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EONER_FLYTNG CONTROLS
1. Introduction

This section is concerned with the control and operation of the following
flying control services:e

() Power flying controls.
(b) Normal and Emergency trim.
(e) Artificisl feel.

2 Power Flying Contrels

Owing to the high serodynamie loading on the flying control surfaces a
considerable physical effect would be required to move them in order to effect
control during flight. For this renson a system is employed whereby the cone
trol surfaces are moved by means of hydraulic pressure, which isdtained from
pumps driven by electric motors. liovement of the pilots controls operates a

/" aystem of velves, whisch in turn direct the pressure to be applied to one side
"'—q' the other of a two way Juck sonnected to the control surfacecs.

3. ontr a

The eonventional ailerons and elevators are combined to form a system of
control surfaces, referred to as ELEVONS. These are split into eight independ-
ently operated surfaces and are fitted four to each wing, Thus failure of one

or more surfaces is adeguately catered for. The surfaces are numbersd 1 to 8
from the port side.

Operaticn of the pilot'a controls to effect climb or descent will eause all
eight surfaces to move up or down in unison., Operation of the controls to effect
bank will cnuse movement of the four port surfaces in unison but in opposition to
the movement of the four starbeard surfaces.

— A single surface is provided to effeot rudder contrcl, duplication of con=-

\, Srol being irovided in this case by $wo independent flying control units. Nor-
mally, although both units are running, only the aain unit operates the rudder
surface, the amcilisry unit remaining in an 'idling' condition.

When the mein unit fails the auxiliary unit sutomaticslly takes over the
working effort.

be Flying Control Metors

The motors are 200V 3 phase LOO cycles induction motors. The motoras are
integral with the P.F.C. units and are supplied with 200V A.C. obtained direct
from the main alternator distribution pansls 58P, 55P, GOP, 61P, via 3 phase
latched type contactors.

5.  Egwer Factor Correctors

Since the power factor of an induction motor is inherently low each motor
is provided with two power factor corrector units conszisting essentially of cape
acitors connected petwean the input lines to their associnted motor. Each cap=
acitor is fused, all fuses being contained in the sorrector unit itself'. The
corrector unit is a ssaled item and each unit carries the following warning:-
"Important. Do not short circuit this condenser. Discharge through resistance
of not less than 5000 ohms."
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6, P.F.C. Motor Contacteors

These are heavy duty 3 phase latched type contactors. Each contactor is
equipped with two operating coils, onme for closing the contactor and completing
the mzchanicel lateh and the other 8911 for tripping the contactor by breaking
the mechanical lateh,

Te Contro tches

Three push awitches control the starting of each P.P.C. group. The switches
located on panel 6P are labelled P.P.C, START nand designated A-R<E, One half of
anch switoch econirols vin a time switeh the starsing of a group of P.F.C. motors:=

X - elevor units, Nos. 1, 2, 7 and B
x i ﬁlﬂbn 'I.Lni'ta, Huﬂ- ﬁ’ ll'l 5 ﬁﬂd 6
R = rudder units, Mein and auxiliary

The other half of each switch eontrals the artificial feel engnge thus:e

A - pilsron sense control
P E = elevator asnas control
E = rudder sense control

The three start pushes may be eperated simultansously only when ell four
alternators are cpersting. At all other times they are to be operated in rotation
allowing each P,F.C, group to be completely stnrted before depressing the next
pueh, The P.P.C.s are also started and artificial fecl engaged during engine
starting using the RAPID START system.

Ten illuminated spring return push switches are fitted to 6P and are labelled
P.P.C. MOTORS. The individusl switches are further designated nccording to the
P.F.C, potor they contrel. The switches when pushsd stop their associated motor
by tripoing its contactor, The lamp is the head ef the switch registers fallure
of its particular motor.

8. Time Delsy Switches

2 Three time dslay switches nre employed to effect the sequential starting of
the P.F.C. units, Those for the A and R circuits are fitted to LOP and that for

weE on 41P. The time delsy switches operated by the A-R-E pushes connect 26V D.C.
to close the 3 phase contactors of their respective P.F.C. motors.

