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Introduction
L This Group contains descriptive and
servicing information for the electrical

equipment in the powered flying contmols
and associated systemn, which comprise:-

(1) Powered flying controls

(2) Anrtificial feel controls

(3) Nomal and emergency trim controls
(4) Air brake controls

(5) Parachute stream and jettison

(6) Auto-pilot power supplies

2 Component location illustrations are
provided and theoretical circuit diagrams,
for the more complex circuits, are to be
found adjacent to the text covering circuit
operation. Only the power supplies for the
suto-pilot are described in this Group,
details of this installation being contained
in Chapter 2 of this Section,

3. A description of the powered flying
controls system in Sect.3, Chap. 4
of this publication, and the information in
this Group should be read in conjunction
with that description. The following
modifications are covered in this Group:-

To delete the group stopping
circuit and switches and

introduce group start push
switches.

Improvements of safety trim-
mess circuit.

Further protection to safety of
trimmer circuit.

To intoduce waming device
for artificial feel system.

Mod.258

Mod.259

Mod.260

Mod. 289

POWERED FLYING CONTROLS

General

4, Because of the heavy sermdynamic
loading on the flying control surfaces, con—
lidl!'lgll physical effort would be required

Mod.296  To intmduce type 10B relays
in lieu of S2 and S3 in trimmer
control circuit.

Mod. 308 Further improvement of safety
of trimmer clrcuit.

Mod.410  Introduction of Sunvic switch

601V in lieu of slugged relay
W68M/1061/D2 in P.F.C.
waming lights.

Mod.444 To change Westem micro
switches to Burgess Type V3
micro switches.

Mod.455  To introduce protective shrouds

over switches in essential

circuits,

To make parachute stream
release unit more easily remov-
able and introduce earthing

for both stream and
i units.

Te introduce elevator unit,
Type P113 with BP.Mod.P113/
13 embodied.

To introduce mudder unit, Type
P114 with BP.Mod.P114/20
embodied.

Mod. 486

Mod.492

Mod.493

Mod.564 To introduce improvement to

auto-pilot installation including
roll ermor cut-out and remote
indicator.

Mod.575

DESCRIPTION AND OPERATION

in order to move them and so control the
aircraft during flight. To overcome this,

the surfaces are ally operated, the
hy\ll--l.lc pumps hhl driven by electric
When the pilot moves his

conxmh a system of valves is operated
RESTRICTED
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To provide for pulse operation
of the release and jettison
slips and to fit contactors
S5D/1840 and butt comnectors
SD/1841 in lien of contactor
5D/1933 in both slips.

To intmduce time delay units
to overcome surge of current
when air brakes are being
reversed.

Mod.588

Mod. 593

Mod.692 To introduce switches to Mod.

Elect C/179 standard.

To improve 112-volt generator
system,

Mod.697

Mod.926 To prevent mal-operation of
alr brakes in the event of a
fallure of & rectifier associsted

with a delay unit.

To introduce Diamond H relays
inlieuof P.O. Type in artificial
feel units.

Mod.928

Meod.1312 ‘l'oiatndueomﬂ'mc.m?.
SUD/6231, embodying Rotax
Mod.6079.

Mod.1498 To prevent actuator failure due
to motor burn-out caused by
intermittent sticking of Dia-
mond H relay contacts in
A.F.U. electrical component
boxes.

Mod.1927 Introduction of locking circuit
for ertificial feel and feel
relief actustors.

resulting in nydraulic actuation of the
appropriate control surface.

Control surlaces
5 As the aircraft has no tailplane, the
elevators are fitted on the trailing edge of
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9 ELEVATOR ARTIFICIAL FEEL 22 P.FC EMERAGENCY STOP
INDICATOR SWITCHES

10 AIR BRAKES EMERGENCY SWITCH 23 ARTIFICIAL FEEL FAILURE

1l TRIM RE-SET SWITCH WARNING INDICATOR
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FEEL RE-SET SWITCHES 2% FEEL LOCKING SWITCH & INDICATCR

|4 PEC. AUDDER CONTAOL AND ART. # AILERON AND ELEVATOR
FEEL RE-SET SWITCHES OMLY

Fig.!| Location of components
(aMed 1927)
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Fig.3 Powered flying controls - gileron motors
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the wings, alongside the ailerons, and, as
each surface is duplicated, there are four
sections to each tmiling edge; the two
outboard sections are ailerons, the two
inboard are elevators.

6. The mdder is made up of one section
only. Its control is duplicated, however,
there being two independent hydraulic
pumps. Nomally, both pumps are in
operation, but, if the main one fails, either
electrically or hydraulically, the auxiliary
wnit will sutomatically take over rudder
operation. The procedure for airbome
failure is covered in para.29.

P.F.C. units
7. Tenelectro-hydraulic Powered Flying

P.O.uileron unit

)
P.Laileron unit ) Boulton Paul,
S.0.alleron unit ) Type P112
S.Laileron unit )
P.0.elevator unit )
P.lelevatorunit ) Boulton Paul,
S.O.elevator unit ) Type F113
S.Lelevator unit )
Rudder main unit ) Boulton Paul,
Rudder aux. unit ) Type P114

Each unit is driven by a compound-wound
112-volt motor, Type C7703. The motors
are controlled from the 28-wvolt d.c. system.
The pump units are described in A.P.4603C
D and E, Vol.l, and the motors in
A.P.4343D, Vol.1, Book 4.

NOTE . ..
When Mod. 1312 is embodied these motors
embody Rotax Mod.6079.

Control switches

B. Three double-pole, push-switches,
Type B, mounted on the centre console in
the pilot's compartment, are labelled
START AND ART.FEEL RESET and,
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additionally, AILERON RUDDER and
ELEVATOR, respectively. One pole of
each switch controls the starting of its
associated group of P.F.C. motors and the
other engagement of the corresponding
artificial feel system.

9. A furthe: ten push-switches, Type B,
fitted to a panel attached to the port
console, are labelled P.F.C. STOP
SWITCHES. They are arranged in plan
view to correspond with the position of
their associated motors on the aircraft and
bear the titles of the control surface which

serve, le.,, AILERON, ELEVATOR
and RUDDER.

Indicators

10. A control surface position indicator
is installed on the pilot’s centre instrument
panel 1P. Three red waming lamps, Type
B labelled AILERON, ELEVATOR,
RUDDER, are fitted adjacent to the
position indicator and, when illuminated,
indicate the failure of any of the P.F.C.
units in the associated system. An electro-
magnetic indicator, Type B2, installed on
the P.F.C. stop switch panel attached to
the port console 6P, is labelled P.F.C.
STOP end is de-energized to give a white
display only when all the P,F.C. units are
stationary. The operation of the indicators
and lwnnhl circuit is described in para25
h ‘ £

Supplies

11. Heavy-duty supplies for the P.F.C.
motors are obtained from the 112-volt bus-
bars in panels 24 and 25P. The control
circuits and indicators are fed from the
28-volt supply via fuses on 3P and 26P.
The control relays and  heavy-duty
contactors are fitted to the P.F,C. contactor
panel 28P (fig.2) at the aft end of the power
compartment in the rear fuselage. The
latched contactors in the P.F.C. circuits
have been given relay numbers for indenti-
fication purposes, and are referred to as
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relays in the text and routing charts of this
Group, Relay types, their numbers and
functions, are given in Table 2. Descriptive
and servicing details of the relays sppear
in A.P.4343C, Vol.1, Book 2.

Circuit operation

12. Each group of pump units is con-
trolled by its associated start push-switch
on the centre console. The aileron and
elevatormotors are started in the following
automatic sequence:-

(1) Port outboard
(2) Starboard outboard
(3) Port inboard
(4) Starboard inboard

Automatic sequential starting is hl::fht
about by the operation of two time delay
switches, Type D8153, fitted one in each
system and installed adjacent to panel
28P. Each switch also provides for the
restarting of any of its sssocisted motors
even if the others are unserviceable. Since
the two circuits mre similar, only the
alleron circuit is described; the circuit
for the rudder motors is described separ-
ately. The starting circuits for the motors
will become ve when both 28-wolt
and 112-volt supplies are made available.
Details of the time delay switch are given
in A.P.4343C, Vol.1, Book 2.

Starting the aileron units

13. When the aileron start switch (fig.3)
is pressed, a 28V d.c. supply from fuse 45
on panel 3P is fed to pin M of the time
delay switch. Within the switch, contacts
1to 4operate in numerical sequence; each
contact closes for three seconds and then
opens, there follows a 1-second delay
before closure of the succeeding contact.
As each contact closes, a 28V supply is
fed from fuse 473 on panel 26P to pin B on
the switch, through the closed contact and
thence to one coil of the associated
engage relay. The following operating
sequence therefore applies to each aileron
unit circuit in tum.



14. On closure of the No.1 contacts in
the time delay unit.

(1) A 28-volt energizing supply is con-
nected via pin C and nomally-closed
relay contacts 68/3 and 67/1 to the
close ooil of the port outboard
aileron motor engaging relay 67/C.

(2) Closing of contacts 67/4 connects
the 112-volt supply from fuse 437 on
panel 24P to the shunt field of the
port outboard aileron motor.

(3) The circuit to the series field of
the motor is completed via the
starting resistor R, 10,

(4) Opening of contacts 67/3 interrupts
the trip coil circuit of the full speed
relay 68.

(5) Closing of contacts 67/5 prepares
the trip coil circuit of relay 67.

(6) Opening of contacts 67/1inserts an
economy resistance in the close
coil circuit of relay 67.

(7) Closing of contacts 67/2 (fig.5)
energizes the P.F.C. stop indicator
on the port conscle panel to show
black.

15. The port outboard aileron motor thus
starts and, as the speed builds up, its
current demand grows less; the voltage
drop across R.10 thus decreases and the
P.D. applied across the full speed relay
close coll 6BC will col y
increase and, when it reaches 75 volts, the
relay will be energized. The following
circuit action then takes place:-

(1) Starting resistance R.10 is shont-
circuited by the closing of contacts
68/4 allowing full line voltage to
be applied to the armature of the
motor which then runs at full speed.

(2) Opening of contacts 68/1 inserts
an economy resistance in the close
coil circuit of relay 68,

(3) Closing of contacts 68/5 prepare
the trip coll of relay 68.

(4) Opening of contacts 68/3 interrupt
the supply to the close coil of the

engaging relay 67.

(5) Closing of relay contacts 68/2
(fig.5), in series with contacts 2 of
the three remaining high speed
relays, connects a 28-volt energizing
supply from fuse 470 on panel 26P,
to the coil of the aileron waming
relay 52.

(6) Opemtion of the lock valve micro
switch (fig.5) as th:h. pressure
rises, interrupts energizin
supply to relay 437, relays 438, 4
and 440 being similarly de-energized
by the operation, in tum, of their
respective micro switches.

(3] of normally-closed contacts
52/1 and the parallel contacts
437/1, 438/1, 439/1 and 440/1 (fig,
5) disconnects the supplies to the
waming lamp. The lamp will thus
be extinguished to show that a
satisfactory starting cycle has been
completed in respect of all the
aileron units.

Stopping individual aileron units

16. As the stop circuits of the four units
are identical (fig.3) the following de-
scription is, in its general temms, applicable
to all units.

17,  On depressing the port outboard stop
button, a 28-volt d.c. supply from fuse 45
is connected, via relay contacts 67/5, to
the trip coil of relay 67 and the following
circuit action results:-

RESTRICTED

(1) Opening of relay contacts 67/4 dis-
connects the 112-wolt d.c. supply
from the motor, causing it to stop.

*(2) Opening of contacts 67,2 (fig.5)
disconnects the supply, in respect
of this motor, from fuse 474 to the
stop indicator.

(3) Closing of relay contacts 67/3 con-
nects a 28-volt d.c. supply from
fuse 474to the trip coil of relay 68.

(4) Opening of relay contacts 68/2 (fig.
5) interrupts the energizing supply
to the coil of the aileron waming
relay 52.

(5) Closing of relay contacts 52/1 (fig.
5) connects a supply from fuse 470
to the aileron waming lamp which
lights indicating a failure in the
system.

(6) Operation of the lock valve micro
switch (fig.5) as the pressure falls
energizes indicator relay 437,

(7) Closing of relay contacts 437/1
(fig.5) completes the parallel
supply to the warning lamp,

* The stop indicator (fig.5) is only de
energized when all motors, including those
for rudder control, are switched off; it then
shows white.

