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DF.SCRIPI'ION 

General 

1. Movement of the aircraft's ailerons, elevators and rudder is effected by hydraulic com-
ponents which are normally controlled by electrical meena, or, in emergency, by mechenicel means 
through cables. There ia no provision for direct mechanical control. In the interests of safety, 
two independent flying control hydraulic systems ere fitted. 

2. There ere three modes of control, the normal mode, the automatic night mode, and the 
emergency mode. 

3. In the normal mode, e damping system eutometicelly stabilizes the eircreft in ell three 
axes, end also co-ordinates rudder movement with movement of the ailerons end elevators. Control 
of the ailerons and elevators in this mode is by en electrical force transducer fitted in the 
control column. 

4. In the automatic night mode, the damping system ia operative as in the normal mode, 
but aileron end elevator position is controlled by en Automatic Flight Control Sub-system (AFCS). 
The AFCS allows the aircraft to be controlled from the ground for automatic ground control inter­
ception (AGCI) or for automatic ground control approach (AGCA). It also provides certain pilot 
essiat functions by holding eny set course end altitude, or it mey hold e set Mech number by 
varying the aircraft's pitch attitude. The AFCS elso provides for automatic navigation by con­
trolling the aircraft according to information fed into e dead reckoning computer by the nav­
igator. 

5. In the emergency mode, the hydraulic components for the ailerons and elevators are con-
trolled mechanically. Yew stebilizetion and rudder co-ordination are meinteined by an emergency 
yew damping system. 

6. Pilot 'feel' at the control column is provided by the damping system in the normal mode, 
end by mechanical means in the emergency mode. 

7. A four-way push button on the control column allows for aileron and elevator trim. There 
are no trimmer tebs, trim being achieved by altering the position of the entire control 
surfaces. To reduce elevator trim dreg at high altitudes, provision is mede for an automatic 
up deflection of both ailerons. 

8. If certain flight limitations are exceeded, the system automatically changes over to 
the emergency mode. 

DAMPING SYSTEM 

General 

9. Three distinct channels comprise the damping system; the pitch channel, which controls 
the elevators; the roll channel, which controls the ailerons; end the yew channel, which controls 
the rudder. 

10. The switching controls for the damper system ere located one control panel fitted in 
the front cockpit LH console, end on the control column. Mounted on the control panel are an 
ON-OFF switch protected bye guerd, an ENGAGE push switch for the normal mode end en EMERG push 
switch for engaging the emergency mode. Note that when the ON-OFF switch ia selected on, 
power is supplied to the damper system end the AFCS. In addition, the normal mode of operation 
must be selected before the emergency mode of operation can be selected. Two push switches ere 
fitted in the control column grip. One switch, when operated, reverts the damper system to the 
emergency mode of operation, end the other switch, when operated, disengages the automatic flight 
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mode system. Three indicator lights fitted on the master warning system panel indicate, respect­
ively, roll and/or pitch axis disengaged, emergency yaw damping system operative and all damping 
inoperative. 

PITCH AilS 

Co111D1and Cirouits 

11. Tha pitch axis co111D1and circuits operate in response to command signals from the control 
column force transducer in the normal mode of operation or from the automatic flight control sub­
system (AFCS) in the automatic mode of operation, On receiving auch signals the co111D1and circuits 
actuate the electro-hydraulic parallel servo unit and the electro-hydraulic differential servo 
units, and these, in turn, affect the appropriate positioning of the elevators. The operation 
of the COIIIDland circuits is described in the following paragraphs. The hydraulic operation of 
the servo units ia described 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 depends upon the direction of the motivating force relative to the neutral pos• 
ition of the control column, voltages produced by motion forward being 180° out of phase with 
voltages produced by motion aft. 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 cora 
of the force transducer. Movement of the control column, in affect, follows the positioning of 
the elevators by the command circuits, but the response of the system is so illlllediate that atti­
tude changes appear to result from movement of the control column. 