9. nin sten

A main warnirg system is employed consisting of two amber lamps mounted a%
opposite ends of an array of megmetic indioators on 1P, The two amber lamps are
1nbelled MATN WARNING. The system is, should a failure occur in any one of the
P.P.C. units, the amber lamps will illuminate, thus giving the pilot's immediate
§ndication of P.F.C. fnilure and thereby drawing the lst pilot's attention to the
P.F.C. panel lamps on 6P. The failed unit's lamp push on being depressed will
put out the amber main warning lamps snd cause a magnatic indieator labelled
P.F.C. UNITS to present & WHITE indication thus providing a reminder for the
Pilot that PwF.C. unit has failed, The main warning system also provides warning
for the following systems = Artificial Feel nnd Autostabilization.

10. P.PF.C, Motor Operation

The following description applies to the 'A' group of P.F.C.s only but is
deacriptive of all groips with the exception of the rudder P.F.C. failure,

When 28V ig connected to the sireraft system it is apolied via fuse 603, to
11luminete ths Ho. 1 elevon stop switch lemp via the lock miero tch and via
this mlcro switch and the contacts of the No. 1 indicator relay (281) teo illumi-
nate both main warning laspas on 1P. The other contacts of the indieator relay
convey the supply from fuse 603 to contacts of the remaining nine P.F.C. indi-
cator relays to energlse the single P.F.C. reminder magnetic indicator on 1P to
present 'BLACK.'
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11. Starting P.F.C,s i
(n) NORNAL.

x Depressing the 'A' start push will convey 28V D.C. to wind up the 'A' time
awitch vin terminals M. After = delay of 1 second the time switch contacts will
operate, which will result in 28V being fed from fuse L78 to be applied to the
'CIDSE' coil of the No, 1 elsvon motor 3 phase contactor, The No. 1 elevon motor
will commence to run and drive its associated P F.C. pump.

The resultant build up in sressure will now change the contacts of the lock
micro switch over nnd thus put out the No, 1 elevon stcp switeh lamp.

NOTE: It should be sppreciated that although the aup)ly from fuse 603 has
now been withdrawn from the No. 1 elevon indicntor relay contacts supplying
the main warning lamps, nd they will not be put out until the tanth P.F.C.
moter has started,

The time switch continuing its cvele will, with 2 second intervals,
start up the remnining eleven £.7.C,s in the "4" group i.e. No. 2, No. 7 and No,
resulting in similar circuit operations as previcusly described,

St
(v) RAPID

During engine rapid start, the 2.F.C.'s are started by feeding 25V from fuse
674 via the engine rapid start push to wind up the rudder time switch. When the
time awitch runs, contacts 1 and 2 close to start the main and euxiliary rudder
P.F.C. ns for normml start, but after 5 seconds contnofs 3 and 4 close to feed
28V from fuse 574 to wind up the 'A' and 'E' time switches which will then operate
a8 for a ncranl start nnd start the elevon units,

1.2; lurs

(n) Elevons

In the event of the P.F.C. motor failing or some internal P.F.C. failure,
~the effect will be of removing sressure from the plunger operating the lock micro
Sk, the micro switeh will revert back to its unopernted position and cause the
ﬁ in the head of the stop switoch and the two main warning lamps to illuminate.
Depressing the stop switch will trip out the affected motor contactor nnd
also energise the fniled units' P.F.C. indicntor relay. The relay in energising
will remove the supsly from the main warning warning lamps and withdraw the sup)ly
from fuse 603 to the reminder indicater on 1P which will now present "WHITE". The
contacts of the indicator relay in changing over lock out the relny itself and thus
can only be de-energised by (a) removing fuse 603 (in the case of No, 1 alavon)
or (b) removing the 28V D.C. from the essentisl bus bax.

