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This brochure is intended to provide an accur-
ate description of the systern(s) or service(s)
for purposes of the Arrow 2 Mock-up Confer-
ence, and is not to be considered binding with
respect to changes ra,hich rnay occur subsequent
to th.e date of pr-rblication.
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1.1

1,l,l

rt)

1.1.J

i. z

13

A fully powered flying control systern has been selected for the

Arrow 2 becausel

It appears to be the or:ly practical solution to the operation of

such large chord, highl-v loaded control surfaces as are ern-

ployed on the airplane '

AJ1y reversible type of systern would require that the control

surfaces be rnass balanced, and in r.ielv o{ the large chord

surfaces used this would involr'e a p-:';i:ibitive 'weight penalty"

Aly type of aerodynarnicaliy assistecr ccntrol sYstern erl-}ploy-

ing gea::ed tabs, etc.. rs ruled out because of the unpredictable

and varrable nature of srrpersonic airflorv as far aft on lhe wing

chord,

Having chosen a fullv powered Contl'o. sr'stein:i"t is ne.essary

thar a standard of relrability comparaLle, to a mechanicai svs-

tem be achier..ed. To this end, a s:\isLern e:npioyi.ng a rnilrirrrrtrn

nurnber of actuators l:aving rrrax. reliabilit;" }.as been selected,

and. cornplete duplication of pow.er sYstes'lls has been provided

for "

An h-vdrauli.c po..ver systern has been selected because oi i,ts

reliability, actuator cornpactness, sYstem response' and per*

forrnance under extrerne environrnental pressure and ternper: -

ature conditions" (Ref P/svsterns lzs, aescription o{ Fiying

Control Hydraulic SYstern).

--f

i
\



STCRET

tyfr0 A/ttlt{t l/it/tto

i.1

r5

1.5.1

1" 5. l" I

I yfl g i fr fr 0 w

Because of the ia.r-ge po',\'er i:equirclrerts {or control of lie air-

c::aft the hyd;'ar.rlic power rs derived frorn engine drir.en;urnps.

or-re half of each fiving co:rtro1 hycirar:1ic systern being dri-".en

fror:r each engir-re. This arrangernent provides for full c;::iro1

forces at reduced rnax" rate of rnovernent cluri.ng single engine

operation, and thereby permits complere control during :i,e

rnost extrerne asyntrrt€t::ic thrust conditions.

Ti:e airplane has t.*,o fundarnental rr-iodes for control, E::-rer-

gejlc\r h{ooe ana Eiectrrcai Mode

The Electrrcal Mcde utilizes variou.s contril inputs to the

aarnper circuits ti-- operaie the co::rmatid (paral1e1) servcs in the

case of eLevatcr and aileron. Tiiese servos ooerate the surface

actuaicr conir:ol valves ti:rough :-r":echar:1131 liiilar.cc'i'..-

rudCer ls controlted bv turr-:. co-orclinallon sigi:r1s p:'oduced witnin

the rarxper circuits an.j. fed io tr.e iiifferential sei\ro rnc,-::tei on

the rudder* ar t1:a1,,: .

:lhe control i-nputs a'.,'allable are dil'iceo into three grc..tps; piiot

ir;p::is. autor:latic flight inpuls and prlot assist- inp:its For

piiot strck i.rrputs. stick {orce per trC;rr feel:-: Dro',,ideci e:rcept for

special caser such as iar,Cing and t;ke-ofi..r.]rere position;l feel

is pro',,ided

The r:-iechariciaL r::ethod of contrcl fcr ele'"'ator and aileio:r is an

entergency n-rode primarilv for use in the eveat of a failure of

the electrical rnode. This rnode utilizes a conventional cable

--f
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and a rnechani(:a1 linkage systern to conirol the surface actuator

control valves. In this rnode,feel and trirn are provided by

- t positional feel springs. Rudder turn co-ordination is provided

in ernergency rnode through the ernergency darnper.

1.5.2. 1 A mechanicaL rudder systern is incorporated to perrnit the pilot

tI
to make unco-c,rdinated turns. This system is hinge rnornent

lirnited by a feel spring having a spring rate variable with qc in

order to protect structure. This systern also pror,'ides a rnethod

of control in the event of a double yaw darnper failure.

1.5.3 A norrnal darnping systern is provided to give stability augrnent-

-_..4 ation about all three axes. In addition,an ernergency darnping

system is provided whi.ch gives stability autrnentation in yaw

only. This ernergency systern is irrade necessary by the rnar -

ginal stahiiity cf the aircraft Ln yaw" Turn co-ordination is

incorporated into both norrnal and ernergency darnping systerns.

A differential ser\ro is inserted into the linkage for each control

surface. These servos are capable of rnoving the control su:--

faces independenlly of cr:rnrnand inputs. In the aileron and

elevator systerns feed -back fron: tiie differenti.rl servo tc the

slick is prevented by tiie paral1e1 .-:ervos - In the rudder systeirt,

i since no paraliel servo exists, the spring feel unit is utilized to

react differenti.al servo feed-back.

1.5.4 Safety devices are incorporated which will cause the roll or

pitch axis d.arnper to disengage independently if ro11 rate norrnal

SICRET
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acceleration or acceleration in pitch threaten to produce exces-

.i sive loading on the aircraft. If the safety rnargin in yaw is

approached, the cornplete normal darnping systern is disengaged

leaving the aircraft in rnechanical control for pitch and ro11 with

ernergency turn co-ordination a:ld darnping in the yaw axis"
./'

f This arrangernent is used since the yaw case is the rnostcritical

and yaw lirnits rnay possibly be exceeded by pitch or ro11

darnper rnalfunction due to cross coupli.ng effects,

1,5.5 Speed Brakes are provided on the aircraft and are operated ryran-

ual1y by a selector switch which controls two hydraulic jacks. In

the interest of reliability of the Flying Control Systern, the

brakes are powered by the Utility Hydraulic Systern" More

detailed inforrnation on the Speed Brakes is given tn 7Zl 5ys-

terns 19126.

