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TONER FILLING CONTROLS: 

dntreducticn 

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

(a) Power flying controls. 

(b) Normal and Emergency trim. 

(c) Artificial feel. 

2. Boner Flying Controls 

Owing to the high serodynami¢ loading on the flying control surfaces a 
considerable physical effect would be required to move then in order to effect 
control during flight, For this reason a gystem is employed whereby the con- 
trol surfaces are moved by aenns of hydraulic pressure, which isdtained from 
pumps driven by electric actors. llovement of the pilots controls operates a 

(C+ysten of valves, which in turn direct the pressure to be applied to one side 
f the other cf @ two way Jack gonnected to the control aurfacos. 

3. Gontret surfaces 
The eonventionsl ailerons and elevators are combined to fora 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 adequately catered for, The surfaces are nusbered 1 to 8 
fron the port side, 

Operation of the pilot's controls to effect clinb or descent will cause all 
eight surfaces to move up.or down in unison. Operation of the controls to effect 
dank will couse movement of the four port surfaces in unison but in opposition to 
the movenent of the four starboard surfaces. 

lon. A single surface is provided to offect rudder control, duplication of con= 
{trol being provided in this by two independent flying control units. Nor= 

mally, although both units are running, only the asin unit operates the rudder 
surface, the auxilisry unit remaining in an ‘idling’ condition. 

When the min unit fails the auxiliary unit sutomaticnlly takes over the 
working effort. 

4,  Elying Control Motors 

The notors nre 200V 3 phase 400 cyclos induction motcrs. The motors are 
integral with the P.F.C. units ani are supplied with 200V A.C, obtained direct 
from the main alternator distribution panels 58P, 5SP, GOP, 61P, vin 3 phase 
latohed type contnetors. 

5- Power Factor Corrector 

Since the power factor of an induction motor is inherently low each motor 
is provided with to poner factor corrector units consisting essentinlly of cap= 
soitors connected petween the input lines to their associnted motor. Each cap 
acitor is fused, sll fuses being contained in the eorrector unit itself. The 
corrector unit is a sonled item and each unit carries the following warning:- 
"Important. Do not short circuit this condenser. Discharge through resistance 
of not less than 5000 ohss." 
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6.  B.F.C. Motor Contactors | 

These are heavy duty 3 phase Intched type contactors. Each contactor is 
equipped with two operating coils, one for closing the contactor and ccapleting 
he mechanical Intch and the other 6011 for tripping the contactor by breaking 
the mechanical Inteh, i a 

7. Sont: tel 

Three push switches control the starting of exch P.P.C. group. The switches’ 
located on panel 6P are labelled P.F.C. START and designated A-R-E, Ono mf of 
ench switch controls vin n time switch the starting of « group of P.F.C. motors:— 

& = elevon units, Nos. 1, 2, 7 and 8 
EB =  elevon units, Nos. 3, 4, 5 and 6 
R = rudder units, Mein and nuxiliary 

‘The other half of ench switch controls the artificial feel engage thus: 

A = sfleron sense control 
r~ E = elevator sense control 

b R = rudder sense control 

‘The three start pushes my be epernted simultancously only when ell four 
alternators cre operating. At all other times they are to be operated in rotation 
allowing ench P.F.C. group to be completely started before depressing the next 
pueh, The P.P.C.s are also started and artificial fee] engaged during ongine 
Starting using the RAPID START system. 

Ten illuminated spring return push switches are fitted to SP and are labelled 
P.P.C. MOTORS. The individuel switches are further designated according to the 
P.P.C, gotor they contrel. The switches when pushed stop their associated motor 
‘by tripping its contactor, The lamp is the head ef the switch registers failure 
of its particular motor. 
8, Time Delay Switches 

es ‘Three time delay 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 

w'E on MIP. The tine deley 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. Main Warning Syston 
‘A nain warning system is employed consisting of two amber lamps mounted at 