18. If for any reason the incorrect stop
button is depressed, resulting in the
stoppage of & serviceable aileron motor,
the motor can be re-started by operation
of the start switch. This will cause the
time delay switch to function through its
starting cycle, and operation of the correct
button will then stop the P.F.C. unit
which has failed.
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Starting the rudder units

19. The main and auxiliary rudder
motors (fig.4) are started simultaneocusly.
On depressing the start switch on the
centre console, a 28-volt supply is fed
from fuse 45 on panel 3P to energize the
coil of start relay 48 on panel 28P, The
following action will then take place in
respect of both motors though the relay
numbers quoted apply omly to the main
motor.

(1) Closing of reley contscts 48/1
connects a 28-volt supply from fuse
475 on panel 26P, via normally-
closed relay contacts 44/3 and
45/1, to the close coil of the main
engage relay 45C,

(2) Closing of contacts 45/4 connects
a 112-volt supply from fuse 434 on
panel 24P to the shunt field

(3) The circuit to the series field of
the motor is completed via starting
resistance R.1.

(4) Opening of contacts 45/3 interr-
upts the trip coil circuit of the full

speed relay 44.

(5) Closing of contacts 45/5 prepares
the trip coil circuit of relay 45.

(6) Opening of contacts 45/1 inserts
an economy resistance in the close
coil circuit of relay 45.

(7) Closing of contacts 45/2 (fig.5)
energizes the P.F.C. stop indicator
on the port console panel to show
black.

20. The main rmudder motor thus starts
and, as the speed builds up, its current
demand grows progressively less so that
the woltage drop across R.1 decreases.

Thus, the P.D. wspplied across the full
speed relay close coil 44C correspondingly
increases and when its value reaches 75
vaolts the relay is energized and the follow-
ing circuit actions occurn-

(1) Starting resistor R.1 is shost-
circuited by the closing of contacts
44/4 and full line voltage is applied
to the armature of the motor which
runs at full speed.

(2) Opening of contacts 44/] inserts
an economy resistor in the close
coil circuit of relay 44,

(3) Closing of contacts 44/5 prepares
the trip coil of relay 44.

(4) Opening of contacts 44/3 intem-
i?“ the supply to the close coil
of the engaging relay 45.

(5) Closing of relay contacts 44/2
(fig.5) in series with contacts 2 of
the auxiliary motor high speed
relay 47 connects an energizing
supply from fuse 473 on panel 26P
to the coil of the nidder waming
relay No. 49.

(6) Operation of the associated press-
ure switch and the lock valve
micro switch (fig.5), as the pressure
rises, de-energizes the waming
relays 432 and 431.

(7) Opening of nomally-closed con-
tacts 49/1 and the parallel contacts

432/1 snd 431/1 (fig.5) then dis-
connects the supply to the waming
lamp which is extinguished to
show that a satisfactory starting
cycle has been completed in re-
spect of both units.,

Stopping individual rudder units
21. Under no circumstances should the
rudder main unit be stopped in flight other
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than in compliance with the procedure in
para. 29. Referring again to fig. 4, the
stop circuits of the two units are similar
and the following description consequently
applies to them both, though the mlay
numbers, etc., quoted apply only to auxil-
iary stop circuit.

22. On depressing the auxilisry unit

button, a supply is connected from
fuse 45, via relay contacts 46/5, to ener
gize the trip coil of relay 46 end the
following circuit actions result:-

(1) Opening of relay contacts 46/4
disconnects the 112-voltd.c, supply
from fuse 453 to the motor, causing
it to stop.

(2) Opening of relay contacts 46/2
(fig.5) disconnects the supply, in
respect of this motor, from fuse
474 to the stop indicator.

(3) Closing of contacts 46/3 connects
a 28-volt d.c. energizing supply
from fuse 475, via relay contacts
47/5, to the trip coil of relay 47.

(4) Opening of relay contacts 47/2
(fig.5) interrupts the supply to the
coil of rudder waming relay 49,

(5) Closing of relay contacts 49/1
(fig.5) connects a supply from fuse
472 to the waming lamp which
lights tc indicate a failure in the
system.

(6) Operation of thg pressure switch
(fig.5), as the pressure falls,
energizes indicator relay 431.

(7) Closing of relay contacts 431/1
(fig.5) completes the parallel
supply to the waming lamp.

23. From the circuit description at
para.19 to 22 it will be seen that the
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control system for the rudder main and
suxiliary P.F.C. units provides the follow-
ing facilities:-

(1) Simultaneous starting on depression
of a common start button.

(2) Independent stopping on depression
of the appropriate stop button,

(3) In the event of an airbome failure
of either unit, and in compliance
with para.29, restarting of the
serviceable unit notwithstanding
the unserviceability of the othes,

Switching off after use

24, As the P.F.C. contactor relays are
of the latched type, the engage relays will
remain in the engaged position until the
associated stop switch has been operated.
It is essential therefore that, after flight
or ground test use, ALL the stop switches
are operated until the stop indicator shows
white. This applies also after ground
tests of the artificial feel units which are
controlled by the P.F.C. start switches.
If this instruction is not complied with
damage or Injury may be caused by the
P.F.C. units which will start automatically
if & 112-volt d.c. supply is subsequently
connected to the aircmaft,

Fallure woming sy stem

25. The three separate indication
systems provided for the powered flying
controls are as follows:-

(1) A control surface position indicator.

{2) A magnetic indicator to show when
all the P.F.C. units are stationary.

(3) Three waming lamps to show when
any of the P.F.C. units is subject
to failure,

The magnetic indicator circuit is con-
trolled by contacts of the engage relays.

A.P.4505A & C, Vol.1, Book 2, Sect.5, Chap. i, Group §

The waming lamp circuits are controlled
by coatacts of the high speed relays and

right direction. Two datum lines, one
vertical and one horizontal, are fixed in
the centre of the face of the instrument
and represent a view of the aircraft look-
ing forward from the tail end. Indication
is provided by nine fluorescent arms which
move across the datum lines and simulate
the control surfaces. Each indicator amn
is controlled by a position transmitter
operated by a particular flying contmol
surface, Descriptive and servicing in-
formation for the control surface position
indicator installation is contained in
Chap.2, Group 2, of this Section.

Warning lamps

27. The three waming lamps indicate
failure in their respective systems as
follows:-

(1) On starting the motors, the lamps
will remain alight as a result of:-

(n) Incomplete operation of any of
the full speed relays and non-
closure of its No.2 contacts,

(b) Mechanical fallure of any lock
valve due to seizure.

(2) Whilst the motors are operating,
the lamps will light as a result of:-

(a) Loss of pressure due to failure

in the electrical supply, motor
or pump unit. In the elevator
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and aileron systems this will
cause operation of the respec-
tive lock valve micro switch.
In the rudder system, the
riate pressure switch

| be operated.

(b) In the rudder system only,
fallure of either servo valve,
due to seizure of its associated
lever mechanism, will cause

operation of the respective
micro switch,

Aileron or elevator failure

28. As the waming lamps indicate the
failure of any of the four units in their
respective systems, it is necessary to
identify which unit has failed.  When
either lamp is illuminated therefore, the
simultaneous manipulation of the con-
trols end observation of the control sur
face position indicator will confim which
surface is not responding. Depressing the
appropriate stop button will then switch
off the unserviceable unit. It should be
noted that, in the event of a failure, the
aileron or elevator surface alfected will
in time retum to the trailing position,

Rudder [ailure

29.  As it is unlikely that both the rudder
units will fail simultaneously, when the
waming lamp is illuminated to indicate a
failure, manipuiation of the controls and
observation of the control surface position
indicator will give evidence of continuing
powered operation. In flight, therefore, in
order to establish which unit has failed,
the following procedure should be employ-
ed and rigidly adhered to at all times:-

(1) Stop the auxiliary unit and verify
whether satisfactory powered oper-

() If this is the case the suxiliary
unit should be left inoperative.
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F.5./7

(b) If this is not the case, the
auxiliary unit should be re-

started by operation of the
common start button.

(2) When it is munﬂ to restart
the auxiliary unit and satisfact
powered operation is res
t!n defective main unit should be

stopped.

Circuit operafion

30, On aircraft where Mod.410 is em-
bodied, the slugged relays previously em-
ployed in the P.F.C. waming lamp circuits
are replaced by time delay switches,
Type 601V. They overcome any tendency
of the waming lights to flicker when
their associated control surfaces are being
subjected to rapid movement. These
switches are supplied with the timing
resistor attached and calibrated to the re-
quired delay. These resistors, therefore,
are not interchangeable without recali-
bration and should not be detached from
the associated switch. Pre- and post-
Mod.410 texts and illustrations are pro-
vided, Full details of the time delay
switch will be found in A.P.4343C, Vol.1,
Book 2.

Pre-Mod.410

31. Referring first to the Pre-Mod.410
P.F.C, waming lamp circuits at fig.5, the
three circuits, aileron, elevator and rudder,
are basically the same, Although the
rudder lock valve is operated by the
pressure of either the main or auxiliary
unit, its micro switch is included in the
circuit of the auxiliary unit indicator relay,
The rudder units are additionally provided
with separate pressure switches and servo-
valve operated micro switches. The
following description relates to the aileron
circuit but applies generally to the ele-
vator and rudder circuits, though there are
additional switches in the system.

32. When a supply is made available ﬂ
fuse 470 with no pump units operating, th
following circuit actions occur:-

(1) A supply is connected from fuse
470, via nommally-closed contacts
52/1 of the waming relay, to light
the lamp.

(2) A supply from fuse 470, via conm-
tacts A-B of the lock valve micm
switches, energizes indicator re-
lays 437, 438, 439 and 440. In the
rudder asuxiliary unit circuit, the
indicator relay is energized via the
pressure switch and lock valve
micro switch, which are in parallel;
for the rudder main unit, however,
the supply passes only through the
associsted pressure switch,

(3) Closing of relay contacts 437/1,
438/1, 439/1 and 440/1 also
connects a supply from fuse 470 to
the waming lamp.

33. When the P.F.C. units are started
the following circuit action occurs:-

(1) A supply is connected from fuse
470 via the high speed relay con-
tacts 68/2, 65/2. 64/2 and 61/2,
when they close, to energize the
waming relay 52.

(2) Opening of contacts 52/1 breaks
one of the parallel feeds to the
waming lamp,

(3) The resulting rise in pressure
causes the operation of the lock
valve micro switches to select
contacts A-C, disconnecting the
supply to their respective indicator
relays 437, 438, 439 and 440, which
will be de-energized. With rudder
units, the rise in pressure will
also operate the pressure switches
to de-energize the indicator relays.
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(4) Opening of relay contacts 437/1,
438/1,439/1 and 440/1 disconnects
all tnuluin feeds to the waming
lamp, whlch is thus extinguished.

NOTE...

The waming lamp will only be ex-
tinguished by the circuit action at
both (2) and (4); it will thus indicate
that a satisfactory starting cycle has
been completed in respect of all the
associated P.F.C. units. If any of
the lock valves fail due to seizure,
the lamp will remain alight, a supply
being fed to it through the associated
relay contacts, as at para.32 (2) and
f3).

34. Should a failure of the 112-volt d.c.
supply, the motor or the pump occur, for
example of the port outbosrd unit, the
following circuit action will take place:-

(1) The resulting fall in pressure will
cause operation of the lock valve
micro switch, selecting contacts
A-B and thus connecting a supply
from fuse 470 to energize relay
437.

(2) Closing of contacts 437/1 will
connect a supply from fuse 470 to
the warning lamp which will light
to indicate a failure,

Post-Mod.410

35. Referring now to the Post-Mod.410
indicator circuits (fig.6), the slugged
relays which were opetated by the in-
dividual pump units have been replaced
by one hot wire vacuum switch, Type 601V,
in each system. Although these switches
function in the waming lamp circuits
under all conditions, they are effective
only under conditions of failure. On
starting the aileron and elevator systems,
the lamps will be extinguished only when
the last unit in the sequence has created
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sufficient pressure to operste its lock-
valve. This will occur spproximately
15 seconds after depressing the start
switch. The rudder lamp will be ex-
tinguished within 3 seconds of depressing
the start switch. On depressing the stop
buttons, the lamps will light simultaneous-
ly with depression of the first switch
operated for each system, On the
occurrence of a failure, the waming lamp
of the system involved with light approxi-
mately 12 seconds after the pressure has
decreased sufficiently to cause operation
of the lock valve, The following des-
cription relates to the aileron waming
lamp circuit, but applies generally to the
elevator and rudder circuits though there
are additional switches in the rudder
circuit.

36. When a supply is made availsble at
fuse 470 with no pump units running, the
following circuit actions occur:-

(1) A supply is connected from fuse
470, via nommally-closed contacts

52/1 of the waming relay, to light
the lamp.

(2) A supply from fuse 470, via con-
tacts A-B of the lock valve micro
switches, energizes the time delay
switch. In the mdder auxiliary
unit circuit, the time delay switch
is energized also via the pressure
switch and lock valve micm switch,
in pamllel; for the rudder main
unit, however, the feed is via the
pressure switch only.