I " 5. 6 Brochure Layout

-^-{r

{
t

l'he flyrng controls are subsequentLy described in greater detail

under the following headings:-

Z" Design Objectives

3. Modes of Control and Auto Stabilize::

4" De+"ailed Description o{ Systern

5. Appendix I Quotes frorn Military Specifications

6. Appendix Z Deviations frorn Military Specifications

7. Appendix 3 Drawing Nurnbers of significant cornponents

4
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Z, D-esign Obj:cti.v-:

z.l

z. 1. I

Z,I.Z

Z" T"3

.7.1.4

Gene ra1

'Io provioe a fu1lr power operated systern for the operation of

the prir:'ralry control surfaces, consisting of elevator, aileron

and rudder.

To provitie a prirnary electrical systern of controlling the sur-

face actuators which will give suitable response and electric

stick Iee1. Such a systenr is to be capable of accepting cornrnand

inputs irorn an electronic fire control systern or other el.:ctronic

Auto Flight Control Systerns.

To provide an additional systern of controlling the surface actu-

ators b-v utiiizing a conventional rneciianical input s.r,stern in aI1

axes and s:,n-rple ai'tificial feel installation, which is to pror.ide

adequate stick forr"e per ur:it stick displacement and stick force

per rrGrr relationship.

To provide that switchov..':- to the ernergency syste;':-r be auto-

rnatic in the event of any failure of the electricai systern which

causes a dangerous build-rp of load factors. Switchins frorn on.:

rnode to ar-:other should not result in sudden change:, in contro"l

forces,

To provide, in the case of the mechanical rudder input syster:t,

a feel. systern which will prevent the pilot- frorn inadvertently

applying large rudder deflections at high equivalent air speeds.

To achieve a very high degree of reliability of the prirnary flying

1l

2. t.5

^f
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control systern by utiiizinE a cornpletely independent, duplicated

hydraulic power systern, and by duplicating the input systern as

outlined tnZ"I. l and 2"L.2 and also 2.L.3"

To provide a control systern which will give fu11 rate operation

at a soaked temperature of 0oF and lirnited performance at -Z0oF.

The systern is to be cap;rb1e of being rapidly warrned up frorn

-65oF to operating ternperature by pilot's input to the control

systern with the purnps running. See Fig" ZB {or graph of tirne

required to warrn-up .

To restrict norninal operating ternperature to a rnaxirnurn of

z50oF, and local hotspots to z75or', by the use of heat exchangers

in the hydraulic ci::cui.ts (ref : 7Z/Systern s 32/25 to perrnit the use of

proven seaLing nleihods and rnaterials in the construction of the

actiiators -

To provide cable systern tension regulation, by the use of rnech-

anical tension regulators, to cornpensate for the ef{ects of tern-

perature changes and structural deflections.

To provide a norrnal Carnpi.ng syste-r:r capable of fulfilling the

stability augrlentatio:: requlrrirnents of the aircraft.

To provi.de an etnergency darrrping systern capable of producing

satisfactory stability augrnentation in yaw which wi1.l eneage

autornatically in the event of norrnai darnping systern failure,

To provide turn co-ordination circuits within both the errrer-

gency and norrnal darnping systerns to rnini.rnize sid.eslip in

rnanoeuvres,

^f-

1{

{
\,

2.1.6

z. 1.7

2.1.8

2.1.9

z. r.l0

2.1. tt
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2.1. lZ To provide for unco-ordinated manoeur.res at option o: pi1ot.

z. r.13 To provide a prirnary flying control systern capable oi super-

irnposing inputs frorn the darnping systern upon cornr:rarr

i.nputs to the control systern.

Z. r.14 To provide a systern whi.ch will produce adequate control duringiy
an asymrnetric flying case, resulting frorn failure of an engine

at any speed or altitude condition within the flight envelope.

Z' I.15 To provide a rnechanical s1'stern of adequate stiffness., free frorn

structural feed-back, and e{fectively rnass balanced, to pre-

clude the possibility r:f spurious signals being transmitted to

o the control valves.

Z" I.16 To provide a systern which will rneet the requirernenrs of:

(a) AIR 7 -4 S:ecification for Protot.,'pe Supersonic Ail-

u,eather Interceptor Aircraft, Type CF- i0S"

tb) CAP 479 Arrcraft Design Requirernents for the Royal

Canadian Air Force.

(c) ARDCM B0-1 Handbook of Instructions for Aircra{t

Desii:-.rrs,

(d) Pr:blications anri sp'ecifications referred to by the above

publications (Ref . Appendix 1)"

Z. Z Elevator Systern

z.z.l ro provide an elevator rnowernent of 30o up and Z0o do'*.n at a

lTlax" rate of 40of sec. and to provide for a rnax. hinge rrlorn-

ent of 60,000 {t.lbs. per surface.

{
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Z. Z. Z To provide the elevator pitt h darnpers rnovement authority

of t6o for any position of the elevator within the lirnits

allow,ed by ful1 travel.

2.3 Aileron System

2.3.I To provide an aileron rnovernent of 19o up and I90 down at a

rnax. rate of 35o/sec at a rnax" hinge rnornent of.25,000 ft.

ii.rs. per surface.

2.3.2 To provide the aileron ro11 darnpers trro/ement authority of

!7 "50 for any position of the aileron within thie lirnits allowed,

by full travel.

2. 4 Rudder Systern

2.4. i To provide rudder rnoverrrent of t30o at a rnax" rate of 40o/sec

at a lxax. hinge rnornent of I5,000 ft. 1bs.

