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DFESCRIFTION

Generel

1. Movement of the eircraft's ailerons, elevators and rudder is effected by hydreulic com=
ponents which are normally controlled by electricel meenas, or, in emergency, by mechenicel meens
through cebles. There ia no provision for direct mechanical control. In the intereats of asefety,
two independent flying control hydreulic systems ere fitted.

2. There ere three modes of control, the normal mode, the eutomatic flight mode, and the
emergency mode.

3 In the normal mode, e damping system eutometicelly stebllizes the eircreft in ell three
axes, end also co-ordinetes rudder movement with movement of the eilerona end elevators. Control
of the ellerons and elevetors in this mode is by en electrical force trensducer fitted in the
control column,

be In the autometic flight mode, the damping system ia operative as in the normal mode,

but eileron end elevetor poaition is controlled by en Autometic Flight Control Sub-system (AFCS).
The AFCS allows the aircreft to be controlled from the ground for automatic ground control inter-
ception (4GCI) or for asutomatic ground control approech (AGC4). It also provides certain pilot
egsiat functions by holding eny set course end altitude, or it mey hold e set Mech number by
varying the aircreft's pitch ettitude. The AFCS elso provides for automatic navigetion by con-
trolling the eircraft eccording to informastion fed into e dead reckoning computer by the nav=-
igetor.

e In the emergency mode, the hydraulic components for the eilerons and elevatora are con-
trolled mechenically. Yew stebilizetion and rudder co-ordinetion are meinteined by an emergency
yew demping system.

6. Pilot 'feel' at the control column is provided by the demping system in the normsal mode,
end by mechanical meens in the emergency mode.

Te A four-way push button on the control column allows for elleron and elevetor trim. There
are no trimmer tebs, trim being achieved by altering the poaition of the entire control

surfacea, To reduce elevator trim dreg at high altitudes, provision is mede for an automatic

up deflection of both ailerons.

8. If certein flight limitations are exceeded, the system automaticelly chenges over to
the emergency mode.

DAMPING SYSTEM

Generel

9, Three distinct channels comprise the demping system; the pitch channel, which controls
the elevatora; the roll chennel, which controls the eilerons; end the yew channel, which controls
the rudder,

10. The switching controls for the demper system ere located on e control penel fitted in

the front cockpit LH console, end on the control column., Mounted on the control penel are an
ON-CFF awitch protected by e guerd, an ENGAGE push awitch for the normel mode end en EMERG push
switch for engeging the emergency mode. Note that when the ON-OFF awltch ia selected on,

power is supplied to the damper system end the AFCS. In addition, the normel mode of operetion
must be selected before the emergency mode of operation can be selected. Two push switchea ere
fitted in the control column grip. One switch, when opereted, reverts the damper system to the
emergency mode of operetion, end the other switch, when operated, diaengages the eutomatic flight
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mode system. Three indicator lights fitted on the master warning system panel indicate, raspect-

ively, roll and/or pitch axis disengaged, emergency yaw damping system operative and all damping
inoperative.

PITCH AXIS

Command Cirouits

11, Tha pitch axis command circuits operate in response to command signals from the control
column force transducer in the normal moda of operation or from the automatic flight control sube
system (4FCS) in the automatic mode of operation. On receiving auch gignals the command circuits
actuate the alactro~hydraulic parallel sarvo unit and the electro~hydraulic differential servo
units, and these, in turn, affect the appropriate positioning of the elevators. The operation

of the command circuits is described in the following paragraphs. The hydraulic operation of

the servo units ia dascribed in Service Data Ref. No. 32.

12 Force exerted on the control column handgrip results in an output voltage from the force
transducer which is fitted in the control column at tha base of the handgrip. The magnitude of
this voltage is directly proportional to the force exerted on the control column, The phasing
of the voltage depands upon the direction of the motivating force relative to the neutral pose
ition of the control column, voltages produced by motion forward baing 180° out of phase with
voltages produced by motion aft. Note that changes in attitude are not commanded by movament

of the control column but by the application of force on the handgrip, which daflects the cora
of the force transducer. Movemant of the control column, in affact, follows the positioning of
the elevators by the command circuits, but the responaa of the system is so immediate that atti=-
tude changes appear to result from movement of the control column.

13. The output voltaga from the tranaducer is approximatsly one volt for each six pounds of
force exerted on the control column handgrip. The output of the transducer is restricted by
means of adjustable mechanical stops which limit the maximum output to six volts, 4 pitch axis
control adjustment fitted in the circult is, however, set at present to result in a maximum oute
put of 4.5 to 5 volts.

14. The output from the transducar is supplied via a summing network aa a command signal to
an integrator unit the output voltaga of which increasses at a rate proportional to the strength
of the command signal. The rate of increasa of tha integrator output is such as to prevant en
exoessive rate of control surface movement. The integrator maintains its output even after the
command signal is withdrawn, and until it is provided with a signal of opposite phase to reducs,
cancel or reversa the output according to tha strangth of the new signsl.

15. The output of the integrator is supplied through a summing network to a servo amplifier
unit which amplifies the signal and determines its phase by means of a discriminator oircuit,

16, From tha servo amplifier the signal passes to the transfer valve of an alectro-hydraulic
parallel servo which controls the elevator movement in magnitude and directlon in accordance
with the strangth and phase of the input signal. The parallel servo effects movament of the
elevators via the elevator quadrant, and ao a sympathetic movement of the oontrol column takes

place.

