9ImV to 40V, 20 c¢/s-50 kc/s. For
the noise tests, this should be of the mean
reading type calibrated in terms of r.m.s.
values on a sinusoidal input.
(4) Oscilloscope for the examination of
waveforms and the measurement of time
mtervals in the range 300uS to 2-5 seconds.
{5) Stopwatch.
(6) High-impedance headphones.

(7) Power supply connector.

(8) Phonic wheel assembly extension con-
nector.

(9) 1uF capacitor.

(10) 1K resistor.

(11) 100K resistor.

(12) 1-5V battery.

(13) 9V battery. For items (12) and (13) a
9V tapped grid bias battery is convenient.

PRELIMINARY ADJUSTMENTS AND TESTS

Chassis assembly: transformer tappings

§5. The connections for the input voltage tappings
on transformer 1TR1 are as follows:—

(1) 115 volts: blue phase to terminal 2
white phase to terminal 3

(2) 200 volts: blue phase to terminal 2
white phase to terminal 4.

Power assembly: transformer tappings

56. The input voltage links on transformer 8TR1
are as follows:—

(1) 115 volts; link terminals 1 to 4, 2,ta 5,
and 3 to 6.

(2) 200 volts: link terminals 4-to 7. 5 to’8.
and 6 to 9.

Chassis assembly: setting KNOTS control

57. (1) Set multimeter on a range suitable for
the measurement of 30 ohms resistance.

(2) Connect multimeter between slider and
top end (clockwise direction) of 1RV12b (rear
pot.) and set potentiometer to obtain 30 ohms
resistance.

(3) Check that the control knob indicates,
900 knots. If not, slacken the two knob-
securing screws and re-position the knob on
the spindle. Re-tighten the screws, at the same
time ensuring that the required relationship of
30 otcxlms for an indicated 900 knots is main-
tained.

Chassis assembly: initial adjustment of 1RV2
and 1RV3

58. (1) Ensure that the METER SELECTOR switch is
NOT in either PITCH or DRIFT position.

(2) Set IRV2 and 1RV3 each to the centre of
its travel.



Power supplies
59. It is essential that the power sources on the
chassis assembly and power assembly are properly
loaded when the following measurements are made.
Ensure, therefore, that all three plug-in assemblies
are in position.

60. The tests are made with the POWER, COUNTER,
and LAMPS switches set ON. The TIMEBASE control
can be set to any of the positions marked 1 to 5.
The supply voltage should be 115V 429 (or
200V 4-29)).
(1) Direct voltages.

(a) H.T. (IRV6, X shift pot. to chassis):

+140V +5V.

(b) L.T. (1R7, in relay circuit, to chassis):

+28V 4 1V.

(¢) E.H.T. (1Cl18, c.r.t. cathode, to chas-

sis): —700V + 30V.

(d) Gridof 1V9(pin I, IR73): 10V +1V.

(e) Screen grid of 1V9 (pin 5, IRI115):

—0:6V +0-1V.

(2) Alternating voltages.

(a) Socket SKA, 17 (red), 18 (white), 19
(blue): 115V or 200V as appropriate.

WARNING . ..
Take care when making the
following check. The heater is
at e.h.t. voltage with respect
to the chassis.

(b) E.H.T. rectifier heater (1V5, pins 3
and 4): 4V +0-2V.

(c) All other valve heaters: 6-3V +0-3V.

(d) P.W. tacho filter supply (8§TRI1, U and
V): 40V 12V,

Velodyne amplifier: direct voltages
61. Earth the control grid of 2VI (pin 1, 2R4).
Check the following voltages with respect to
chassis.
(1) 2V3, 2V4 cathodes (pins 2, 2RI195):
+15V £3V.

(2) 2V2 cathode (pin 2, 2R10): 177V +7V.
(3) 2VI1 cathode (pin 2, 2R7): +1V + 0-3V.

62. Remove earth from 2V grid.

Velodyne amplifier: gain measurement
63. (1) Switch the test set OFF.

(2) On the phonic wheel assembly, discon-
nect the motor (SMO1) leads which terminate
on terminals 1 and 3 respectively on the tag
strip which is secured to transformer 5TRI.
Access to the terminal strip is gained by
releasing and opening the left-hand side hinged
panel.

Note .
The colour coding of the leads on motor
SMOL differs on early and later models, as
indicated in the following table. The
numbers are those on the tag strip on
which the leads terminate.

Early version Later version Tag

Blue Yellow 1
Green Red 2
Yellow White 3
Brown Black 4
Red Red/black 5
Black Green 6

(3) On the velodyne amplifier assembly, dis-
connect the contro! grid (green lead) of 2V1
and connect a 1K resistor from this lead to
chassis.

(4) Connect the output of the signal geneiator
to 2V1 grid (green lead) via the 1uF capacitor
and the 100K resistor.

(5) Switch the test set ON, and, after a suitable
warming-up period, inject a signal of 10mV
(measured at 2V1 grid) at a frequency of
400 cfs.

(6) With the valve voltmeter, check the out-
put at the anodes of 2V3 and 2V4 (with motor
SMOL1 stationary). The output should be
between 20V and 40V r.m.s. with respect to
chassis.

(7) Switch the test set OFf. Disconnect the
oscillator, the 1K and 100K resistors and the
1uF capacitor.

(8) Re-connect the control grid of 2V1.

(9) On the phonic wheel assembly, re-connect
the leads removed at (2) above.

Phonic wheel assembly: adjustment of photocell
lamp SLP}

64. The phonic wheel assembly should be con-
nected to the chassis assembly with the appropriate
extension connector.

(1) With the test set switched OFF, release the
hinged panel which in turn permits the photo-
cell assembly access door to be opened.

(2) Locate resistors 1R97 and 1R98 (on rear
panel near c.r.t. base) and disconnect the
inner of the screened lead which terminates at
the junction of these two resistors.

(3) Connect the multimeter, on the ImA d.c.
range, between the disconnected lead and the
junction of the resistors, positive of the meter
to the tag (i.e. in series with the output of the
photocell).