13. The output voltage from the transducer is approximately 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. ! pitch axis 
control adjustment fitted in the circuit is, however, set at present to r,esult in a maximum out­
put of 4.5 to 5 volts. 

14. The output from the transducer is supplied via a sUJllming network aa a command signal to 
an integrator unit the output voltage of which increases at a rate proportional to the strength 
of the command signal. The rate of increase of tha integrator output is such as to prevent en 
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 opposite phaae to reduce, 
cancel or reverse the output according to tha strength of the new signal. 

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 circuit, 

16. From tha servo amplifier the signal passes to the transfer valve of an electro-hydraulic 
parallel servo which controls the elevator movement in magnitude and direction in accordance 
with the strength and phase of the input signal, The parallel servo effects movement of the 
elevators via the elevator quadrant, and ao a sympathetic movement of the control column takes 
place. 

17. A self-balancing or faed-back circuit is introduced from the parallel servo to the servo 
amplifier. 1ny 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 movement 
of the parallel servo. This feed-back signal is applied to the summing point between the integ• 
rator and the servo amplifier, where it opposaa and presently nullifies the integrator output 
and, consequently, output from tha servo amplifier. When this nullifying effect occurs, move­
ment of tha parallel servo, and therefore of the elevators, ceases. 

4 



CONFIDENTIAL 

ARROW 1 SERVICE DATA 

18. The system is designed, by the pravision of a normal accelerometer and air data trans• 
ducer components, to produce a given 'g' loading in response to a given force applied to th~ 
control column hsndgrip, irdependent of airspeed and altitude. The normal accelerometer pro• 
videa an output signal of one volt per 'g' of loading in the pitch axis. This signal is 1800 
out of phsse with the command signal from the traru1ducer, so that when the airers.rt commenoea 
a manoeuvre imposing a I g' loading, the reaul ting output of the normal accelerometer progress­
ively nullifies the command signal. The command signal is also modified by the air data trans­
ducer components to compensate for changes 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 haoogrip to pro­
duce a manoeuvre of a given 'g' will be constant, regardless of airspeed and altitude. 

19. As 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 ard 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 elevators and the control column to a position where the 'g' 
loading is removed from the axis. 

20. A alight 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 (see paras 23 through 26), it would also have 
the undesirable effect of delaying the response of the elevators to commard 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 conneot&d into the elevator control linkages. These electro• 
hydraulio units operate the elevators immediately in response to the command signals. Elevator 
movement is then taken over by the parallel servo sa output becomes available from the integrator. 
As the command signal circuit 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 allows 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 larding gear down introduces certain ohangea in the oommand circuits. 
The main effeota 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 circuit changes are effected by two fader units arrl 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 circuit 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. ! pitch rate gyro is inoorporated in the system as a sensing devioe to correct 
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uncontrolled movement about the pitch axis. On detecting movement tha gyro produces a signal 
which is proportional to the rats of pitch, rather than to aircraft displacamant, so that com­
paratively quick corrective action can ba achieved automatically befora the displacement be­
comes significant. 

24. The output signal from tha gyro is supplied to the circuits of tha differential and 
parallel servos to correct tha uncontrolled movement and maintain atabla flight. 

25. In order to prevent signals from the pitch rats gyro from opposing command signals for 
pitch changes, an integrator is incorporated in tha sensing circuit tha function of which is 
to nullify output signals from tha gyro resulting from steady state attitudes of climb or dive 
about tha pitch axis. 

26. Signals resulting from movement of the aircraft about its pitch axis at a rats of 4 cp~ 
or more ara referred to as short term signals. Signals produced by movement of lass than 4 cpa 
are called long tarm signals. An operating time lag in the gyro circuit integrator prevents tha 
nulling out of short term signals, which ara supplied only to the diffarantial sarvos. It al~o 
permits long term signals to appear in the differential 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 balance of the command circuit is maintained. Corrections applied by tha differential servos, 
howaver, do not produca movement of tha control column, tha mechanical linkage of the hydraulic 
jack acting to prevent such an affect. See Service Data Ref. No. 15. 