opposite ends of an array of magnetic indicators on 1P, The two amber lamps ore 
Ynbelled MAIN WARNING. The systen is, should » failure occur in nny one of the 
P.P.C. units, the anber lamys will illuminate, thus giving the pilot's innedinte 
Andioation of P.P.C. fpilure and thereby drawing the lst pilot's attention to the 
P.P.C, panel Inaps on 6P. The failed unit's Inmp push on being depressed will 

cut the amber asin warning lamps snd cause 0 magnetic indicator labelled 
P.P.C. UNITS to present * WHITS indication thus providing a rominder for the 
Pilot that P.F.C. unit has failed, The anin warning system also provides warning 
for the following systens - Artificial Feel and Autostabilization. 

10. B F ation 

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

When 28V iq connected to the nircraft system it is apolied vin fuse 603, to 
{2lusinate the iio. 1 elevon stop switch leap vin tho lock nicro ewitch and via 
this micro switch and the contacts of the No. 1 indicator relay (281) to illum- 
nate both main warning laspa on IP. The cther contacts of the indicator relay 
convey the supply from fuse 603 to contacts of the reanining nine P.F,C. indi- 
cator relays to energise the single P.F.C. reminder angnetic indicater on 1P to 
prosent *BLACK." 

fu.



LL, Starting P.P.C.s 
(n) woman. 

- | Depressing the 'A' start push will convey 25V D.C. to wind up the ‘A’ time switch via terminals M. After a delay of 1 second the time switch contacts will Operate, which will result in 26V being fed from fuse 478 to be applied to the 'GIOSE' coil of the No. 1 elevon motor 3 hase contactor. The No. 1 elevon motor will commence to run and drive its associated P.P.C. pump. 

The resultant build up in pressure will now change the contacts of the lock micro switch over nnd thus put out the No, 1 elevon step switch lamp, 
NOTE: It should be eppreciated tht although the sup2ly from fuse 603 has now been withdrawn from the No. 1 elevon indicntor relay contacts supplying ‘the main werning lnmps, nd they will not be put out until the tenth P.F.C. 
motor has started. 

‘The time switch continuing its cycle will, with 2 second intervals, start up the remaining elevon 2.7.C.3 in the "A" group i.e. No. 2, No. 7 and No. (~™ resulting in sinilar circuit operations as previously described. 

(>) RAPD 
During engine rmpid start, the ?.7.C.'s are started by feeding 28V from fuse 674 via the engine rapid start push to wind up the rudder tine switch, When the tine switch runs, contacts 1 and 2 close to stert the main and auxiliary rudder P.F.C. a9 for normal start, but after 5 seconds contacts 3 and & close to feed 28V from fuse 674 to wind up the 'A' and 'E' tine switches which will then operate 

es for s normal start ond start the elevon units. 

22, Bullure 
© (0) Elevons 

In the event of the P.F.C. motor failing or some internal ?.P.C. failure, ;the effect will be of removing pressure from the plunger operating the lock micro ch, the micro switch will revert back to its unopernted position and cause the in the hend of the stop switch and the two main warning lamps to illuminate. 
Depressing the stop switch will trip out the affected motor contactor and also energise the foiled units' P.F.C. indicntor relay. The relay in energising will renove the supply fron the asin warning warning lamps and withdraw the supsly from fuse 603 to the reminder indicater on 1P which will now present "WHITE". The contacts of the indicator relay in chnging over lock out the relny itself and thus an only be de-energised by (n) removing fuse 603 (in the case of No. 1 elevon) or (b) removing the 26V D.C. from the essential bus bar. 

(>) Rudder 

Due to the rudder arrangement lock v-lve micro switch is fitted to only the auxiliary rudder P.F.C. becnuse of this ench P.F.C. is fitted with a pressure switch. Also fitted to éach unit is a servo valve trip mechanism which incl a servo valve trip micro switch, 

In the event of either 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 usin warning lamps and the stop push lamp to illuminate, 

/Pepressing the
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Depressing the stop push results in action similar to the elevons. 