2,4. Z To provide the rudder rrrovernent yaw d.arnper autiiori-tv of t13o,

for any positron of the rr:dder, r,x,'ithin the limits aliowed by

full tra''e1"

2.4.3 To achieve the yaw darnping requirernerit of para. Z 1.2 and

2.1. | 1 by th* use of a duplicated signalling arrd pow'er systern"

with autornatic and irnrnediate rrswitch overtt frorrr t.he norrrral

to the eirrergency s).stern in the event o{ a systern failure.

SfCRET

ffi@-
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3. M,:des of Control

3.1 Electrical Mode

This rnode for controlling the ajrc.raft uses electrlcal inputs

frorn a stick force transducer or an autornatic flight control

systern to the darnper systern fo,;- ccntrolling the aircraft. A

constar.t stick force per riGtf is provrded for control stick

steeri.ng in high speed firght. The selection of undercarriage

down gives stick feel proportional to surface position for low

speed flight such as landing and take-off .

The output from the dar:lper systern to the aircraft control

systern consists of rnovernent of the rnain surface actuator jack

control valves which in turn cause these acfuators to rnove the

surfacei; In the roli and pitch axes the pilot cornrnand is

transrnitted electricall.' to parallel servos, one for each axis,

lvhich servos rnol'e the relevarit control vaive b,y direct rrrechan-

ical linkage A drfferential servo insertecl ::. the linkage acts

ef{ectivelv as an extensible link and can liio.,:ij tl-re conirol valve

(and hence the surfaces) i.n response to aircralt moti.on sensing

devices, independentll' of the pilot ccrrrr:-rands - Any force talk

b;ick {rorn this differential servo is reacted ])y the paral1e1

servo and hence is prevented frorn {eeding back to the stick.

Under norrnal operation the pilot does not cornrnand rudder

nnovernent, the necessary co-ordination with aileron being

effected by a signal produced by aileron deflection which is fed

9
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to a differential servo in tjre ri.,C,_jer system: thus no paral1el

servo is used and rudder differential servo talk back is reacted

by usrng a farrly high vaiue of break out force on the rr:dder

bar. The rudder dif{erential servo also receives dampi.ng

signals from the aircraft motion sensors for stalrility augment-

ation irur"pc:ses.

since an independant emergency yaw damper sysiern is incor-

por".:.ted the rudder bar is only used to int:"oduce intentioral side

slip or when the cornplete damper systern is di.sengaged at the

pilots discretion"

safety devices are incorporated w,hich wilJ. carrse the rol1 or

pitch axes to disengage aut,rmatical-y and i.ndependently rf ro11

rate, normal acceleratlon or accele::ation in pitch threaten to

p:"*duce 11 igl',t condr.ti.l'r:.s.xhich r,r,o;ld prejudice the structural

integrity ot the ari:craft" (tl the safer)- rnargin:n yaw 1s

approached the complete normal dai::ping sy;tem rs automatic -

ally disergaged and the arrc ra.rt i = rn :::.echanical control for

pitch and ro11, u:th emergency electrr ca1 co-ordination and.

darnping on the y..\ ' axes. This arrangei:rent rs uged ;rnce the

yaw case is the most crrircal and yau, limrts may possrbly be

exceeded by pitch or ro11 damper malfuncti"on d"ue to cross

coupling effects). The pilot may disengage the complete normal

damper and engage emergency yaw damper by depresslng a

tl

TO
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button m,ounted on the control column grip" The erfi.e rgency

yaw darnper rnay not be engaged by depresslng this button

unless the normal dai-t'iper is er:.gaged.

Normal F1i ght Configurations$

Pitch Axes (fig Z)

}ror high speed flight the inputs to the pi.tch axes system con-

sist of pilotsr strck force, normal acceleration and pitch rate.

These inputs are sensed by a force sensor, an accelerorneter

and a gyro respectrvely which trans{orrn the physical quantities

they rneasure into voltages. The stick force signal and the

normal acceleration stgnal are added a1 gebraically such that

whrle the stick force signal exceeds the latter signal the paral

1el servo will move in a direction to grve the desired control

surface deflection. When an acceleration is estahlished on the

aircraft s,;ffrc:.ent to provi de a signal of equal rnagnitude arrd

opposite sign to the stick force signal, the parallel servo will

remain stationary at that posrti.on. i{ence the stick force at a

prescribed!'Crt\^'111 be corrstant and aiso tj:e stick forc e F€r'tGt' can

be arran.ged t.; be constant. Trre error i:,etrz''een t.he strck force

srgnal and the rrcrrnal a;celeration signal is also passed to the

di.ffer ential servos, rr'l-i:ch wrl]" move to assrst the prlot comma:rd

thereby producing a rnore rapid initial response. Extrarreous

short period oscillations are also damped out by differential

servo movement.

3.1. i

3" L I. I

/r{
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The pitch rate srgnal has its short period (greater than 4 cps)

components passed to the drfferentral servos. 'lhis prov:.des a

srgnal which antrcrpates norrrlal acceleratrcl: and her:ce causes

a correction which 1s correspondingly rnore advanr:ed rn trrne

to be apr-lied to dampen short period oscillaiions.

