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Introduction

1. The magnetic amplifier units, Ultra, Types
A450 and A451 (fig. 1), are designed to limit
and control the jet-pipe temperature of an air-
craft engine to a datum specified by the
engine manufacturer. The magnetic amplifier
units are identical in construction but differ
in their datum temperatures, ie. 662°C.
(Type A450) and 652°C. (Type A451).

2. Temperature is sensed by a thermocouple
cluster attached to the engine jet-pipe. The

thermocouple signal is applied to the maguetic
amplifier unit, the output of which supplies
the control phase of a two-phase a.c. squirrel-
cage actuator motor. A valve in the fuel
system is operated by the actuator and
regulates the supply of fuel to the engine, thus
preventing the engine from overheating.

3. The principles and applications of mag-
netic amplifiers are outlined in A.P.4343, Vol,
1, Sect. 1, Chap. 3.

Fig. 1. Magnetic amplifier unit, Ultra, Type A451

STAGE

Fig. 2. Amplifier unit with top cover removed
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Fig. 3. Block schematic diagram of amplifiers
DESCRIPTION 6. The end casting houses the datum trim

4. The specific datum temperature setting
of the relevant amplifier unit is obtained by
the suitable choice of a resistor (R66) located
in the cold junction compensator (C.J.C.)
resistance bridge. The value of this resistor
(R66) constitutes the only difference between
the A450 and A451 magnetic amplifier units.
The following description is therefore applic-
able to both units.

5. The components of the magnetic amplifier
unit are mounted on two castings which are
assembled to form a single housing. Removal
of the top covers (fig. 2) of the respective
castings reveal the amplifying stages and
transformer unit, together with the gain and
datum trim potentiometers. The amplifying
stages, transformer unit and C.J.C. unit, are
housed in individual sealed cans and access
to their electrical connections is gained by
removing the baseplate from the underside
of the unit. A layout diagram ( fig. 6) shows
the location of components, which are
revealed when the baseplate is removed, and
identifies the seal numbers and terminal
markings of these components.

and gain control potentiometers in addition
to the following electrical connections:—

(1) Four-pole plug for the 115V, 400
c.p.s. single phase supply.

(2) Five-pole plug, can be used for con-
nection to a temperature selector unit (not
used in current applications of the A450
and A451 units).

(3) Four-pole plug for the a.c. actuator
motor.

(4) Twin terminal sockets which accept
the compensating leads from the thermo-
couples.

PRINCIPLES OF OPERATION

7. A block schematic diagram (fig. 3)
illustrates the basic principle of the jet-pipe
temperature control system using the A450
or A451, magnetic amplifier units. A single
phase input is applied to the transformer
unit which provides the power supplies for
the amplifying stages, the stabilizing bridge
and bias circuits, and the reference (quadra-
ture) phase of the two-phase squirrel cage
actuator motor.
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8. A stabilized voltage output, from the
stabilizing bridge, is applied to the cold
junction compensator (C.J.C.) resistance
bridge. A reference voltage is derived from
the C.J.C. bridge and is compared with the
thermocouple voltage. Any difference be-
tween these voltages results in a current
(error signal) which is fed to the stage 1
control winding and amplified via the three
stages of the magnetic amplifier unit. The
magnitude of the error signal is proportional
to the difference between the jet-pipe tem-
perature and the specified datum. The
polarity of the error signal is related to a
jet-pipe temperature in excess of, or below,
the specified datum.

9. The output of stage 3 (output stage) is
applied to the control phase of the a.c.
actuator motor, which rotates in a direction
determined by the polarity of the error signal.
Operation of the a.c. actuator motor causes
a fuel-valve to regulate the supply of fuel to
the aircraft engine, thus preventing it from
overheating.

CIRCUIT DESCRIPTION

10. The circuit diagram ( fig. 8), which shows
the connections between individual com-
ponents together with their respective seal
numbers and terminal identification, is
applicable to both A450 and A451 magnetic
amplifier units. The difference between these
units, i.e. the value of resistor R66, is shown
in the table included in Fig. 8.

11. The transformer unit houses a 115V.
400 c.p.s. single phase transformer which
provides the following supplies: —

(1) Power supplies for the transductors
of the amplifying stages.

(2) An 8mA supply via half-wave recti-
fiers WS53 and WS54, for the bias
circuits (Para. 23) of the amplifying
stages and for the voltage stabilizing
bridge.

(3) A supply, via capacitors (C31 and
C32), for the reference (quadrature)
phase of the two phase squirrel cage
actuator motor.

12. A smoothed d.c. supply of 8mA is fed
from a 70V transformer secondary winding
to the voltage stabilizing bridge, located in
the transformer unit. The output (terminals
15 and 16) is stabilized against fluctuation of
the single phase supply voltage by the
Zener reverse voltage characteristic of the

Silicon diode WS52. Adjustment of the
stabilized output is effected using potentio-
meters RV64 (REF. VOLTS BALANCE) and
RV66 (REF. VOLTS r04D). Each potentio-
meter is preset and locked during the initial
setting-up of the amplifier unit, to ensure
that a stabilized d.c. supply of 2mA is fed to
the cold junction compensator (C.J.C.)
bridge. This stabilized d.c. supply enables a
reference voltage to be developed at the C.J.C.
bridge resistor network R64, R65, R66, etc.

13. The reference voltage opposes the
thermocouple voltage which is applied to the
CJ.C. bridge. A voltage difference, pro-
portional to the change in jet-pipe tempera-
ture above or below the specified datum,
results in a current (error signal) in the
stage 1 control winding which is connected
in series with the thermocouples and datum
trim potentiometer RV72. Adjustment of
the thermocouple voltage, using potentio-
meter RV72 (terminals 5 and 6), provides for
the error signal to be approximately zero at
the respective datum temperatures specified
for the amplifiers A450 and A451. The
value of resistor R66, chosen to obtain the
respective reference voltages at the specified
datum temperatures, constitutes the only
difference between these amplifiers.