17. A self-balancing or faed-back oircuit is introduced from the parallel servo to the servo
amplifier. Any movement of the parallel servo output rod produces a feed=back signal opposite
in phase to the initiating signal and of a magnitude proportional to the extent of the movemant
of the parallel servo. This feed-back signal is applied to the summing point between the intege
rator and the servo amplifier, where it opposaa and presently nullifies the integrator output
and, consequently, output from tha servo amplifier. When this nullifying effeot occurs, move=
mant of tha parallel servo, and tharefore of the alevators, oeasea.

4
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18, The system is deaigned, by the provision of a normal accelerometer and air data trans=
ducer components, to produce a given 'g' loading in response to a given force applied to the
control column handgrip, independent of airspeed and altitude. The normal accelerometer pro=-
vides an output signal of one volt per 'g! of loading in the pitch axis. This signal is 180°
out of phase with the command signal from the transducer, so that when the aircraft commenoes
a manoeuvre imposing a 'g' loading, the resulting output of the normal accelerometer progress=-
ively nullifies the command signal. The command signal is also modified by the air data tranas-
ducer components to compensate for changea in airspeed and altitude. Thus, since the transducer
output signal is proportional to the applied force and the acoelerometer output signal is pro-
portional to 'g' loading, the force that must be applied to the oontrol column handgrip to pro-
duce a manoeuvre of a given 'g' will be conatant, regardless of airspeed and altitude.

19. 4s described above, force exerted on the control column in a fore or aft motion relative
to the neutral position will produce elevator movement in proportion to the applied force, and
the elevator movement will cease when the integrator output is balanced by the feed-back signal
from the parallel servo. Meanwhile the resultant 'g! loading will have produced an accelerometer
signal to nullify the signal from the transducer, and the system will remain balanced until a

new command signal appears. If the force exerted on’the handgrip is reduced to zero the signal
from the accelerometer is no longer opposed by a signal from the transducer amplifier and there-
fore acts as a new command signal. Being of equal strength but of opposite phase to the original
command signal, its appearance at the integrator input results in the cancelling of the integrator
output. The feed-back signal from the parallel servo thereupon finds itself unopposed and returns
the parallel servo and therefore the elevatora and the control column to a position where the 'g'
loading is removed from the axis.

20, 4 slight time lag occurs between the receipt of a signal by the integrator and the sub-
sequent output by the integrator of a signal to the servo amplifier., While this delay has a
useful effect in preventing the transmission to the control column via the parallel servo of
short-term corrective movements of the elevators (aee paras 23 through 26), it would also have
the undesirable effect of delaying the response of the elevators to command signals but for the
action of the differential servos. Command signals which are fed to the integrator are also fed
to the two differential servos conneoted into the elevator control linkages. Theae electro=~
hydraulio units operate the elevators immediately in response to the command signals. Elevator
movement is then taken over by the parallel servo as output becomes avallable from the integrator.
As the command signal eircuit to the differential servos does not inoorporate an integrator, the
differential servos return to their original position as soon as the command signal is nullified
by the action of the accelerometer. This allowa them to return to their main task of damping
unoontrolled movements about the pitch axis aa described in paras 23 through 29,

21, The operation of the command circuits under command signals from the AFCS in the auto-
matic mode of operation is identical with that in the normal mode. In the automatic mode the
command signal from the AFCS substitutes for the signal from the transducer.

22, Selecting the landing gear down introduces certain ohanges in the oommand circuits,

The main effeots of such action are to interrupt the command circuit to the differential servos
and to prevent the accelerometer output and the airspeed compensation from acting upon the
command signal, which is supplied directly to the parallel servo amplifier, by-passing the
integrator. These command eireuit changes are effected by two fader units and result in
elevator movement becoming directly proportional to control column movement without regard to
airspeed and altitude. Other effects resulting from selecting the landing gear down are the
re-routing of the attitude trim eircuit through a point immediately preceding the integrator
instead of through the trim motor (aee paras 34 and 35), and the shorting out of the integrator
in the pitch rate gyro oircuit (see para 29).

Sensing Circuit

23, 4 pitch rate gyro is inocorporated in the system as a sensing devioe to correct
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uncontrollad movemant about the pitch axis. On datecting movament tha gyro producas a signal
which is proportional to the rata of pitch, rather than to aireraft displacamant, so that oom=
paratively quick correctiva action can ba achieved sutomatically befora the displacement be=
comes significant.

24. The output signal from tha gyro is suppliad to the circuits of tha diffarential and
parallel servos to corract tha uncontrolled movament and maintain atabla flight.

25, In order to prevent signals from the pitch rata gyro from oppoaing command signals for
pitch changes, an intagrator is incorporated in tha sensing circuit tha function of which is
to nullify output signals from tha gyro rasulting from steady state attitudas of c¢limb or dive
about tha pitch axis,.

26, Signals resulting from movement of the aircraft about its pitch axis at a rata of 4 cps
or more ara raferred to as short term sighals, Signals produced by movement of lass than 4 cpa
are called long tarm signals. 4&n operating time lag in the gyro circuit integrator prevants tha
nulling out of short term signals, which ara supplied only to the diffarantial sarvos, It also
permits long term signals to appear in the diffarential and tha parallel servo circuits, thus
initiating corractiva movamants of the servos. Movement of the parallel servo produces sympathe-
tic movement of tha control column via the mechanical linkage of the elevator quadrant so that
tha balsnca of the command circuit is maintained. Corractions applied by tha differential servos,
howaver, do not produca movement of tha control column, tha mechanical linkage of the hydraulic
Jack acting to prevant such an affect. See Service Data Ref. No. 15.