(4) Check the alignment of the filament of
lamp SLP! in relation to the lens. Initially the
filament should be positioned parallel to, and
in line with, the centre of the lens. Parallel
adjustment of the lamp in relation to the lens
is accomplished by rotating the lamp within
the housing. Vertical adjustment of the lamp
in relation to the lens 1s obtained firstly by
varying its position within the housing, and
secondly by releasing the two screws securing
the lamp housing to the access door and
moving the housing up or down as required.
(5) Switch the test set ON.

(6) Adjust the position of the lamp, turning
it within its holder if necessary, to obtain the
highest current reading on the multimeter,
reducing the range from ImA to 50pA until
photocell current 1s observed.
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() If it has been necessary to adjust the
position of the lamp housing, the securing
screws should be tightened and locking varnish
applied.

(8) Switch the test set to OFF.

(9) Disconnect the multimeter, and re-con-
nect the screened lead to the junction 1R97,
1R98 unless the tone amplifier gain is to be
checked, in which instance the lead should be
left disconnected in readiness (para. 87).

(10) Remove the extension connector and
refit the phonic wheel assembly to the chassis
assembly.

Phonic wheel assembly: tacho excitation voliage

65. (1) Ensure that all three plug-in assemblies
are in position. Switch the test set ON.

(2) Check the tachometer generator excita-
tion voltage appearing across terminals 1 and
3 of transformer STR1 on the phonic wheel
assembly. This should be 24V +2V a.c.

(3) Check the speed potentiometer excitation
voltage at terminals 1 and 2 of transformer
STRI1. This should be 4-75V +0-4V a.c.

SETTING UP

66. It is assumed that all the tests previously
described have been satisfactorily completed. The
test set should be out of its case, and, with power
applied, have been switched on for at least 15
minutes since the conclusion of the last test.

Meter circuits

Caution . . .

Before commencing the following tests, ensure
that 1RV?2 and 1RV'3 are each set to the centre
of travel (para. 58). This is essential to avoid
the possibility of damage to the meter.

67. The meter 1M1 should first be adjusted for
central reading. Set the METER SELECTOR switch to
AGC, place the test set on its back, and adjust thé
mechanical control for exact zero.

MO D position

68. (1) With the test in normal attitude, set the
METER SELECTOR tO MOD.

(2) Connect the negative terminal of the
1-5V battery to chassis. Switch the 20.000
ohms/volt multimeter to the 2-5 volts d.c.
range. Connect the positive terminal of the
multimeter to the positive terminal of the
battery, and the negative terminal of the
multimeter to pin 5 of plug PLA.

(3) The percentage of full-scale duflection of
the test set meter 1M1 should be equal to that
of the multimeter + 5% and should be to the
right.

(4) Remove the connection to pin 5 of PLA.
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AMC XTL position
69. (1) Set the METER SELECTOR t0 AMC XTL.

(2) Connect the positive terminal of the
multimeter to the battery as in (2) above,
range 2:5V d.c., and connect the negative
terminal to pin 12 of PLA.

(3) As for (3) above.

AMC O/P position
70. (1) Set the METER SELECTOR t0 AMC 0O/P.

(2) Connect the negative terminal of the
1:5V battery to chassis, and the positive
terminal to pin 9 of PLA.

(3) Using the 2-5V d.c. range, connect the
multimeter "across the battery so that it
registers the battery voltage.

(4) The reading obtained on the meter 1MI
should agree with the multimeter within
+59%. Meter IM1 should be deflecting to the
right.

AGC position
71. (1) Set the METER SELECTOR tO AGC,

(2) Connect the negative terminal of the 9V
battery to chassis, and the positive terminal to
pin 8 of PLA.

(3) Using the 10V d.c. range, connect the
multimeter across the baitery so that it
registers the battery voliage.

(4) The reading obtanwed on the meter 1M1
should agree with the multimeter within + 59,.
Meter 1M1 should be deflecting to the right.

Crystal test voltage: adjustment of | RV1

72. (1) Set the multimeter to the 2-5V d.c. range.
Connect the negative terminal to chassis and
the positive terminal to the outer pole of the
coaxial crystal holder.

(2) Adjust 1RVI for a reading of 1-8 volts.

Note . . .

The follow g two tests, FWD XTL position
and REV XTL position, will-cause the meter
IM1 to exceed full-scale deflection to the
left, but will not cause damage.

FWD XTL position
73. (1) Set the METIR SILECTOR tO FWD XTL.

(2) With the muliimeter, check the voitage
across each «rystal holder. These voltages
should be equal, and should be between 1-4V
and 1-5V d.c. The outer pole of the coaxial
holder and the arrow ‘tail’ contact on the
tray should both b. positive.

(3) Switch the multimeter to the ImA range
and again connect it to one of the crystal
holders. The current should be between 0-6mA
and 0-TmA.



REV XTL position

74. (1) Set the METER SELECTOR tO REV XTL.
(2) With the multimeter, check the voltage
across each crystal holder. This should be
between 1:15V and 1-45V d.c. The inner pole
of the coaxial holder and the arrow ‘head’
contact on the tray should both be positive.
(3) Switch the multimeter to the 250uA
range and again connect it to one of the
holders. The current should be between 105pA
and 145pA.

PITCH and DRIFT positions
75. (1) Set the METER SELECTOR to PITCH.

) (2) Switch the multimeter to the 50pA range
and connect it between pin 2 and pin 7 (chassis)
of PLA.

(3) Adjust 1RV3 to produce minimum deflec-
tion on the multimeter, and 1RV2 to produce
minimum deflection on meter 1M1.

(4) Repeat the above adjustments until both
meters read zero.

Oscilloscope circuits

SHIFT controls

76. Check the action of the X and Y shift
controls; clockwise for ‘right’ and ‘up’ movement
respectively.

BRILL control

77. Check the action of the brilliance control;
clockwise for increase. It should be possible to
extinguish the trace by turning the control counter-
clockwise.

FOCUS control
78. Check that satisfactory focusing is obtained.

TIMEBASE and VELOCITY controls

79. (1) Check that the timebase collapses when
the TIMEBASE switch is turned to OFF.

(2) Check the length of the timebase trace on
each range. This should exceed 1 inch at all
positions of the VELOCITY control.

(3) Check that the brilliance does not vary
unduly over the trace length.