14. To limit jet-pipe temperature to the
specified datum it is necessary to compensate
for changes in thermocouple voltage which
are due to changes in cold junction ambient
temperature. Compensation is effected by the
inclusion of a copper resistance coil, located
adjacent to the thermocouple input terminals,
in one arm of the C.J.C. bridge. Resistance
of the copper coil varies as the ambient
temperature varies, and therefore modifies
the reference voltage level of the C.J.C.
bridge. The subsequent change in C.J.C.
bridge reference voltage is equal and opposite
to the voltage change, due to a change in
cold junction ambient temperature, at the
thermocouple input terminals. The amplifier
control circuit is therefore referred to the
thermocouple voltage which is proportional
to the hot junction temperature.

15. The error signal is amplified by stage 1
which has two amplifying sections, 1A and
1B. Each section consists of a pair of auto-
self-excited transductors, arranged in push-
pull, with series mixing and separate bias
balance control (RV62 and RV67) for each
section.
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Note . . .

Terminal markings S1A4, F1A, S1B and
F1B identify the “starts” and ‘“‘finishes”
of transductor core windings, and are
not related ito the amplifying sections
14 or 1B.

Since the transductors are arranged in push-
pull, stage 1 responds to the above datum
(positivey or below datum (negative) tempera-
ture signals.

16. The stage 1 output (terminals 1 and 5)

is applied to the control winding (terminals 1
and 2) of stage 2 which comprises a push-
pull pair of transductors with series mix-
ing. The stage does not incorporate bias
balance control as the stage is adequately
balanced by negative feedback. The stage 2
output (terminals 3 and 4) is sensed, as con-
sidered for stage 1, and therefore responds to
error signals of either polarity.

17. The stage 2 output, via negative feed-
back winding 6 to terminals 3 and 4, is ap-
plied to the control windings of the output
stage at terminals 1 and 11. The output stage
comprises two auto-self-excited a.c. trans-
ductors, the control windings of which are
connected in series. Bias windings of the re-
spective transductors are also connected in
series and the bias current is adjusted using
potentiometer RV63. The respective outputs
of the transductors are linked to form a
common output (terminal 10). One of the
transductors, depending on the polarity of
the signal applied to the output stage (ter-
minals 1 and 11), provides a supply for the
control phase of the a.c. squirrel cage actu-
ator motor.

18. The reference phase of the a.c. actuator
motor is supplied from a 15 volt transformer
secondary winding via capacitors C31 and
C32 which are housed in the output stage
(terminals 7 and 8). After boosting by the
capacitors the reference phase voltage is ap-
proximately 20 volts a.c. measured across
terminals 1 and 2 of the output (A.C. ACTUA-
Tor) plug. The function of the capacitors is
to provide a 90° phase shift between the
control and reference (quadrature) phases, to
operate the two-phase a.c. actuator motor.
Polarity of the temperature signal, i.e. an
above or below datum signal applied to the

* amplifier thermocouple terminals, determines

A.P. 4343K, Vol. 1, Sect. 2 Chap. 3
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whether the control phase leads or lags by
90° and so determines the direction of rota-
tion of the a.c. actuator motor.

@19. Maximum output of the amplifier
measured across the control phase (terminals
A and B of the output plug) is + 11 volts
a.c. The temperature deadband, i.e. the range
of jet-pipe temperature over which the tem-
perature control system exercises no control,
is 75°C + 1-5°C. The amplifier output cor-
responding to the temperature deadband is
+1 volt ac.p

Feedback circuits

20. Several feedback loops are incorporated
in the amplifying stages to provide control
and stability. A stage 1 negative feedback
loop consists of the stage 1 output voltage
fed back into winding 5 (section 1A, termin-
al 6), via a series resistor R19. This feedback
loop stabilizes the first stage during operation
of the amplifier unit.

21. A stage 2 negative feedback loop con-
sists of the stage 2 output voltage fed back
into part of windings 3 (at terminal 16) and
2 (at terminal 15) of the same stage, via
potentiometer RV73. Control of the ampli-
fier gain is effected by controlling the voltage
feedback over stage 2, with RV73 as the
gain control potentiometer.

22. An additional negative feedback loop
is incorporated in stage 2. The X’ trans-
ductor output is fed via winding 6 of the Y’
transductor to terminal 4, and the ‘Y’
transductor output is fed via winding 6 of
the X’ transductor to terminal 3. The nega-
tive feedback has a stabilizing and balanc-
ing effect in this stage.

Bias circuits

23. The rectified current, obtained from the
70 volt secondary winding of the single phase
transformer, provides the bias for the am-
plifying stages. The magnitude of the
bias current (8mA) is preset using the bias
control potentiometer RV63. Stage 1 uses
the bias distribution method, i.e. an arrange-
ment of the respective bias circuits to facili-
tate equal biasing of the push-pull pair of
transductors used in each amplifying section
1A and 1B. Bias balance potentiometers
(RV62 and RV67) are incorporated in the
bias circuits.
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24. A bias winding, in series with resistor
R24, forms the bias circuit for stage 2. A
shunt resistor R23 limits the current in this
bias circuit to the appropriate value. The
output stage bias circuit, which is similar to
that of stage 2, consists of a bias winding
shunted by resistor R31 to limit the bias
current.

Smeothing
25. A capacitor C52, located in the trans-

" A4500rA451
AMPLIFIER

L CHROMEL

former unit, provides smoothing for the bias
and voltage stabilizing circuits.

Datum trim

26. Trimming of the datum temperature,
when the magnetic amplifier unit is installed
in the aircraft, is effected by adjusting the
potentiometer RV72. This is a “click”
potentiometer which has a range of adjust-
ment of approximately 35°C in fifteen steps
of approximately 21°C per step.
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Safety resistor
27. A 47 K Qresistor, connected across the
thermocouple terminals, ensures that a
negative signal is passed to the amplifier in
the event of an open-circuit fault on the
thermocouples.

TESTING
Bench tests
28. Bench tests using Test Equipment Type
QE2230, are applied to the control system
amplifier to determine its serviceability prior
to being installed in the aircraft.

Note . . .
The tests specified in the following para-
graphs are applicable to both A450 and
A45Y magnetic amplifier units, which differ
only in their respective datum tempera-
tures.