27, Short term signals resulting from movamants exoeeding 4 cps about tha pitoh axis effact
tha operation of the diffarential servos only. These signals ara not aupervised by tha gyro
circuit intagrator because of its operating time lag, and, for the same reason, they do not
affect the parallal servo integrator. Thus short term signals are affectively blocked out of
the parallal servo circuit where they would produca undesirabla control column reactiona. Tha
differential servos are positioned continuously by the short term signals to correct short term
movements automatically and maintain stable flight.

28. Whan a correctiva movement is initiated and tha aircraft commancas to raturn to its
original attituda, tha signal produced by the gyro will be of the opposite phasa. In the case
of short tarm movamant, the differential servos will then ba moved in tha opposite diraction,
positioning tha alevators to limit the correction. In tha casa of long term movemants, the
signal cancals tha output of tha parallel servo integrator, thus permitting tha sarvo faad-
back signal to operata tha amplifier and return tha elevators to the nautral position.

299 Whan the landing gaar is selectad down and tha command circuits are oparativa as descr-
ibed in para 22, tha gyro circuit integrator is shorted out. In this condition staady stata
pitch rate aignals, in addition to long tarm and short tarm signals, are supplied to tha diff=
erential sarvos., This action aids atability in tha pitch axis at low airspaeds.

Trim Circuits

30. Thraa trim circuits ara incorporated in tha pitch axis damper channel, viz. an attituda
trim circuit, a praasura trim circuit and an artificial feel circuit.

Attitude Trim Circuit

31l. The attituda trim circuit can be used to trim the aircraft into a ¢limb or diva. Tha
eircuit is controlled by the trim switch on tha control column grip. Operating tha trim switch
provides a power aupply to a motore=positioned potentiomater incorporated in the trim unit. The
voltaga pickad off this potantiometer is supplied to the summing point of signals from the
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normal accelerometer and signals from the force transducer or the AFCS. The trim 8ignal operates
in the command circuits in the same way aa doea a command aignal.

32, When the trim awitch ia operated, the movement of the airoraft about the pitch axis
produces signala from the rate gyro and the normal accelerometer. The signal from the pitch
rate gyro being a steady state signal is nullified by the integrator. Note that, due to the
inability of the integrator to follow, short term aignals continue to be provided by the pitch
rate gyro to the differential servos. The output of the normal aocelerometer nullifies the
trim signal with the same results as when a commsnd signsl is nullified. Until the trim switch
is again operated, transducer aignals will add to or subtract from the standing signal from

the trim potentiometer to effect further movement of the elevatora.

33. When the pitch axis damper charnel is disengaged, the trim awitoh will govern the feel
and trim unit of the artificiasl feel circuit instead of the attitude trim circuit. See para 43.

34. When the landing gear laselected down, the power supply from the trim switch is supplied
directly to the parallel servo integrator. This prevents the normal accelerometer and the air-
apeed compensation from acting on the trim aignal, these functions being by-passed in the command
signal circuits.

35, The output of the integrator ia supplied to the summing point of command signals from
the force transducer and the parallel servo feed=baok circuit. The trim signal will effect
movement of the parallel aervo until the cirouit ia balanced by the feed~back signal. Subsequent
command 8ignals wlll then add to or aubtract from the standing trim signal to effect further
movement of the elevatora.

Pressure Trim Circuit

36. The pressure trim circuit is operative automatically when the pitch axis ohannel of the
damper system is disengaged. The function of the circuit ia to simulate command signals relative
to the position of the elevators. These signala are supplied to the input of the integrator.

By this meana, when the aystem is re-engaged, the output of the integrator will correspond with
the output of the control column force transducer thus ensuring smooth re-engagement.,

37 The operation of the circuit is such that during emergency mode operation, the normal
feed=back signal produced through movement of the output rod of the parallel servo will continue
to be applied to the aumming point preoeding the aervo amplifier. This aignal will effect the
operation of the amplifier and in turn the transfer valve of the parallel aervo, Note that in
the emergency mode of operation, action by the transfer valve does not influence the output

rod, which is not subjected to hydraulic pressure during emergency mode operation. See Service
Data Ref. No. 32. The operation of the transfer valve results in a pressure differentisl be=-
tween the two hydraulic metered supply linea. Thia sotion moves a preasure senaing ram which

is connected to the core of a trim tranaformer. The signal from the trim transformer is supplied
to the integrator which provides an output aignal to nmullify the feed=back signal. Due to the
inherent time lag of the integrator a portion of the trim transformer signal by-passes the inte-
grator to speed response. See also Disengage Cirouits, para 48.

38, Incorporated in the trim cirouit feed=back transformer assembly are two awltches., One
switch completes the supply ciroult to the feel and trim unit of the artificial feel circuit.

See para 41, The other swltch functions to prevent the channel engaging if the elevators are

moving.