(4) Connect the Y input of the test oscillo-
scope to the anode of 1V7 (pin 4, 1R60).
Check that the timebase appears to be linear
at each end of the range.
(5) Measure the time of sweep at each end of
each range. These times should be within
30% of the following:—

1 2-5 to 0-3 seconds

2 50 to 7-5 milliseconds

3 18 to 3-0 milliseconds

4 5 to 0-75 milliseconds

S 1-8 to 0-3 milliseconds.

Y amplifier calibration voltage
80. (1) Connect the valve voltmeter between the
junction 1R26, 1R27 and chassis.

(2) The 400 c/s voltage at this point should
be 10-6mYV r.m.s. (30mV peak to peak) +-109,.

Y amplifier calibration
81. (1) Set the SCOPE SELECTOR tO CAL.
(2) Set the Y AMP GAIN switch to 30mV.

(3) Adjust 1RV4 so that the peaks of the
trace observed on the c.r.t. extended to the
upper and lower calibration lines of the
graticule.

SCOPE SELECTOR switch and SYNC control
82. (1) Set the SCOPE SELECTOR tO EXT.

(2) Connect the output of the signal genera-
tor, set to a frequency of 1 kc/s, between the
Y AMP and EARTH terminals.

(3) Check the action of the syNC control.

(4) By increasing the output level from the
signal generator, check that a deflection of
full tube diameter can be obtained without
clipping or visible distortion.

(5) Disconnect the signal generator lead from
the Y amp terminal (leaving the other con-
nected to the EARTH terminal) and connect it
in turn to pins 10, 9, 8, and 1 of plug PLA,
simultaneously turning the SCOPE SLCLFCTOR
to SIG, AMC O/P, AGC and P/W TONE respec-
tively. A trace of the same amplitude should
be obtained at each switch position.

(6) Reconnect the generator lead to the
Y AMP terminal in readiness for the next test.

Y amplifier gain

83. (1) Continuing from the previous test, and
with the signal generator still set to 1 kc/s, set
the SCOPE SELECTOR to EXT.

(2) Set the Y AMP GAIN switch to 30mV.

(3) Adjust the output of the signal generator
so that the peaks of the trace observea on the
c.r.t. extend to the upper and lower calibration
lines on the graticule.

(4) Using the valve voltmeter or the oscillo-
scope, measure the input at the Yy AMP terminal,

(5) Repeat the procedure with the v amp
GAIN switch set to each of its other positions
in turn.

(6) The input required in each instance
should agree with the Y AMP GAIN switch
setting within +159%. Note that this switch is
calibrated in peak-to-peak values. Table 1
shows the limits of the voltages to be obtained
in both peak-to-peak and r.m.s. values.

TABLE 1

Y AMP GAIN switch positions and
input levels at 4159 limits

Switch R.M.S. Peak-to-peak
position values values
30mV 9-0to 12:2mV 255 to 34-5mV
100mV 30 to 4lmV 85 to l15mV
300mV 90 to 122mV 255  to 345mV

v 0-3 to 041V 0-85to 1-15V
v 09 to 122V 2:55 to 345V
10V 3-0to 41V 8-5 to 11-5V
30V 9-0 to 12:2V 255 to 34-FV
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Y amplifier frequency response

84. (1) Continuing from the previous tests, with
the signal generator connected to the Y AMP
terminal, frequency 1 kc/s, SCOPE SELECTOR to
EXT, set the Y AMP GAIN switch to 100mV.

(2) Adjust the output of the signal generator
so that the peaks of the c.r.t. trace extend to
the upper and lower calibration lines on the
graticule. Measure the input level.

(3) Repeat the procedure at frequencies of
20 c¢/s and 50 kc/s.

(4) The Y amplifier should not be more than
0-5dB down at 20 c¢/s, nor more than 6dB down
at 50 kc/s, i.e. the input voltage measured at
20 c/s should not be more than 1-06 times the
input at 1 kc/s and the input measured at
50 kc/s should not be more than twice the
input at 1 kefs.

Speed potentiometer: setting-up with counter check

Caution . . .
It is essential to ensure that the setting of the
KNOTS control knob has been checked as
detailed in para. 57 before proceeding. Also, the
equipment must be at optimum working tempera-
ture; the COUNTER switch should have been ON
during the warm-up period.

Adjusiment of 1RV14 and 1RV15

85. (I) Set KNoOTS control to 800 knots.
(2) Using the stopwatch, adjust 1RV14 to
produce 100 counts in 45 seconds +0-5
second. (Each count represents 1/10 n. mile.)
(3) Set the kNOTs control to 200 knots.

(4) Using the stopwatch, adjust 1RV1S5 to
produce 25 counts in 45 seconds +-0-5 second

(5) Repeat (1) to (4) above until the correct
number of counts is obtained in the given time
at both speed settings.

(6) Finally, check that at:

(a) 900 knots, 100 counts are obtained in
40 seconds +0-5 second; and at

(b) 100 knots, 25 counts are obtained in
90 seconds 42 seconds.

() Switch the counter OFf. Check that it can
be reset to zero.

Sense checks

86. The following checks cover the operation of
relays IRLA, IRLB and the associated circuits,
operation of the DRIFT and PITCH keys, the DRIFT
HOLD and PITCH HOLD buttons, the indicator lamps,
and the PHONES jack.

(1) Set LAMPS switch to ON. The PORT AFT
lamp should light.

(2) Press the DRIFT HOLD button. The STBD
AFT lamp should light. Release the button and
short PLA pin 14 to pin 15 (chassis). The same
lamp should light.
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(3) Press the PIiTcH HOLD button. The STBD
FORE lamp should light. Release the button
and short PLA pin 16 to pin 13 (chassis). The
same lamp should light.

(4) Press the DRIFT HOLD and PITCH HOLD
buttons at the same time. The PORT FORE lamp
should light.

(5) Plug high impedance headphones into
the PHONES position. A signal should be heard.

(6) Set the KNOTS control to 900 knots.

(7) Set either DRIFT or PITCH key to the right,
i.e. STBD and UP positions respectively. Using
the headphones, a slight increase in frequency
should be heard.