Equipment required for the bench test is
detailed below:—
(1) Test set, Ultra, Type QT223.
(2) Nine-core test cable Type QY2212.
(3) Four-core test cable Type QY2216
for monitoring the 115V, 400 c.p.s.
supply.
(4) Bench test rig ( fig. 4).
(5) Single-phase 115V, 400 c.p.s. supply.
(6) Two-phase squirrel cage motor
actuator, as used in the aircraft jet-pipe
temperature control system.
(7) Stop watch.

The bench test, applied to the control system
amplifier, includes datum temperature, dead-
band and gain tests and a timing check. A
response diagram ( fig. 5) shows the various
temperature readings (A, B, C, D and E)
obtained during the bench tests. The readings
are interpreted, on completion of the relevant
tests, into the deadband, gain and datum
temperature of the jet-pipe temperature
control system.

29, Prior to commencing - bench tests,
certain precautions must be observed and
preliminary tests undertaken, as described in
paras. 30 and 31.

Precautions

30. To obviate possible damage to the test
set, QT223, the following precautions must
be observed.
(1) Before switching on the supply to
the test set, and unless the testing instruc-
tions state otherwise, the REHEAT/SPEED
DATUM switch must be in the oFF (centre)
position,

A.PA4343K, Vol. 1, Sect. 2, Chap. 3
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(2) When adjusting the DATUM TEM-
PERATURE scale, during temperature sig-
nal measurements, avoid running the
associated potentiometer hard on to its
limit stops.

Test set batteries

31. The following test should be applied to
the test set QT223 to ensure that the batteries
are serviceable.

(1) Reference source battery (Mallory
SKB544)

(a) Set the TEMP. DATUM/OFF/TEMPERA-
TURE DATUM AND SIGNAL switch to the
TEMPERATURE DATUM AND SIGNAL Posi-
tion.

(b) Turn the TEST SELECTOR switch to
the BATTERY position.

(¢) Note the reading of METER 1I
which should be in the green zone.

(2) Temperature signal source battery
(Mallory SKB536)

(a) Set the TEMP. DATUM/OFF/TEMPER A-
TURE DATUM AND SIGNAL switch to the
TEMPERATURE DATUM AND SIGNAL posi-
tion.

(b) Turn the TEST SELECTOR switch to
T/C RES.

(¢) Turn the T/C HARNESS SELECTOR
switch to position H.

(d) Depress the T/C RESIST. TEST key
switch to the T/C RESIST. TEST position.

(e) Rotate the TEMP. SIGNAL, COARSE
control slowly clockwise.

(f) With the COARSE control turned
through approximately % full travel,
METER II should indicate full scale
deflection. If the readings of METER II
differ from those given, the respective
battery must be considered unservice-
able and should be renewed. Instruc-
tions for changing the batteries are
given in Sect. 10, Chap. 1 of this
publication.

Test rig connections ( fig. 4)

32. The thermocouple commoning leads are
connected to the amplifying input (THERMO-
COUPLES, terminals + and —) and to the
test plug (terminals 1 and 2) by special
compensating leads. Therefore it is essential
that the connecting cables used in the bench
test shall include Chromel/Alumel leads, as
indicated in the bench test circuit ( fig. 4).
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33. 1In the test rig, the resistance of the
thermocouple cluster is simulated by a 0-25
ohm resistor. It is important to ensure that
the connecting leads to this resistor make
good electrical contact since additional
resistance in this circuit will adversely affect
the test results.

34. Connect the amplifier, A450 or A451,
into the bench test circuit prepared as in
fig. 4. Switch on the 115V, 400 c.p.s. single
phase supply.

Note . . .

During the bench tests the thermocouple
eam.f. is simulated by a variable voltage
derived from the test set QT223. The test
set voltage is obtained by turning the
TEMP. DATUM/OFF/TEMPERATURE DATUM
AND SIGNAL swifch to the TEMPERATURE
DATUM AND SIGNAL position, as specified
in the relevant tests.

Voltage, frequency and phasing tests

35. These tests provide an indication that
the power supply to the control system
amplifier is correct. They are not intended to
provide an absolute measurement. Allow
five minutes to elapse, after switching on
supply, before proceeding with the tests.

(1) Tutn the TEST SELECTOR switch to

C.P.S.

(2) The frequency is indicated on

METER 1. The scale range is 380-420 c.p.s.

in steps of 10 c¢.p.s. Centre-scale reading

represents 400 c.p.s.

(3) Observe the PHASING indicator. The

lamp should illuminate.

(4) Turn the TEST SELECTOR switch to

VOLTS.

(5) Note the reading of METER 11. If the

voltage is within the specified limits the

meter reading should be within the blue

zone.

(6) Observe the PHASING indicator. The

lamp should be extinguished.

Removal of test cable QY2216

36. Disconnect, and remove, the test cable
QY2216 from the test circuit. Connect the
aircraft supply lead to the supply plug (400
c.p.S. SUPPLY) of the temperature control
system amplifier.

Datum temperature tests

37. If a jet-pipe temperature indicator of
the current drawing type is incorporated in
the aircraft installation, it is important that,
during bench testing, the test set T/C HARNESS
SELECTOR switch is set to the position appro-

priate to this installation. If allowance is not
made for the presence of the current drawing
type of indicator, it will be necessary to trim
the amplifier to obtain the correct datum
temperature setting, when the amplifier is
installed in the aircraft.

38. To establish the datum temperature
setting of the amplifier in the temperature
control system, proceed as follows:—

(1) Prepare for recording simulated
temperatures (DATUM TEMPERATURE scale)
at which METER I indicates a change in
response during the following operations.
(2) Rotate the TEST SELECTOR switch to
the CONT. PH. position.

(3) Turn the TEMP. SIGNAL, COARSE
control fully anti-clockwise and the FINE
control to its mid-travel position (five
complete turns from either limit stop).
(4) Ifthe aircraft has a current drawing
temperature indicator, the T/C HARNESS
SELECTOR switch must be in the position
appropriate to the resistance of the
thermocouple harness, employed in the
system under test. If a non-current draw-
ing type of indicator is used, the SERVO.
POT. position must be selected.