(3) The delayed closing of the time
delay switch contacts connects an
additional parallel feed from fuse
470 to the lamp.

37. When the P.F.C. units have started,
the following circuit actions occur:-

(1) A supply is connected from fuse

A P.4505A & C, Vol. |, Book 2, Sect.5, Chop. |, Group 6

470 via the high-speed relay con-
tacts 68/2, 65/2, 64/2 and 61/2, as
they close, to energize waming
relay 52,

(2) Opening of contacts 52/1 dis-
.’:ﬂm the supply to the warning
mp.

(3) The resulting rise in pressure will
cause the operation of the lock
valve micro switches to select
contacts A-C, disconnecting the
supply to the time switch and its
contacts, In the rudder units
system, the pressure switches will
be similarly operated.

(4) The waming lamp is thus extin-
guished cating to the pilots
that a satisfactory starting cycle
has been completed in respect of
all the associated P.F.C. units.

38. Should a failure of the 112-valt d.c,
supply, the motor or the pump occur, for
example of the port outboard unit, the
following circuit actions will occur:-

(1) The resulting fall in pressure will
cause operation of the lock valve
micro switch, selecting contacts
A-B and thus connecting a supply
from fuse 470 to the time delay
switch,

(2) The delayed closing of the delay
switch contacts will further connect
the supply at (1) to the lamp which
will light to indicate a failure.

Servo valve micro switches

39. The rudder main and suxiliary units
each have a micro switch fitted adjacent
to, and mechanically-operated by, the
servo valve mechanism, Referring to
fig.5 and 6, under normal working con-

RESTRICTED

AL.62, May £3

ditions the contacts of both switches are
open-circuited, but, whereas the switch for
the main unit is decompressed, that for
the suxiliary unit is compressed,

40, Should either valve fail due to
siezure or defect in its lever mechanism,
the following circuit action will occur:-

(1) Operation of the respective micro
switch will connect a supply from
fuse 477 via contacts A-B or A-C to
energize the coll of the associated
indicator relay (Pre-Mod.410) or the
time delay switch (Post-Mod.410).

(2) Closing of the relay or time delay
switch contacts will further connect
the supply from 472 to light the
waming lamp.

Stop indicator

41, Refemwing to fig.5 and 6, when a
supply is made available at fuse 474, the
indicator will remain de-energized until
the closing of contacts 2 of any of the
engege relays. These contacts will
close as the engage relays of the as-
sociated P.F.C. units are operated during
the starting cycle for each system. The
indicator will be energized therefore to
give a black display by the operation of
the first engage relay selected The
indicator will continue to be energized
until operation of the appropriste stop
switches has stopped all the P.F.C. units.
When this happens, the opening of all the
No.2 contacts, will de-energize the indi-
cator to give a white display.

ARTIFICIAL FEEL

Generel

42. The artificial feel system simulates

aerodynamic loading on the pilot's Elyhg
controls by introducing a restriction to
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movement of the controls which is variable
under three conditions, as follows:-

(1) Artilicial feel

In the case of elevators and rudder
this provides variation of the re-
stricting force in direct relation to
air speed. In the case of ailerons
it provides veriation of the maximum
angle which can be applied in
inverse relation to air speed.

(2) Artilicial feel reduction
This condition applies only to
elevators and provides reduction of
the restriction in the “‘track’’ and
‘iglide’” phases of an autopilot-
controlled approach to land, with
alighting gear extended.

(3) Artificial feel relief

In the case of elevators and rudder
this provides reduction of the re-
striction to a fixed minimum. In
the case of ailerons, it pemits
full aileron angle to be applied.
(The difference in operation be-
tween elevator and rudder units on
the one hand and aileron units on
the other at (1) and (3) above is
accommodated the mechanical
components. The basic electrical
system is common to all three, the
conditions at (2) being obtained by
the relay-controlled insertion of
additional resistors in the elevator
control and waming circuits. Be-
cause of the circuit arrengement of
the three systems, should feel
relief not be previously selected,
disconnection and subsequent
reconnection of their supplies will
cause the relief actuators to auto-
matically run to the retract, or
relief, position. Operation of the
P.F.C./artificial feel start switches
will then cause the relief actuators
to run to the extend, or feel en-
gaged, position.)

A.P.4505A & C, Vol.l, Book 2, Sect.5, Chep. I, Group 6

43. The mechanical operation of the
artificial feel system is described fully in
Section 3, Chapter 4 of this publication,
and the electrical operation of the system,
with a brief outline of the mechanical
controls is dealt with in the following

paragraphs.

44. By means of suitable mechanical
linkages, any movement of the pilots’
controls causes a lever to act sgainst the
resistance of a spring box. A slot in the
lever accommodates & movable fulcrum,
movement of which gives variations in the
lever ratio. Any variations in air speed
cause the fulcrum to move so that, at low
air speed, a large movement of the pilots’
controls results in a small movement in the
spring box. At high air speed, & small
movement of the pilots’ controls results in
@ large movement in the spring box. When
artificial feel relief is required, the
fulerum is moved to a fixed position where
the spring box compression is small,

Actuators

45. The fulerum point is moved by two

linear actustors, one for the wvarlable

mlunn the o&a for th' ﬂ:ud poulu:
to e

restriction are Rol:u TyE:‘.\.Oll'? whilst

those for the feel position are

Rotax, T A.0904, Descriptive details
of both w 1 be found in A.P.4343D, Vol.1,
Buk 3.

Control switches

46. The artificial feel systems are
engaged simultanecusly with the starting
of their respective group of P.F.C. units.
This is effected on depression of the
double-pole h-switches, as described
in para.8, Two push-switches are fitted,
one to each pilots' control column handle,
and serve to cut out normal artificial feel
on the sileron and elevator systems. A
further push-switch, for rudder feel relief,
is mounted on the pilots’ fuel gauge panel
panel 2P and suitably labelled,

RESTRICTED

AL.62, Mey 63

Nicro awitches

47. There are two micm switches in
each of the three systems. One controls
the supplies to the {eel control and waming
circuits, and is manipulated to connect
these supplies by the reliefl actuator in its
extended, or feel engaged, position. The
other micro switch functions as an ex-
temal limit switch in the retract field
circuit of the relief =sctuator. It is
manipulated to disconnect the supply to
the retruct field by the fulcrum lever
mechanism when it reaches the feel
relief position. On Aircraft where Mod. 444
is e jed the type of switch fitted in

both cases is changed to Burgess Type V3.

Feol units

48. The artificial feel units are in-
stalled in the bomb bay of the aircrafi.
The elevator and rudder units are on the
port side and the aileron unit on the
starboard side, The actustors, spring
box, micmo switches and the follow-up
potentiometer are contained within the
boxes. A component box, containing the
moving coll relay, its associated P.O,
type relays and the suppressor and trim
resistors is fitted to each feel unit. The
detector potentiometer is mounted adjacent
to the components box. The indicator
relays, waming potentiometer, rectifiers
and trim resistances are fitted to the
artificial feel relay panel 58P in the bomb
bay. The various components are illus-
trated in fig.7.

Indicators

49. Three magnetic indicators, Type B2,
are installed on the pilots’ ceatre instru-
ment panel and labeHed ARTIFICIAL
FEEL; AILERON, RUDDER and ELE-
VATOR. These indicators give waming
of a failure in the feel control circuit of
their associated system. A further
magnetic indicator, Type B2, is installed
on the |st pilot's instrument panel ad-
jacent to the ASL It is labelled
ARTIFICIAL FEEL FAILURE and gives
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waming of a failure in sy of the three
systems. The indicators and wam-
ing system are described in para.70 to 74.
Supplies

50. 28-volt d.c. supplies are fed to the
artificial fee! system as follows:-

Feel control circuits:-

Rudder (C.B.39) Mounted

Elevator (C.B.40) adjacent o

Aileron (C.B.41) panel 15P
Feel relief actuators:-

Rudder (C.B.17) Mounted on

Elevator (C.B.18) panel 4P

Aileron (C.B.17)

A 28-volt d.c. supply is fed from fuse 183
on panel 4P to the coils of the feel-engage
relays, also on panel 4P. The relays are
No.110 (mdder), 111 (Elevator) and 102
{aileron).

Control

51. To obtain the necessary changes
in the mechanism fulcrum setting with
changes in air speed, a control system is

box, its wiper amn being comnected to a
diaphragm which is operated from the
starboard pitot-static system. Any changes
in mir cause the am to move
around potentiometer is therefore
referred to as the detector potentiometer.
other potentiometer is mounted inside
feel unit; its wiper am is connected
the mechanism and is movable relative
the fulcrum. This potentiometer is
referred to as the follow-up potentiometer.

52. The wiper ams of the two potentio-
meters are interconnected through the coil
of a sensitive moving coll relay, the coil
being energized whenever the potentiometer
wiper arms are at different potentials
(i.e., out of balance). Movement of the
contact amm to the left or right will com-
plete the coil circuit of one of two P.O.
type relays the contacts of which control
supplies to the field circuits of a split

i3

g8

field series actustor, Operation of the
actuator will set a new fulcrum position for
the ratio lever and move the wiper am of
the follow-up potentiometer until a new

53. A waming potentiometer, operated
by the port-pitot static system, is connected
in parallel with the control circuit. The

and the waming potentio-
-!;m Any electrical failure of

the artificial lni control system, or
out-of-balance due to ‘runaway’ of the
actuator, sets up an out-of-bal ance condition
between the control circuit and the waming
circuit. This action, in tum, causes the

via control relays, operate the failure
waming indicator on the pilots’ panel.

54. The servo torque pemmitted by the
spring strut cut-out is inadequate to provide
sufficient control power during the track
and glide phases of an autopilot controlled
approach. This is offset by a reduction of
elevator artificial feel when track and glide
are engaged on the autopilot with the
n}.ld:uagpuuhndld. The amount of
provided extends the autopilot
n‘noﬁty, co iﬂb a minimum
feel, from the nommal kts. (nominal)
I.LA.S. to 130-140 kts. in TRACK and
160-165 kts. in GLIDE.

55. The reductions in the elevator
artificial feel are brought about by
the relay-controlled insertion of resistors
in the circuit of the detector potentiometer.
Selection of track inserts a series-con-
nected fixed and variable resistor whilst
subsequent selection of glide inserts a
further series connected variable resistor.
Similar resistors are simultaneously
inserted in the waming circuit thus adjust-
ing the overall relative resistance between
the two circuits. It should be noted that
the supply, controlling operation of the
track and glide relays, is fed via contacts
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of the starbosrd nose door down micm
switch.

56. When the feel relief actuators are
coused to mun from the extended, or
feel-engaged, position to the retract or feel
relief position, the fulcrums in the ratio
lever ams reach a position of minimum
force. In this position the minimum
restriction is imposed on movement of the
pilots’ controls.

A Feel and feel relief locking

S6A. The introduction of Mod. 1927
enables all artificial feel and feel relief
actuators to be locked in any predetermined
position by manual selection. This
facility is used to prevent the possibility
of actuator runaway to a low speed value
when the aircraft is flying ot high air
speed and low altitude.

56B. The locking circuit is controlled
by a 2-positioned switch, labelled
NORMAL-LOCK, located on & bracket
sitached to the port console (fig 1).
Control of the actuators is maintained
by interrupting the earth retums via the
contacts of relays 798 and 799, which
are energised when the switch is selected
to LOCK. Indication of locking is given
by a press-to-test indicator, Page Type
C500B7, fitted adjacent to the switch.

Circuit operation
57. 'The circuit (fig.9) shows the relay
and actuator limit switch contact positions
which result when the 28-volt d.c. supplies
to the circuit breakers are disconnected
after normal use, i.e. provided feel relief
has not been previously selected.
S8. When these supplies are discon-
nected, the relief actuator remains in the
extended, or feel-engaged position. The
interraption of the hold-in supplies from
the circuit breakers to the coils of the
engage relays 102, 111, and 110, however,
has caused these relays to be de-energized
and the following circuit action has
occurred:-
(1) Opening of relay contacts 102/2,
111/2 and 110/2 has isolated the
extend field circuits from the
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circuil breakers.

(2) Closing of the nomally-closed relay
contacts 102/1, 111/1 and 110/1
has connected the retract field
circuits to the circuit breakers,

59. As the 28-wolt d.c. supplies are now
reconnected to the actuators, the following
circuit action occurs:-

(1) A supply is connected from the
circuit breakers via nomally-closed
relay contacts 102/1, 111/1 and
110/1, via the limit switches
to the actuator retract fields. This
causes the three actuators to mun
to the retract, or reliefl, position.
The external limit switch will be
operated by the lever mechanism to
disconnect the supply to the retract
field thus stopping the motor at the
relief position,

(2) As the relief actuator leaves the
extend, or feel-engaged, position:-

(s) The micro switch controlling
the supplies to the control and
waming circuits will operate to
disconnect these supplies. This
will cause the master and
individual magnetic indicators
to show a white display
indicating relief.