(8) Setting either DRIFT or PITCH key to the

left, i.e. PORT and DOWN respectively, should

Lesul(; in a slight decrease in frequency being
eard.

(9) Press the DRIFT HOLD button and set the
DRIFT key to STBD. The frequency should
decrease slightly.

(10) Press the PITCH HOLD button and set the
PITCH key to up. The frequency should
decrease slightly.

(11) Press the DRIFT HOLD button and set the
DRIFT key to PORT. The frequency should
increase slightly.

(12) Press the PITCH HOLD button and set the
PITCH key to DOwN. The frequency should
increase slightly.

Signal generator circuits
Tone amplifier
87. (1) Connect the test oscilloscope ind valve

voltmeter to the top of 1C50.

(2) Set 1RVI6 fully clockwise and note the
maximum residual hum and noise level. 1his
should be less than 1-75V r.m.s.

(3) Set the valve voltmeter to its highest
voltage range for safety.

Note . ..

If the inner conductor of the screened lead
wired to the junctions 1 R97, 1 R98 was not
disconnected for adjustment of the photo-
cell excitation lamp (para. 64), it should be
disconnected now, before proceeding to the
Sollowing gain tests.

(4) Connect the output of the signal generator
to the junction 1R97, 1R98 via the 1uF capaci-
tor and 100k resistor.

(5) Set the signal generator frequency to
5 ke/s and in:rease the level of the input to the
amplifier until clhipping is observed on the
oscilloscope. The outpat level, just before
clipping occurs, should be greater than 10V
r.m.s.

(6) Swatch the test set OFF.



(7) Connect the valve voltmeter betwden the
junction 1R97, 1R98 and chassis. Set the signal
generator to 10 kc/s and adjust its output to
produce a level of 12-5mV at this point.

(8) Disconnect the valve voltmeter from the
junction 1R97, 1R98 and connect it to the
output of the signal generator. Note the
reading obtained.

(9) With the signal generator set to 1 kc/s,
repeat (7) and (8) above.

(10) With the valve voltmeter still connected
to the output of the signal generator, reduce
the output level of the generator until the
reading has fallen to one-tenth of its previous
value. Disconnect the valve voltmeter. The
object of this procedure is to set the input to
the amplifir at 1-25mV, 1 kcfs. The reading
obtained at 10 kc/s will be used later.

(11) Switch the test set ON.

(12) After a suitable warming-up period,
connect the valve voltmeter to the top end of
1C50. The output should be greater than 6-0V
r.m.s. Disconnect the valve voltmeter.

(13) Set the oscillator to 10 kc/s. Connect the
valve voltmeter across the output of the signal
generator, and adjust the output level to
one-tenth of the value obtained at (8) above.
This is to set the-input to the amplifier at
1:25mV, 10 kc/s. Disconnect the valve volt-
meter.

(14) Connect.the valve voltmeter to the top
end of 1C50. The output should be greater
than that obtained at (12) above.

(15) Switch the test set OFF.

(16) Disconnect the signal generator, the
1uF capacitor and the 100k resistor, and
reconnect the inner of the screened lead to the
junction 1R97, 1R98.

(17) Switch the test set ON.

(18) Set the kNOTS control to 100 knots and
900 knots in turn. The outputs obtained at
1C50 at these speeds, relative to 1 kc/s and
10 kc/s respectively, should not be less than
those obtained at (12) and (14) above.

(19) Set the KNOTs control to 600 knots.

(20) Adjust IRVI16 to obtain 7-0V r.m.s.
(20V peak-to-peak) output at 1C50.

(21) Check that the waveform obtained is
reasonably sinusoidal and that when the speed
is varied from 100 to 900 knots the output does
not fall below 5-0V r.m.s. (14V peak-to-peak).

(22) Disconnect the test oscilloscope and
valve voltmeter.

Noise shaper
88. (1) Set the xNOTS; control to 600 knots.

(2) Connect the test oscilloscope and valve
voltmeter to the top end of 1R112 (cathode
1V15).

(3) Adjust 1IRV11 to obtain 3-5V as measured
on the valve voltmeter. The oscilloscope should
show 20V peak-to-peak. The waveform should

be random noise and should not contain any
tone component, nor should it be clipped at
top or bottom.

(4) Set the xNoTS control to 900 knots and
200 knots in turn. The amplitude at 900 knots
should increase slightly on that obtained at
(3) above, and at 200 knots fall to less than
one-half that level.

(5) Switch the test set OFF.

(6) Disconnect that end of 1R75 which joins
the junction 1R73, 1R74 (rear end).

(7) Connect the free end of 1R75 to earth via
the 1K resistor.

(8) From the junction of 1R75 and the 1K
resistor, connect the 100K resistor to the out-
put of the signal generator via the IpF
capacitor.

(9) Switch the test set oN and allow a suitable
warm-up period.

(10) Set the signal generator to 20 c¢/s and
increase the output of the generator so as to
obtain the maximum output from the circuit
under test without overloading, as observed on
the test oscilloscope. This maximum should be
greater than 9-0V r.m.s. (25V peak-to-peak).

(11) Set the kNoTS control to 200 knots.
Adjust the input to give an output of approxi-
mately 5V r.m.s. (14V peak-to-peak). Then
adjust the frequency of the signal generator for
maximum output.

Note . . .

At 200 knots, the maximum output will
generally appear in the region of 20 c/s.
Should the maximum output appear to be
below the minimum frequency available
Jfrom the generator, it may be taken that
the maximum output occurs at 20 c/s.

(12) Adjust the input to given an output of
5-0V r.m.s. (14V peak-to-peak).

(13) Slowly increase the frequency of the
signal generator up to 200 c/s. The output
should fall to 2:5V r.m.s. (7V peak-to-peak) at
a frequency between 125 and 200 c/s.

(14) Set the kNoOTs control to 800 knots.
Repeat (12) and (13) above, but take the
signal generator up to 800 c/s. The output
should fall by one-half at a frequency between
500 and 800 c/s.

(15) Disconnect the signal generator. Check
the hum level. This should be less than 150mV
r.m.s. (0-5V peak-to-peak).