(5) Set the METER I switch to the 25V
a.c. position.

(6) Set the TEMP. DATUM/OFF/TEMPERA-
TURE DATUM AND SIGNAL switch to the
TEMPERATURE DATUM AND SIGNAL pOsi-
tion. METER 1 should show a deflection
into the red, or INCREASE TEMPERATURE,
zone, indicating that the actuator is at
its limit stop in the open direction.

(7) Set the DATUM TEMPERATURE scale
reading to the approximate datum tem-
perature of the system and set the gal-
vanometer clamp to the FREE position.
Set the pointer to zero if necessary.

(8) Turn the TEMP. SIGNAL COARSE
control clockwise, very slowly, until the
pointer of METER 1 is approximately zero
or just into the green zone. Set METER Ii
range to — 5 a.c., and adjust the FINE
control until METER II indicates a mini-
mum. Ensure that METER I is still at zero
or in the green zone.

(9) Momentarily depress the GALVO IN/
SET UP key switch to the SET UP position
and observe the deflection of the galvano-
meter pointer. Adjust the DATUM TEM-
PERATURE scale to reduce the galvano-
meter deflection, depressing the key
switch at frequent intervals to observe
the effect on the galvanometer. When the
galvanometer reading is within the eight
divisions on either side of zero, the
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galvanometer key switch can be placed
in the GALVO IN position. If the reading
of METER I1 has strayed from the above
reading, the TEMP. SIGNAL, FINE control
must be re-adjusted to correct the read-
ing. The galvanometer reading may now
be brought to zero by adjustment of the
DATUM TEMPERATURE scale.

(10) Record the simulated temperature
reading as indicated on the DATUM TEM-
PERATURE scale. This reading is the
datum temperature (E in fig. 5) of the
temperature control system and should
be:— '

662-+2-5°C (A450)

652 +2-5°C(A451)

Deadband and gain tests
39.
control system established, the deadband and
gain of the control system may be tested as
follows : —

DEFLECTIONS

METER 1

With the datum temperature of the

CONTROL PHASE

A.P. 4343K, Vol. i, Sect. 2, Chap. 3
A.L. 42, June 68

(1) Set the METER II RANGE switch to
the =35 position.

(2) Rotate the TEMP, SIGNAL, FINE con-
trol slowly clockwise until METER 11 in-
dicates an UPPER THRESHOLD VOLTAGE
of 1 volt (5 volts scale reading) with the
pointer of METER I in the green, ie.
DECREASE TEMPERATURE, ZzOne.

(3) Measure the simulated temperature
signal in the manner described in para.
38 sub para. (9) adjusting the fine con-
trol, as necessary, to compensate for the
load imposed by the galvanometer. Re-
cord this measurement and call it A.

(4) Return the galvanometer key to
the centre (OFF) position.

(5) Rotate the FINE control slowly
clockwise until METER II indicates a GAIN
VOLTAGE of 3 volts (15 volts scale read-
ing) with the pointer of METER I in the
DECREASE TEMPERATURE ZONE.

VOLTAGE

(METER II READING)

F.S5.D. MAXIMUM STALL VOLTAGE (Actuator stalled in the fully open condition)
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Fig. 5. Response diagram
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(6) Measure the simulated temperature
in the manner described in para. 38 sub-
para. (9), adjusting the FINE control,
as necessary to compensate for the load
imposed by the galvanometer. Record
this measurement and call it B.

(7) Return the galvanometer key
switch to the centre (OFE) position.

(8) Rotate the FINE control, slowly
anti-clockwise, until METER II indicates a
LOWER THRESHOLD VOLTAGE of 1 volt (5
volt scale reading) with the pointer of
METER 1 in the red, i.e. INCREASE TEM-
PERATURE, ZONE.

(9) Measure the new temperature, in
the manner described in para. 38 sub-
para. (9), adjusting the FINE control, as
necessary, to compensate for the load
imposed by the galvanometer. Record
this measurement and call it C.

(10) Rotate the FINE control slowly
anti-clockwise, until METER 11 indicates a
GAIN VOLTAGE of 3 volts (15 volts scale
reading) with the pointer of METER I in
the INCREASE TEMPERATURE Zone.

(11) Measure the simulated tempera-
ture in the manner described in para. 38
sub-para, (9), adjusting the FINE control,
as necessary, to compensate for the load
imposed by the galvanometer. Record
this measurement and call it D.

€4(12) From the recorded temperatures
at points A, B, C and D, as illustrated
in the response diagram (fig. 5), the re-
sults of the tests are determined as
follows : —

DEADBAND=A—C 7-5°C + 1'5°C
DATUM TEMPERATURE=E=
A+C(approx.)=662 + 2:5°C (A450)
2 652 2-5°C(A451)
GAIN (in the increase temperature
zone)y= E—D =9-5°C to 12°C.
GAIN (in the decrease temperature
zone) = B—E = 9:5°C to 12°Cp

Timing check

40. 1In order to undertake this test a stop-
watch must be available to time the running
of the actuator in each direction. The test
set switches should be in the positions sel-
ected in para. 38 sub-para. (3) to (6)—it is
important that the METER IT range switch is
set to the 25V a.c. position—and the TEST
SELECTOR switch should be turned to the REF.
PH, position. After ensuring that these
switches are set in the correct position, pro-
ceed as follows:—

(1) Rotate the TEMP, SIGNAL, COARSE
coutrol, clockwise until METER I shows
tull scale deflection in the green, or
DECREASE TEMPERATURE, zone done.

(2) Wait at least 20 seconds. This
enables the actuator to travel over its
whole range to the closed limit position.
METER II should now indicate the
reference phase MAXIMUM STALL VOLT-
AGE i.e. approximately 20 volts.

(3) Return the TEMP. DATUM/OFF TEM-
PERATURE DATUM AND SIGNAL switch to
the OFF position, simultaneously start-
ing the stop-watch.