(b) Rudder

Due to the rudder arrangement a lock v-lve miero switch is fitted to only
the auxiliary rudder P.F.C. because of this snch P.F.C. is fitted with a pressure
switch. Also fitted to &ach unit is a serve valve trip mechanism which includes
a servo valve trip miero switch,

In the event Of esither the pressure or servo trip micro switches on the main
unit or pressure, servo trip or lock valve micro switches on the auxiliary unit
operating, they will cause the main warning lamps and the stop push lamp to
{1lluminate,

/Depressing the
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Depreasing the stop push results in action similar to the elevons.
13. Juxiliory Rudder Lond Spedding.

The auxiliary rudder P.F.C. is part of the load shedding when the R.A.T.
lowsred, With the R.A.T. lowersd the non-essential 28V bus bar is shed which
causes rolsy 559 to de-energise thus feeding 265V from fuse 846 via rzlay 559,
relay 152 to snergise relay 151. Relay 151 in energlaing feeds 28V from fuse
607 to trip the auxilisry rudder contactor to atop the P.F.C. The pressure

switoh will chenge over to give indieation, but only on the P,P,C. stop push,
as the feed to the moin warning lamps is broken by relay 151.

If, however, during the operation of the R.A.T. the main rudder was failed
it would not. be neceassary to trip the auxiliary rudder, With the main unit
failed relay 152 will be onergissd from the mierc awitch circuit of the main unit.
Relay 152 prevents relay 151 from cnergising and thus the auxiliary rudder unit
is not trippsd.

14. T b n duction

'S Aireraft trim adjustment ls effected by electric actustors coupled in the
control rod aystems of the three control surfaces i.e. aileron sense, elevator
sense and rudder. Extonsion or retraction of the actuator Jacks causes movement
of the control rod system, thus ndjusting the contrcl ~nd surface neutral pos-
itions to any required angle within the range of the actuntor travel.

15. Normsl Trim Jyitches
(a) t lara m

The hend of each pilots control column is equipped with a trim control
switoh shaped like a 'Chinaman's hat.' This switch controls the trim actuators
in the alleron and elevator sense and consists of two single pole four way
switches, The forward switch marked 'A' on routing charts control the sup ly
to ths normal trim actuntors, and the af't switch marked 'B' controls the sarth
making relay for the normal trim actuator,

- () Rudder Trim
Control of the normal rudder trim actuator is effected by two single pols
switches mounted together on the fuel contents panel 2P. The switches are
'finger coupled' and are spring returned to the "OFF' position, and agnin one

pole controls the supply to the trim actuator and the other pole controls the
RUDDER TRIM, FORT - STARBOARD.

16. Emergency Trim Switch

Control of the emergency trim nctuators is effected by a switch Type 101
which is fitted to the forward end of 5P. The switch provides six positions
in threse axes i.,e.:=-

(1) Elevator scnse = push knob forward or ft,

(11) Atleron sense - rock kncb from side to side,

(141) Rudder - rotnte knob clockwise or anticlockwise.

A push switch in the centre of the contrcl knob labellsd 'PRESS FOR
EMERGENCY TRIM' has to be depressed throughout all zmergency trim operations.
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17. Irim dctuntors .

Three twin motor linear actuaters are employed one in each flying control
rod, COne motor of the twin actuntor serves az the normal trim actustor whilst
the othur serves as the emergency trim actuntor. The motors driwe a coamon shaft
through a differential gearbox., The actuators of the elevator and rudder sensge
trim systems are fitted in the control rod runs, adjacent to the respective foel
unit. The trim sctuator for the aileron sense is integral with the ailsron
feel unit.

18, Trim eration [Eggll

The follewing deseription is for a trim selection in the elsvator sense
'NOSE DOWN' - the ecireuit cperaticn for ailsren is similar. Rudder triam is des-
eribed separctely.