(b) Movement of the reliefl actuator
from the extend position will
also cause the operation of the
intemal limit switch in the
extend field circuit to close its
contacts,

The three clrcuits are now in the feel-
relieved condition and at readiness for
selection of artificial feel reset at the
P.F.C. control switches,

Feel engaged

60. The following description relates to
the elevator system but applies, in
principle, also to the aileron and rudder
systems.

61, Referring again to fig.9, momentary

depression of the elevator P.F.C., start/
artificial feel switch will connect a 28-volt
d.c. supply from fuse 183, to energize the
coil of the engage relay 111 and the follow-
ing circuit action will result:-

(1) Opening of contacts 111/1 will
isolate the retract field sctuator
from the supply at CB.18.

(2) Closing of contacts 111/2 will:-

(a) Connect a *hold-in’ supply from
CB.18 via the limiting resistor
and nomally-closed relay
contacts 126/2 to the coil of
relay 111.

(b) Connect a supply from CB.18 to
the extend field of the relief
actuator which will run until
this supply is disconnected by
operation of the intemal limit
switch.

62. Referring to fig.B, the elevator
artificial feel control and waming circuits
are now set to operate with a supply from
circuit breaker 40, fed via conmtacts
COM-NO of the micro switch, The
artificial feel indicator will now be
energized to show black via normally-
closed relay contacts 488/1 and 569/3.
For the aileron and rudder feel indicators
there is only one set of relay contacts
employed. The failure waming relay
491 will also be energized, and closing of
relay contacts 491/1 in series with the
waming relay contacts of the aileron and
rudder circuit, when they close, will
energize the waming indicator to show
black. The energizing supply to the
indicator is fed from the elevator, aileron
and rudder waming circuits via their
respective rectifiers. When the aircraft is
stationary, i.e. no =ir the centre
contacts of the moving coil relay MC/2 in
the control circuit will be in the centre
neutral position.
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63. As the aircraft begins to gain speed,
the wiper arm of the detector potentiometer
will be moved around the resistance to a
new position. This action will set an
‘out-of-balance’ in the control circuit
network, causing current flow through the
coil of the moving coll relay. This action
will cause the contact am of the moving
coil relay to move to the H position and
the control relay HR/2 will be energized.
Operation of the series contacts HR/1 and
HR/2 will connect a from circuit
breaker 40 to the retract field of the
elevator artificial feel actuator. Operation
of the actuator will cause the ratio lever
fulcrum to be moved, this in tum producing
an increase in the restriction being applied
to the pilot’s elevator control,

64. At the same time, the arm of
the follow-up potentiometer be moved
by the actuator mnd, when a position of
balance is reached between the two
potentiometers, no current will flow through
the moving coil relay. The moving coil
will then revert to its central neutral
position, ead the supply to the control
actuator will be cut off. The feel or
resistance to flying control movement is
thus increased progressively with increased
air speed until the ILA.S, reaches approx.
412 knots, in the case of the aileron, and
460 knots for elevator and rudder, beyond
which the artificial feel conditions will
remain constant,

65. Reduction of mir speed will again
upset the balance between the two potentio-
meters, ceusing a current flow through the
moving coil relay in the opposite direction.
This will ceuse the contacts to be made
C-L and the control relay LR/2 will be
energized.  Operstion of contacts LR/1
and LR/2to close will energize the extend
field of the control actuator, thus causing
areduction inthe feel applied to the pilot's
elevator control, The actuator movement
will again be interrupted when the follow-



Fig.9 Artificial feel relief
(whiee 922 e)
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up potentiometer reaches the same potential
as the detector potentiometer, Any
variation between the upper and lower
LLA.S. cutoff limits will thus result
in automatic adjustment of the artificial
feel,

Feel reduction

66. The following description applies to
the elevator system only. The track circuit
(fig.8) controls relay 569, via the nose-
wheel door down micro switch. The glide
circuit controls relay 570, via contacts of
relay 569, Engagement of track on the
autopilot with the alighting gear extended,
will energize the coil of relay 569, via
contacts 56 of micro switch ND, and the
following circuit action will take place:-

(1) Closing of contacts 569/4 will
prepare the circuit for glide
engagement.

(2) Changeover of contacts 560/1 will
insert No.2 resistance and No.2
potentiometer in the detector
circuit, thus csusing en out-of-
balance which, in tum, causes the
actuastor to reduce the artificial
feel,

(3) Similarly, changeover of contacts
569/2 will insert No.l resistance
and No.l potentiometer in the
waming circuit. This maintainsa
state of balance with the control
circuit, so that the feel failure
indicator will not be operated,

(4) Opening of contacts 569/3 will
isolate the artificial feel indicator
from the supply, and the indicator
will be de-energized to give a white
display, thus waming the pilot that
feel conditions have changed in
the elevator system.

67. Engagement of glide on the autopilot
will connect a supply via contacts 569/4 to
energize relay 570, and the following
cireuit action will take place,

(1) Changeover of contact 570/1 will
insert No.4 potentiometer in the

detector circuit thus causing further

reduction in the artificial feel.

(2) Similarly, changeover of contact
570/2 will insert No.3 potentio-
meter in the waming circuit, further
maintaining of the state of balance
with the control circuit so that the
failure indicator will not be

Feel reliel

68. The following description relates to
the elevator system but applies in principle
also to the aileron system. Circuit
operation for rudder feel relief is similar
except that operation of the nomally-
closed contacts of the relief switch
replaces that of the cut-out relay,

69, Referring to fig.9, on momentarily
depressing either the Ist or 2ad pilot’s
feel relief switches a supply will be
connected from fuse 34 or 35, as appropri-
ate, to energize the coil of the cut-out
relay 126. The following circuit action
will then take place:-

(1) Opening of relay contacts 126/2
will interrupt the hold-in  supply
from CB.118 via relay 111/2 to the
coil of relay 111.

(2) Opening of relay contacts 111/2
will isolate the extend field of the
reliel actuator from the supply at
CB.18.

(3) Closing of relay contacts 111/1
will connect a supply from CB.18
to the retract field of the actuator
which will run until the supply is
cut-off by the action of the extemal
limit switch,

(4) Initial movement of the relief
actuator from the extend tion
will operate the micro switch (fig. 8)
to interrupt the supply to the nomal
feel circuit,

(5) The elevator feel indicator will
thus be de-energized to show
white, The simultanecus de-
energizing of waming relay 491
will cause the opening of relay
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contacts 491/1 end the feel failure

indicator will also be de-energized

to give a white display.
Mod.928
69A. When Mod.928 is embodied the P.O,
relays which control the movement of the
feel actuators are replaced by diamond H
relays, series BR-210.C3 P1. The circuit
operation of the control relays before and
after the ﬂhdlnm ‘:b:‘ Io‘l;iﬂ is
similar, t at post state
an uddim;mh of contacts has been
connected in each supply circuit of the
actuator fields. The appropriate routing
charts refer and fig.8 shows the elevator
circuit at the pre and post Mod. states.
Mod. 1498
698B. When Mod.1498 has been embodied
the control relays are interlocked and a
separate supply is connected to the
artificial feel units. The control relay
circuit operation at the post Mod. state
differs from that at the pre Mod. state, and
for this reason @ bref description
follows. For ease of n the low
relay only will be considered, as the
operation of the high relay is similar.
Referring to fig.8A it can be seen that
when the low relay is energised (para.65),
contacts LR/1 and 4 will open to isoclate
the high relay and its assoclated contacts
in the actustor retract field. Contacts
LR/2 and 3 will close and connect a
supply to the actuator extend field. When
the low relay is de-energized (para.65) its
contacts retum to their normal positions to
reconnect the circuit for further operation.

 Feel and feel relief locking

69C. Should the control switch for the
feel and feel relief locking circuits be
selected to LOCK (fig.30A), supplies
from fuses 93 and 94 will be fed via the
respective contects of the switch to
energise relays 799 and 798, The earth
returns for the feel and feel relief
sctuators, which are completed via the
normally closed contacts of the relays
will then be broken, end the actuators

will stop in the selected position. At P



‘lhl same time the Indicator will be bit

from fuse 94 via the series contacts C1-C2
of the relays,

Indicater and warning sy stem

70,  The magnetic indicator, installed in
the 1st pilot’s instrument panel, functions
a8 a master indicator and will be de-
energized to show white if any of the three
artificial feel system fails. The three
similar indicators installed on the pilots’
centre panel show white if there is a
failure in their associasted systems, i.e.,
elevators, ailerons, or rudder. Selection
of artificial feel relief will cause indi-
cations similar to those for a failure in a
particular system.

71. Selection of the track and glide
channels durng an sutopilot contmolled
approach to land with the nose door down,
will cause the elevator indicator to show
white whereas the master indicator will
remain energized to show black. The
resultant combined display will therefore
indicate to the pilots that feel reduction
only has taken place and not a failure in
the system. For this purpose, although
the circuits of the three feel control
indicators are basically the same, that for
the elevators also includes the nommally-
closed relay contacts 569/3. Relay 569
is energized to open those contacts when
track is selected during an autopilot
controlled landing approach with the
alighting gear extended, the elevator
indicator will then be de-energized to
show white,

Circuit operation

72. The following description is given
for the elevator waming circuit but applies
also to the aileron and mdder circuits via
their respective supplies and relays.

73. The waming potentiometer (fig.B) is
connected to the conmtml circuit in such a
manner, that, with the artificial feel circuit
working correctly, all three potentiometers
will remain in balance and, during normal

operation: -

relay contacts 491/1 (ntnmr}.
490/1 (aileron) and 489/1 (rudder).

NOTE...
The three failure waming relays will
be energized fo close these contacts
only whilst their associated systems
are operating correctly.

74. Should a fault develop in the feel
detector circuit, the three potentiometers
will become out of balance and,

(1) A cument will flow through the coil
of moving coll relay 494 (MC)
causing its coantacts to opemte
H-C or L-C, according to the
direction of the current flow.

(2) This action will energize relay 488
and contacts 488/1 will operate to
open, thus de-energizing the arti-
ficial feel indicator.

(3) At the same time, relay 491 will be

de-energized, and operation of
contacts 491/1 will interrupt the

y to the fallure wamin
imm:. ’

(4) Both indicators will now show
white,

NORMAL AND EMERGENCY TRIM

75. The aircraft tdm is adjusted by
varying the length of the control runs
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between the pilots’ controls and the
artificial feel units, Nomally, the
zem-feel position is pre-set to centralise
the cockpit controls with the control
surfaces in their neutral position.

76, By extendingor retracting the control
run lengths, the pilots’ controls take up a
new position of zero feel and their move-
ment causes the P.F.C. units to reposition
the flying control surfaces, Linear
actuators in the control runs bring this
about. With the elevators, extension and
retraction of the control run lengths cause
nose down and nose up trimming, respect-
ively, With the ailerons and rudder,
extension and retraction of the control run
lengths cause trim to starboard and port,
respectively.

Components and controls

77. Three two-motor linear actuators, in
the Rotax, Type A1702/3/6 series, are
used in the trim control circuits. The
motors drive a common extension shaft
through a differential gearbox. One motor
of each pair is controlled, in the case of
the aileron end elevator, by two-axis
control switches fitted, one on each pilot's
control handle. The mdder trim actuator
is controlled by two single-pole switches,
Type D5403, mounted together and fitted
to the fuel contents panel 2P. These
switches are spring-retumed to the central
off position, and the method of mounting
allows simultaneous opemation of both
toggles. A tion of the actuators
will be found in A.P.4343D, Vol.1, Book 3.

78.  The other three motors are selected
by a three-axis emergency control switch,
Type TS.101 Mk.14, positioned at the
forward end of the centre console
below the thmtile . This circuit
can only be operated whilst the push-button
in the centre of the switch knob is kept
depressed.

79. The nomal and emergency trim
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Fig 10 Normal trim controls
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circuits prevent runaway of the actuators,
due to 'stray positives' in the supply lines
to the motors, by the use of relays, the
contacts of which earth the supply lines
until the control switches are operated.
The relays are located in the port fuse and
relay panel 4P,

80. A magnetic indicator, Type B2 on
the pilots' panel, is energized black
during all trimming operations. Should
a fault develop in the aileron or elevator
circuits, which necessitates opposite trim
selection to that causing the fault, reset
relay action will de-energize the indicator
to present a white image, thus waming the
pilots that reset action is necessary.
This action is described in detail in para.
85.