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

28. Whan a corrective movement is initiated and tha aircraft cornmancas to raturn to its 
original attitude, 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 direction, 
positioning tha elevators to limit the correction. In tha casa of long term movements, the 
signal cancels tha output of tha parallel servo integrator, thus permitting tha sarvo faad­
back signal to operate tha amplifier and return tha elevators to the neutral position. 

29. Whan the landing gaar is selected 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 signals, in addition to long tarm and short tarm signals, are supplied to tha diff• 
erential sarvos. This action aids stability in tha pitch axis at low airspeeds. 

Trim Circuits 

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

Attitude Trim Circuit 

31. The attitude trim circuit can be use:i to trim the aircraft into a climb or diva. Tha 
circuit is controlled by the trim switch on tha control column grip. Operating tha trim switch 
provides a power supply to a motor-positioned potentiometer incorporated in the trim unit. The 
voltage pickad off this potentiometer 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 signal operates 
in the command circuits in the same way aa doea a command signal. 

32. When the trim switch ia operated, the movement or the airoraft about the pitch axis 
produces signals 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 signals continue to be provided by the pitch 
rate gyro to the differential servos. The output or the normal aocelerometer nullifies the 
trim signal with the same results as when a command signal is nullified. Until the trim switch 
is again operated, transducer signals will add to or subtract from the standing signal from 
the trim potentiometer to effect further movement of the elevators. 

33. When the pitch axis damper channel is disengaged, the trim awitoh will govern the !eel 
and trim unit of the artificial !eel circuit instead of the attitude trim circuit. See para 43. 

34. When the landing gear ia selected down, the power supply from the trim switch is supplied 
directly to the parallel servo integrator. This prevents the normal accelerometer and the air­
speed compensation from acting on the trim signal, 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 teed•baok circuit. The trim signal will effect 
movement of the parallel servo until the cirouit ia balanced by the feed-back signal. Subsequent 
command signals will then add to or subtract from the standing trim signal to effect further 
movement or the elevators. 

Pressure Trim Circuit 

36. The pressure trim circuit is operative automatically when the pitch axis ohannel or the 
damper system is disengaged. The function of the circuit ia to simulate command signals relative 
to the position of the elevators. These signals are supplied to the input or the integrator. 
By this means, when the system 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 thst during emergency mode operation, the normal 
feed-back signal produced through movement of the output rod or the parallel servo will continue 
to be applied to the summing point preoeding the servo amplifier. This signal will effect the 
operation of the amplifier and in turn the transfer valve or the parallel servo. 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 differential be­
tween the two hydraulic metered supply lines. Thie aotion moves a pressure sensing ram whioh 
is connected to the core of a trim transformer. The signal from the trim transformer is supplied 
to the integrator which provides an output aignal to nullify the feed•back signal. Due to the 
inherent time lag of the integrator a portion or the trim transforaer 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 switches. One 
switch completes the supply cirouit to the feel and trim unit of the artificial feel circuit. 
See para 41. The other switch functions to prevent the channel engaging if the elevators are 
moving. 

Artificial Feel Cir~uit 

39. The purpose of the artifioial !eel 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 actuator increases 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, 
adjacent to the point of attachment of the parallel sarvo. 

41. Exerting a force on the control colwnn closas a switch which completes a circuit from 
the actuator to the parallel servo. When the parallel 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 
servo, 

42. An additional switch is fitted in parallel with tha control column switch to serve as 
a safety pracaution against overstressing the airframe should an automatic mode failure occur, 
This second switch opens when the normal accalaration excaeds ± 0.5 1g 1 from tha straight and 
level fiight condition of 1 'g'. Therefore, 1g 1 in excess of this 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 1g1 loading imposed by the elevators 
to 0,5 1g 1 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 transferred automatically from the position 
trim motor to tha trim actuator upon disengagement of the damper channel. 