Operntion of the lst Pilot's trim switeh to the 'N OSE DOWN' sanse will
result in the 'A' switch conveying 26V D.C. from fuse 929 to energise relay 147
which causes 2BV D.C. from fuse 928 to be applied to the 'NOSE DOWN' field of
the elevator normal trim actuater, Switch 'B' will apply 28V D.C. from fuse 929
to encrgise relsy 174 which in closing will complets the earth for the trim actu-

* ator which will commence to run, Releaszing the trim switch will result in relays

147 and 174 de-snergising, thus stopning the trim sctuator,

Normal rudder trim is controllesd in the fellowing manner. The 'finger
coupled' control switch on 2P is selected to say "PORT' which will convey via one
switch 28V D.C. from fuse 930 to the 'FORT' fisld of the normal trim actuntor and
the other switch complstes the earth to the actuator which commences to runm,
Releasing the trim switch stops the nctuator running,

19. TIrim Operation (Emergency)

The following description is for emergoncy trim '"NOSE DOWK'. The other
sense being similar in opcration.

When the trim switch on 5P is in the unoperated position, both fields of
all emergency trim actuators are inhibited through the de-energised contacts of
the following relays, i.e.:-

(2) Atleron actuator = Relny 360.
(b) Elevator Actustor = Relay 362,
(e) Rudder Actuator - Reslay 361,

On depressing the button in the head of the emergsncy trim switch all thrae
relays are energised, thus removing the inhibiting enrth., Pushing the trim knod
forward in the 'NOSE DOWN' sense results in 28V D.C. froa fuse 521 being applied
to tha elevator emergency trim sctuntor 'NOSE DOWN' field via the snergised con-
trots of relay 362. The sctuator commences to run, If tho trim knod is released
the nctuator will atop.

20, Jrtiffoial Peel

The artificinl feel system is employed to simulate nero-dynamic londing at
the pilots controls, This is effectcd by three artificial fec) uniis, one for
ench control axil, which provide n restriction to control rod movement with a
corresponding ineranse in nirspeed and n relaxsation to control rod movement with
a corresponding decrense in airspeed,

Adjustment of the unita, nccording to sirspeed veristion is effsocted by
electrically controllsd actuntors., To obtain the necessary change in feel with
change in airspeed, s control system ia amploysd consisting of two potentiometers
connected in parallal (Wheatsone bridge principle).

Fu
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2 One potentiometer is effected by airspeed and is fitted in the pilot stetie
system, the other potentiometer is fitted to the feel unit and is operatesd by the
feel unit mechanism, The wiper of each potentiometer is briiged by the coll of
moving coll relay, the contacts of which will operate the feel unit actuator when
the ralay operates,

The artificial feel is engnged when the aprropriate P.F.C, start push or
Engine Rapid 3tart push is operated,.

21, on Ru

Depressing the Rudder P.F.C, start push or Engine Rapid Start push will ener-
glse Relay 132 which in energising takes a hold in from fuse 507. The other cont-
acts of relay 132 feed 28V from fuse 507 to snsure the relief actuator of the feel
unit is extended to its correet operating sosition.

With the relief actuator sxtendsd 28V from fuse .87 4a fed via the internal
micro switch operated by the reliesf sctuator, onto the "heatstone bridge formed by
the airspeed potentiometer and the follow up potentiometer and also to energise

»#~celay §31 which is nart of the indication eircuit.
e

Variation of airspeed will unbalance the bridge csusing current to flow in
the moving coil rday which at 90 micro amps will close its contacts, 28V from fuse
487 1s now fel to emergise relay !30 (incrisrse airspeed) or relay 442 (reduced sir-
speed). Thess in turn cause the Main Feel actuator to sither Retract or Extend
until tha follow up potentiometer balances the airspeed potentiometer which causes
the moving coil relay to de-energise, thus stopping the Peel actuator in a position
of feel rclative te the airaspesd.

22, Failure Indication

A seconi Wheatstone bridge formed by » second airspeed potentiometor and the
follow up potentiometer provides a meens of failure indication, 26V is fed onto
this bridge at the same time as it is fec to the first.