Circuit operation
81. The circuit operation for trim con-

trol described in the following paragraphs
should be read in conjunction with the
theoretical circuit diagrams (fig.10 and 11).

Normal
82, When the first pilot's elevator trim
switch is held to NU, a 28-volt supply
from fuse 185 will energize relay 106, and
the following circuit action will take
place:-

(1) Closing of contacts 106/3 will
connect a supply from fuse 144 to
the retract field of the normal motor
of the actuator,

(2) At the same time, the opening of
contacts 106/2 and 106/4 will
disconnect the earths from the
motor supply lines, and the actuator
will run to retract the shaft,

(3) When the actuator has retracted to
the required position, the switch
can be released to the centre
neutral  position, de-energizing
relay 106, and the actuator motor.

Wy {2t m0)se o Xom 32K3 [_%j
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the elevator circuit,

Rudder normal trim is controlled
two 3-position switches on panel 2P,

E S

control switch in the positive line con-
trols the supply, and the switch in the
negative line connects the actuator neg-
ative line to earth.

Keset

BS, Should a fault develop in either
pilot’'s trim switches, or in the control
relays 106, 112, 121 or 122, causing, for
example, ND trim, the following circuit
action will take place:-

(1) The faulty ND trim circuit will
energize relay 112 causing trim
sction.

(2) Selection of opposite sense (NU)
by the pilot will energize relay
106, so connecting s supply from
fuse 144, via contacts 112/1 and
106/1, to energize relay 473,

(3) Closing of contacts 473/1 will
form a hold-in circuit for the relay,
via the reset switch.

(4) Opening of contacts 473/2 will
isolate the elevator trim actustor
motor from its normal earth return
path,

(5) Opening of contacts 473/3 will de-
energize the trim indicator, and the
white display will warn the pilots
that the circuit is isolated.

B8, Movement of the trim switch in the
required sense will then cause the ac-
tuator to run and select the appropriate
trim. It should be noted that the normal
emergency trim circuits may be operated
together in the same sense, and twice the
trim rate will result, Ground tests for the
trim circuits appear in para.156 to 161.

Normal trim isolaticn

89. With the engagement of the aileron
and elevator channels of the autopilot the
normal trim system becomes isolated;
trimming is then carried out by use of the
emergency trim circuit., Isolation of the
aileron and elevator trim system is
effected by relays 104 and 447, the circuit
operation heing as follows-

90. The coils of relays 104 and 447
(fig.10) are connected respectively to the
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aileron and elevator channels of the suto-
pilot circuit, I the elevator channel on
the autopilot is selected, relay 477 will be
energized. of contects 477/1
will the indicator to show
white thus sing the pilot that normal
trim is not available, Opening of contacts
477/2, 3 and 4 will disconnect the nega-
tive retumm of the normal elevator trim
actustor, rendering it inoperative.

91, A similar sequence of operations
will take place in the aileron normal trim
circuit when the aileron channel of the
sutopilot is engaged. It should be noted
thet, on disengagement of either or both
channels, the associated normal trim con-
trol will be restored due to de-energizing
of relays 104 and/or 477,

AIR BRAKES

General

92, The @ir brakes take the form of
rectangular flaps secured to movable drag
posts which, in the retracted position,
fit into and form part of the u and
lower main plane surfaces. .593,
embodied concurrently with Mod.38, in-
troduces two time delay units, one into
the coil circuits of esch contactor. These
units delay connection of the field supplies
to the actustor motors when a selection of
movement is made at the control switches.
The delay is necessary to allow sufficient
time for the motor brakes to function when
the direction of movement is being rapidly
reversed during flight refuelling operation.

93. Although the controls and the re-
sultant positioning of the air brakes remain
unchanged, the circuit operation before
and after embodiment of Mod.593 varies;
the two variants are dealt with separately
in the text and illustrations. A description
of the time delay unit is given in pam.100,
The mechanical aspect of the amir brake
system is described in Sect.3, Chap.4 of
this publication.
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94, The air brakes can be moved
wards from the mainplane to any of
positions, namely:-

Medium drag - Where the drag posts are
partially extended and the
flaps are at 35 deg.

- Where the drag posts are al-
most fully extended and the

it

High drag

High drag - Where the drag posts are

Components and controls

95. A 112-volt d.c. actustor, Type
CB101, containing two compound-wound
motors, operates the air brakes. The
motors have soleno brakes
which are released whenever the motors
are switched on, FReversing contactors,
Type D9311, enable the motors to be ro-
tated in either direction. Both motors
operate simultaneously to extend the air
brakes to any drag position and both oper-
ate simultanecusly toretract the air brakes
except where IN is selected; in this case
only one motor operstes, the other being
available as o stand-by. Changeover to
the stand-by motor is controlled by the
eme switch. A description of the
actuator is in A.P.4343D, Vol.1 Boock 3,
;n;:atho contactor in A.P.4343C, Vel.1,

05, The motors are installed in the bomb
bay (fig.12) and drive, through reduction
gearing, shafls, extending to port and
starboard. The shaft is fitted with
sprockets which carry endless chains, an
idler sprocket being fitted in eech chain
system. Two connector blocks are fitted,
one in each half of the chain so that, on
movement of the chain, one connector
block moves up and the other down. The
connector blocks are secured to the drag

posts, The heavy-duty reversing contactors
are mounted near the motors.

Control awitches
97. The motors are controlled by two
linked, single-pole, three-position

switches, on the throttle box pedestal in
the pilots’ compartment, labelled IN-
MEDIUM DRAG - HIGH DRAG. To operate
the switches the press-button in the centre
of the link-bar must be depressed. Ten
micm switches, opemated by cams and
rollers on the drag posts, limit movement of
the air brakes to the selected position.

Emergency switch

98, A double-pole switch, labelled
NORMAL-EMERGENCY, is adjacent to the
main control switches. Settiag this switch
to EMERGENCY causes changeover to the
stand-by motor, should a failure occur
during retract movement of the air brakes,
after selection of IN on the main control
switches,

Test switch

99, A test swilch for the air brakes
circuit, fitted in the nose wheel bay,
pemits ground testing of the 55 deg. HIGH
DRAG position.

Time delay units

100. After embodiment of Mod.593, two
time delay units, Avio Type 1,/V9303 (fig.
15) are installed adjacent to their associ-
ated contactors in the bomb bay. The units
give a delay of 0.25 second with an input
voltage range of 24 to 28-volts d.c.; their
operation is described in para.110. Deing
sealed, no adjustment of the time delay
units is possible, defective units being
replaced by serviceable items. A testing
device is under development for checking
the delay time and further information will
be issued later.
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Warming indicator

101. A magnetic indicator, Type B1838Y,
fitted to the pilots’ instrument panel, gives
waming that the air brakes are operating.
The indicator will be energized to show
black when the air brakes are IN.

Circuit operation (pre Med.593 and 926)
102. The circuit operation described in
the following paragraphs applies to fig.14
and 34, i.e. pror to the addition of the
time delay units and associated resistors,

in to medium drag

103. Operation of the mechanically-linked
contro] switches on the thmottle pedestal
from the IN to the MEDIUM DRAG position
will cause the air brakes to be driven by
both motors to the selected position by the
following circuit action:-

(1) 28-volt supply from fuses 97 and
181 will be fed via the contml
switches and micro switches E, F,
C and D to the extend coils of the
reversing contactors A and B,

(2) Operation of the reversing contact-
ors will connect 112-valt supplies
to each of the air brake motors, and
the air brakes will commence to
move to the MEDIUM DRAG (35 deg.)
pesition.

(3) As the air brakes leave the IN
position, micro switches A and B
will operate to make contacts 5-4;
micro switches ] and K will operate
to make contacts 2-1, and the
waming indicator will be de-
energized,

(4) As the air brakes move to the
MEDIUM DRAG position, micro
switch F will be operated, causing
its contact positions to change
2-1, 54, thus the supply to the
reversing contactors will be cut off
and the motors will stop,
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Fig.13 Air brakes control (pre Mod593and 926 )
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Medium drag to high deag (55 deg.)

104. Operation of the control switches
from the MEDIUM DRAG to the HIGH
DRAG position will couse the air brakes
to be driven by both motors to the selected
position by the following circuit action:-

(1) 28-volt supply from fuses 97 and
181 will be fed via the contwl
switches, nomally-closed relay
contacts 217/2 and 217/4 to micm
switches G and H, and thence to
the coilsof the reversing contactors
A and B. The air brake motors will
thus be energized and the air brakes
will commence to move to the HIGH
DRAG (55 deg.) position.

(2) As the air brakes commence to
move, micro switch E will operate,
causing its contacts to change 2-3,
56. This action will prepare the
circuit for retraction selection.

(3) As the air brakes reach the HIGH
DRAG position, micro switches G
and H will operate to make contacts
2-3 and 56, and the supply to the
reversing coataector extend coils
will be interrupted.  This action
will cause the air brakes to stop at
the HIGH DRAG position.

High drag (80 deg.)
105. During landing operations, when the
air brakes are selected at HIGH DRAG, and
with the alighting gear locked down, the
air brakes will extend to the 80 deg. flap
position to give full braking facilities for
landing. This condition is achieved by
the inclusion of relay 217 in the alighting
gear circuit.  When the alighting gear is
locked down, relay 217 will be energized,
opening contacts 217/2 and 217/4 and
closing contacts 217/1 and 217/3. The
following circuit action will now take
place:-

(1) Opening of contacts 217/2 and
217/4 will isclate the supplies to
micro switches G and H.

(2) Closing of contacts 217/1 and
217/3 will connect the 28-voli
lies from the control switches

to the micro switches C and D,

(3) The reversing contactor extend
coils will be energized and the air
bmke motors will operate to drive
the air brakes to the HIGH DRAG

(80 deg.) position.

High drag to medium

106. Operation of the control switches
from the HIGH DRAG to the MEDIUM DRAG
position will cause the air brakes to be
retracled to the selected position and the
following circuit action will take place:-

(1) 28-volt y from fuses 97 and
181 will fed via the contmol
switches to micro switch E,
contacts 2-3 and 56, then to micmo
switches A and B, ] and K and to
the retmact coils of the reversing
contactors A and B.

(2) Operation of the reversing contact-
ors will cause both air brake motors
to drive the air brakes to the
MEDIUM DRAG position.

(3) As the air brakes leave the HIGH
DRAG position, micro switches G
and H will retum to their normal
contact position, and the circuit
will be prepared for any extend
selection,

(4) Just before the air brakes reach the
MEDIUM DRAG position, micro
switch F will revert to its nomal
contact position and, as the air
brakes reach the medium drag
position, micro switch E will
operate to make contacts 2-1, 5-4,

RESTRICTED

A.P.4505A & C, Vol.l, Book 2, Sect.5, Chop. 1, Group 6

A L.62, May 63

causing the reversing coils o be
de-energized, and the air brakes
will stop at the MEDIUM DRAG
position.

Medium drag to in

107. Selection from MEDIUM DRAG to IN
on the control switches will cause the air
brakes to be moved to the fully retracted
position by one motor only, The following
circuit action will take place:-

(1) A supply from fuse 97 will be fed
via the control switches and the
emergency switch contacts 2-3 to
micto switches A and B. These
switches will be made 5-4 and thus
the retract coil of the reversing
contactor B will be energized.

(2) This action will cause the B air
brake motor to rotate and retract
the air brakes to the IN position.

(3) As the air brakes reach the IN
position, micro switches, A, B, ]
and K will revert to their normal
contact position, snd the air bmke
indicator on the pilots’ panel will
be energized,

Circult operation (post-Mod.593 and 926)
108. Except for the functioning of the
time delay units, introduced by Mod.593,
the actuator circuit operation before and
after its embodiment is the same. The
following paragraphs describe the variation
in circuit operation caused by the addition
of the time delay units.