The low frequency components are lagged in trme and fed to

the para1le} servo to damp out long period oscillations such as

phugoid motion" The aircraft can be trirnmed into manoeuvres

of frorn -I to t3 incremental G by feeding an electrical signal

in addition to the stick force signal thereby effectively cancel-

ling the desired arnount of riormal acceleratron signal. This

trim signal rs rntroduced by a motorized potentiometer con-

trolled by the prJ..:l-s! sti:k trirn brrtton. As an ad.runct to the

damper systcrn to prevent su.dden large changes in stick force

w'hen the darnper and electrical c*ntrol system is drsengaged,

a spring unrt (Ref 4. 10. 1) u'ith a rnctor driven earthing point

is attached to the nrechanical linkage and the rxotor is driven

in sircir a diraction as to balance the applied steady strck force

by loacing the spring: thus orr Cl=-ehgagerrrent of the parallel

servo the pilot will feel approxirnatell' the same force as

previously at the stick position at ',vhich di.sengage rnent occur -

red. This same spring uni"t becomes the feel unit in ernergency

mechanical rnode. Further devices are lncorporated in the

system which ensure that no stored commands can exist in the

4{'
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damper system prior to engagement sir'' ce such stored

corrlnaands would give sudden control surfaCe and strck move:

ments at the molrient of engagement resulting in stick {orce or

aircraft, r!burnpsri"

For landing and low speed flight with gear down, instead of the

parallel servo rnoving when a signal is fed to it and stopping

when no signal exists, one circr:rt elernent is by-passed, which

results in a given signal producing a gLveli pa.ralle1 servo (and

hence control surface) posrticn: thus on application o{ stick

force the control surfaces will rnove to a certain position and

rerTrain there just as long as the strck force is rnaintained, the

result being a positi.onal fee1.

The normal acceitratron srgnal rs cut out to avoici inputs due to

gror,rnd burnps on landrng. The onLy alteratlon to the damping

part of the systern is to pass all prtch ratr {requencles to the

<hfferential servos slnce it is no longer possible to 1ag the low

{r:e.quency signals and feed them to the parallel servo s'rthout

addrng unwarra.nted cornplrcation to the systern.

The iritch damper wr11 be drsengaged autornatically upon the

build-up of co::dition: about the pitch or the yaw axis u'hich

woutd tend to take the airplane beyond it's strLictural iirnits"

/r{
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3.1. i. Z Roll Axis: (l-ig 3)

For high spe-,€d flrght the inpurs to the. :ro11 darnpe:- cornprise

stick force and roll rate. These inputs are measured bv a

fcr:ce sensor and a gyro respectively. The long period of the

error betr*'een the stick force signai and the roLl rate signal is

p;,issed to the parallel servo causlng it to react such that the

controi surface moves to the comn:anded posltr.on" The whole

content of the above rrrentioned error signal is passed to the

differential servos which rnove to darnp out short perrod oscil-

lations causing ro11. The effect of feedrng the long period

portion of this signal to the d:.fferential servos is to improve

the response of the systern to cornrnand i:iputs. Stick force per

rate of rcr1l i.s produced sirnilarly to the stick force per "G,,in

the elevator systern. Again by thrs systern the cr:ntr:cl sr:.rface

,'oti.*ri 1sfir_:iled lcr darnprng is nct trarrsrni.tted to the strck.

There is nr.r autornatl,: egualizatron of strck force in eie,:trica.i

and mechan:.cal rnode as in r.he prtrh ax1 s. A s:mrlar auxili-

ary systern as is u..ed in pitch to prevert cornrnand :torage

and consrquent engagen-rent bumps rs de:ign*ri rntr: the ::oLl.

axis s.vstem as is a}-.o a" dlsengage swrtch to di.sengage the

roli axis darnper if the rate of ro11 becomes exces.iive. Drs

engagement also occurs if the ya.w axis limiter parame!ers

are exceeded. Trim is achieved by the sarne means a-s rn

pitch. Positional feel in ro11 for low speed is produced by the

/){
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same me;rns as in pitch. A redr:ctron of trim drag at high

altrtudes is ae hieved by a symmetrical up deflection of the

ailer-ons (Ref.para" 4.9"2). This deflectron is controlled through

a pressure sen;itive switch.

Yaw Axis (rrg 3)

For high speed flrght the inputs to the yaw damper ar€ yaw rate

for darnping, lateral acceleratron to prevent unintentional side-

slip, aileron position which is rt luired during rolling puii out

conditions due to cross coupling ef{ects w'hich tend to produce

a high angle of srdeslip.

Yaw rate and aileron position are bi -passed to ttre differential

servo which can, therefore darnp oscillations and coordinate

the rudder for ter-r- porary or fluctuatrr:g aileron rrrovernents,

but a steady arlerc.rn drsplacernent for trim will be frltered out

and cause no cor:espolrding rudder r{eflection" Simrl.rrly a

steady yaw rate during a turn wil.l be friiered out and no rudder

deflection will *;- cur " I-ateral accelerati.on and the con:bined

pitch rate tirnes arlr:ron posrtron signals are passeri di:'e:tly

to the differential 5ervo since damping I,:r these is req'rred et

all freq,-iencies. A lrmj.ter r.s incorpor-ated u'hich drsengages

normal darnping on the yaw axi.s if the maxinrum perrnissii:1e

lateral accelerat:.on is exceeded or if a sideslip greate r than

l0o exists. Sideslipis sensed by a vane on the arrcraft nose

boorn.

i5
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The yaw axis is str.il co-ordrnated'wrth the ro11 axls i.n low speed

fl:ght but rt is necr:sary to allow the pilot to produce intention

a1 side-s1ip conditions " To thrs end the laieral acceleration

signal is partially bi-passed which rrl€Brrs that tlre rudder

deflection due to low frequency signals, and in parti.cular

steady srgnals, is reduced and therefore the pilot can cornmand

such steady state side -slrp conditic,ns rnore easily by ustng his

rudder bar and direct linkage to the actuator control va1ve.

ScheduLing and Comrnand Lirnrting

Since the required rudder co-ordination angle and also elevator

angle p€r tt6,', etc. rx'rII vary with rnach number and altitude the

effect of the various inputs rnust be var"ied for different flight

conditrons. Thrs i.s done in rnost cases by varying the gains on

the inputs as a function of iie cornpressible dynarnrc pressure.