Artificial Feel Circuit

SL The purpose of the artifioial feel circuit is to prevent a sudden change in feel at
the control oolumn if the pitoh axis damper channel dis-engages.
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40, The artificial feel circuit consists of an artificial fael and trim unit which comprises
an electrically operated actuator and a spring. Operating the actustor incresses or decreases
the load on the spring dependent upon the direction of rotation of tha actuator. Ona and of the
unit is attachad to the aircraft structure. The other end ia attached to the alevator quadrant,
ad jacent to the point of attachment of the parallel sarvo.,

4, Exerting a force on the control column closas a switch which completes a circuit from
the actuator to the parallel servo. When the parsllel aarvo operates to execute the command
signal the trim actuator receivaa a power supply. This action increases or decraasas the loading
of the spring according to the position of tha quadrant. If the pitch axis damper suddenly
reverts to amergency, the trim unit ensures that tha load required on the quadrant by the cables

from the control column balances the load that was being imposed on the quadrant by the parallel
8ervo,

42, 4&n additional switch is fitted in parallel with tha control column awitch to serve as

a safety pracaution against overstressing the airframe should an asutomatic mode failure occur,
This second switch opens when the normal accalaration excaeds 4 0.5 'g' from tha straight and
level flight condition of 1 'g'. Therefore, 'g' in excess of thia figure applied by the auto-
matic mode is against the feel spring. Consequently, if an automatic mode failure or disengage-
ment occurs the feel spring re-asserts itself and raduces the 'g' loading imposed by the elevators
to 0.5 'g! or lass.

43. The fael and trim unit serves also to trim tha elevators via movemant of the elevator
quadrant whan the damper channel is disangaged. The actuator in this condition is controlled

by tha control column trim actuation switch which ia tranaferred automatically from the position
trim motor to tha trim actuator upon disengagement of the damper channel,

bdyo In the event of a asizure in the fael and trim unit, movement of the elevator quadrant
would not ba possible. To meet this contingency, a release circuit is incorporated in tha fael
and trim unit linkaga to tha quadrant. The circuit comprises a control awitch fitted in the
front cockpit and a solenoid, tha plunger of which is attached to a link pin in tha feel and
trim linkage to the quadrant. Operating the switch energizes the solenoid which extracta the
link pin. This action permits the feal and trim unit to pivot fraely with movement of the
quadrant. The release circuit suparaedas a shear pin fitted on the first aircraft.

Disengage Circuits

45. The pitch axis disengage circuit oparataa sutomatically if the normal acceleration
exceeds 5.0 - 5.5 'g'., The circuit is controlled by an elactronic 'g' limiter which, when
operated, completes aupply circuits to the differential sarvos centaring circuit and the
parallel sarvo disengage circuit. See Service Data, Ref. No, 32. Note that tha powar supply
to tha dampar system components is uninterrupted in the emergency mode.

46. The pitch exis disengage circuit alsc operates if the yaw axis monitor acts due to
axcessive skid, sidaslip or transvarse acceleration.

47, Operation of the disangage circuits reverts tha channel to tha pre-engaga condition and
illuminates the R-P AXIS indicator light on tha master warning system panel. In the pre-engage
condition the prassura trim circuit is operative, and the attitude trim actuation switch is
transferred to the trim actuator of the feel trim circuit.

48, Whan tha channel is in the pra-engage condition the output of the force tranaducer, the
normal accelaromater and tha pitch rate gyro is routed to the trim unit to ansure smooth re=
engagament., 4 trim unit amplifiar, fitted in tha circuit immediately preceding the trim unit,
discriminatas upon the phase of the applied signals to effect the propar direction of rotation
of tha motor-driven potentiometer of the trim unit. Tha effect of this provision is such that
any unbalanced aignals appearing in the command circuit initiate tha oparation of the trim unit

8
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and are balanced out by the resulting output signal from the trim unit. This ensures that the
channel will be re-engaged into a balanced circuit and, as described in psras 36 and 37, in
agreement with the prevailing position of the elevators. But for this provision, an unbalanced
signal, resulting for example from failure of the gyro circuit integrator to nullify a pitch
rate signal, would produce unexpected and undesirsble movement of the elevators.

49. Note that if an unbalanced signal is being nulled by the trim unit when re-engagement
occurs, the effect is equivalent to introducing an out-of-trim condition on the axia. This is
due to the trim signal standing at the summing point of signals from the force transducer and
normal accelerometer. In this condition, to regain level flight with the control column in
neutral, the trim actuation switch must be opersted to cancel the trim signal.

ROLL AXIS

Command Circuits

50, The roll axis command circuits operate in response to command signals from a force trans-
ducer in the normal mode of operation or from the &utomatic Flight Control Sub-system (4FCS) in
the automatic mode of operation. On receiving such signals, the command circuits actuate an
electro-hydraulic parallel servo unit and two electro-hydraulic differential servo units which
effect the appropriate positioning of the ailerons. The operation of the command circuits is
described in the following parsgraphs. The operation of the electro-hydraulic servo units is
contained in Service Data Ref. No. 32.

51 In order to reduce elevator trim drag at high altitude, both ailerons are deflected up
when the aircraft reaches a pressure altitude of 45,000 feet. This is done by an actuator fitted
on the aileron quadrant in such a manner that it rotates a cam which drives the quadrant levers
apart. The actuator ia controlled by a pressure switch adjusted to close and complete the
actuator supply circuit st 45,000 feet. To provide an operating differential, the switch is
adjusted to re-open at 42,000 feet. The operation of this circuit does not affect the posit~
ioning of the ailerons by the damper system.