109, When the control switch or emerg-
ency switch (fig.14) is operated to extend
or retract the air brakes, the 28-wolt d.c.
supply will be connected to the correspond-
ing contactor coils or coil, as applicable,
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Fig 14 Air brakes control ( post. Mod 593 and 926 )
RESTRICTED




F.5/17

via the same sequence of micro switch
contacts as for the pre-Mod.593 circuit.
These supplies, however, are also con-
nected via rectifiers to the input terminal
L of the associsted delay unit and the
earth ends of the contactor coils to
terminals K and C of the same unit, The
contactor coile will not therefore be
energized, and further circuit action will
be delayed until the time circuit has
functioned and allowed the delay unit
relay to operate,

Time delay circurt

110, When a 28.volt d.c. supply is con-
nected to terminal L of the time delay unit
(fig.15), it will be applied across the
series circuit formed by resistor Rl and
the two 9-wolt reference diodes D1 and
D2.  The stabilized 18 volts developed
across the diodes will commence to charge
the capacitors C1 and C2 via resistors
R2 and R3 which provide the required time
constant. When the voltage across the
capacitors rises above 9 volts, diode D3
will conduct causing base to emitter
current fo flow in transistor T, This in
tum causes current flow ia the circuit
formed by the coil of the relay and the
collector, with the result that the coil
becomes sufficiently energized to operate
the contascts. Resistor R4 provides a
shunt path for the current in the coil
circuit, The closing of contacts 56
completes & hold-in circuit for the relay
coil and the closing of contacts 10-9
short-circuit capacitors Cl1 and C2, dis-
charging them in readiness for subsequent
operation, The closing of contacts 3-2
and 12-13 connect teminals C and K to
earth,

111. Connection of terminals C and K to
earth (fig.14) completes the circuits of the
contactor coils. The contactor will then
operate, subsequent operations in the
circuit dependingupon which coil has been
selected.

<

111A. The two resistors connected in
series between the rectifiers serve to
prevent a mal-function taking place should
a rectifier fail. Considering » rectifier
failure without the resistors in circuit, a
supply could be fed to the reversing con-
tactor coil controlling the direction of
movement opposite to that selected,
With the resistors in circuit, however, the
subsequent drop in voltage prevents the
opposite contactor coil being energized in
the event of such failure occurring.

Emergency operation

112. Should air brake motor B fail, the
brakes can be retracted to IN from MEDIUM
DRAG by placing the EMERGENCY/
NORMAL switch on the throttle box
pedestal to EMERGENCY, This action
will connect a supply from fuse 181, via
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the control switch, temminals 4-5 on the
emergency switch, to micro switches ] and
K., This will cause the retract coil of
reversing contactor A to be energized, and
motor A will retum the air brakes to the
IN position.

TAIL PARACHUTE

P General

113, A tail pamachute provides additional
braking should it be required during land-
ing. The parachute is stored in a com-
partment in the rear fuselage and |s
released to the stream, or braking position
g?his'h opening of the ment doors

. mﬂuhmﬁ;l.hdhythpﬂct:
who can also jettison parachute when
sufficient idjil.hul been

braking has

AYAD TTPE 1/v 9303

Fig.15 Time delay unit
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ettected. The circuit also provides for
the automatic jettison of the parachute
should the doors inadvertently open. Both
the stream and jettison circuits have a
supply cut-off relay, the operation of which
is controlled by an associated resistor/
capacitor timing circuit. The cut-off
facility disconnects the supplies to the
coils of the electro-magnetic release units
should icing conditions affect the stream
or jettison mechanisms. A description of
the mechanical aspect of the installation
is given in Sect.3, Chap.13, of this
publication.

Components and controls

114, Two electro-magnetic release units
No.1 (Ref.No.11A/3669) are fitted, one for
door release (stream) and the other for
jettison. A relay, Type 34, connects the
supplies to the release units. Two relays

3.

Type 9B, two resistors (200 ohms, 3w) and
two capacitors (140 mf, 30v) form the
supply cut-out circuits. Two test plugs in
the rear fuselage, one in each circuit,
facilitate servicing The circuit is con-
trolled by a switch, Type D5406, fitted to
the pilots' instrument panel 1P and label-
led STREAM and OFF & JETTISON,
After Mod. 455, this switch is shrouded to
prevent ingress of moisture After
Mod.692, the type of switch is changed
to Ref No, 5CW /6429,

Cireuit operation

115. With the control switch at OFF
(fig.16) both ends of the coil of relay 261
are earthed. This prevents operation of
the installation by a supply other than
via the switch.  When preparing the in-
stallation for use, the door release unit
;-t be cocked before the jettison release

L

31 Y3
cowTROL
___m__‘
: Qo
a3
T
L1 ,
I - !.ﬂlu?l

Fig.16 Tail parachute circuit
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Stream
116. If a supply is available at fuse 31
and the control switch is set to STREAM,

(1) Relay 261 is energized.

(2) Opening of the nomally-closed
relay contacts 261/2 disconnects
the jettison circuit from fuse 490.

(3) Closing of relay contacts 261/1
connects a supply from fuse 490,
via nomally-closed relay contacts
632/1, to energize the coil of the
stream release unit.

(4) Operation of the stream release
unit:-

(a) Opens the compartment door,
thus releasing the parachute to
the stream or braking position.
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(b) Operates the sequence switch
to close contacts 1-2 thus
placing the jettison circuit at
readiness for use,

Jettison

117. When the aircraft has slowed
sufficiently, the control switch is retumed
to OFF/JETTISON. Thus:-

(1) Relay 261 is de-energized.

(2) OPHdll. of relay contacts 261/!
disconnects the supply from fuse
490 to the stream release unit.

(3) Closing of contacts 261/2 will
connect a supply, from fuse 490,
vis contacts 1-2 of the stream unit
sequence sSwitch and nomally-
closed contacts 633/1, to energize
the coil of the jettison release unit.

(4) Opermtion of the jettison release
will detach the parachute from the
aircraft.

Supply cut-off reloys

118. The closing of relay contacts
261/1 (para.116 (3)) also connects a supply
from fuse 460, wvia resistor R1 and
capacitor Cl to the coil of the cutoff re-
lay 632. If the stream release unit fails
to operate as at (4), due, for example, to
ice affecting the mechanism, the following
circuit action will result:-

(1) After an interval, capaciter Cl
becomes sufficiently charged to
energize relay 632,

(2) Opening of nomally-closed con-
tacts 632/1 disconnects the supply
from fuse 490 to the coil of the
stream releage unit thus preventing
overload Samage.

(3) To reconnect the stream release
unit circuit, relay 632 must be de-
energized by momentarily retuming

the control switch to OFF. The
following actions then take place.

(4) Relay 261 is de-energized.

(5) Opening of contacts 261/1 dis-
connects the supply from fuse 490
to the timing circuit; capacitor Cl
discharges via the coil of relay

632 is left de-energized.

(6) Closing of relay contacts 632/1
prepares the stream circuit for
subsequent selection of STREAM.

(7) Re-selection of STREAM will
cause repetition of the circuit
action at para.116 (1), (2) and (3),
possibly resulting in that at (4).

119. Referring now to the description of
the jettison circuit at para.117, if the
operation of the release unit at sub-para.4
does not take place, due to ice affecting
the mechanism, & similar circuit action
will result as that for the stream unit
(para.118), but with the following vari-
ations:-

(1) The cut-out ecircuit consists of
resistor R2, capacitor C2 and relay
633

(2) In order to allow discharge of the
capacitor C2, momentary dis-
connection of the supply from fuse
490 to the timing circuit is effected
by setting the control switch to
STREAM. This is necessary as
relay 261 has to be energized by a
supply from fuse 31 in order to
open the nomally-closed relay

contacts 261/2.

Automatic jettison

120, If the stowage compartment doors
open inadvertently, the mechanical oper-
ation of the stream release unit will cause
closure of the contacts 1 and 2 on the
sequence switch. The following circuit
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action will then result:-

(1) Closing of contacts 1-2 will com-
plete a supply from fuse 490 via
nommally closed relay contacts
261/2 and 633/1 to energize the
coil of the jettison release unit

(2) Operation of the jettison release
unit will detach the parachute from
the aircraft.

AUTO PILOT SUPPLIES

General

121. The Mk.10 auto-pilot installation
automatically controls the flying control
surfaces; the complete installation is
described in Chapter 2 of this Section but
details of the d.c. and a.c. supplies are
contained in the following paragraphs.

Supplies

122. Under normal operating conditions,
115volt, 400 c/s, 3-phase a.c. supplies
for the auto-pilot Instaliations are ob-
tained from No.4 inverter (Type 153). If
No.4 inverter fails, & stand-by supply is
available from No.2 inverter (Type 350).
D.C, supply to the auto-pilot installation
is fed from fuse 213 and the circuit is so
arranged that the d.c. supply to the auio-
pilot amplifier is always connected last,
and, in the event of an a.c. failure, the
d.c. supply is sutomatically interrapted.

Circuit operation
Normal

123. The control switch for No.d in-
verter is situated on the a.c. control panel
at the navigation station.  Setting the
control switch to ON will energize relay
386 with a supply from fuse 233. Closing
of contacts 386/1 will connect a 112-volt
d.c. supply to the motor section of No.4
inverter via the resistance of the inverter
starting relay STR4. As the speed of the
inverter increases, the voltage drop across
the starting resistance will decrease until

the voltage applied to the coil of the
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starting relay is high enocugh to energize
the coil and close contacts STR4/1. At
this stage, full input voltage will be fed
to the inverter motor, and the inverter will

operate at full speed.

124. Meanwhile, on the output side of the
inverter, a 3-phase a.c. supply will be fed
to the auto-pilot amplifier and, when the
inverter output is at its correct operating
value, the torque switch will operate to
close its contacts 4-5, This will connect
a 28-volt d.c. supply from fuse 214 to

: o iy S

L L]
IRHCATOR

a

Fig.17 Supplies for auto-pilot

energize the d.c. control relay No.162,
operation of contacts 162/1 connecting the
dic. supply to the auto-pilot amplifier.
Should the inverter output fall below its
correct operating range, the torque switch
contacts will open and the d.c. supply to
the auto-pilot installation will be inter-
rupted. Indication that the inverter output
is normel is given by two neon indicators
on the a.c. control panel,

Emergency
125, 1If No.4 inverter fails, the auto-pilot
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load can be switched to the No.2 inverter
by holding the EMERGENCY CHANGE-
OVER switch on the a.c. control panel to
the No.4 position. This action will ener-
gize relay 168, and operation of its con-
tacts will disconnect the No.4 inverter
from the auto-pilot installation and con-
nect the No.2 inverter to the system. A
theoretical circuit diagram for the suto-
pilot supplies is contained in fig.17.
Descriptive information and servicing
details for the a.c. supplies and distribu-
tion will be found in Group 3.
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General

126. Due to the nature of the flying
controls systems, it is essential that there
is the closest co-operation between air-
frame, electrical and instrument trades
during servicing and inspection operations.
This will minimise the repetition of
functional checks and calibration tests,

127. The following paragraphs contain
servicing information for the electrical
portion of the flying contmols system,
servicing details for the mechanical side
of the system are given in Book 1, Sect.3,
Chap.4 of this publication. Setting-up
instructions for the control surface position
indicator and its associated transmitters
are contuined in Sect.5, Chap.2, Group 2
of this book.

POWERED FLYING CONTROLS

128. The wiring to the P.F.C. motors and
control gear should be examined periodic-
ally for general security and cleanliness,
Particular attention should be given to the
heavy-duty cables between the contactors
and the P.F.C. units, to ensure that the
connections are tight and the cable
insulation is free from damage.

P.F.C. motors

129. Servicing of the P.F.C. units whilst
they are installed in the aircraft consists
of inspection for security of attachment,
signs of brush wear and functional testing
of the individual motors, using the miscel-
laneous systems test console as described
in A.P.4343V, Vol.1, Sect.4. Servicing
details for the pump units and motors, when
detached from the aircraft, will be found
in A.P.4603C, D, or E and A.P.4343D,
respectively.

130, Functional checks on the P.F.C.
units can be carried out prior to flying, in
the following manner:-

SERVICING

(1) Ensure that 112-volt and 28-volt
external supplies are connected to
the aircraft.

(2) Check that the aileron, elevator and
rudder P.F.C. red waming lamps,
on the pilots’ centre instrument
panel, light and that the STOP
indicator on the port console (6P)
shows white.

(3) With the airframe fitter, ensure that
the flying control surfaces on the
wings and rudder are clear of
any obstruction (ladders, trestles,
eftc.).

(4) Start the aileron, elevator, and
mudder P.F.C. units in tum by
pressing the appropriate start
switches on the centre retractable
panel. Check for operation of the
waming lamps as at para.35; the
correct starting sequences for the
aileron and elevator units is as
follows:-

Port outboard
Starboard outboard
Port inboard
Starboard inboard

Check that the rudder units start simul-
taneously.

NOTE ...
The P.F.C. stop indicator will be
energized to show black on the starting
of the first motor selected.

El. The pow;od&llyiul controls ean now
operated e airframe fitter, and
checked for freedom of movement, a;nrmct
sense, etc,, as laid down in Book 1, Sect. 3,
Chap.4, of this publication. During this
check, the operation of the rudder auxiliary
unit should be proved by pressing the main
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rudder unit STOP switch on 6P, and ensur-
ing that the rudder controls are still
operating. Test procedure for the control
surface indicator is contained in Sect.5,
Chap.2, Group 2 of this book.