Alsu to assist in the roiling pdl cut case, the r;iiot cornmand

signal to the aiierons is reduced if a lateral acceleration exists

on the aircraft" As an added p.recau:t.ron the pilots' force trans-

ducer:s are fitted rr,rih stops sc that they can::ot produce a

signal'which u,il1 ccrnmand a value of "G" which erceeds the

structural integrity of the aircraft no matter how rnuch force

is applied t<; the stick.

Arr autoi:iatic flight control system (af CS), is provided lx,'hrch

produces various signals which can be substrtuted for strck

force signals to the damper. This system consists of Mach

3.1.1.4

3.1. z

I6



4t,90 1/itEttI 1/M/rt0

SECRET

w3,*

/rf

Ailfr0.4fifi0w

Hold. Altit-ude Hold, or Artrtride and I-leadrng IIold as prlor

assist functiols as wei.. as se vera.L pilot replacement fu:rr:trons

such as attack Navigation, such filrritj.ons can br: ur,ed to a:.rto -

matically guide ihe arrcraft on an erectronica.ltry conrputed.

attack course.

Froviding .o further selection is made, heading and attiiude

hold take ef{ect at time the stick is released when AFCS is

enga.ged. Two swrtches are provided for the pilot asrde the

AFCS engage switch. with one,either altitude or mach hold.

can be selected to replace attitude hold and with the other

either navigation or attack can be selected (replacing attrt*d.e

and heading hold). Headrng may be adjusted by control stick

steering during either aitrtude or rnach hol d.

Ir: order ihat thr prlor rnay override sL:ch automarrc control ,a

theswitch Ls lncorporatcd in ti:e stick grrp which srvitches out

AFCS signal when operaterl by the pilot Also a stick forcr

operated switch is irrc orporated which wher open (r-e nc rorce

on) strcku'il:- cause the stick force tralancing spring to be ieft rn

such a position es to return the strck to a posrtion, correspi,rrd.

rngto llZ"6"incrernental acceleration in the event of aul.omatic

damper disengagernent. This ensures that the aircraft will not

be left trimrned into a high.Grmaneouvre with the pilotsr hands

off the stick. This switch also transfers control to the strck

L7



I f't 0 t I M I A f r 1 /,tt / tt C

SECRTT

M

,r

3.2

3.2.r

A yfr 0 f fr g 0 w

when the AFCS attLtude hold functrons are tn operation"

The Emergency Mode

In the emex!.ency mode the elevator and aileron control valves

are operated by a cable a::d mechanrcal linkage system which

is terrninated by the control column. Artrficial feel and trim

are p:'ovided by means of positional feel sprrngs and by a turn-

co-ordinatron ,:rrcuit. il the ernergency damper" The rrrechan-

ical connection between the rudder pedals and the rudder

control valve is used only to produce intentional side-s1ip or as

a I'Last-Ditchrimethod of controlling the rudder in the event of

a cornplete failure o{ both the norrnal and the emergency

darnper. A system for deflecting the aileron as in 3" l.I. z is

also provided.

Emergenc'v- damping is pror.ided in yaw only and is a compiete

duplicate o{ the normal systern with the exceptr.c,n that the

rolling pu]1-out signal is not incl.uded since this circurt is r:ct

fr-r1ly effective when the roli damper is not functionrng. Thi,;

dupl:.cation of compo:r.ents rs taken as far as the di{{erential

servo electro hydraulrc valve and electrical srgnal feed back

generator. The differential servo cy1rnder and piston are

duplicated as welL and a duplicate hydraulrc supply system rs

used. The emergency yaw system electrical supply is taken

from the electrical supply system emergency bus whereas the

r,or..r"1 damper is supplied frorn the normal bus. The

/t
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Mechanicai System is Descrrbed in 3.2"2.

3.2.2 The Mechanical Syst':m

Identical tension regrrlator quadrants for each control run"

situated ulder the cockpit 1loor, are driven by control col urnn

and rridder pedal inovernent and convey this movernent by cable

to an elevator quadrant and aileron quadrant situated in the

aft fuselage below the wing, and to a rudder quadrant situated

in the fin"

3.2.2. I The position for the rntroduction of the elevator and aileron

cornmand (parallel) servos into the mechanical systern is at the

aft fuselage quadrants as rnent:ioned in para. 4.9"

3,z.z"z rhe rear elevator quadrant is connected by push rods to the

bel1 cranks at the elevator jack pivot points. The other arm

of each be1l crank, which is rnside the wing, ls connected to

the cent:* of iii,- maj.n lever of the elevator jack fo1low.,rp

mechanism u,hich operates the valve controlling the jack itself

as described in section 3 " Z" Z " 5.

').2. Z.3 The rear aileron quadrant is connected, by pusl-r rods to

the inner wlng tension reg,.iator quadrant 1*.;ers. Move-

ment is then con',eyed frcm this quadrant by cabies,

along the rear face of the rear spar and close to the

neutral axis, to the quadrant at the aileron jack pivot

point. This quadrant is connected by push rod to the

centre of the main lever of the aileron jack fol1ow-up

I9
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mechanism which or,erates the valve controliing the jack

its el f.

The rudder quadrant in the fin rs connected by push rod to a

bell crank at the rudder 3ack prvot point" The other arm of th*

bell crank is connected by push rod to the centre of the main

lever of the rudder jack follow-up r-nechanism which operates

the valve controlling the jack itself.