44. In the event of a aaizure in the fael and trim unit, movement of t-he elevator quadrant 
would not ba pos~ible. To meet this contingency, a release circuit is incorporated in tha fael 
and trim unit linkaga to tha quadrant. The circuit compris~ a control switch fitted in the 
front cockpit and a solenoid, tha plunger of which is attached to a link pin in tha feel am 
trim linkage to the quadrant. Operating the switch energiz~ the solenoid which extracts 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 automatically if the normal acceleration 
exceeds 5,0 - 5.5 1 g1 • The circuit is controlled by an elactronic 'g' limiter which, when 
operated, completes supply 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 axis disengage circuit also operates if the yaw axis monitor acts due to 
axcessive skid, sidaslip or trsnsvarse acceleration. 

47, Operation of the disangage circuits reverts tha channel to tha pre-engaga condition am 
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. 

4}3. Whan tha channel is in the pra-engage condition the output of the force transducer, the 
normal accelaromater and tha pitch rate gyro is routed to the trim unit to ansure smooth re­
engagament. A 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 signals appearing in the command circuit initiate tha oparation of the trim unit 
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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 paras 36 and 37, in 
agreement with the prevailing position or 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 undesirable 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 fiight with the control column in 
neutral, the trim actuation switch must be operated to cancel the trim signal. 

ROLL ms 

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 (!FCS) 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 paragraphs. 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 or 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 at 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 is 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 1800 
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. 

53. The roll rate produced ie proportional to the output voltage from the transducer, 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 lb 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 signal. 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 opposite phase to reduce, cancel or reverse the output according to the strength of the new 
signal. 
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55. The output of the integrator is supplied through a summing network toe servo amplifier 
unit. This unit, in addition to its function of amplifying signals, incorporates e discriminator 
circuit to determine the phasing of the applied signal, 

56. From the servo amplifier the signal passes to the transfer valve of en electro-hydraulic 
parallel servo which controls the aileron movement in magnitude and direction in accordance with 
the strength end phese of the input signal. The parallel servo effects movement of the ailerons 
via the aileron quedrent, end so e sympathetic movement of the control column takes place. 

57, A self-belencing or feed-back circuit is introduced from the perellel servo to the servo 
amplifier. Any movement of the parallel servo output rod produces e feed-beck signal opposite 
in phese to the initiating signal end of e magnitude proportional to the extent of the movement 
of the parallel servo. This feed-back signal is applied to the summing point between the integ­
rator and the servo amplifier, where it opposes and presently nullifies the integrator output 
and, consequently, output from the servo amplifier, When this nullifying effect occurs, move­
ment of the parallel servo, em therefore of the ailerons, 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 toe given force applied to the control 
column hendgrip almost independent of airspeed. The roll rete gyro provides en output signal 
of 0.05 volt per unit rate of roll. This signal 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 decrease of gain at 
the extremes of low end high airspeeds end is constant for ell other airspeeds. This action 
aids stability in the roll axis by limiting over-control by the ailerons. Thus, since the 
transducer output signal is proportional to the applied force end the roll rete gyro output 
signal is proportional to the rate of roll, the force thet must be applied to the control column 
handgrip to produce a manoeuvre of a given roll rate is constant, except et high and low eir• 
speeds when the force to produce e given rate of roll is increased. 