15. AumiMary Rudder Lond Shedding. 
The auxiliary rudder P.F.C. is part of the lond shedding when the R,A.2. 

lowered, With the R.4.P. lowered the non-essential 26V bus ber is shed which 
onuses relay 559 to de-cnergise thus feeding 26V from fuse 946 via relay 559, 
relay 152 to energise relay 151. Relay 151 in energising feeds 28V from fuse 
607 to trip the auxiliary rudder contactor to stop the P.F.C. The pressure 
switch will change over to give indication, but only on the P.P.C. stop push, 
aa the feed to the moin wirning lamps is broken by relay 151. 

If, however, during the operation of the R.\.T. the main rudder was failed 
At would not.be necessary to trip the auxilisry rudder. With the main unit 
failed relay 152 will be onergiscd from the aicro switch circuit of the main unit. 
Relay 152 prevents relay 151 fron energising nnd thus the auxiliary rudder unit 
is not tripped. 

14. Normal and Eusrsonoy Trim (Introduction) 
“gs AMrorsft trim sdjustuent is effected by electric actustors coupled in the 

control rod systens of the three control surfaces i.e. aileron sense, elevator 
sense and rudder, Extension or retraction of the actuster Jacks causes movement 
of the control rod system, thus »djusting the control end surface neutral ‘pos= 
itions to any required angle within the range of the actuntor travel. 

15. Normal Trin witches 

(s) Elevator ond Atleron Trig 
The hend of each pilots control column is equipped with a trim control 

switch shajed like 2 'Chinaman's hat,' This switch controls the trim actuators 
in the aileron nd elevator sense and conststs of two single pole four way 
switches. The forward switch avrked 'A' on routing charts control the sup ly 
to the normal trim actuntors, and the aft switch marked 'B' controls the earth 
making relay for the normal trim actuator. 

¢ () Rudder Tria 

Control of the normal rudder trin actuator is effected by two single pole 
switches mounted together on the fuel contents panel 2P. The switches are 
‘finger coupled’ and are spring returned to the 'OFF' position, and again one 
pole controls the supply to the trim actunter and the other pole controls the 
RUDDER TRIM, FORT - STARBOARD. 

16. Emergency Trin Switch 

Control of the emergency trim actuators is effected by a awitch Type 101 
which is fitted to the forward end of SP, The switch provides six positions 
in three axes i.e.:~ 

(4) Bilevator sense = push knob forward or aft. 

(44) Atleron sense = rock knob from side to side. 

(Git) Rudder = rotate knob clockwise or anticlockwise. 

A push switch in the centre of the control knob labelled ‘PRESS FOR 
‘EMERGENCY TRIM' has to be depressed throughout all emergency tria operations. 

712.
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17 ntor: vas 

Three twin motor linear actuators are employed one in ench flying control 
rod. One motor of the tin acturtor serves as the normal trim actuator whilst 
‘the other serves as the energency trim actuntor. The motors driye a common shaft 
through a differential gearbox. The actuators of the elevator and radder sense 
trim systems are fitted in the control rod runs, adjacent to the respective feel 
unit. The trim actustor for the aileron sense 1s integral with the aileron 
feel unit. 

18. Brim Qerstion 1 

The following description is for a trim selection in the elevator sense 
(NOSE DOWN" - tho cireuit cpernticn for aileron is similar. Rudder trim is des- 
gribed separctely. 

Operetion of the 1st Pilot's trin switch to the 'N OSE DOWN' sense will 
result in the 'A' switch conveying 26V D.C. frou fuse 929 to onergise relay 147 
which causes 26V D.C. from fuse 928 to be applied to the "NOSE DOWN’ field of 
the elevator normal trim actuater, Switch 'B' will apply 28 D.C. from fuse 929 
to onorgise rely 174 which in closing will complete the earth for the trim actu= 
ator which will commence to run, Relensing the trin switch will result in relays 
147 and 174 de-snergising, thus stopping the trim nctuator. 