The foilow--{rp mechanism is sirnrlar for elevaior, aile-ron and

rudder jacks. Prir:nary rrrovernent of the mai.n Iever is effected

by movernent of the pr:sh rods connected at rts centre as des-

crrbed in prevrous paragraphs" The rnain lever pivots about

an inboard extensron of the'iack prston rod so that actuatron of

the jack induces the follow-up motion. The other end of the

maln l.ever i.s connected by push rod to the valve operating

lever whicir pivots about an end fitting or the di fferentral servo

p:ston rl,i anri is connecteo at rts other end to the end of the

valve spool. Prir::ary mov€m.ent of the main ier,er therefore

effecis rylovernent of the vaive operatrng lever and so dispiaces

the va: ,. e spooI. The jack rs drsplaced accordingly until the

fo11ow-iip process inci,rced by seconciary rnovement of the r:rain

fo1low- up lever closes the valve agaln at the required r:ont:"o1

surface deflectron. By pivoting the valve -operatrng lever on

the end of the drfferential servo piston rod, the valve po.rrron

may be rnodified by differential movement of the valve operating

)A
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lever resulting from damprng servo movements during the

electrical rnodes to achieve the required artificral damping.

3.2.2,6 Disptacernent of the jack is conveyed frorn the outboarl end o{

the piston rod by a be1l crank and push rod system described

in section 4" 17 to ti:e control surfaces-

3.2.2.7 Artificial feel for the ernergency mode is built into each system

by the use of spring-loaded feel uni.ts. The aiieron unit is

situated at the quadrart under the cockpit floor, the elevator

unit is at the rear quadrant, and the rudder unit is at

the quadrant in the fin" The ruCder guadrant feel unit also

supplies hinge moment lirnitation. The elevator unit also

performs an auto trirn function during electric stick operation.

The artifrcial feel unrts are described in sectron 4 I0.

SECREI
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4.1 J:;!:*l:g: {See7Z/Systems 32iZ5 "Drscription of Flying Control

H'.-draulic System't)

4. I. i Ilessglej_?Id*19ryp.".3j3ffi

Norrnal Operating Pressure - 4, C00 p. s. r.

tf
Proof Pressu re

Burstrng Pressure

- 6,000 p. s. i.

= 10,000 p.s.i"

t

Normal Systern Retur:n Pressure = 90 p. s" i.

Max. Operating Temperature - Z?5oF

Min. Operating Temperature = --65oF

4.L.2 The system consists of two pumps per englne,with one pump

frorn each,providing fluid.under pressure for the "Ail sr-stem

and the other pump supplyrng the 'rB!' systern.

4. l. 3 The i,ydra.r,:iic control s urface actuators are of the tandem

idual prston ard cyiinder) type, each piston being driven by a

c ornpletely independent s1'stern.

4.1.4 In the event of a single er-igine failure the pressure o{ each

system is rr-',i', intained at 1'ralf fiow capac.ity rvhich is adequate

for a limited capability n*t inv*i.,ing maxrmum rate of nlove-

rnent of control sur{aces.

4.1,5 In the event of the loss of a single hydraulic system rnaxi.mum

rates of control surface rnoverrrent are obtainable but u'ith

reduced hrnge rnoment.

Under this condition the aircraft is lirnited by reduced

ZZ
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avariable ICrr throughoul rnost of the flrght envelope'

4,1.6 The double differential servo unit whrch actuates the rudder

jack valve consists of two integral unrts. one of which is

supplied hy the "B't hydrauLic system for norrnal operation,

and the other by the trArt systern for errlergency operatron.

Sirnilarly the electrical and electronrc signalling network is

duplicated because of the vital rlati"rre of the yaw axis damp-

irg.

4.1.7 The elevator and aileron differentral servo units, which actuate

the jack valves for darnping purposes, are supplied by the r'f,'t

hydraulic sYstem on1Y.

4, l.8 The comrnand (para1lel) servos, which actua.te the jack val';es

on receipt oI signals frorn the eieclrical rnode circuits are

s upplied -by t}:* 'rBir hydrauf ic systern ot1y.

4.1.9 The system is desigr-ed for full rate operation at a soaked

ternperature of 0oF, and \i,rll grve )imrted capability at -ZOoF"

The systr:n-l may be warrned rrp to these oprrating condrtrons bv

rtan,.ial rrro...errre nts of the c,,.tr,kpit flf ing controls during engine

r unnlng r,r'ithin t he tir::e s r l:ri:wn 'n f ig ure 2 8.

4.2 Control Column (fig Z)i.\
the conventional stick type, and operates the tension regulator

quadrants under the cockpit floor through a lever systern. A

stick force transducer is rnounted in the grip.

lrg

4.2. I The control column, whrch is located at station 155.26' is of

z3

{
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Max. strck travel at grip for elevator movement = 10. 99 rns.

Max. stick travel at grip for arleron rnovement = $. 95 ins.

Pilot limit load at grip for elevator movement - 2,30 lbs.

Pilot limit load at gnp for aileron rrrovement - 100 lbs.

Emergency rnode trirn control for aileron and elevator is by

means of a thumb button control crn the grip, which changes the

earth:ng point of the feel -*::ring by means of an electrical

actuator.

Rudder Pedals (frg 8)

The rudder pedais are suspended frorn an overhead hrnge pr:int

at station: L34.Z5 and are connectedby push rods to the rudder

bar which pivots about a torque tube passing through the cock.=

pit f1oor. The torque tube is connected at its other end to the

rudde r tension re gulator qu.adrant.

Trirn control far rudCer is by a sw'rtch mc'unted in the cockpit.

Total Rudder Peda. Travel = 6.31 ins for nerrtral adjustrneni"

Pilot Lrn:rit I.,.:ad = 30C i-irs.

-I=1q:,.1"-e$:!q.' gl9sl g::r-i :! rl.,--q. *.{f ,s: t? +:1 :)

The cable i;nsicn regulators osgt; ii::: each control axis cable

system in their ::un aft to the iear fr"r=e1age quadrants and fin

quadrant, are identical, and are locnted u:rder the coc,:,lprt

floor as shown in Figs I and 9" For information on the cable

run aft from the tension regulators see section 4.8.

Tension Regulator Diameter (to cable centres) = L2.0 ins.