52 Force exerted on the control column handgrip in a left or right motion, produces an out-
put voltage from the force transducer which is fitted in the control column at the base of the
grip. The magnitude of this voltage 1s directly proportional to the force exerted on the hand-
grip. The phasing of the voltage depends upon the direction of the motivating force relative

to the neutral position of the control column, voltages resulting from left motion being 180°
out of phase with voltages resulting from right motion. Note that changes in attitude are not
commanded by movement of the control column but by the application of force on the handgrip,
which deflects the core of the force transducer. Movement of the control column, in effect,
follows the positioning of the ailerons by the command circuits, but the response of the system
is so immediate that attitude changes appear to result from movement of the control column.

585 The roll rate produced is proportional to the output voltage from the tranaducer, 0.05
volt output producing unit rate of roll. The maximum output of the transducer is limited by
means of mechanical atops to six volts with a force of 20 1b exerted on the handgrip, which
produces a roll rate of 120 degrees per second. A roll axis adjustment control is fitted in
the circuit so that the output of the transducer may be preset.

54 The resulting output from the transducer is supplied via a summing network as a command
signal to an integrator unit the output voltage of which increases at a rate directly propor-
tional to the strength of the command aignal. The rate of increase of the integrator output

is such as to prevent an excessive rate of control surface movement. The integrator maintains
its output even after the command signal is withdrawn, and until it is provided with a signal
of oppoaite phase to reduce, cancel or reverse the output according to the strength of the new
aignal.
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55 The output of the integretor is supplied through a summing network to e servo emplifier
unit. This unit, in eddition to its function of emplifying signels, incorporetes e discriminetor
circuit to determine the phesing of the epplied signal.

56 4 From the servo amplifier the signel pesses to the trensfer velve of en electro~-hydreulic
parellel servo which controls the eileron movement in megnitude and direction in eccordance with
the strength end phese of the input signal. The perallel servo effects movement of the ailerons
vla the elleron quedrent, end so e sympathetic movement of the control column takes plece.

57. 4 self-belencing or feed-back circuit is introduced from the perellel servo to the servo
emplifier. Any movement of the parellel servo output rod produces e feed-beck signel opposite
in phese to the initieting signal end of e megnitude proportionel to the extent of the movement
of the parallel servo., This feed~back signel is epplied to the summing point between the integ-
rator and the servo emplifier, where it opposes and presently nullifies the integrator output
and, consequently, output from the servo emplifier. When this nullifying effect occurs, move-
ment of the parellel servo, end therefore of the eillerons, ceases.

58, The system is designed, by the provision of e roll rete gyro end eir date transducer
components, to produce a given rete of roll in response to e given force epplied to the control
column hendgrip elmost independent of eirspeed. The roll rete gyro provides en output signal
of 0,05 volt per unit rate of roll. This signel is 180° out of phase with the commend aignel.
The command signal is also modified by the eir date transducer components to compensate for
changes in airspeed. The compensation function ia preset to result in e decreese of gain at
the extremes of low end high eirspeeds end is constant for ell other eirspeeds. This ection
aids stebility in the roll axis by limiting over~control by the eilerons. Thus, since the
transducer output signal i1s proportional to the epplied force end the roll rete gyro output
signal is proportional to the rate of roll, the force thet must be epplied to the control column
handgrip to produce a menoeuvre of a given roll rate is constent, except et high and low eire
speeds when the force to produce e given rate of roll is increesed.

59. 4s described ebove, force exerted on the hendgrip in e left or right motion reletive

to the neutrel position will produce eileron movement in proportion to the epplied force, end

the eileron movement will ceese when the integretor output is balenced by the feed~beck signal
from the parellel servo., Meenwhile the reaultent roll rate will heve produced e roll rete gyro
signal to nullify the signal from the trensducer, end the system will remain balanced until e

new command signel eppeers. If the force exerted on the handgrip is reduced to zero, the signal
from the roll rete gyro is no longer opposed by a signal from the trensducer amplifier and there=-
fore ects a8 a new commend aignel. Being of equal strength but of opposite phese to the original
command signal, its appeerance et the integretor input results in the cencelling of the original
signal there and, consequently, in the cessetion of integretor output. The feed-beck signal
from the parellel servo thereupon finds itaelf unopposed and returns the perellel servo end
therefore the ailerons end the control column to a position where the roll rete is zero.

60, A slight time leg occurs between the receipt of a signel by the integrator end the sub-
sequent output by the integrator of e signal to the servo emplifier. While this deley hes e
useful effect in preventing the transmission to the control column vie the perallel servo of
short-term corrective movements of the ailerons (see pares 65 end 66), it would alao have the
undesireble effect of delaying the response of the ellerons to command signela but for the action
of the differentisl servos. Commend signels which are fed to the integretor are elso fed to two
differential servos connected into the eileron control linkeges. These electro-hydreulic units
operate the eilerons immediately in response to the command signals. Aileron movement is then
taken over by the parallel servo es output becomes availeble from the integrator. 4s the commend
signel circuit to the differential servoa doea not incorporate an integretor, the differentiel
servos return to their originel position es soon ea the commend aignal is nullified by the action
of the roll rete gyro. This allows them to return to their main tesk of damping uncontrolled
movements ebout the roll axis as described in paras 63 through 67.
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61, The operetion of the commend oircuits under command signels from the 4FCS in the eutomatic
mode of operetion ia identicel with thet in the normel mode. In the eutomatic mode the command
signal from the AFCS substitutea for the signel from the trensducer,

62, Selecting the lending geer down introduces certain chenges in the oommend circuit. One
effect of this action is to prevent the roll rate gyro signal end the airspeed compensetion from
eoting upon the oommend signal. In this condition, the commend signal is supplied directly to
the perellel servo emplifier. Consequently, movement of the eilerona is directly proportional
to control column movement es opposed to eirspeed.