(4) Observe METER 1. The actuator
will now be running in the close throttle
direction and the meter pointer will be
showing approximately full scale deflec-
tion. When reaching its lower limit stop,
METER 11 will indicate the stalling of the
motor by a sudden dipping of the
pointer. The stop-watch should be
stopped immediately this dip is obser-
ved,

(5) The time recorded on the stop-
watch is the time taken for the actuator
to travel over its whole range from the
actuator closed limit to the actuator
open limit and should not be less than 8
seconds and not greater than 25 seconds.

(6) Return the stop-watch hand to
Zero.

(7) Set the TEMP. DATUM/OFF / TEMPERA-~
TURE DATUM AND SIGNAL switch to the
TEMPERATURE DATUM AND SIGNAL posi-
tion simultaneously starting the stop-
watch.

(8) Observe METER 11, The actuator will
now be running in the open throttle
direction and will indicate the reaching
of the upper limit stop by a sudden dip
in the reading of METER 1. The stop-
watch must be stopped immediately the
dip is observed.

(9) The time recorded on the stop-
wa'ch is the time taken for the actuator
to travel over its whole range from the
actuator open limit to the actuator
closed limit, and should not be less than
8 seconds and not greater than 25
seconds.

Thermocouple harness resistance

41. If a new thermocouple harness is to be
fitted to the aircraft installation, bench tests
can be applied to the harness in the manner
described in para. 49.
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Disconnecting supplies

42. On completion of the tests, the following

procedure should be adopted :—
(1) Rotate the TEMP. SIGNAL, COARSE
and FINE controls fully anti-clockwise.
(2) Lock the galvanometer in the
CLAMP position.

A450 or A451

TO AC SERVO-POT 4

A.P.4343K, Vol. 1, Sect. 2, Chap. 3

A.L.12, Oct. 62

(3) Return the relevant switches, of the
QT223 test set, to their OFF positions.
(4) Switch off the 115V, 400 c.p.s. single

phase supply.

(5) Disconnect the test cables and place
them behind the hinged flap in the test

set lid.
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Fig. 6. Aircraft test circuit
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Aircraft tests—static conditions

43. The aircraft tests, to determine the
response of the a.c. actuator control system,
include thermocouple harness resistance,
datum temperature, aircraft jet-pipe tempera-
ture indicator, deadband, gain and muting
switch tests and a timing check. The thermo-
couple e.m.f. normally dependent on the
jet-pipe temperature, is simulated by the
injection of a variable voltage, derived from
the test set QT223, at the thermocouple
commoning points. This enables a jet-pipe
temperature control system to be tested with
the aircraft engines stationary, i.e. under
static conditions.

Note . . .
The tests specified in the following para-
graphs are applicable to both A450 and
AA451 magnetic amplifier units, which
differ only in their respective datum
temperatures.

44. The equipment required for the aircraft

* tests, using the Test Equipment Type QE2230,

is detailed below:—
(1) Test set Type QT223.
(2) Nine-core test cable Type QY2212.
(3) Nine-core test cable Type QY2213
for use on aircraft not fitted with the 9
pin test plug. ,
(4) Four-core test cable Type QY2216
for monitoring the 115V, 400 c.p.s. air-
craft supply.
(5 Stop-watch.

45. Prior to commencing tests on the jet-
pipe temperature control system, certain
precautions must be observed and preliminary
tests undertaken as previously described in
paras. 30 and 31.

Test connections at aircraft ( fig. 6)

~46. (1) Remove the blanking cap from the

9-pole aircraft test plug and connect the
Test Set QT223 (a/c TEST plug) to the
aircraft test plug using test cable QY2212.
In aircraft not fitted with a 9-pole test
plug, the commoning terminal of the
thermo-couple cluster must be located
and leads 1 and D of the test cable
QY2213 connected to the common
positive. Similarly connect leads 2 and
G to the common negative of the
thermocouples.

(2) Remove the socket from the a.c.
supply plug (400 c.p.s. SUPPLY) of the
amplifier and substitute the socket,
located on one of the two short leads
from the junction box of test cable
QY2216. Mate the remaining short lead,
from the junction box with the socket
previously connected to the amplifier a.c.
supply plug. Connect the remaining
socket of the test cable QY2216 to the
4-pole plug (PHASING) of the test set.

(3) Connect a battery truck to the air-
craft ground supply point and switch on
the inverters.

Voltage, frequency and phasing tests

47. Undertake the test procedure previously
described in para. 35.

Removal of test cable QY2216

48. Disconnect, and remove, the test cable
QY2216 from the test circuit. Connect the
aircraft supply lead to the supply plug
(400 ¢.p.s. SUPPLY) of the temperature control
system amplifier.

Thermocouple harness resistance

49. The tests are effected by comparing the
resistance of an aircraft thermocouple harness
with that of a standard resistor in the test set.
It is important therefore that the value of
standard resistor, selected via the T/S HARNESS
SELECTOR switch, coincides with the value of
thermocouple harness resistance quoted in
the relevant Aircraft or Engine Handbook.

(1) Set the TEMP. SIGNAL, COARSE and
FINE controls fully anti-clockwise.

(2) Rotate the T/cC HARNESS SELECTOR
switch to the position appropriate to the
installation under test. The values of
standard resistor selected under positions
A-J are as follows :—

Selector switch Value of
position  standard resistor (ohms)

A 1-5
B 1-0
C 0-8
D 0-5
E 0-34
F 0-3
G 0-25
H 02
J Plug-in resistors.