(16) Switch the test set oFf. Disconnect the
1K and 100K resistors and the 1pF capacitor,
and reconnect 1R75 to the junction 1R73,
1R74,

(17) Switch the test set oN, and after a
suitable warming-up period set the KNOTS
control to 600 knots. Check the output. It
should be the same as set at (3) above.

(18) Disconnect the test oscilloscope and
valve voltmeter.
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Mixer tone balance
89. (1) Set the KNOTS control to 600 knots.

(2) Set the SCOPE SELECTOR to SIG.

(3) Set the SIGNAL OUTPUT switch to oN and
the SIGNAL OUTPUT control to maximum.
Observe the signal on the test set c.r.t.

(4) Connect the test oscilloscope to the rear
end of 1C42 and obtain a synchronizing voltage
from the top end of 1C50.

(5) Short 1V11 grid to earth.

(6) Adjust 1RV17, 1IRVI8 and 1C52 for
minimum output as observed on the test
oscilloscope. °

Mixer noise balance
90. (1) Remove short from 1V11 grid.

(2) Remove the test oscilloscope synchroniz-
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(3) Synchronize the test oscilloscope from a
heater line. (Note that one side of the heater
supply is earthed.)

(4) Short the top end of 1C50 to chassis.

(5) Adjust 1RV19 for minimum noise on the
test oscilloscope.

(6) Remove short from the top end of 1C50.
Connect the valve voltmeter to the rear end
of 1C42.

(7) The voltage indicated should be greater
than 1-5V r.m.s. (8-5V peak-to-peak), falling
when the knots control is set to speeds below
600 knots.

(8) Connecting either the control grid of 1V11
or the top end of 1C50 to chassis should cause
the output, observed as at (7) above, to drop
by more than 30dB at any speed in the range
100-900 knots.

(9 Remove the test oscilloscope. valve volt-

ing connection from 1C50.

meter, and test connections.

TABLE 2
Fault location

Fault

Possible cause

Remedial action

Power oN lamp fails to light, but
panel illumination lamps light
when POWER switch is set to ON.

Pqwer oN lamp and all panel
illumination lamps fail to light
when POWER switch set to ON.

Counter (1X1) not functioning
when COUNTER/OFF switch set to
COUNTER and POWER switch set to
ON, but PORT/STBD, FORE/AFT lamps
operating correctly.

Counter (1X1) not functioning
PORT/STBD, FORE/AFT lamps not
operating, and meter (IM1) not
functioning when METER SELECTOR
switch set to XTL TEST position.

Counter (1X1) operating but not
producing correct number of
counts for a given setting of KNOTS
control.

Defective lamp 1LP5

(a) Open-circuit fuse

(b) Transformer 1TR1 defective

(a) Mechanical damage to counter
(1X1)
(b) Contacts SSWA defective

{c) Low or no 28V d.c. supply to
contacts SSWA
(d) Rectifier IMR11 defective

No 28V d.c. supply from power
assembly

(a) Mechanical damage to counter
(1Xx1)

(b) Incorrect d.c. supply to con-
tacts SSWA

() Rectifier IMR11 defective

(d) Incorrect on/off ratio of con-
tacts SSWA

(e) Frequency/speed relationship
of simulated signal incorrect

Replace 1LPS5.

Check 1FS2, 1FS3. If defective;
ascertain if overload conditions
present thus causing rupture of
fuse. Clear fault, replace fuse(s).

Check transformer and associated
circuits.
WARNING: HIGH VOLIAGE

Inspect 1X1, replace if damaged.

Inspect contacts, replace iIf de-
fective.
Check supply vcltage.

Check, replace if defective.

Check rectifiers 8MRS, 8MR6,
8MR7 and transformer 8TR!
winding PLMN. Replace defective
items.

Check 1MRI11 for short circuit;
replace if defective.

Inspect 1X1, replace if damaged.
Check voltage.

Check 1MRI11, replace if de-
fective.

Change assembly.
See below.



TABLE 2—(contd.)
Fauilt location

Fault

Possible cause

Remedial action

Frequency/speed relationship of
simulated signal incorrect.

Low output from photo-electric
cell 5V1 in phonic wheel assembly.

Low simulated signal output level.

Excessive noise on simulated
signal.

Incorrect crystal current readings
on meter 1M1 when METER SELEC-
TOR switch set to either XTL TEST
position.

x and Y SHIFT controls not effective.

Excessive brilliance of c.r.t. trace.

(a) Incorrect positioning of KNOTS
control on spindle of 1RV12

(b) Maladjustment of 1RV14
(c) Maladjustment of 1RV15

(d) Tone amplifier gain incorrect

(e) Noise shaper gain incorrect
(f) Bridge balance incorrect

(g) Velodyne amplifier assembly
gain incorrect

(h) Phonic wheel assembly defec-
tive—excessive stiction

(1) Tachogenerator (5X1) excita-
tion voltage incorrect

(i) Speed potentiometer (1R94,
IR95, 1RVI14, 1RVI2b, 1RV15)
excitation voltage incorrect

(a) Incorrect positioning of lamp
SLP1

(b) 5V1 unserviceable

(a) Noise shaper gain incorrect
(b) Tone amplifier gain incorrect
(c) Bridge balance incorrect

(d) Cathode-follower 1V12 defec-

tive

(¢) Low output from 5V1 in
phonic wheel assembly
Incorrect adjustment of 1RV19

(a) Maladjustment of IRVl
(b) Incorrect d.c. supply to IRVI

Low d.c. supply to 1RVS5, 1RV6
(shift controls)

Decrease in ohmic value of 1R54,
1RVS, 1R56

Check position as detailed in
para. 57.

See para. 85.

See para. 85.

Check adjustment of 1RV16. See
para. 87.
Check adjustment of 1RV11. See
para. 88.

Check adjustment of 1RV17,
IRVI1S8, 1C52. See para. 89.

Check gain as detailed in para. 63.

Change assembly.

Check that 24V 2V a.c. are
present across terminals 1 and 3
of STRI. If incorrect: check STRI1,
5C1, 5C2, 5C3, and supply from
8R2, 8TR1 (40V 42V a.c. across
terminals U, V).

Check voltage across terminals 1
and 2 of 9TR1. This should be
475V 40-4V a.c. If incorrect,
check as in (i).