Variations o. the airspesd also unbelances this bridge but tc close the con-
vacts of the moving coil relay requires a lar sr airspeed displacement and under
™norsal conditions this value is not reschea. If a fault in the system developes

which causea 90 micro smps to flow, then the moving coil rslay will operate, 28V
from fuse LB7 is fed to energise relay 436 which causes relay L3l to de-energise.
With relay 431 de-energlsed 28V from fuse 454 4s f2d via the contacts of the
rudder warning push on 6P to illuminate the Main warning lamps ana the lamp in the
head of the push. The other contacts of relay L3l de—energlae a magnetic indi-
eator, Depressing the push extinguishes the main warning lamp but maintains the
push lamp illuminated.

23, Deel Relisf

Aftar a failure the feel unit has to be roduced to minimum, As this may be
impoasibles under normal control, minimum feel is achieved by ths relief actuator.
Operation of the feel relisef sush on 2P de-energises rolay 132 which removes the
hold in supply and slso feeds 28V from fuse 507 to the retract fizld of the relief
aotuator via the internal stop miecro switeh, If the unit is not in minimum then
this micro awiteh will be closed to allow the relief actuster to retract. In re-
tracting the main sctuator is moved ncross bringing the foel down to minimum. When
at minimum the alero switeh is operated to stop the travel of the relisf actuator.
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24. ation Elavator = Al on

The operation of the Elevator and Aileron fecl aystem is similar to the
rudder exocspt that the feel forces are alao altered by the engaging of auto-
pilot and auto-appronch,

When nuto-pilot is engaged rclay 703 is energised which in turn energises
relay 704. With relay 703 energised the 28V to the aileron follow up potenti-
ometer is romoved causing nn unbalance in the bridge whieh causes the feel unit
to run to maximum fecl. The other contacts of relay 703 place 268V onto the
second moving coil relay causing the contacts to close tu provide a held in cir-
cuit for relay 704. The contacts of rclay 704 prevent an indicntion of alleron
failure and the other contncts break the asupply of the magnetioc indieator thus
causing it to go "WHITE'.

With nuto pilot seclected and then selecting nuto=appronch, relay 702 is
energised. With rolny 702 cnerzised 27V is reconnected to tho aileron feel
unit follow up potentiomcter but reducced by the series resistors. This will
.allow the moving coil relay to energise at apeeds below 150 kts. This will cause
~ the feel unit to roduce feel until a balance exists betwecn follow up and air-
speed potentiometers.

Relny 702 nlso inserts No. 1 and No. 2 potentiometers into the control and
jndicntion bridges of the elavator fcel unit thus causing an unbalance.to reduce
feel forces.

To provent warning indicntion during the roballnneing of the feel unit s
2 second tinu dalsy unit ias introduced which holds off the indiestion eireouit.

25. ure Indiention Fael Relief

Indication of failure is similar to that for the ruddar elreuit, Helief
is also similar and is controlled by the feel relief pushes on the lst and 2nd
pilets control handlea. Operation of cither push relieves both aystems which

o~ Beans the ro-cngagement of the non faulty system if required.

-
26. [Igating the Warning dystem
Three test pushes on 66P when operated insert further resistors into the
warning bridge of each system sc unballaneing the bridge to give wrrning indi-
eation.

27, Circuit Components

Component No. Loantion
Eleven 8 fidJacent to their raspective

control surface

Rudder P,.F.C. Motor 2 Rear of rudder hinge

P.F.C. Centactor 10 LOP nnd LIP

Power Pactiar Corresctors 20 Ad jacent to P.P.C.us

;;ﬁu Dolay Switches 3 Power compartment LOP & L1P
P.F.C. motor atop s::i ich 10 &P

P.7.C. Groun start switch 3 ép

Trim Actuator Aileren 1 Aileron feel unit starboard

bozb bay
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t Compopent No. Location