SERVO POT Selected when the air-
craft temperature indi-
cator is of the non-
current drawing type.
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(3) Rotate the TEST SELECTOR switch
to T/C RES.
(4) Set the TEMP. DATUM /OQFF [ TEMPERA-
TURE DATUM AND SIGNAL switch to the
TEMPERATURE DATUM AND SIGNAL pOsi-
tion. Ensure that the REHEAT/SPEED
DATUM switch is in the CENTRE position.
(5) Turn the TEMP. SIGNAL, COARSE
control until the pointer of METER II
coincidzs with the RED LINE.
(6) Depress the T/C RESIST TEST switch
to the T/C RESIST TEST position.
(7) I the thermocouple harness resist-
ance is correct, the position of the METER
i1 pointer should still coincide with the
RED line. The permitted tolerance, re-
lated to the number of divisions on
either side of the RED line, is dependent
on the specific thermocouple installa-
tion. Each division represents a devia-
tion of 0-0005 ohms from the correct
thermocouple harness resistance, and a
fault, e.g. and open circuit thermo-
couple, can be determined as follows: —
Assume an eight thermocouple instal-
lation, the resistance of each thermo-
couple being 2 ohms.
Total resistance of imstallation=0-25
ohm.
With one open-circuit thermocouple,
total resistance of installation=0-2857
ohm. This fault is therefore indicated by
an increase in resistance of 0-0357 ohm
which will result in a deviation of
approximately 7-5 divisions from the
RED line. Therefore readings of METER
1T in this region would indicate an unser-
viceable thermocouple which should be
tested in accordance with the instruc-
tions contained in the relevant Aircraft
or engine Handbook.
(8) A meter reading in excess of this
tolerance indicates a possible fault on
the thermocouple cluster. It should be
noted that as the meter readings indicate
a voltage drop, firstly across the thermo-
couple harness and sccondly across the
standard resistorahigh reading of METER
11 indicates a probable short-circuited
thermocouple. Conversely, a low read-
ing indicates a probable open-circuited
thermocouple.

Datum temperature tests

50. To establish the datum temperature of
the temperature control system, proceed as
follows : —

A.P. 4343K, Vol. 1, Sect. 2, Chap. 3
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(1) Prepare for recording simulated
temperatures (DATUM TEMPERATURE scale)
at which METER I indicates a change in
response during the following opera-
tions.

(2) Rotate the TEST SELECTOR switch
to the CONT. PH. position.

(3) Turn the TEMP. SIGNAL, COARSE
control fully anti-clockwise and the FINE
control to its mid-travel position (five
complete turns from either limit stop).
(4) If the aircraft has a current draw-
ing temperature indicator, the T/C HAR-

- NESS SELECTOR switch must be in the

position appropriate to the resistance
of the thermocouple harness employed
in the system under test. If a non-cur-
rent drawing type of indicator is used
the SERVO POT. position must be selected
(5). Set the METER 11 switch to the 25V
a.c. position.

(6) Set the TEMP. DATUM /OFF / TEMPER-
ATURE DATUM AND SIGNAL switch to
the TEMPERATURE DATUM AND SIGNAL
position. METER 1 should show a deflec-
tion into the red, or INCREASE TEMPERA-
TURE, zone, indicating that the actuator
is at its limit stop in the open direction.
(7) Set the DATUM TEMPERATURE scale
reading to the approximate datum tem-
perature of the system and set the gal-
vanometer clamp to the FREE position.
Set the pointer to zero if necessary.

(8) Turn the TEMP. SIGNAL COARSE
control clockwise, very slowly, until the
pointer of METER 1 is approximately
zero or just into the green zone. Set
METER II range to + 5 a.., and adjust
the FINE control until METER II indicates
a minimum. Ensure that METER 1 is still
at zero or in the green zone.

(9) Momentarily depress the GALVO
IN/SET UP key switch to the SET Up posi-
tion and observe the deflection of the
galvanometer pointer. Adjust the DATUM
TEMPERATURE scale to reduce the galvan-
ometer deflection, depressing the key
switch at frequent intervals to observe
the effect on galvanometer. When the
galvanometer reading is within the
eight divisions on either side of zero, the
galvanometer key switch can be placed
in the GALVO IN position. If the read-
ing of METER 11 has strayed from the
above reading, the TEMP. SIGNAL, FINE
control must be readjusted to correct the
reading. The galvanometer reading may
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now be brought to zero by adjustment
of the DATUM TEMPERATURE scale.

(10) Record the simulated tempera-
ture reading as indicated on the DATUM
TEMPERATURE scale. This reading is the
datum temperature (E in fig. 5) of the
temperature control system and should
be:—

662 +2:5°C(A450).
652 +2:5°C(A451).

(11) Without altering the test set con-
trols, proceed to the aircraft jet-pipe
temperature indicator test.

Aircraft jet-pipe temperature indicator test

51. With the datum temperature of the
control system established, ensure that the
test set reading compares with that of the
aircraft jet-pipe temperature indicator within
the limits specified for the temperature
control system. Without altering the test set
controls, proceed to the deadband and gain
tests.

Deadband and gain tests

52. With the datum temperature of the
control system established, the deadband and
" gain of the control system may be tested as
follows : —

(1) Set the MBTER 11 range switch to
the + 5 position.

(2) -Rotate the TEMP. SIGNAL, FINE con-
trol slowly clockwise until METER 11 in-
dicates an UPPER THRESHOLD VOLTAGE of
1 volt (5 volts scale reading) with the
pointer of METER 1 in the green, ie.
DECREASE TEMPERATURE, ZOne.

(3) Measure the simulated temperature
in the manner described in para. 50 sub-
para (9), adjusting the FINE control, as
necessary, to compensate for the load
imposed by the galvanometer. Record
this measurement and call it A.

(4) Return the galvanometer key to
the centre (OFF) position.

(5) Rotate the FINE control slowly,
clockwise, until METER II indicates a
GAIN VOLTAGE of 3 volts (15 volts scale
reading) with the pointer of METER I in
the DECREASE TEMPERATURE Zzone.

(6) Measure the simulated tempera-
ture in the manner described in para. 50
sub-para. (9), adjusting the FINE control,
as necessary, to compensate for the load
imposed by the galvanometer. Record
this measurement and call it B.

(7) Return the galvanometer Kkey
switch to the centre (OFF) position.

(8) Rotate the FINg control, slowly
anti-clockwise, until METER 1T indicates a
LOWER THRESHOLD VOLTAGE of | volt (5
velts scale reading) with the pointer of
METER { in the red, i.e. INCREASE TEMPER-
ATURE, zone.

(9) Measure the new temperature, in
the manner described in para. 50 sub-
para, (9), adjusting the FINE control as
necessary, to compensate for the load
imposed by the galvanometer. Record
this measurement and call it C.