Sensing Circuit

620 In addition to its function in the commend circuit, the roll rete gyro functions es e
sensing device to detect uncontrolled movement ebout the roll axis. Since the gyro output signal
is proportionel to rete of roll rether than to eircreft displecement, comperetively greater
control of the ailerons cen be echieved autometioally before the displacement becomes significent.

64. The output signal from the gyro is supplied to the circuits of the perellel end differ-
ential servos to correct uncontrolled movement and maintein steble flight.

65. Signals from the rate gyro resulting from movement exceeding 4 cps ebout the axis ere
defined as short term signals and effect the operetion only of the differentiel aervos. The
short term signala ere effectively blocked out of the perallel servo circuit due to the opereting
time leg of the perellel servo integretor. The differentiel servos ere positioned continuously
by the short term signels to suit stability requirements. Corrective movementa of the different-
ial servos will not effect movement of the control column.

66, Long term signels resulting from movement of less then 4 cpa ebout the axis are aupplied

to the differential servos end the parallel servo. The corrective movement of the parellel servo
will effect e movement of the control column vie the mechanical linkage of the eileron quedrent.

This action ensures that the balence of the oommand circuit is meinteined.

67+ When e corrective movement is initiated end the aircreft commences to return to its
original attitude, the signal produced by the gyro will be of the oppoaite phase. In the cese
of ahort term movement, the differential servoa will then be moved in the opposite direction,
positioning the ailerons to 1limit the correction. In the csse of long term movementa, the signal
cancels the output of the integretor, thua permitting the servo feed-back signals to operate the
emplifier end return the eilerons to their original position.

Trim Cirouita

68. Two trim circuits are incorporeted in the roll exis demper chennel, viz, en ettitude trim
circuit end e pressure trim circuit. When the chennel is in the pre-sngage condition, a trim
actuator is operetive in lieu of the ettitude trim.

Attitude Trim Circuit

69, When the roll axis damper chennel is engaged the ettitude trim circuit is used to trim
the aircreft by defleoting the ellerons. The circuit is controlled by the trim switch on the
control column hendgrip. Operating the trim switch drives e motor-positioned potentiometer in-
corporated in the trim unit. The voltage picked off this potentiometer is supplied to the summ-
ing point of signals from the rete gyro end signela from the force transducer or the &FCS. The
trim signel operetes in the commend circuita in the seme way as does e commend signal.

70. When the trim switch is operated, the movement of the aircraft ebout the roll axis
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produces a signal from the roll rate gyro. This signel nullifies the trim gignal with the same
results es when a commend signal is mullified. Until the trim switch is agein opereted, trens-
ducer signels will add to or subtrect from the standing signal from the trim potentiometer to
effect further movement of the eilerons.

. When the roll axis chennel is disengeged, the trim switch will govern e trim unit in-
steed of the ettitude trim circuit.

927 The trim unit serves to trim the eilerons vie movement of the eileron quedrent. The
unit comprises en electrical sctuetor end e spring. One end of the unit is atteched to the
elrcrsft structure. The other end is etteched to the aileron quedrent. When the trim switch
is operated the trim ectuetor incresses or decreases the loeding on the spring so effecting
movement of the elevetor quedrent.

Pressure Trim Circuit

73, The pressure trim circuit is operetive eutometicelly when the roll axis chennel of the
demper system is disengaged. The function of the circuit is to simulete commend signels rele-
tive to the position of the ellerons. These signels ere aupplied to the input of the integrator.
By this meens, when the system is re-engeged, the output of the integretor will correspond with
the output of the control column force trensducer and will ensure smooth re-engegement.

o The operation of the circuit is such that during emergency mode operetion, the normsl
feed-back signel produced through movement of the output rod of the perellel servo will continue
to be applied to the summing point preceding the servo amplifier. This signel will effect the
operation of the amplifier end in turn the trensfer velve of the perallel servo. Note that

in the emergency mode of operetion, ection by the trensfer valve does not influence the output
rod, which is not subjected to hydreulic pressure during emergency mode operation. See Service
Data Ref. No. 15 . The operation of the trenafer valve results in a pressure differentiel be-
tween the two hydreulic metered supply lines. This ection moves e pressure sensing rem which

is connected to the core of e trim transformer. The signal from the trim transformer is supplied
to the integretor which provides en output signel to mull the feed-beck signel. Due to the in=
herent time lag of the integrator a portion of the trim trensformer signel by-pesses the integ-
rator to speed control response. See also Disengage Circuits, peras 77 and 78.

Disengege Circuits

75. The roll exis chennel disengege circuits operete eutomatically if the roll rete exceeds
159 degrees per second. The circuits are controlled by a roll rete disengage eccelerometer which
at the predetermined roll rate limit completes supply circuits to the differential servos cent-
ering circuit end the perellel aervo disengage circult. See Service Dete Ref. No. 15. Note
thst the power supply to the demper system components is uninterrupted in the emergency mode.

76. The roll axia disengage circuit will also operete if the yaw axis monitor operetes due
to excessive skid, aideslip, or trensverse ecceleretion.