Trim Actuators, Elevator, Rudder 2 Cne cnch near associnted
feel unit bomb boy

Emerg. trim switch type 101 1 5P
Indicator rolays 10 68p
Blocking reetifiers 10 REP
Alleron Peol Unit 1 3tarboard slde bemb -ha;.r
Elsvator and Rudder fcel unit 2 Port side of boub bay
Artificial focl control system 3 Hear nssociated feel unit
_artificinl f=cl warning system 3 66P starbosrd side bomb bay
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13,
14.
IS,

16,

Air brakes emerpency nwitch
SORMAL - wp
EMERGENTY - down - ener-
pises standly molor tn complete
reiraction il main motor fails.
Vreerpency Wnim conttol - used in
natural sense,
twntre button must be depressed
vhest opemting.
Auteeglot contrel panel
It me tive autspilol cul=out = press
osisenpgape.
Tri~ control switch - elevons - lour-
way swiich used in nataral sense.
Artiflicial feel reliefl switch, aileron

ard elevalor sense -
Press lo operate.

Autopilot controller

Air brakes switches
IN - air brakes clossd
MED. - DRAG - air brakes
panly extended
HiGH - DRAG - air brakes
fully out

Rudder trim contrnl switch

Rudder artiflicial feel relief switch -
press o opemale

Rudder pedals adjuster

Milot's contral handle

Side slip indicator

Autopilot trim indicator

" F.C. indicator - black when con-
trol units are running.  White when
any control wnil is stopped

MAIN WARNING indicators - illu-
minate amber when (ailure occurs
in the flying controls.  Extinguish-

olf,

ed when faulty circuit is switched

17.

18,

19.

20,

21,

27,

KEY TO FIG.1

FLYING CONTROLS AND INSTRUMENTS

IN COCKPIT

ARTIFICIAL FEEL indicator - black
when circuits are energised -white
when any circuit [ails:
AUTO-STABILISER indicator - black
when circuits are energised - white
when circuil i1s isolated,

AIR BRAKES indicator - black when
air brakes am fully in - white when
airbrakes are out

ALTerator FAlLure indicator -
amber waming light when single
altemator (ailure occurs., Flashing
amber light should more than one
altemator fail. Extinguished when
R.A.T. is lowered,

BOMEB DOORS AND FIN POSITION
indicator,

CANDPY UNLOCKED indicator,
White when canopy is unlocked,
Black when canopy is closed and
locked,

ENTRANCE DOOR UNLOCKED in-
dicator - while when entrance door
is unlocked. PBlack when entmance
door is closed and locked.

PITOT HEATER indicator - white
when pitot heater is offl. Black
when pitot heater is ON.

CONTROL SURFACE INDICATOR

Artificial FEEL system failure in-
dicator/push-pull switch,

A - aileron sense

R - mudder

E - elevator sense
Muminate amber when (ailure of
syslem oCccurs. Press to cancel
main warning,
STARBOARD ELEVONS P.F.C.
failure indicator/push switch - ille-
minate amber when P.F.C. failure
occurs, Fress to isolate failed
P.F.C.

RESTRICTED

28,

29.

al.

RUDDER P.F.C. lailure indicator/
push switch. Outboard switch,
main P.F.C. - inboard wswitch,
auxiliary, llluminate amber when
P.F.C. lailure occurs. Press to
stop [eiled P.F.C. —swntlbary—will-

PORT ELEVONS P.F.C. flailure
indicator/push switches - illu-
minate amber when P.F.C. failure
DCCUrsS. Press to isolate failed
P.F.C.

P.F.C. group START push switch.

A - outboard elevons and
artificial feel,

R - mdder and artificial
feel.

E - inboard elevons and
artificial feel.

YAW DAMPERS control switch
No.l - switch aft - Ne.l

system engaged.
Mol - switch forward - No.2

system engaged,
COMPARATOR RESET push switch
Depress to reset

PITCH DAM

Dtpul-l switch to disengage
AUTO TRIM RESET indicator,/push
switch, Iluminates blue when
suto-mach-trim is in. Depress both
switches to retract servos,

AUTO TRIM start failure indicator/

push pull switch.
llluminates amber to indicate
failure,

Depress switch to disengage.
Rudder pedals.

b
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