Norasi rudder trim is controlled in the fellowing manner. The ‘finger 
coupled’ control switch on 2P is selected to say "PORT! which will convoy via one 
switch 267 D.C. fron fuse 930 to the ‘PORT' field of the normel trim actuator and 
the other switch complotes the earth to the actuator which commences to run. 
Releasing the tri switch stops the netustor running, 

19. Trim Operntion (Smergency) 
Tho following description is for energoncy trim ‘NOSE DOWN'. The other 

sense being similar in opcration. 

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

(e) Aileron actuator - Relny 360. 

(>) Elevator Actuator - Relay 362, 

(c) Rudder Actuator - Relay 361. 

On depressing the button in the head of the emergency trim switch nll three 
relays are energised, thus removing the inhibiting enrth, Pushing the trim knob 
formara in the 'NOSE DOWN" sense results in 26V D.C. fron fuse 521 being applied 
to the elevator onergency trin actuntor "NOSE DOWN" field vin the energised con 
trots of relay 362. The actuntor commences to run. If tho trim knvb is released 
the actuator will atop. 

20,  jetifictal Feel 

The artificinl feel systen 1s employed to simulite sero-dynamic loading at 
the pilots controls. This is effected by three artificial fecl units, one for 
ench control axif, which provide a restriction to control rod movement with a 
Corresponding inorense in airspeed and n relaxation to control rod movement with 
8 corresponding decrexse in oirspecd. 

Adjustuent of tho units, sccording to nirspeed verintion is effected by 
electrically controlled nctuntors. To cbtoin the necessary change in feel with 
change in airspeed, » control system is employod consisting of two potentioneters 
connected in parallel (Wheatsone bridge principle). eee
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_.. One potentiometer is effected by airspeed and is fitted in the pilot stetic 
system, the other potentiometer is fitted to the feel unit and is operated by the 
feel unit mechanism. The wiper of each potentiometer is bridged by the coil of 
moving coil relay, the contacts of which will operate the feel unit actuator when 
the relay operates. 

The artificial feel is engaged when the appropriate P.F.C, start push er 
Engine Rapid 3tert push is operated. 

an jon Rus 

Depressing the Rudder P.F.C. stert push or Engine Rapid Start push will ener- 
gise Relay 132 which in energising takes a hold in from fuse 507. The other cont- 
acts of relay 152 feed 26V from fuse 507 to ensure the relief actuator of the feel 
unit is extended to its correct operating position. 

With the relicf actuator extended 28Y from fuse 87 ia fed via the internal 
aicro switch operated by the relief actuator, onto the “heatstone bridge formed by 
the airgpeed potentiometer and the follow up potentiometer and also to energise 

relay 1;31 which is vart of the indication circuit. 
4 

Variation of airspeed will unbalance the tridge causing current to flow in 
the moving coil mlay which at 90 micro amps will close its contacts. 26V from fuse 
487 is now fel to energise relay /30 (inersese airspeed) or relay 442 (reduced sir- 
speed). These in turn cause the Main Feel actuator to either Retract or Extend 
until the follow up potentiometer balances the airspeed potentiometer which causes 
the moving coil relay to de-energisc, thus stopping the #eel actuator in a position 
of feel rolative to the airasced. 

22, Moation 

A second Wheatstone bridge formed by n second airspeed potentiometer and the 
follow up potentioncter provides a meens of failure indication, 26V is fed onto 
this bridge at the same time a3 it is fea to the first. 

Variations 0: the airspeed also unbolsnces this bridge but tc close the con- 
(tacts of the moving coil relay requires a lar er airspeed displacoment and under 
‘Wrhormal conditions this value is not renched. If a fault in the ayatem developes 

which causes 90 micro amps to flow, then the moving coil rolay will operate, 26V 
fron fuse 487 is fed to energise relay 436 which causes relay 431 to desenergise. 
With relay 431 de-energised 28V from fuse 454 is fod via the contacts of the 
rudder warning push on 6P to illuminate the Mein warning lamps ana the lamp in the 
head of the push, The other contacts of relay 431 de-energise a magnetic indi- 
ator. Depressing the push extinguishes the main warning lemp but maintains the 
push lamp illuainated. 