7. Operetion of the disengage circuits reverts the chennel to the pre-engage condition end
illuminates the R-P AXIS indicator light on the mester werning system panel. In the pre-engage
condition, the pressure trim circuit is operetive end the ettitude trim ectuation switch ia
transferred to the elleron trim circuit.

8. When the chennel is in the pre-engege condition the output of the force trenaducer end
the roll rate gyro is routed to the trim unit to ensure smooth re-engegement. 4 trim circuit
emplifier, fitted in circuit immedietely preceding the trim unit, discriminetes upon the phes-
ing of the applied signals to effect the proper direction of rotetion of the motor-driven
potentiometer of the trim unit. The effect of this proviaion is auch that eny unbalenced signals
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appaaring in the command circuit initiate tha operation of the trim unit and ara balanced out
by tha rasulting output signal from the trim unit. This ansuras that tha channel will be re-
angaged into a balanced circuit and, as dascribed in paras 73 and 74, in agreement with tha
prevailing position of the ailerons. But for this provision, an unbalanced signal, resulting,
for axampla, from failura of tha gyro circuit integrator to nullify a roll rate signal, would
produca unexpected and undesirabla movement of the ailerons.

79 Nota that if an unbslanced signal is baing nullad by tha trim unit when reeengagement
occurs, tha effect is aquivalant to introducing an out~of-trim condition on tha axis. This is
dua to tha trim signal standing at tha summing point of signala from the forca transducar and
normal accelerometar. In this condition, to regain leval flight with the control column in
nautral, the trim actuation switch must ba oparated to cancal tha trim signal.

YAW AXIS

General

80, Tha yaw axis channel of tha dampar system corracts yawing motion and providas for co-
ordinated rudder movament in manoeuvres as necessary.

81, The channel incorporates two indapandent systems. Ona system is operativa in tha normal
moda of damper system operation. Tha othar system is oparative only in the event of tha normal
system disengaging, i.a. in emargancy moda oparation. Except that a circuit is dalated in tha
amergancy moda, both systams are identical in operation. Tha affect of the daleted circuit is
to rastrict tha rudder co~ordination to manoceuvrea of normal flight.

82, No independent command signals ara supplied to tha yaw axis channal in eithar tha normal
moda system or the emergency moda system. Tha motivating signals are provided by sensing devices
which operata automatically in particular attitudes of tha aircraft. These signala ara, in most
instancas, consolidated at various summing points and the resultant supplied to a servo amplifier.

83. Signals applied to the amplifiar ara amplified to a usabla level and tha phasing dis-
criminated against a referenca. Tha output of the amplifiar initiates the operation of a ruddar
dual differential servo valve which in turn oparates tha ruddar hydraulic jack control valva to
cauge tha daflection of tha rudder in tha diraction appropriata to the phase of the amplifier
uwnit input.

84. 4 self-balancing or feed-back circuit is introduced from tha rudder dusl diffarential
gervo to tha servo amplifier, Movement of tha dual differential servo rasults in a feed-back
8ignal proportional to such movament, appearing at a summing point precading tha amplifiar
input. When this signal nulls tha input signsl to the servo amplifier, tha sarvo circuit is
balanced and further movemant of tha rudder does not take placa. Upon tha input aignal to tha
amplifier baing cancalled, tha feed-back signal operatas tha amplifier causing the rudder to
be raturned to its original position.

85. The ruddar dual diffarantisl servo valva is dascribed in tha Flylng Controls Service
Data Ref. No. 15.

86, Signals are supplied by the sensing devices in tha normal mode systam in respact of

yaw rata, transversa acceleration, and aileron position diffarential by, respectivaly, a yaw
rata gyro, a transversa accelerometer, and a transducer. 4 signal which is the product of pitch
rata and aileron position ies also provided., 411 signals ara compansated for airspaad by air
data transducer componants.

87. The yaw rata and aileron position signala ara supervised by an intagrator unit whosa
action is similar to that of the pitch axis sansing circuit intagrator in that it has no effact
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on signels of short duration but nullifies steedy signals. The integrator also supervigea trens-
verse accelerometer aignels when the lending geer is selected down.

Yaw Rete

88. The yew rate aignel produced by the yaw rate gyro is of e magnitude end phese eppropriate
to the rete and direction of yawing motion. Since the gyro signel is proportional to rete of
yaw rether than to displacement of the aircreft, comperetively quick correotive ection by the
rudder can be achieved before the displecement becomes significent. If, in streight end level
flight or during turning movements, the yaw rete signel is the result of trensient yawing motion,
it is epplied through the verious summing points to the servo amplifier to effect e corrective
movement of the rudder. A4s the aircreft returns to its original attitude, yew rete signala of
the opposite phese ere produced which ceuse the deflection of the rudder in the opposite direct~
ion to prevent overshoot. Steedy stete yew rate signale will cause an initiel deflection of the
rudder but, due to the ection of the integretor,the rudder will be returned to its original pos-
ition by the feed=beck signal.

&ileron Pogsition

89. 4n eileron position signal is produced when the allerons are moved to commence a turn
or to meintein stebility. The position of the ellerons is translated by a trensducer into en
electrical signal, the megnitude end phese of which is dependent on the degree end direction
of elleron movement. Note thet, es the trensducer signal is the product of eileron poeition
differential, the simulteneous up deflection of the eilerons et high eltitude will not result
in e signel from the trensducer. See elso pere 51. The trensducer signal is applied through
the verious summing points to the servo amplifier to effect the deflection of the rudder in the
direction eppropriate to turn the eircreft end overcome edverse yewing moment resulting from
aileron movement.