59. As described ebove, force exerted on the hendgrip in e left or right motion relative 
to the neutral position will produce aileron movement in proportion to the applied force, end 
the aileron movement will cease when the integrator output is balanced by the f eed-beck signal 
from the parallel servo. Meanwhile the reaultent roll rate will heve produced e roll rete gyro 
signal to nullify the signal from the transducer, erxl the system will remain balanced until e 
new command signal 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 transducer amplifier and there­
fore ects as a new commend aignel. Being of equal strength but of opposite phese to the original 
command signal, its appearance et the integrator input results in the cancelling of the original 
signal there and, consequently, in the cessation of integrator output. The feed-beck signal 
from the parallel servo thereupon finds itself unopposed and returns the perellel servo em 
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 signal by the integrator end the sub-
sequent output by the integrator of e signal to the servo amplifier. While this deley hes e 
useful effect in preventing the transmission to the control column vie the parallel servo of 
short-term corrective movements of the ailerons (see pares 65 end 66), it would alao have the 
undesirable effect of delaying the response of the ailerons to command signela but for the action 
of the differential servos. Commend signals which are fed to the integrator are elso fed to two 
differential servos connected into the aileron control linkages. These electro-hydraulic units 
operate the ailerons immediately in response to the command signals. Aileron movement iS then 
taken over by the parallel servo es output becomes available from the integrator. As the commen:l. 
signal circuit to the differential servos doea not incorporate an integrator, the differential 
servos return to their original position es soon ea the commend signal is nullified by the action 
of the roll rete gyro. This allows them to return to their main task of damping uncontrolled 
movements about the roll axis as described in paras 6J through 67. 

10 



CONFIDENTIAL 

ARROW 1 SERVICE DAT A 

61. The operation of the coD!lllend oircuits under COIDll!and signels from the AFCS in the automatic 
mode of operation ia identicel with thet in the normel mode. In the automatic mode the colDll!and 
signal from the AFCS substitutes for the signal from the transducer. 

62. Selecting the len:l.ing 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 compensation from 
eoting upon the oommend signal. In this condition, the commend signal ia supplied directly to 
the perellel servo emplifier. Coru,equently, movement of the ailerons is directly proportional 
to control column movement ea opposed to eirspeed. 

Sensing Circuit 

63. In addition to its function in the commend circuit, the roll rete gyro functions ea 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 displacement, comperetively greater 
control of the ailerons cen be achieved autometioally before the displacement becomes significant . 

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 fiight. 

65. Signals from the rate gyro resulting from movement exceeding 4 cps ebout the axis ere 
defined as short term signals and effect the operation only of the differential servos. The 
short term signals ere effectively blocked out of the parallel servo circuit due to the operating 
time leg of the perellel servo integrator. The differential servos ere positioned continuously 
by the short term signals to suit stability requirements. Corrective movements of the different­
ial servos will not effect movement of the control column. 

66. Long term signals resulting from movement of less then 4 cpa ebout the axis are supplied 
to the differential servos end the parallel servo. The corrective movement of the parallel servo 
will effect e movement of the control column vie the mechanical linkage of the aileron quedrent. 
This action ensures that the balance of the oommand circuit is meinteined. 

67. When e corrective movement is initiated end the aircraft colDll!ences to return to its 
original attitude, the signal produced by the gyro will be of the opposite phase. In the oese 
of ahort term movement, the differential servos will then be moved in the opposite direction, 
positioning the ailerons to limit the correction. In the case of long term movements, the signal 
cancels the output of the integrator, thua permitting the servo feed-back signals to operate the 
amplifier end return the eilerons to their original position. 

Trim Cirouita 

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

Attitude Trim Circuit 

69. When the roll axis damper channel is engaged the attitude trim circuit is used to trim 
the aircraft by defleoting the ailerons. 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 SUIDlll­

ing point of signala from the rete gyro end signela from the force transducer or the AFCS. The 
trim signal operates in the commend circuits in the same 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 signal nullifies the trim signal with the same 
results es when a commend signal is nullified. Until the trim switch is again operated, trans­
ducer signals will add to or subtract from the standing signal from the trim potentiometer to 
effect further movement of the ailerons. 

71. When the roll axis channel is disengaged, the trim switch will govern e trim unit in-
steed of the attitude trim circuit. 

72. The trim unit serves to trim the ailerons vie movement of the aileron quedrent. The 
unit comprises en electrical actuator end e spring. One end of the unit is attached to the 
aircraft structure. The other end is attached to the aileron quedrent. When the trim switch 
is operated the trim actuator increases or decreases the loading on the spring so effecting 
movement of the elevator quedrent. 