Check adjustment as detailed in
para. 64. If adjustment of lamp
does not affect required results.
replace SLP1, check 5R2.

Replace 5VI1.

Check adjustment of 1RV11. See
para. 88.

Check adjustment of 1RV16. See
para. 87.

Check adjustment of 1RV17,
1RV18, 1C52. See para. 89.
Check I'V12, and associated com-
ponents, H.T. at anode 1VI2 is
140V 45V d.c. with respect to
chassis.

See previous fault,
Check adjustment. See para. 90.

Check adjustment. See para. 72.
Check that 28V 41V d.c. are
present at IR7 with respect to
chassis.

Check 140V +5V d.c. supply to
1RVS5, 1RV6. If incorrect, check
h.t. circuit.

Check resistors, replace if defec-
tive.
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TABLE 2-—(contd.)
Fault location
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Fault

Possible cause

Remedial action

Insufficient brilliance of c.r.t. trace.

When SCOPE SELECTOR switch is set
to CAL position with Y AMP GAIN
switch set to 30mV position, peaks
of trace on c.r.t. do not extend to
upper and lower calibration lines
of the graticule.

(a) Increase in ohmic value of
1R54, 1RVS, 1R56

(b) Low e.h.t. supply

Maladjustment of 1RV4

Check resistors, replace if defec-
tive.

Check e.h.t. supply (—700 +30V)
at 1CI18 with respect to chass.s.

WARNING: OBSERVE SAFETY
PRECAUTIONS.

K low, check 1C12, 1C13, ICI1,
1C18, 1V5.

Set up 1RV4 as detailed in para.
81.
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Introduction 2. The test set is primarily a go/no go device.

1. Test set, flight control system, Type M.14 is a
portable test set designed to perform a series of
functional tests on computor navigational (com-
putor B) in the AD2300 Doppler installation at
second and third lines. It affords the following
facilities:—

(1) An output voltage representing drift
angle and simulating the drift signal from the
tracking unit. Provision is made to vary the
drift angle in 10° steps from 0-30° to port
or starboard.

(2) An output voltage representing the
heading reference signal normally derived
from the aircraft gyro-compass system. The
required heading can be set up by reference
to a counter-type indicator on the panel.

(3) A resistive network to complete the
speed circuit in the computor in the absence
of the tracking unit and so provide an input
to the computor speed amplifier. A control
on the test set gives equivalent speeds of 0,
80, 500 and 900 knots.

(4) Provision for examining the output of
the reference signal generator (phonic wheel)
in the computor.

Its purpose is to check that the appropriate
circuits in the computor are functioning correctly,
but it is not intended to perform measurements
or prove the accuracy of the computor.

General description

3. The test set (fig. 1 and 2) is similar in
appearance to test set Type M.29. All components
are mounted on a panel and frame assembly
housed in a case measuring approximately 11 in.
high x 154 in. wide x 9 in. deep. The panel is
protected by a cover retained in position by clip
fasteners. Inside this cover, and held by a spring
clip, is a correction chart giving heading counter
readings against true headings.

4. All connections into and out of the test set
are made through sockets on the panel with the
exception of the power supply input. This is a
flying lead brought out through the bottom right-
hand corner of the panel and unterminated so that
the appropriate plug can be fitted according to the
user’s requirements.

5. The complete assembly is identified as test
kit, radio (6625-99-970-8510) consisting of test
set Type M.14 and a set of thirteen connectors
housed in a transit case.
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supplied with an excitation voltage from TR2 in
the test set, fed out via SKA/54 and 71.

10. Since the servo loop amplifier in the test set
is a high gain circuit, a damping network is in-
cluded to prevent instability. This consists of
R23, R24, R25 and MR35 connected across the
excitation supply from TR2 and hence across the
winding of 6MO1. The degree of damping can

be selected by SWD (DRIFT SERVO DAMPING).

When the desired drift angle has been selected,
SWD should be set to give the minimum damping
consistent with complete stability.

11. Movement of the SET DRIFT control causes
the amplifier to produce a drive voltage so that
6MOIl1 in the computor rotates. In so doing it
drives the associated synchros until 6X3 in the
computor is in alignment with MS3 in the test
set, whereupon there is no input to the amplifier
and the system comes to rest. If the computor is
functioning correctly, an output will be produced
by 6X1 and the drift angle set up on the test set

A=P2890AC, Vol. 1, Part 2, Sect. 3, Chup. 2
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will be displayed on a speed and drift indicator
coupled to SKD.

Heading reference

12. In normal operation the drift angle evaluated
by the computor is related to the aircraft heading
and for this purpose a heading reference signal is
fed to the computor from the aircraft gyro-
compass. Under test, this input is simulated by a
synchro MS1 in the test set. Movement of the
synchro rotor is controlled through reduction
gearing by a knob on the panel and the rotor
position is shown on a counter-type indicator. To
allow for mechanical tolerances, each test set is
individually calibrated and has, in the lid, a
correction chart showing counter readings against
true headings.

13. The stator windings of MS1 are connected,
via switch SWA and SKA/10, 11 and 12, to the
differential synchro 6X2 in the computor. MSI1
rotor is connected across the excitation supply

Fig. 2. Test set Type M.14: interior view



from TR2. With SWA in the HEADING position,
the computor receives a normal heading reference
signal.

Stiction test

14. An effective stiction test requires a very small
degree of movement of the rotor of the synchro
providing the input signal. Accordingly, when
SWA is set to ERROR ANGLE STICTION TEST, MSt
is disconnected and the stator windings of MS2
are connected to SKA/10, 11 and 12. A shaft,
terminated in a ball knob, protrudes through the
panel of the test set and is coupled to the rotor
of MS2. Associated with this shaft is the two-
position control marked 1/5° and 1/10°. Thus,
depending upon the setting of the angle control,
MS2 rotor can be moved through 1/5° or 1/10°
and the stiction of the computor system checked.