4.3

4.3. I

4.3. Z

+. j.5

4"4

4.4. I

4.4. Z

24
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*. Lt" )" i

4"4"4

Range of compensation

Rig load variation for full range

Ayfr0 Alt*0w

, Z: ins per cable

of cornpensatron

The Eievator Tension

= 351bs. rnin.
6O tUs. max.

Regulator Quadrant (Fig 19)

This is supported on a horizontal axis at station 168.25 and

drsplaced I6 rns. to the 4.. H. side of the arrcraft centre line.

The quadrant is slrpported by rnoulting brackets secured by

bolts to two short fore and aft l:earns u.nder the cockpit floor and

is mourrted on a torque tube I4 3i4" below the fuselage datum.

The quadrant is driven by a 3.50 inch lever mounted on the

inboard end of the torque tube and connected by push rod to

an B.35" crank on the control coJurnn"

A Bob-Werght whrch rs al s o s upported frorn this to."que tube

produces 43.5lb tn/G ab.;i.t it.

Angrrlar I:.lGven:er:t *f clr. vatcr u1::.adrant. = 60o total

Total cable mover-nen! = 5" 283 ins"

'Ihe Aileron Tension Regulai.or Cluad;-a rt (Fig l9)

This i"s srjpported on a vertical axis, sitrr;rted at stati*n 158"7?"

4. 25 inch to the leit of tlne A/C q:;:rtre-1ire and lA 3/4 tns.

betrow the ,rircraft daturn, by a rnounting built integrally with

the control colurnn rnounting structure.

The quadrant is supported at the lower end of a torque shaft

which passes through the cockpit floor. The upper end of the

z5
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torque shaft carries a 3" 67 inch lever which is connected by a

short push rod to the control colurn::.

A 3" 67 inch radius lever attached to the same shaft car:.ies the

aileron spring -l*:el unit and i.s located below the aircraft datum"

The aileron spring feel unit is described in section 4. Lo.z

Angular movement of ail err:n quadrant = + 23o-39,

Total cable movement = t 4" 953 ins.

I

4.4.4. I

4.4.5

4.4. 6

This is a horizontal quadr.ant situate d

supported on the rudder pedestal 9.75

datu::r.

Angular movement rrf quadrant

Tota1 cable movernent

at station 126.6 and

ins. below the fuselage

= 1 Z0o

= + 4" 189 rns.

4"

4.

5

5. I

*i*:::T::::": -

Tire tens:.on regulator rn the aile ron w-1nB cable r un (see

srction 4.8"7) rs s:-tuated at station 692. 79 and I4.50 rns. out.

l:oard of air r : aft centre line. 'ihe quadrant transfers a total

ca'i;Ie movernent of i.26 tns. frorir the rear" fuselage system to

the wing cables b.. means of ,: shaft passing through the bottor-n

surface of the wing. The lowc: erd of the shaft is connected

by a lever and push rod to the rear fuselage quadrant.

Tension regulator diarneter = 5.65 ins.

Range of cornpensation = l. 28 ins.

4.5. Z

26
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Rig load varlatron for fulL ra"nge

A9frO AfrfrBW

= 35 lbs . lTrln.
50 lbs. max.

4 , 6 Eob l{eight (rig " 9)

The purpose of the bob=weight rnentioned in 4"4"3 rs to supple-

rnent the feel sprtngs to provide sorne natural feel proportional

to rrcrr in the p:.tching p1ane. The effect, of arrcraft nolrnal

at:celeration on it, is to produce an opposing force at the stick

grip which is added to the positional feel of the spring systern"

The force Produced at the stick for neutral strck position 1s

4.25 lb/G and is the surn of the bob..v"'eight force and the force

due to unbalance of the stick. A balancing spring rs provrded,

such that the bob--weight *.r11 not be felt by the pilot in a level

f1i 4ht conditior:, 
"

+.t Stick Force Traasducer (Fig.29)

The elevator and ."l1eron sti.ck force transducer conslsts of a

housrng w-hi ch coltains the drfferential t-ransforrner type trans -

ducers and sr,rzitches- a stick grip which is attached to the hous-

ing by means of a stiff sprirrg- a-nd a transrstor arnptif;er. The

housing is ri.gtdly attai:hed tc, the iop end of the r,: ontro] coluron.

The tran sistor :r:eplifier is rr:ou:tted tn the cockpit.

Pilot input forces to the stick grip for both axes are translated.

into electrical signals for transrnission via the transistor

amplifier to the dar:.'per sy stem 
"

1r
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The transducer unit i"nclrides swrtches which

ing of AFCS signals to the damper system at

applied to the stick grip is less than apprax.

axis "

Ayfr0 tfrfr0w

permit the pass -

time s tvhen the f o rc e

Ilb. for either

'tf

4.8

4.8. 1

Adjustable Mechanical stops are also provideri in the unrt iri

order to lirnit its output and therefore rts command authority.

Cable Systern (Figs 1, 4, 9, 5, and 6)

The r:tain cai,,"l e run connects the terrs,iln regulator quadrants

rrnder the cochpit floor (see section 4. 4) with the elevator and

ailerr:n quadrants in the rear fuselage (see ,urction 4. 9) and

with the rudder quadrant and rtfeel" system in the fin. {see

section 4, 10.3). There is also a cal-,1e run in the wing, trans-

ferring rnovemeni j'rorn the rear fuselage aiieron quadrant by

'r/ay of a terlsion ,r','gn1 aicr in ihe wrng (see section 4,5) out to

the aile r or: jac k quadrant.

A11 cables ar e I /8 :,. dia. to spec " MIL -C - 15I1. Ther. are

alurninurn clad to " -:0i" dia. over as great a length as possible

in or"der to redr"rce e1a*ctic stretch, a.nd to increase their over-

aii coef.irclent oi expalsion tc a v iue rnore near"iy that of the

airframe structu:'e.