Pressure Trim Circuit 

73. The pressure trim circuit is operative eutometicelly when the roll axis ohennel of the 
damper system is disengaged. The function of the circuit is to simulate commend signals rele• 
tive to the position of the ailerons. These signals ere supplied to the input of the integrator. 
By this means, when the system is re-engaged, the output of the integrator will correspond with 
the output of the control column force transducer and will ensure smooth re-engagement. 

74. 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 perellel servo will continue 
to be applied to the summing point preceding the servo amplifier. This signal will effect the 
operation of the amplifier end in turn the transfer valve of the parallel servo. 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. 15. The operation of the trenafer valve results in a pressure differential be­
tween the two hydraulic metered supply lines. This action 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 integrator which provides en output signal to null the feed-beok signal. Due to the in• 
herent time lag of the integrator a portion of the trim transformer signal by-passes the integ­
rator to speed control response. See also Disengage Circuits, paras 77 and 78. 

Disengage Circuits 

75. The roll exis channel disengage circuits operate automatically if the roll rete exceeds 
159 degrees per second. The circuits are controlled by a roll rete disengage accelerometer which 
at the predetermined roll rate limit completes supply circuits to the differential servos cant­
ering circuit end the perellel servo disengage circuit. See Service Dete Ref. No. 15. Note 
that the power supply to the damper system components is uninterrupted in the emergency mode. 

76. The roll axia disengage circuit will also operate if the yaw axis monitor operates due 
to excessive skid, aideslip, or transverse ecceleretion. 

77. Operation of the disengage circuits reverts the channel to the pre-engage corxlition end 
illuminates the R-P AXIS indicator light on the master warning system panel. In the pre•engage 
condition, the pressure trim circuit is operative end the attitude trim actuation switch is 
transferred to the aileron trim circuit. 

78. When the channel is in the pre-engage condition the output of the force trenaducer end 
the roll rate gyro is routed to the trim unit to ensure smooth re-engagement. A trim circuit 
amplifier, fitted in circuit immediately preceding the trim unit, discriminates upon the phas­
ing of the applied signals to effect the proper direction of rotation of the motor-driven 
potentiometer of the trim unit. The effect of this provision is auch that eny unbalanced signals 

12 



CONFIDENTIAL 

ARROW 1 SERVICE DAT A 
,.. 

appearing in the command circuit initiate tha operation of the trim unit and ara balanced out 
by tha raaulting output signal from the trim unit. Thie anauraa that tha channel will be re­
angaged into a balanced circuit am, as described 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 failure of tha gyro circuit integrator to nullify a roll rate signal, would 
produce unexpected and undesirable movement of the ailerons. 

79. Nota that if an unbalanced signal ia being nullad by tha trim unit when re-engagement 
occurs, tha effect ia aquivalant to introducing an out-of-trim condition on tha axis. Thie is 
dua to tha trim signal standing at tha summing point of signals from the force tranaducar and 
normal accelerometer. In this condition, to regain level night with the control column in 
neutral, the trim actuation switch must ba operated to cancel tha trim signal. 

YAW AXIS 

General 

80. Tha yaw axis channel of tha damper system corrects yawing motion and providaa for co-
ordinated rudder movement in manoeuvres as necessary. 

81. The channel incorporates two indapandent systems. Ona system is operative in tha normal 
moda of damper system operation. Tha other system is operative only in the event of tha normal 
system disengaging, i.a. in emargancy moda operation. Except that a circuit is dalated in tha 
amergancy moda, both systems are identical in operation. Tha affect of the deleted circuit ia 
to restrict tha rudder co-ordination to manoeuvres of normal night. 

820 No independent command signals ara supplied to tha yaw axia channel in either tha normal 
moda system or the emergency moda system. Tha motivating signals are provided by sensing devices 
which operate automatically in particular attitudes of tha aircraft. These signals ara, in most 
instances, consolidated at various summing points and the resultant supplied to a servo amplifier. 