(10) Rotate he FINE control slowly,
anti-clockwise, until METER 11 indicates a
GAIN VOLTAGE of 3 volts (15 volts scale
reading) with the pointer of METER 1 in
the INCREASE TEMPERATURE zOne.

(11) Measure the simulated tempera-
ture in the manner described in para. 50
sub-para. (9), adjusting the FINE control,
as necessary, to compensate for the load
imposed by the galvanometer. Record
this measurement and call it D.

(12) From the recorded temperatures

at points A, B, C and D as illustrated .

in the response diagram (fig. 5), the
results of the tests are determined as
follows : —

QDEADBAND=A—C=7-5C + 1-5°C
DATUM TEMPERATURE —E=
A+C (approx.)=662+2:5°C (A450)
2 652+ 2:5°C (A451)
GAIN (in the increase temperature
zone) = E—D=95°C to 12°C
GAIN (in the decrease temperature
zone) = B—E = 9:5°C to 12°Cpp

Timing check

53. 1In order to undertake this test a stop-
watch must be available to time the running
of the actuator in each direction. The test
set switches should be in the positions
selected in para. 50, sub-para. (3) to (6)—it
is important that the METER II range switch
is set to the 25Va.c. position—and the TEST
SELECTOR switch should be turned to the
REF. PH. position, After ensuring that these
switches are in the correct position, proceed
as follows:—

(1) Rotate the TEMP. SIGNAL, COARSE
control, clockwise until METER 1 shows
full scale deflection in the green, or DE-
CREASE TEMPERATURE, Zone.
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(2) Wait at least 20 seconds. This
enables the actuator to travel over its
whole range to the closed limit position.
METER 11 should now indicate the
reference phase MAXIMUM STALL VOLTAGE,
i.e. approximately 20 volts.

(3) Return the TEMP. DATUM/OFF/TEM-
PERATURE DATUM AND SIGNAL switch to
the OFF position, simultaneously starting
the stopwatch.

(4) Observe METER 1I. The actuator will
now be running in the close throttle
direction and the meter pointer will be
showing approximately full scale deflec-
tion. When reaching its lower limit stop,
METER 11 will indicate the stalling of the
motor by a sudden dipping of the
pointer. The stop-watch should be
stopped immediately this dip is observed.

(5) The time recorded on the stop-
watch is the time taken for the actuator to
travel over its whole range from the
actuator closed limit to the actuator open
limit and should not be less than &
seconds and not greater than 25 seconds.

(6) Return the stop-watch hand to zero

(7) Set the TEMP. DATUM/OFF TEMPERA-
TURE DATUM AND SIGNAL switch to the
TEMPERATURE DATUM AND SIGNAL pOSi-
tion simultaneously starting the stop-
watch.

(8) Observe METER 1. The actuator will
now be running in the open throttle
direction and will indicate the reaching
of the upper limit stop by a sudden dip in
the reading of METER 1i. The stop-watch
must be stopped immediately the dip is
observed.

(9) The time recorded on the stop-
watch is the time taken for the actuator
to travel over its whole range from the
actuator open limit to the actuator
closed limit and should not be less than
8 seconds and not greater than 25
seconds.

(10) Without altering the test set con-
trols, proceed to the muting switch test.

Muting switch test

54. The operation of the aircraft muting
switch can be tested in the following
manner :—

(1) Set the aircraft muting switch to the

A.P.4343K, Vol. 1, Sect. 2, Chap. 3
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override position, i.e. actuator discon-
nected from amplifier output.

(2) Note reading METER 1. If the switch
is operating satisfactorily the pointer
should have returned to its centre zero
position.

Disconnecting supplies

55. On completion of the tests, the following
procedure should be adopted : —

(1) Rotate the TEMP. SIGNAL, COARSE
and FINE controls fully anti-clockwise.

(2) Lock the galvanometer in the CLAMP
position.

(3) Return the relevant switches of the
QT223 test set to their OFF positions.

(4) Switch off the inverters and dis-
connect the battery truck.

(5) Disconnect the test cables and place
them behind the hinged flap in the test
set lid. »

(6) Replace the blanking cap on the air-
craft test plug.

Aircraft test—ground running conditions

56. The temperature control system can be
tested with the aircraft on the ground and its
engine run at a specified speed. The thermo-
couple signal is derived from the jet-pipe
thermocouples and is supplemented by the
test set voltage, thereby simulating a high
temperature output. The TEMP. SIGNAL,
COARSE and FINE controls will, therefore, be
more sensitive in operation and will produce
rapid changes in the control temperature.

57. Interlock or muting switches, which
normally render the temperature control
system inoperative whilst the aircraft is on
the ground, should be made ineffective before
proceeding with the test.

58. With the temperature control system
connected as described in para. 46, (Test con-
nections at aircraft), the engine is run up to
the normal ground running conditions as
indicated on the aircraft jet-pipe temperature
indicator. When the engine is stabilized at
the normal ground running conditions the
r.p.m. or torque (for constant speed engines),
is to be noted. The engine operator will then
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inform the test operator that the engine is
ready for test. No further adjustments to the
engine setting are to be made until the test has
been completed.

59. The test consists of overriding the
thermocouple: e.m.f. with a temperature
signal, i.e. test set voltage, in excess of the
datum temperature until the actuator has
operated fully in the DECREASE TEMPERATURE
direction. During the test the following
information is noted.

(1) The datum temperature.

(2) The engine r.p.m. or torque, before
and whilst the temperature signal is
applied.

(3) The engine r.p.m. or torque, after
the temperature signal is removed.

60. With the engine stabilized at the normal
ground running r.p.m., or torque, proceed as
follows :—

(1) Rotate the TEST SELECTOR switch to
the CONT. PH. position.

(2) Turn the TEMP. SIGNAL, COARSE
control fully anti-clockwise, and the FINE
control to its mid-travel position.