23, Becl Relict 

After a failure the feel unit has to be roducod to minimum. As this may be 
Ampossible under normal control, minimum feel is achieved by the relief actuator. 
Operation of the feel relief oush on 2P de-cnergises relay 152 which removes the 
hola in supply and also fects 28V from fuse 507 to the retract field of the relicf 
actuator via the internal stop micro switch. If the unit is not in minimum then 
this micro switch will be closed to allow the relief actuator to retract. In re- 
tracting tho sain actuator is moved across bringing the feel down to minimum. When 
at. minimun the aicro switch is operated to stop the travel of tho relief actuator. 

2h
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2 ation Elevator - Aileron 

The operation of the Elevator and Aileron fool system is similar to the 
rulder except that the feel forces are also altered by the engaging of auto- 
pilot and auto-appronch. 

When auto-pilot ts engaged relay 703 is energised which in turn encrgises 
relay 704. With relay 703 onergised tho 287 to tho aileron follow up potenti- 
ometer is removed causing on unbalance in the bridge which causes the feel unit 
to run to maximum feel, The other contacts of relay 703 place 28V onto the 
Second moving coil relay onusing the contacts to close to provide 4 hold in cir= 
cuit for relay 704. The contacts of rolay 704 prevent an indicntion of aileron 
failure ond the other contnets break tho aupply of the angnotie indieator thus 
onusing it to go 'WHITE', 

‘With auto pilet selected and then sclecting nuto-appronch, relay 702 is 
energised. With rolay 702 onergised 2(V is reconnected to tho aileron fecl 
unit follow up potentionoter but reducod by the series resistors. This will 

.ollow the moving coil relay to energise at apeeds below 150 kts. This will cause 
“ithe fool unit to reduce feel until a balance exists between follow up and air- 

speed potentioneters. 

Relay 702 also insorts No. 1 and No, 2 itiometers into the control and 
jndiontion bridges of the elevator foel unit thus cnusing an unbninnce.to reduce 
feel forces. 

To prevent warning indiention during the rob=llnneing of the fecl unit a 
2 second tine doley unit is introduced which holds off the indiention cirouit. 

25. e Indicntion Feel Relicf 

Indication of failure is similar to that for the rudder circuit. Relicf 
4g also similar and is controllod ty the feel relicf pushes on the 1st and 2nd 
pilets control handles. Operation of oither push relioves both aystoms which 

(-~ Beans the ro-cngagoment of the non faulty ayston if required. 

26. esting the Warning Syston 

Three test pushes on 66P when opernted insert further resistors into the 
warning bridge of ench system so unballancing the bridge te give worning indi- 
ention. 

27. Gircuit Components 

Component No. Loontion 

Eleven 8 AdJncent to thoir respective 
control surface 

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

P.F.C. Contactor 20 4OP nnd ap 
Power Factor Corractors 20 ‘Adjacent to P.F.c.s 
—— — 
‘Time Delay Switches 3 Power compartment ,0P & 41P 

P.F.C. motor stop siiich do & 

B.P.C. Group start switch 5 & 

Trin Actustor AiJeren 1 Alleron feel unit starboard 
donb bay 

/trin Acuators. 



Girouit Comonents Me ‘Lgeation 

‘Trim Actuators, Elevator, Rudder - One cach near associated 
feel unit bomb bay 

Borg. trin switch typo 101 1 Ea 

Indicator relays 10 6aP 

Blocking rectifiers 20 68P 

Alleron Peel Unit ps Starbonrd side bomb bay 

Elevator and Rudder feel unit 2 Port side of boub bay 

Artificial fool control system 3 Near associnted feel unit 

Y\ekirisial took waruing ayaton 3 66P starbosrd side bomb bay 
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“ELECTRICAL SYSTEM 
Aes 

a0 HAWKER SIDDELEY VULCAN B. MK.2 @ Anat aD PFC ARTIFICIAL FEEL & RELIEF 



AILERON ARTIFICIAL FEEL UNIT 

DIAGRAM 
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DETAIL A 

Fig. 1 Flying controls ond indicators 

RESTRICTED 

AP.ASOSB, Voll, Book 1, Sect3; Chant 
LAT, S060



Air brakes emergency switch 
NORWAL = up 
EMERGENCY ~ down = ener 
gises stand motor to complete 
retraction if main motor faits. 