83. Signals applied to the amplifier ara amplified to a usable level arrl tha phasing dis-
criminated against a reference. Tha output of the amplifier initiates the operation of a rudder 
dual differential servo valve which in turn oparatea tha rudder hydraulic jack control valve to 
cause tha deflection of tha rudder in tha direction appropriate to the phase of the amplifier 
unit input. 

84. A self-balancing or feed-back circuit is introduced from tha rudder dual differential 
servo to tha servo amplifier. Movement of tha dual differential servo results in a feed-back 
signal proportional to such movement, appearing at a summing point preceding tha amplifier 
input. When this signal nulls tha input signal to the servo amplifier, tha aarvo circuit is 
balanced and further movement of tha rudder does not take place. Upon tha input signal to tha 
amplifier being cancelled, tha feed-back signal operates tha amplifier causing the rudder to 
be returned to ita original position. 

85. The rudder dual diffarantial aervo valve ia described in tha Flying Controls Service 
Data Ref. No. 15. 

86. Signals are supplied by the sensing devices in tha normal mode system in respect of 
yaw rata, tranaversa acceleration, and aileron position differential by, reapectivaly, a yaw 
rata gyro, a tranaversa accelerometer, and a transducer. A signal which is the product of pitch 
rata and aileron position is alao provided. All signals ara compensated for airspaad by air 
data transducer components. 

87. The yaw rata and aileron position signals ara supervised by an integrator unit whose 
action is similar to that of the pitch axis sensing circuit integrator in that it has no effect 
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on signals of short duration but nullifies eteedy signals. The integrator also supervises trenl!­
veree accelerometer aignels when the lending geer is selected do-wn. 

Yaw Rete 

88. The yew rate aignel produced by the yaw rate gyro is of e magnitude end phese appropriate 
to the rete and direction of yawing motion. Since the gyro eignel is proportional to rete ot 
yaw rether than to displacement of the aircraft, comperetively quick corrective action by the 
rudder can be achieved before the displacement becomes significant. If, in straight end level 
flight or during turning movements, the yaw rete eignel is the result of transient yawing motion, 
it is applied through the various summing points to the servo amplifier to effect e corrective 
movement of the rudder. As the aircraft returns to its original attitude, yew rete signals of 
the opposite phese ere producco which ceuse the deflection of the rudder in the opposite direct­
ion to prevent overshoot. Steady stete yew rate eignale will cause an initial 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. 

Aileron Position 

89. An aileron position signal is produced when the ailerons are moved to commence a turn 
or to meintein stebility. The position of the eilerone is translated by a trensducer into en 
electrical signal, the megnitude end pheee of which is dependent on the degree end direction 
of eileron movement. Note thet, ea 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 treneducer. See eleo 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 eileron position trensducer signal is the result of e commended turning manoeuvre 
or of en applied aileron trim, the signal will be, in effect, e steady state eignel, Therefore, 
as with e eteedy etete yaw rete signal, the integrator action will ceuse the rudder to be re­
turned to its original position after the initial deflection or short term co-ordination, Trens• 
ducer signals resulting from the positioning of the ailerons by the sensing circuit will contin• 
ually position the rudder to provide co-ordination es required by the corrective movements ot 
the ailerons. Aa the signals originated by the sensing circuit ere of relatively short duration, 
they will not be nulled due to the operating time lag of the integrator. 

Trenl!veree Acceleration 

91. Slip or skid in eny flight attitude results in e aignal originated by the transverse 
accelerometer being supplied to the servo amplifier to produce e corrective movement of the 
rudder. As the sideslip motion is eliminated by the applied correction, the output of the trans­
verse accelerometer correspondingly decreases so permitting the servo feed-beck signel to de­
crease the deflection of the rudder. 