(3) If the aircraft installation is fitted
with a jet-pipe temperature indicator of
the current-drawing type, set the T/C
HARNESS SELECTOR switch to a position
appropriate to the thermocouple harness
resistance, i.e. to the position selected
during the thermocouple harness resist-
ance test (para. 49, sub-para. (2) ). If the
jet-pipe temperature indicator is of the
non-current-drawing type, the T/C
HARNESS SELECTOR switch must be set to
the SERVO. POT. position.

(4) Set the MBTER 11 switch to the 25V
a.c. position. ST

(5) Set the DATUM TEMPERATURE scale
to the datum temperature of the system.
Set the galvanometer clamp to the FREE
position, and zero the pointer if neces-
sary.

(6) Set the TEMP. DATUM/OFF/TEMPERA-
TURE DATUM AND SIGNAL switch to the
TEMPERATURE DATUM AND SIGNAL posi-
tion. METER 1 should now show a deflec-
tion into the red or INCREASE TEMPERA-
TURE zone, indicating that the actuator
is at its limit stop in the open direction.

(7) Turn the TEMP. SIGNAL, COARSE
control clockwise (through approx. 10
degrees of arc) until the pointer of METER
1is fully in the green zone, and wait until
a slight * kick ” of the METER I pointer is
observed.

(8) Note the reduction in engine r.p.m.
or torque.

(9) Turn the TEMP. SIGNAL, COARSE
control very slowly, anti-clockwise, until
the pointer of METER I returns to its mid-
position, and the pointer of METER II
returns to zero (adjustment of the TEMP.
SIGNAL, FINE control may be required).

(10) Measure the temperature in the
manner described in para. 50, sub-para.
(9), using the DATUM TEMPERATURE scale
and the galvanometer. The measured
temperature represents the DATUM tem-
perature of the system (the reading of the
aircraft jet-pipe temperature indicator
should be compared with test set reading)

(11) Remove the test set voltage by
returning the TEMP. DATUM/OFF/TEM-
PERATURE DATUM AND SIGNAL switch to
the OFF position. The engine should now
return to normal groynd running con-
ditions.

Failure of the engine to return to normal
ground running conditions indicates a fault
in the fuel system (including the actuator) as
distinct from a fault in the temperature
control system.

Disconnecting supplies

61. On completion of the tests, the following
procedure should be adopted: —

(1) Rotate the TEMP. SIGNAL, COARSE
and FINE controls fully anti-clockwise.

(2) Lock the galvanometer in the CLAMP
position.

(3) Return the relevant switches, of the
QT223 test set, to their OFF positions.

(4) Switch off the inverters and dis-
connect the battery truck.

(5) Disconnect the test cables and place
them behind the hinged flap in the test
set lid.

(6) Replace the blanking cap on the
aircraft test plug.
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Fig. 7. Layout of amplifier showing seal numbers

Fault finding

62. Should the preceding bench, or aircraft,
tests indicate unserviceability of the amplifier,
it may be possible to locate the fault by
measuring the voltage and resistance between
certain terminals inside the amplifier.

63. Table 1 gives the values which should
be obtained when measuring the voltage or
resistance between certain seals, and the
function of the relevant winding or resistor.
A layout diagram ( fig. 7) shows the location
of the amplifier components and identifies
their seal numbers and terminal markings.

This diagram ( fig. 7) and the circuit diagram
(fig. 8) should be referred to in conjunction
with Table 1 when voltage or resistance
measurements are undertaken.

Insulation resistance

64. The insulation resistance between the
points given below should not be less than
5 megohms when measured with a 500 volt
insulation resistance tester.
(1) All plug pins (except pin D of the
400 c.p.s. plug) and the chassis.

(2) Thermocouple +ve and chassis.
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(3) Thermocouple —ve and chassis. (6) Pin A (400 c.p.s. plug) and pin A
(ACTUATOR MOTOR plug).

(4) Thermocouple +ve and pin A (400 Note . . .
c.p.s. plug). The thermocouples must be dis-
. connected from the magnetic amplifier
(5) Thermocouple —ve and pin A unit  when applying the insulation
(ACTUATOR MOTOR plug). resistance test.
TABLE 1
Voltages and resistances
Component Function Seal Ref. Voltage Resistance
(ohms)
TRANS- (a) Supply to transformer 4-9 115V a.c. 5
FORMER (b) Supply to stage 1 1-2-3 12-6-0-12-6V a.c. | 0-8-0-0-8
UNIT 5-6-7 12:6-0-12-6V a.c. | 0-8-0-0-8
(c) Supply to stage 2 10-11-12 | 25-0-25V a.c. 5-0-5
(d) Supply to output stage 22-23-24 | 25-0-25V a.c. 3-0-3
(e) Supply to voltage
stabilizing bridge. 13-14 48V d.c. 5000
STAGE 1 (a) Supply to sections 1A
and 1B 14-15-16 | 12:6-0-12-6V a.c. | 0-8-0-0-8
(b) Section 1A, control 9-13 i 250
(c) Section 1B, control 10-11 — 200
(d) Section 1A, bias 3-4 — 23
(e) Section 1B, bias 7-8 — 23
(f) Section 1A feedback 1-6 — 180
(g) Section 1B output 1-5 — 180
STAGE 2 (a) Supply to power coils 5-6-7 25-0-25V a.c. 5-0-5
(b) Control 1-2 — 180
(c) Feedback 15-16 — 100
(d) Output 34 — 160
(e) Bias 11-12 0-8V d.c. 100
(f) Bias 11-9 — 18
(g) Bias 12-9 — 100
OouTPUT (a) Supply to power coils 5-6 50V a.c. 8
STAGE (b) Control 1-11 — 75
(c) Bias 3-4 0-3V d.c. 36
(d) Output resistor 9-10 — 21

Note . . .
(1) A4 Multimeter, Type 1 (Ref. No. 10S8/16411) is suitable for obtaining these measurements.

(2) Do not short-circuit output terminals, i.e. pins A, B, 1 and 2 of the output (ACTUATOR
MOTOR) plug, while testing.

(3) Resistance checks are to be undertaken with no external connections to the amplifier.

(4) Tolerances to be 415 per cent. for resistance measurements and 4210 per cent. for voltage
measurements.
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