132. When the airframe fitter has com-
pleted the functional checks, the P.F.C.
units should be by pressing, in
tum, each of the STOP switches on the
P.F.C. stop switch pane! which forms part
of the port console 6P. The red waming
lamps on the pilots' centre instrument
panel should then light and, when the last
unit is stopped, the stop indicator should
be de-energized to show white.

P_F.C. contactors

133. These units, fitted to the P.F.C.
contactor panel 28P in the aft power
compartment, comprise engage coatactors,
Type 14A,No.2, and full-speed contactors,
Type 14A, No.3. The contactors should
be examined periodically for sigas of
physical damage. If a unit is suspect, it
should be removed from the panel and
bench tested in accordance with the
instructions contained in A.P.4343C,
Vol.1, Book 2.

Time delay switches

134. Servicing details for the time delay
switches, Type D8153, will be found in
A.P.4343C, Vol.1, Book 2.

ARTIFICIAL FEEL

WARNING . . .
Operation of the P.F.C. start switches to
connect 28-volt d.c. supplies to the feel
systems for ground testing will simulten.
ecusly energize the lotched relays of the
P.F.C. units engage circuits. Subsequent
connection of a 112.velt d.c. sm.z to



the wgircraft system could couse the
starting load of oll ten P.F.C.units to be
imposed on the system shwhumlz,
resulting in possible damage to the
ossoclated equipment ond injury fto
servicing personnel. For this reason it
is essentiol thot, immediately ofter
operation of the P.F.C. stort switches,

e corresponding P.F.C. wnit stop
switches should be operated to couse o
white displey ot the P.F.C. stop indi-
cafor. It is odvisable that on additional
check be mode ot the conclusion of
ground testing operations.

o 135 The artificial feel units are adjusted
and the micro-switches set by the con-
tractor prior to their installation in the
aircraft. The units are supplied as sealed
items and the seals must not be broken. If
an artificial feel unit becomes unservice-
able it must be returmed to an authorised
depot for repair and a serviceable replace-
ment fitted in the aircraft. The method of
checking the calibration of the elevator
servo authority in the ‘track” and ‘glide’
phases is given in Book 3, Sect.5, Chap.2,
Group 8 of this publication.

NOTE
The autopilot installation must be
switched OFF before camying out tests
an the artificial feel system.

136. To assist in the early detection of
possible faults in the artificial feel
system, a series of tests are laid down |n
Book 1, Sect.3, Chap.4 of this publication.
These tests will be carried out by the
wirframe tradesman but, as electrical
supplies will be necessary to run the
P.F.C. units and the tests require the use
of a portable manometer, electrical and
instrument tradesmen will be required
during the tests.

Fi Test set, Type U.1390
136A. A test set, RefNo.26DC/05217,
enables the artificial feel units to be
bench tested. The test set can also be

used to carry out the balance and differen-
tial tests detailed in paras.138 to 140,
Full details of the test set and the methods
of using it will be found in Book 3, Sect.5,
Chap.2, Group B of this publication.

Failure warning system

137. Setting-up and calibration tests have
to be made on the failure waming portion
of the artificial feel system, These
tests, contained in the following
paragraphs, must be carried out whenever
an artificial feel unit is changed, or any
of the components in S8P are changed,

NOTE T ..

Damage to the capsules of the air speed
potentiometers can be caused by appli-
cation of pressures in excess of 500
knots. This can occur as a resull ofa
sticking valve on the ground test appara-
tus. Swuch damage usuvally causes the
‘cut-in' and ‘cut-out’ limits of the system
to vary from the required aetting.

NOTE 2...

Experience shows that, for settingup
operations, the graduated scales ol the
micro-ammeter relays in the waming
system do not provide a sufficiently
accurate zero current indication. For this
reason, a reliable centre-zero micro-
ammeter, graduated to 100 micro-amp.,
should be connected in series with the
coil of the relay being adjusted. The
zero current indication of this instrument
should then be used for the setting-up
adjustments.

NOTE3...
Particular care is necessary when
adjusting the aileron waming circuit. The
operating rarge for the feel system is
312 to 412 knots, whereas the air speed
potentiometers function from 295 to 425
knots. Consequently, at 295 knots or
below there will be a {7-knot differential
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and at 425 knots and above there will be
a !3-knot differential. As both differen-
tials are inherent in the system there is
no alternative but to take them into
account when adjusting the aileron
waming system. It is for this reason
also that, when leel is engaged up to
approximately cut4in air speed, the
micro-ammeter relay of the aileron feel
unit will normally register at the low end
of the graduated scale and above cut-out
atir speed at the high end. This con-
dition, however, will not cause any
further circuit action as the intemal
limit switches of the feel actuator are
adjusted to prevent further movement.

mrE ‘ L

The ideal setting for the waming system
is at an air speed differential of 25 knots
above and below that at which a fault
occurs and every effort should be made
to approach as closely as possible to
this figure, The dilferential should not
in any case be allowed to exceed 35
knots. In some instances, the decreasing
and increasing differentials resulting
from a setting at a particular relerence
apeed may be found to differ. Thia is of
no consequence provided they both fall
within the limits of 25 to 35 knots; the
important consideration is that the
warnin§ sy stem should not be alfected by
flight conditions. Very mpid application
of the rudder, elevator, or aileron can
cause a blink at the magnetic indicator
but this does not indicate failure.

Setting-up procedure

138. The air speeds given at Table 1 are
intended for use as guidence during
settingup operations only; they are not
intended to be used as inspection speeds,
the waming system being required to
function correctly at all speeds. The
setting-up procedure for balancing the
waming circuit with the feel unit circuit
requires that the reference air sneed should
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be approached from not less than 50 knots
below its own value. The initial setting
and checking procedure for the differential
requires that the reference air speed
should be approached from not less than
50 knots above and below its own value.
This is necessary to verify both increasing
and decreasing air speed differentials,
Having engaged artificial feel, the figures
in Table 1 should be used with the
following instructions.

Balsnce
139,
(1) Set the senmsitivity potentiometer,
the low-speed and the high-speed
trimmers of the waming system to

their spproximate mid-positions.

(2) Apply simulated air speed to the
feel unit and to the waming system
and increase to the low figure,

(3) Adjust the low-speed trimmer of
the waming system for zero current
indication on the micro-ammeter
(Note 2).

(4) Increase the air speed in both
systems to the high figure,

(5) Adjust the high-speed trimmer for

zero-current  indication on the
micro-ammeter,

(6) Reduce air speed in both systems
to at least 50 knots below the low

figure and increase again to the
low figure,

(7) Re-check adjustment of low-speed
trimmer for zero current in the
micro-ammeter,

(8) Repeat as in (4), (5), (6) and (7)
until balance is approximately
correct at both high and low speeds,

Differentials

140.
(¢))

(&)

3

(4

(5)

From not less than 50 knots below
the mid figure increase the air
speed in both systems to the mid

figure.

Keeping the feel unit air speed
constant, introduce a 25-knot
differential by carefully raising
the waming air speed.

Adjust the sensitivity potentiometer
of the waming system until the
magnetic  indicators are de
energized to give a white display.
It may be necessary to slightly in-
crease the air speed differential
to bring this about. Note the air
speed differential at which it
occurs.

Increase the air speed in both
systems to not less than 50 knots
above mid-speed, then decrease the
#ir speed in both the mid figure,

Keeping the feel unit air speed
constant, further decrease the
waming system air speed until the
magnetic indicator shows white and
note at what differential this occurs,
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(6) Compare the high and low differen-
tials, these should fall within the
limits of 25 to 35 knots.

(7) Re-check the balance as in para.139

necessary, If adjustment is
necessary, repeal as in para,140
(1) to (6).

(8) Increase and decrease air speed
between 0 and 460 knots at a rate
of approximately 500 knots per
minute. No warming signal should
be given during this test. If a
signal is given, slight trimmer
adjustment is

Checking dilferentials

141. In the rudder and elevator systems,
a check of the decreasing and increasing
differentials may be made using as a
reference the low and high air speeds,

respectively. As the range of the ailetron
system is limited, such a check is not
necessary,

Fault finding

142. Having synchronised the waming
circuit in accordance with the foregoing
procedure, the feel systems should not
require much attention.

Table 1
Setting speeds (knots) for ertificiol feel systems
(See para.138)
Cutein Curour
A.F.U, (epprox.) Low Mid High (epprox,)
Rudder 130 170 205 400 450
Elevator 80 120 270 400 460
Aileron 312 337 362 400 412
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143. The feel unit and its associated
electrical components box are to be ser
viced by the manufacturers only The
following information however, may be of
use in checking the overall feel systems
for correct functioning.

Micro switch settings

144. The two micro switches in each
system are comectly adjusted on initisl
assembly of the feel unit. The Burgess
Type V3 micro switches, fitted post-
Mod.444, should require little attention and
their initial adjustment should not change
sufficiently to cause malfunctioning.

145. The comect functioning of these
awitches can be checked, however, as
follows.

(1) Connect a 28-volt d.c, ground
supply to the asircraft; the shont,
high-pitched hum of the relief
actustors as they move auto-
matically to the relief positions
will be heard.

(2) Check that the master and indi-
vidual circuit magnetic indicators
are de-energized to show white.

(3) Check that the pointers of the
micro-ammeter relays on the feel
unit and waming system are all
indicating neutral.

(4) Engage artificial feel for the re-
spective system to be checked.
The short, high-pitched hum of the
relief actuator moving from the re-
lief to the feel-engaged position
will be heard,

(5) Check that only the magnetic indi-
cator for the system selected is
energized to give a bleck display.

(6) Check that the pointers of the
micro-ammeter relays in the feel

unit and the waming systems move
from the neutral position In the
case of the aileron system, move-
ment will be to the low end of the
graduated scale on the feel unit
instmument and slightly off neutral
on the waming instrument. For
the elevator and rudder systems,
movement will be to slightly ofi
neutral on both instruments.

146. For air speeds up to the cut-in speed
for the control surface, the travel of the
relief actuator between the relief and en-
gage positions is very short. The reason
is that, up to the cut-in speed, the lever
mechanism will be in the position of
minimum restriction of movement due to air
specd variation. The feel actuator will
have been stopped at that point by the
opening of its extend-field limit switch.
The mechanism will therefore have only a
short travel left to the position of fixed
minimum restriction of movement, i.e., not
subject to air speed variation, or feel re-
ileved. The extemal limit switch in the
retract field circuit of the relief actuator
is set so that the motor will stop at this
point.

147. With feel engaged in the elevator and
rudder system, increasing air speed up to
the cut-in speed will cause no variation in
the indications or circuit operation. In the
aileron system, however, as air speed in-
creases through the range 300 to 310 knots,
the pointer of the feel unit micro-ammeter
relay will move away from the low position
and the low contacts may be heard to open.
The pointer will read neutral at approxi-
mately 310 knots, thereafter indication and
circuit operation within the limit speeds
will be similar to those of the other two
systems.

148. On incteasing air speed beyond cut-
out, but not in excess of 500 knots, the
micro-ammeter relays of the rudder and
aileron feel units will indicate ot the high
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end of their scales, In the rudder system
this is due to the setting of the lever
mechanism; corresponding adjustment of
the intemal limit switch of the feel ac-
tustor prevents further movement. For
adjustment of the aileron system, see
Note 3, which precedes para.]38.

Operating indications

149. During the few seconds in which the
fecl unit attains its final adjustment to an
air speed setting, a loud ticking sound will
be heard. This is caused by operation of
relays and the actuator brakes and is quite
in order. When the load is put on the feel
unit by the pilot opemating his controls,
the feel unit will be heard to operate and
when the pilot releases this load, operation
of the unit will again be heard; the sound
is caused by the feel unit maintaining its
pir speed setting whilst being loaded and
unloaded,

Waming system-58P

180. The waming system compares the
potential of the follow-up potentiometer in
the feel unit with that of the air speed
potentiometer in the waming circuit. 1If
the feel unit is working correctly, at any
given air speed the potentials of both the
air speed and follow-up potentiometers
will be the same as that of the air speed
potentiometer in the waming circuit. If
there is an electrical fault in the feel
unit, the unit will either:-

(1) Remain stationary and not respond
to air speed variation.

(2) 3et itself to a speed condition above
or below the actual air speed,

(3) Operate to the high-speed condition

and remain there.

(4) Opera.e to the low-speed condition
and remain there.

151. The efiect will depend on the nature
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of the fault. For any of these faults, the
waming system will indicate within 30
knots of the fault occurring For this
purpose the waming system has to be very
sensitive and it |s so seasitive that it
may indicate a feel unit failure when none
exists. This is generally caused by
incorrect setting of the waming panel
trimmers which should really be balanced
but, according to the characteristics of the
air speed transmitters, may have to be
biased slightly.

plained in para.137.