92. When the landing geer is selected down, certain circuit changes ere effected to by-pese 
the major portion of the transverse accelerometer signal to the summing point of the yew rete 
end aileron position signals. Thie action subjects the accelerometer signal to supervision by 
the integrator which nullifies the signal. By this meens, the pilot can introduce eideslip 
without opposition from the yaw axis channel as the accelerometer signals resulting from inten­
tional sideslip will be nullified by the integrator. The portion of the accelerometer signal 
which is not by-passed tends to maintain stability in the axis. 
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Aileron Position - Pitch Rate 

93. Tha simultaneous command of a large rate of roll and degree of pitch would introduce an 
adverse yawing moment. The signal which is tha product of aileron position and pitch rats is 
utilized in tha yaw axis to counteract this condition, The magnitude of this signal is directly 
proportional to tha aileron position commanded and degree of pitch, The signal supplamants the 
short term rudder co-ordination signal, so increasing the deflection of the rudder in relation to 
the attitudaa commanded. As this signal is not supervised by the integrator, rudder deflection 
is applied until tha command signals are cancelled. 

94. With the exception of tha aileron position and pitch rats signal the operation of tha 
emergency mode system is identical with that of tha normal mode system. Tha change-over from the 
normal mode to tha emergency mode is effected by tha operation of a rudder monitor which initiates 
the operation of certain electrical circuits of tha rudder dual differential servo and results 
in the illumination of the roll and/or pitch axis disengage indicator light on the master warn­
ing system panel. Tha operation of the emergency yaw damper syetam is indicated by the illwn• 
ination of the yaw emergency damper operative indicator, also located on the master warning 
system panal. The operation of the rudder dual differential servo is described in Service Data 
Raf. No. 35. 

95. Nots that whan the rudder monitor is operated, the pitch axis and roll axis damper 
circuits are also disengaged. Sea the Pitch !xia and tha Roll Axis Disengage Circuits. 

Rudder Monitor 

960 Tha rudder monitor circuit includaa a sidaslip switch i.e. the beta vans in the nosa boom 
and two transverse accelerometers which are located 13 feet .and 40 fast, respectively, forward of 
the aircraft's centre of gravity. Tha sidaslip switch is set to open and interrupt the normal 
mods system supPly if tha sidealip angle exceeds ten degrees. This !'unction is primarily for 
low airspeeds in which condition a small acceleration may correspond to a large angle of sideslip. 

97. The action of the accaleromatera is such that one detects direction of sidealip and other 
yawing acceleration. If yawing acceleration is sensed which tands to reduce sideslip the change­
over circuit will operate at a transverse acceleration value of approximately± 0.6 1g1 at the 
centre of gravity. Conversely, if the yawing acceleration is such that it tends to increase 
sidaslip the changeover circuit will operate at the relatively lower transverse acceleration 
values of± 0.2 1 g1 • This configuration is necessary due to the fact that in co-ordinated man­
oauvras relatively large values of transverse and yawing accelerations ara required for which 
the monitor must maka provision. 

Rudder Feel, Trim and Hinge Moment Limitation 

98. A trim circuit is provided to permit the rudder to ba trimmed to compenaata for steady 
state yawing motion resulting from asymmetric flight or other causes. Tha circuit is controlled 
by a trim switch located in the front cockpit and consists of an actuator fitted as an integral 
component of tha rudder raar quadrant assembly. Operating the trim switch results in the actu­
ator moving the linkage of the rudder hydraulic jaok control valva. Tha movement of tha rudder 
by tha trim circuit does not effect the positioning of the rudder bar. 

99. In addition to the trim actuator, tha rudder raar quadrant assembly incorporates a 
rudder fael and hinge moment limitation syatem. This system functions automatically and its 
action is to decrease the rudder movement for s givan forca on tha rudder bar in proportion to 
increasing airspeed. This is done to counteract tha increased sensitivity of the rudder at 
high airspeeds. 
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100. The operation of the trim circuit and the hinge moment limitation system are described 
fully in Service Data Ref. No. 15. 
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