90. If the elleron position trensducer signal is the result of e commended turning menoceuvre
or of en epplied eileron trim, the signal will be, in effect, e steedy state signel. Therefore,
as with e steedy stete yaw rete signal, the integrator ection will ceuse the rudder to be re=
turned to its original position after the initiel deflection or short term co-ordinetion. Trens=-
ducer signals resulting from the positioning of the eilerons by the sensing circuit will contin-
ually position the rudder to provide co~ordinetion es required by the corrective movements of

the ailerons. As the signels originated by the sensing circult ere of reletively short duretion,
they will not be nulled due to the operating time lag of the integretor.

Trensverse Acceleration

91. Slip or skid in eny flight ettitude results in e aignal origineted by the tranaverse
eccelerometer being supplied to the servo amplifier to produce e corrective movement of the
rudder. A4s the sideslip motion is eliminated by the epplied correction, the output of the trans-
verse eccelerometer correspondingly decreeses so permitting the servo feed~beck signel to de-
crease the deflection of the rudder.

92, When the landing geer is selected down, certein circuit chenges ere effected to by-pess
the major portion of the trensverse eccelerometer signal to the summing point of the yew rete
end eileron position signals. This action subjects the accelerometer signal to supervision by
the integrator which nullifies the signal. By this meens, the pilot can introduce sideslip
without opposition from the yaw axis chennel as the eccelerometer signels resulting from inten-
tionel sideslip will be nullified by the integrator. The portion of the eccelerometer signal
which is not by-pessed tends to meintain stebility in the axis.




CONFIDENTIAL

ARROW 1 SERVICE DATA

4ileron Position -~ Pitch Rate

93. Tha simultaneous command of a large rate of roll and degree of pitch would introduca an
adverse yawing momant. The signal which is tha product of aileron position and pitch rata is
utilized in tha yaw axis to countaract this condition. The magnitude of this signsl is directly
proportional to tha ailaron position commanded and degree of pitch. The signal supplamants the
short term rudder co-ordination signal, so increasing the deflaction of the ruddar in ralation to
the attitudaa commanded. 4s this aignal is not supervised by the integrator, rudder deflection
is applied until tha command signals are cancelled.

9%« With the axception of tha ailaron position and pitch rata signal the oparation of tha
emargency mode system is idantical with that of tha normal mode system. Tha change-over from the
normal mode to tha emargency mode is effected by tha oparation of a rudder monitor which initiatas
the operation of certain electricsl circuits of tha rudder dual differantial servo and results

in the illumination of the roll and/or pitch axis disangage indicator light on the master warn~
ing system panel. Tha operation of the emergency yaw dampar systam is indicated by the illume
ination of the yaw emergancy damper operative indicator, also locatad on the master warning
system panal. The operation of the rudder dual diffarential servo is described in Servica Data
Raf, No. 35.

95. Nota that whan the ruddar monitor is operated, the pitch axis and roll axis damper
circuita are also diaangaged. Sea the Pitch &xia and tha Roll 4xis Disengage Circuits.

Rudder Monitor

9% Tha ruddar monitor circuit includaa a sidaslip switch i.e. the beta vana in the nosa boom
and two transversa accelerometers which are located 13 feet .and 40 faat, raspectively, forward of
the aircraft's centre of gravity. Tha sidaslip switch is set to open and interrupt the normal
moda systam supply if tha sidealip angle exceeds ten dagrees. This function is primarily for
low airspeeds in which condition a small accaleration may corraspond to a large angle of sideslip.

97. The action of the accaleromaters is such that one detacts direction of sidealip and other
yawing acceleration. If yawing acceleration is sensed which tands to reduce sideslip the change=~
over circuit will operata at a transversa accelaration value of approximately 4 0.6 'g' at the
centra of gravity. Comversely, if the yawing acceleration is such that it tends to increase
gidaslip the changeover circuit will operata at the relativaly lower transverse acceleration
values of 4 0.2 'g!., This configuration is nacessary due to the fact that in co-ordinated man-
oauvras ralatively large values of transveraa and yawing accelerations ara raquired for which

the monitor must maka provision.

Ruddar Feel, Trim and Hinge Moment Limitation

98, 4 trim circuit is provided to parmit the rudder to ba trimmed to compenaata for steady
state yawing motion rasulting from asymmatric flight or other causas. Tha circuit is controlled
by a trim switch located in the front cockpit and consists of an actuator fitted as an intagral
componant of tha rudder raar quadrant asaembly. Operating the trim switch results in the actu-
ator moving the linkage of the rudder hydraulic jaok control valva. Tha movament of tha rudder
by tha trim circuit does not effact the poaitioning of the rudder bar.

99. In addition to the trim actuator, tha rudder raar quadrant assembly incorporates a
ruddar fael and hinge moment limitation system. This systam functions sutomatically and its
action is to decreasa the rudder movemant for s givan forca on tha rudder bar in proportion to
incraasing airspaed. This is done to countaract tha incraased sensitivity of the rudder at
high airspeeds.
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100. The operation of the trim circult and the hinge moment limitation system are described
fully in Service Data Ref. No. 15.
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