Contre button must be depressed 
whilst operating. 
splot control panel 

Instinctive autopilot cut-out - press 
+ senyage. 

Tr control switch - elevons fours 
way switch used in nateral sense, 
Artificial feel relief switch, aileron 
and elevator sense ~ 

Press to operate. 
Autopilot controller 
Air bikes switches 

IN - ait brakes closed 
MED. = DRAG - ait brakes 
partly extended 
HIGH = DRAG = air brakes 
fully out 

Rudder trim contro! switch 
Rudder artificial fee! relief switch - 
press to operate 
Rudder pedals adjuster 
Pilot's control handle 
Side slip indicator 
Autopilot trim indicator 
P.F.C. indicator - black when con- 
trol units are running. White when 
any control unit is stopped 
MAIN WARNING indicators = illu 
mminate amber when failure occurs 
in the flying controls. Extinguish- 
ed when faulty circuit is switched 
off, : 

i 
17. 

18, 

19, 

20, 

2. 

2. 

KEY TO FIG.1 
FLYING CONTROLS AND INSTRUMENTS 

IN COCKPIT 
ARTIFICIAL FEEL indicator- black 
when circuits are energised -white 
when any circuit fails: 
AUTO-STABILISER indicator -black 
when circuits are energised-white 
when circuit is isolated, 
AIR BRAKES indicator - black when 
ait brakes are fully in - white when 
airbrakes are out 
ALTemator FAlLure indicator - 
amber warning light when single 

smator failure occurs. Flashing 
amber light should more than one 
alternator fail. Extinguished when 
R.A.T. is lowered. 
BOMB DOORS AND FIN POSITION 
indicator. 
CANOPY UNLOCKED indicator, 
White when canopy is unlocked. 
Black when canopy is closed and 
locked, 
ENTRANCE DOOR UNLOCKED in- 
dicator - white when entrance door 
is unlocked, Black when entrance 
doot is closed and locked. 
PITOT HEATER indicator - white 
when pitot heater is off. Black 
when pitot heater is ON. 
CONTROL SURFACE INDICATOR 
Artificial FEEL system failure in- 
dicator/push-pull switch. 

A = aileron sense 
R - mdder 
E - elevator sense 

Illuminate amber when failure of 
system occurs, Press to cancel 
main warming. 
STARBOARD ELEVONS P.F.C. 
failure indicator/push switch - illu 
minate amber when P.F.C. failure 
occurs. Press to isolate failed 
P.F.C. 
RESTRICTED 

28, 

29. 

a. 

RUDDER P.F.C. failure indicator/ 

P.F.C. failure occurs. Press to 
stop failed P.F.C, -cunitbery—wit 
sto 
PORT ELEVONS P.F.C. failure 
indicator/push switches - illue 

inate amber when P.F.C. failure 
occurs. Press to isolate failed 
PPC. 

P.F.C. group START push switch, 
‘A = outboard elevons and 

artificial feel, 
R = midder and artificial 

feel. 
E = inboard elevons and 

artificial feel. 
YAW DAMPERS control switch 

No.l = switch aft - Not 
system engaged. 

No.2 - switch forward - No.2 
system engaged. 

COMPARATOR RESET push switch 
Depress to reset 

PITCH DAI 

AUTO TRIM RESET indicator/push 
switch. Illuminates blue whea 
‘uto-mach-trim is in. Depress both 
switches to retract servos. 
AUTO TRIM start failure indicator/ 
push pull switch. 

Mluminates amber to indicate 
failure, 
Depress switch to disengage. 

Rudder pedals.
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