Ground speed

15. To check the operation of the computor
speed circuits the test set contains a potential
divider network consisting of R18-R21 and this
network is connected, via SKA/62 and 70. across
potentiometer 6X7 in the computor. The rotor of
switch SWB, which enables various tapping points
on the network to be selected, is taken to trans-
former TR2 in the computor speed amplifier.
Thus, movement of SWB varies the speed ampli-
fier input and, if the computor circuits are func-
tioning correctly, the output from the speed
synchro will cause a speed and drift indicator
connected to SKD to show a ground speed which
should agree substantially with that indicated by
the test set switch.

Reference signal

16. The reference signal, generated by the phonic
wheel in the computor, is fed to the tracking unit
for comparison with the Doppler signal so that
even its complete absence would not invalidate any
of the tests for which test set Type M.14 is
designed. Accordingly, the output of the photo-
electric cell amplifier in the computor is fed into
the test set via SKA/46 and 37 and brought out
to two terminals TPl and TP2 on the panel. By
connecting a suitable indicator (e.g. test set Type
M.29) to these terminals, the operation of the
generator can be checked and the frequency
measured.

Across track limit warning

17. The across track gearbox in indicator
assembly Type M.14 contains a cam-operated
switch controlling a d.c. supply to an external
indicator. When the across track limit is reached
the switch breaks the supply to give a visual
warning. To check the operation of this circuit.
test set Type M.14 includes a relay RLA, the
contacts of which are in series with an indicator
lamp LP2 connected across the 26V winding on
TR2. The coil of relay A is connected between

earth and (via R22) SKB/N. When a computor
is under test, relay A is energized and the contacts
make, connecting LP2 across the 26V supply so
that the lamp lights. If across track limit con-
ditions are produced, the relay supply should be
interrupted and LP2 will then be extinguished.

Additional facilities

18. Test set Type M.14 includes certain
additional facilities which are not related to the
tests it is designed to perform on the computor.
One of these is a third synchro in the heading
circuit designated ADDITIONAL HEADING. Although
the rotor of this synchro is linked to the heading
control on the panel so that its position is in-
dicated by the counter, the stator connections are
brought out to socket SKH. Normally, excitation
is derived from the internal 26V a.c. supply. but,
by changing over two links within the unit, the
rotor connections can be transferred to SKH/4
and 5 to permit excitation from an external source.

19. The remaining extra facilities are associated
with sockets SKC (misc.), SKF (1:1 prIFT) and
SKG (across Track). Details of the outputs pro-
vided at these sockets are given in the following
list:

Socket Pin No. Service
SKC ] Track error output X
2 Track error output Y
3 Track error output Z
4 Actual track X
5 Actual track Y
6 Actual track Z
7 ﬁyto-pilot track error signal
12 é’uto-pilot track error signal

9 Along track distance output X
8 Along track distance output Y
13 Along track distance output Z
14 Across track output X
15 Across track output Y
11 Across track output Z
17 26V a.c.

SKF i 6X4 energizing

Drift synchro stator X
Drift synchro stator Y
Drift synchro stator Z
Across distance a.c. H’
Across distance a.c. C’
Across track deviation +ve

Across track deviation —ve

(7]

SKG

W N e B

Connectors

20. Thirteen connectors are provided with each
test set. They are illustrated in fig. 3 and details
are as follows:—
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Introduction

1. Chamber, cable terminal (10AD/4004) is a test
junction box employed in second line bay servicing
of ARI23085. It functions by interrupting circuit
paths between transmitter-receiver and tracking
unit thereby allowing functional tests to be made
on the installation. Vol. 4 of this publication
covers fully the use of chamber, cable terminal for
2nd line servicing.

General description

2. The chamber is constructed as shown in fig. 1
and measures 8 in. long X 5% in. wide X 2% in.
deep, excluding switch and socket projections.
Attached to the case are flanges having  in. diam.
fixing holes on centres 82 in. X 2in. Connections
to the chamber are made via special cables at the
37-pole plug PLA (to the tracking unit) and 37-pole
socket SKA (to the transmitter-receiver). When
the chamber is removed from the circuit the free
ends of the two connecting cables (fitted with
mating plug and socket) are joined to complete the
circuit between transmitter-receiver and tracking

BLANKING, PITCH SENSE, SIGNAL, A.G.C. A toggle
switch, SWF, is incorporated and has positions
NORMAL and MEMORY TEST; the latter position dis-
ables the in-flight memory test function of the
installation and allows a setting-up procedure in
the signal comparator to be carried out. The GAIN
control, RV1, is used in conjunction with the
A.G.C. switch (set to TEST) and provides a variable
d.c. voltage at SKA1 (derived from an external or
internal battery supply) to control the gain of the
i.f. amplifier in the aerial assembly.

Front panel terminals

4. Front panel terminals and their functions are

as follows:—
(1) BATTERY/EARTH. These allow connection
of an external battery to the chamber, should
this be desirable, or permit the p.d. of the
internal battery to be measured. Either
battery should have a p.d. of approximately
9V.
(2) A.G.c./earTtH. Connecting a multimeter
across the terminals permits measurement of

unit.

Circuit
General

3. Five, three-position switches, SWA-SWE, are
contained in the chamber and the installation cir-
cuit functions affected by these are, DRIFT SENSE,

Switch functions

the potential on the a.g.c. line to the trans-
mitter-receiver.

(3) siGNAL/EARTH. Used for two purposes
depending on the position of the SIGNAL
switch, and allows an external doppler signal
to be injected into tracking unit or permits
measurement of the transmitter-receiver output.

5. Fig. 2 shows that each switch controls a circuit path between PLB of transmitter-receiver and PLM of
tracking unit. When each switch is set to its NORMAL position, all connections necessary for complete function-
ing of the installation are made between PLB and PLM (via respective switches in the chamber). The switches

and their functions are as follows:—
(1) BLANKING (SWB):  NORMAL

ON

OFF

(2) DRIFT SENSE (SWA)
and
PITCH SENSE (SWC): NORMAL

ON
OFF

(3) siGNAL (SWD): NORMAL

EARTH

TEST

4) a.g.c. (SWE): NORMAL

Contacts ISWA in the aerial waveguide assembly make an
carth connection each -second, switching relay 2RLA in the
tracking unit, disabling the pulse modifier and blanking the
doppler signal at the a.f. amplifier (PLAIS).

2RLA remains energized. Doppler signal is blanked via
2RLA1 and pulse modifier is disabled.