This is more fully ex-

152. If a waming indicator flickers during
flight, the waming system should be fully
checked and tested in accordance with
para.139 and 140, before the feel unit is
regarded as unserviceable. If the waming
panel micro-relay is very close to making
contact either on the low or high positions
when tested on the ground, it may well be
that in flight such factors as change in

or temperature, vibration, pipe
eaks, yaw, etc.,, may cause & contact to
be made. The waming panel trimmers
should be reset to avoid this though it is
appreciated that this may be difficult and
that success largely depends upon the
experience of the operator. Sometimes air
speed transmitters are damaged or develop
faults during use which affect the function-
ing of the feel unit or waming system.

Air speed potentiometers
153. The potentiometers consist of:-

(1) A capsule which expands when
pressure from the pitot head is fed
to it.

(2) A coil across which 28-volts is
applied.

(3) A wiper am which is moved across
the coil by the expansion of the

capsule.
The potential on the wiper am varies,

similar to those in the air speed poten-
tiometers.

(1) Breaking of coll or lead to coil,
causing maximum or minimum feel
rate.

(2) Bad contact of wiper coil causing
hunting.

(3) Wiper arm losing contact with coil;
in this case the feel rate remains
constant at the speed at which the
fault occurred.

If the motion of the follow-up potentiometer
becomes excessively stiff, the feel unit
will respond correctly to increasing air
speed but, when speed is reduced, the
feel will run down to the minimum feel
position and will remain there until the
speed at which the fault occumed is
exceeded.

Post office relays

155. The main cause of fault in these
relays is buming of the points. As the
points are wired in series, a defect in one
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pair will ceuse a failure with the result
that the feel rate cannot be increased or

decreased, depending upon which relay has
failed.

TRIM SYSTEM

156. Little servicing is required on the
normal and emergency trim controls, apart
from routine checks of the wiring and
switches for general security and clean-
liness.

Actuators

157. The two-motor linear actuators of
the Rotax A1702/5/6 series should be
serviced in accordance with the instruc
tions contained in A.P.4343. Vol.1, Sect.17,
Chap.2, App.11.  The travel settings for
the actustors are given in Book 1, Sect.3,

Chap.4, fig.8 of this publicstion.

Trim switches

158. The nomal aileron and elevator
trim control switches, fitted on the pilots’
control handles, should be checked for
comrect during the trim system
functional test (pars.]159). No servicing
is pemissible on the switches, and an
unserviceable switch should be removed
and replaced by one which is serviceable
and of the comect type. The nomal mdder
trim switch, located on the fuel

panel (2P), should also be checked for
comect operation (para.159). The emer-
gency trim switch, Type TS104 Mk.14,
should be checked for cormect operation in
each axis during the trim system functional
check 159). Any suspect switch
should replaced by a serviceable item
of the comect type.

Functional checks

159. A functional check of the normal and
emergency trim systems should be carried
out preferably at the same time as the
P.F.C. units are checked (para.130). The
checks must be done in conjunction with an



airframe tradesman so that the sense and
range checks laid down in Book 1, Sect.3,
Chap.4 of this publication can be done at
the same time.

The procedure is as follows:-

(1) Start the powered flying control
units, as described in para.]130.

(2) Select nommal aileron trim, using
the first pilot's trim switch, and
check for comect operation and
m”l.

(3) Select nommal elevator trim, usin
the first pilot’s trim switeh, an
check for cormect operation and
travel.

(4) Repeat (2) and (3) using the second
pilot’'s trim switch.

(5) Simultanecusly select opposite
ailleron sense on each pilot’s trim
switch (i.e., first pilot n,
second pilot starboard), Crl,ck
that the system becomes inoper
ative and that the trim indicator has
changed over to show white.

(6) Hold the trim/reset switch to
RESET momentarily; check that the
indicator now shows black and that
the aileron trim system is again
operative,

160. The rudder trim system should be
checked by operating the two rudder trim
switches on the fuel gauge panel 2P. The
two switches must be together;
operation of one switch will have no effect.

161. The emergency trim circuits should
be checked by moving the emergency trim
switch knob to each position in tum, with
the centre button depressed, and the trim
controls checked for comect sense and
gcndon. If selection is made without
e centre button depressed the system
should not operate.
mr‘l.‘
After any functional checks on the trim

confrols the system must always be left
with the surface trimmed o neutral.

AIR BRAKES

162. The wirdag of the air brakes clrcuit
should be checked periodically for general
security and signs of chafing, particular
attention being paid to the heavy connec
tors on the contactors and motors.

Functional checks

WARNING (1) . ..
Do not operate the oir brokes if the
occess doors of the forwerd end of the
bomb doors are in the fully open position.

WARNING (2) . . .
Air brakes must be operated by hond and
not with the electrical motor if the brokes
on either side of the motor are disconnec-
ted from it, or if any of the micre switches
are isoloted or disconnected.

163. Functional checks for the air brakes,
which should be carried out in conjunction
with the airframe tradesman, are contained
in Book 1, Sect.3, Chap.4 of this public-
ation. It is important that the air brake
motors should not be mun continuously for
more than 3 minutes, after which a 4%
minute cooling period must be observed.

4 To safeguard against inadvertent operation

of the control switches during servicing
operations, a locking pin, Avro Part
No.1/U1678 should be inserted through
the locating holes in the switch guard to
lock the switch toggles.

Reversing contactors

164. These units, Type D9311, should be
inspected periodically for undue arcing and
buming of the main contacts. Further
servicing information on the reversing
contactors will be found in A.P.4343C,
Vol.1, Book 2.

Actuator

165. In situ servicing of the air brake
actuator is limited to a check for security
and brush wear. Further information will
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be found in A.P.4343D, Vol.1, Book 3.

Micro switch settings

166. The micro switches which control
the air brakes are operated by spring-
return levers to which are attached cam
rollers (fig.12). The rollers are operated
by cam strips affixed to the drag posts of
the airbrake mechanism, The micro
switch essemblies are adjusted on
initial fitment so that the switch contacts
will operate and disconnect the supplies
to the actuator motor at a point where
the mechanism has not quite completed
its full travel, This occurs during
extension and during retraction of the
nirbrakes end allows for override in the
mechanism's travel.  The override may
vary with use and the position of the
rollers relative to the mechanism travel
is therefore made variable by inclusion
of an adjustable securing bolt, Re-
adjustment of the roller positions can be
carried out using the air brakes test set,
Avro, Type 1U1339. Thetest set provides
a means of inching the mechanism to any
position in its travel so that the cormect
operation of the appropriate micro switch
contacts can be checked and the roller
position adjusted accordingly. Techaical
details and instructions for the
test set, Type 1U1339, will be promul-
gated in A.P.4343V (n due course.

Time delay units

167. The Avro time delay units, Type
1/V9303, are supplied as sealed items.
Servicing of these, when defective, there-
fore consists of replacement of a service-
able item and retum of the faulty unit to
the manufacturer.

TAIL PARACHUTE

168. Little servicing is required for the
tail parachute controls. The stream and
jettison E.M. release units should be
checked for continuity when cocked, using
the two test points provided. When
cocking the release units, the stream unit
must always be cocked first.
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Generol

169. When major items of equipment have
to be removed from the aircraft, the corr
ect ground equipment for the job must be
used. When more than one man is necess-
ary for the removal or assembly of a par
ticular piece of equipment, no attempt
should be made to carry out the task
single-handed,

170. Removing equipment in the flying
controls systems presents no serious
difficulties. Points to be bome in
mind are:-
(1) Before removing electrical items,
ensure that the circuit is elec-
trically “safe'’,

(2) Always tape up and stow all dis-
connected cables.

(3) When re-making cable connections,
check with the appropriate routing
chart for comect terminal numbers
and cable references.

P.F.C. units

171. Removal and assembly instructions
for the P.F.C. units are given in detail,
with illustrations, in Book 1, Sect.3, of
this publication. The electrical trades-
man will be required to disconnect the
associated wiring

Start switches

172. Access to the connections at the
back of the P.F.C. START push-switches
on the retractable centre control is ob-

REMOYAL AND INSTALLATION

tained by removing the auto-pilot switch
panel from 5P, The connections to the
P.F.C. START switches will then be
accessible.

Stop switches

173. Access to the connections of the
P.F.C. STOP switches on the panel att-
ached to the port console 6P is gained
by releasing the screws securing the
panel to the console. The panel can then
be tilted,

Contactor panel

174. The P.F.C. contactor panel (28P),
located in the aft power compartment,
should not have to be removed. Should
it be necessary, however, to remove any
of the contactors, the servicing platfom
sections (Ref. No, 26DC/95153 and 26DC/
95152) must be fitted to the floor of the
compartment. The contactor can then be
removed by disconnecting the wiring, and
releasing the bolts securing the contac-
tors to the panel face.

Artificial feel units

175. Removal of the artificial feel units
is covered in Book 1, Sect.3, Chap.4 of
this publication. Removal of the master
transmitter potentiometers and access to
the relays in sgp (fig.7) presents no
difficulties,

Trim actuotors

176. Removal of the trim actuators
presents no serious difficulties. The
actuators must be re-set in asccordance
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with the figures contained in Book 1,
Sect.3, Chap.4 of this publication before
they are assembled in the control runs.

Trim switches

177. The recommended procedure for
the replacement of a trim switch on either
pilot’s control handle is as follows:-

(1) Ensure that the trim circuit is
electrically '*safe’’,

(2) Remove the two csk/hd. screws
securing the trim switch to the
handle.

(3) Gently pull the switch out, until
the terminals are accessible.

(4) Disconnect the cables from the
switch, and remove the switch,

When the replacement switch has been
connected to the cables and refitted in
the control handle, the trim system should
be check-functioned as laid down in para.
159.

Air brokes

178. Access to the air brakes, for micro
switch adjustment and inspection, |is
gained via the sccess panels in the for-
ward section of the bomb bay and the
access panels in the engine air intakes.
No difficulty should be met with when
removing the air brake motors, and this
task should be carried out in conjunction
with the airframe tradesman,



Table 2
P.F.C. releys and contoctors

Relay MNe. Trpe Function
44 14A, No.3 Rudder main full-speed relay
45 14A, No.2 Rudder main engage relay
46 14A, No.2 Rudder auxiliary engage relay
47 14A, No.3 Rudder auxiliary full-speed relay
48 01 Rudder start relay
40 Q3 Rudder waming relay
51 Q3 Elevator waming relay
52 Q3 Aileron waming relay
53 14A, No.3 §.1. elevator full-speed relay
54 14A, No.2 5.1, elevator engage relay
55 14A, No.2 P.1. elevator engage relay
56 14A, Ne.3 P.L elevator full-speed relay
57 14A, No.3 S.0. elevator full-speed relay
58 14A, No.2 S.1. elevator engage relay
59 14A, No.2 P.O. elevator engage relay
60 14A, No.3 P.0. elevator full-speed relay
61 14A, No.3 S.L aileron full-speed relay
62 14A, No.2 S.1. alleron engage relay
63 14A, No.2 P.l. aileron engage relay
64 14A, No.3 P.L aileron full-speed relay
65 14A, No.3 5.0. aileron full-speed relay
66 14A, No.2 §.0. aileron engage relay
67 14A, No.2 P.0. asileron engage relay
68 14A, No.3 P.0. aileron full-speed relay
(431 W68M10610/2  Rudder main indicator relay
432 WEEM10610,/2 Rudder auxiliary indicator relay
433 W6BM10610/2 P.O. elevator indicator relay
Pre- 434 WEBM10610/2 P.1. elevator indicator relay
Mod. 435 WESM10610/2 5.1, elevator indicator relay
416 436 W6SM10610/2 5.0. elevator indicutor relay
only 437 WEBM10610/2 P.O. aileron indicator relay
438 1068M10610,/2 P.l. aileron indicator relay
439 1068M10610/2 S.L. aileron indicator relay
440 1068M10610/2 $.0. asileron indicator relay
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Fig 278 (1) Aileron artificial feel ( post Mod. 928 and 1498 )
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Fig28(1) Elevator artificial feel ( pre Mod 928 and 1498 )
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Fig. 28 (2) Elevator artificial feel ( pre Mod 928 and 1498 )
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Fig 28A (1) Elevator artificial feel (pre Moad.1498, post Mod. 928 )
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( post Mod. 928 and 1498 )
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Fig29 (1) Rudder oartificial feel ( pre. Mod. 928 and 1498 )
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Fig 29A (2) Rudder artificial feel ( pre Mod 1498, post Mod 928 )
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Fig. 35.(1) Air brakes controls ( post Mod 593 and 926 )
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