2RLA is de-energized. Doppler signal passes to §TR18 (via
PLL17).

Drift sense contacts 1ISWB in the aerial waveguide assembly
make contact each second, earthing relay coil 1RLA in the
tracking unit (PLM17). Pitch sense contacts 1ISWC operate
each half-second and earth coil 1RLB (PLM18). Contacts of
1RLA and 1RLB switch a.g.c. capacitors 1C4-1C7 and phase
windings of 7MO2 and drift integrator motor 6MOI1.

Relays IRLA, 1RLB energized.

Relays 1IRLA, 1RLB de-energized.

Doppler signal from cathode of 2V2 (PLC24) in the if.
amplifier of transmitter-receiver is fed via chamber (SKA7,
PLAD7) to input transformer 1TR2 in the tracking unit (PLM?7).
Output of 2V2 is fed to SIGNAL/EARTH terminals of chamber.
Signal voltage is monitored via filter network connected across
terminals. No signal is fed to tracking unit.

Simulated doppler signal from signal generator may be applied
to SIGNAL/EARTH terminals (i.e. when testing tracker perform-
ance). No signal is fed from transmitter-receiver to tracking
unit.

A.g.c. voltage derived from cathode circuit of 5V2 (PLDI10)
in the signal comparator of the tracking unit is fed via chamber
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EARTH

TEST

(5) MEMORY TEST/NORMAL switch (SWF):
NORMAL

MEMORY TEST

A.P.114FE-0400-1, Part 2, Sect. 3, Chap. 3
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(PLA1, SKA1) and transmitter-receiver to i.f. amplifiers 2V3,
2V4 in the aerial assembly (PLBS5).

A.g.c. line to transmitter-receiver is earthed. Lf. gain is at
maximum.

Chamber battery is connected across GAIN control RVI and
earth. Control voltage is fed to i.f. amplifiers in the aerial
assembly (para. 3).

Depressing TEST button on indicator M.15 with installation
working under memory conditions, produces the normal in-
flight memory test function.

Earth line from 1RLG4 in tracking unit to coil of IRLB in
transmitter-receiver brought about by depressing TEST button
on indicator M.15, is broken. No 800 ¢/s modulation applied
to the transmitter klystron and tracking unit receives no
doppler signal. With A.G.C. switch set to TEST, gain of system
is raised to a level where the corresponding increase in noise
output of transmitter-receiver should drive tracking unit to
signal conditions. 5RV3 sets up the operating point of 5V3,
the signal comparator in the transmitter-receiver, determining
at what signal level the tracking unit changes from memory to
signal conditions.
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Introduction

1. Test set, synchro unit, Type 7427 is a test
set used in conjunction with ARI.23085 to check
the drift accuracy of the aerial sub-unit. To
check the aerial drift movement it is necessary
to know:—

(1) the aerial position in relation to the
fore and after axis of the aircraft

(2) the input information.

The aerial position can be determined by using
the scale and vernier of the Aerial test jig, Type
7424. A synchro output of known accuracy is
required to supply the input information and this
synchro must be calibrated so that an angular
change of 0-5 minute can be determined. The
test set, synchro unit, Type 7427, fulfils this
requirement.

General description

2. The test set is shown in fig. 1 and measures
approximately 102 inches long by 5% inches
wide by 6% inches high, excluding plug, dial
rotating knobs and stand projections. Connec-
tions to the synchro unit within the sealed con-
tainer are via a 6-pole plug PLA on the left-
hand side of the container. On the front of the
instrument are two dials, A and B. Dial A is
engraved every degree for 360 degrees and is
attached to the synchro shaft within the con-
tainer. It is driven through a 60:1 ratio reduc-
tion gear train by dial B. Each 360 degree rota-
tion 'of dial B gives an incremental movement
of 5 degrees rotation on the synchro. The com-
plete test set is calibrated against a master syn-
chro and combined synchro and backlash errors
are plotted for both clockwise and counter-
clockwise synchro rotation. A correction card,
specific to the particular instrument, is attached
to one side of the case beneath a clear Perspex
cover.

WARNING . ..
The accuracy of this instrument can
be affected if subjected to mechani-
cal shock.

Circuit description

3. Refer to the circuit diagram fig. 2. The a.c.
power supply for the rotor of the synchro is
26V, 400 c/s and is applied to terminals R1 and
R2 via plug PLA/D and PLA/E respectively.
‘When the test set is in use the stator connections
S1, S2 and S3 are connected via plug PLA/A,

PLA/B and PLA/C to the stator connections S1,
S2 and S3 respectively of the drift synchro 1X2
in the aerial.

Setting-up procedure

4. The following setting-up procedure for the
Test set, synchro unit Type 7427 must be carried
out in the event of the synchro in the test set
being changed.

(1) Refer to circuit diagram, fig. 2.

(2) Connect a valve voltmeter between
terminals S1 and S2.

(3) Connect a 26V, 400 c/s, a.c. power
supply between terminals R1 and R2 and
switch on the supply.

(4) Set the two scales of the test set to
read 0 degrees 0 minutes. Slacken the syn-
chro body clamps.

(5) Rotate the body for a null indication
on the valve voltmeter.

(6) Connect together terminals R2 and S3
of the synchro.

(7) Using a multimeter check that the volt-
age between terminals R1 and S2 is ap-
proximately 36V a.c.

(8) If the voltage is approximately 16V
a.c. remove the link from terminals R2 and
S3 and repeat (5) for the alternative null.
Repeat (6) and then recheck (7).

(9) Remove the link from terminals R2
and S3.

(10) Using the valve voltmeter, determine
and maintain the null and tighten the syn-
chro body clamps, checking that the scales
are still at 0 degrees 0 minutes.

(11) Switch off the a.c. power supply.

(12) Disconnect the power supply and the
valve voltmeter.

(13) Replace the back cover of the test set.

Note . . .
The test set must now be recalibrated
for synchro and backlash errors against
a master synchro and the correction
card completed before the instrument
is used.

PLA

I_.
'
1 =
26V 400(:15{
o

OUTPUTS OF
STATORS
$1,82 & 83

Fig. 2. Test set, synchro unit Type 7427: circuit
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