TLi: {o1lowing table giwes the approxirnale percentage of bare

and clad cables to total length together with apprcrximate cable

rnovements "

4.8. Z

{t

Z8

4.8.3

--\ r
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4"8.4 Al1 cable end fittings are swaged ball ends which fit into

sockets at the end o{ the cable groove on the quadrants. The

ball ends are iocked in the sockets by means of cotter prr:s

i'itte d to the 
'-; 

r'r '- -i:let s "

4" 8.5 Adjustment r:f all cables is provided for by the .ise of turn-

buckles which, rn the c:se of the rnai.n cable runs, are located

in the arrnament bay area between station Zci5 and sr;,tion 485"

i minir:rum of If4 inch lr,rgitudinal clearance is prr, ided

t,etv;een t:irnbuckle ends 
"

4.8.6 The main cable run is carried between quadrants by a total

Z9

Cable
Total

Length
Ins.

{o Totai Lengrh

T otal
Cable

Movement
Ins.

Total
Tensron

Regrrlator
Compensaoron

Ins

Bare
Aluminum

Clad

Elevator

Aile r on
/fl r \
(-r uselage,

Ail e ron
(wing)

R udde r

Ove raII

1047.

1 08r

828" 24 tz)

1301.2

4Z5B. 94

z4 0

rg

Z3

l6

ZA

0

0

5

76 0

81.0

77.0

83. 5

BO

6 ZB3

95

?6

IB9

3

4

2.5

2.5

t.z8

2"5

of. 32 pulleys and these .rre distributed as follows:
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Station

No. of Pulleys & Locaiions Frorn C. L. Aircrait
Elevi:to r Aile r on Rudder

L. H. R. H. L, H. R. H. L- H" R, H.

I 87.

l 87.
i 88.
I 89.
r 94.
zz8.
283"
487
507 

"

512.
5 83.
620.
629.

3

8

5

9
I
5

3

1

I
)
)

-)

I

L

I

)
7

7

7

i

I

I
i
I
I

l

I

I
I
1

1

1

The rnain cable run aft from the front fuselage tension regu*

lator quadrants 1s as folLows: _

From the tensron regulator quadrants to stations zzB the cables

rr-rn close under the cockp:.1 floar. Rrsirrg between station zzg

and 283 they then r,,::, clcse under the armar.ent bay roof to

sta"tion 487. Rising;:gdin betwee* station 485 a'd 512 they run

aft ciose uncie r the lower wing s.rr{ace. The rurlder cables

ch.'.nge djrec:.,on at station 583 ani:un up jnr--, t.-,e iin through

* i". dia tut;,:'s to the ruulder feer un,t.rnd hinge moment li:nrt-

ation quaarant" The elevator and aileron cables contrnue on

under the lower wing surface to attach to the rear {uselage

quadr ants 
"

{
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4"8.7 The l,Ying Cable Run

The wing cable run t,etwecn the wlng tensron regulator and

aileron jack qu -.drant is carried by 4 pulleys positroned along

the aft face of the rear spar of each wing" They are distributed

spanwise as follcws:

I pu11ey centred 1.35" inboard of r.E. Rib #1 intersection with

rear spar datum

I p,rlley centreci 1.50r' inboard of T, E. Rib #5 intersectron wi.th

rear spar datum

I puliey centred 1.40" inboard of T" E. Rib #5A intersection

with rear spar daturn

I puIley centred z.z0* inboard of T.E" Rib #6 intersection

with rear spar daturn

4.9 Rear l::_"lgg9_qEdrants (rigs 4 and 5)

The rear fu: *1age quadrants {,-ansfer elevator anel aileron

cab] e movement from the main run in the fuselage (see

sectron 4. E) out to 11 ,:: co:rtro1 surface actuator systems in

the wing 
"

4. e . I ]-le r*-:*!_o_= 3:9. {q1*:e_:*e_{::"!i . Lfie _LQ

is supported on a hoiizontal torque tube at station 675.75,19.r8

ins. above airr:.raft datu;-,,"

A push rod connects the qiiadrant with the R.H. e-r evator jack

pivot point bell-crank.

,r(
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A srmilar push rod connects the L. H" elevator jack pivot pornt

beIl-crank with a lever on the opposite end ofthe torque shaft"

This quadrant is the position at wh,,:h both the elevator

cornmand (para}Iel) servo (see 4" I l. z) and the elevator feel

unit (see 4" 10.1) are introduced to the elevator system.

The total angrilar movement of the quadrant is 50o and with a

diameter of 10.0 ins. (cable centre). rriis caters {or a total

cable rrrovernent of 6.283 ins" less cable stretch.

4.9.2

This is :ituated on the centre li.ne at station 683. 14 close und.er
t 

the bottorn surface of the v"'ing and rnounted in a horizontal

position.

This quadrant is the position at which the aileron comrna::d.

(pa:'alle1 servo) rs attached (see 4" I I. 3).

Push rods l-,etween levers connect the quadrant with the aileron

tension requlators in the, rving.

An electricail.,,ach.iated adjLi:,1:l:le link, r. ontroll.cd by an

altit.ilie sen: .trve ;witch, autornatic:11y va;:ies tl:e angle betv e en

the quadrant levers. At high aititudes, this results in a 40 up

rnovement of the ailerons (uotrr in the sarne direction). This

feature was i.ncorporated to provide an improvement in high

altitude manoeuverability of the aircraft.

SECRET
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The total angular .',ovement of the quadrant rs 50o and wrth a

diameter of 8.9 ins" (cabre ceatres) this caters for a total

cable movenlent of.4.95 ins. Jess cable stretch"

4. I0 Feel and Trirn Uni-.ts (Figs 
-4 and 5)

The feel units of the elevator, arleron and rud.d.er systerns are

essentialtry positional springs of a surtable spring constant

earthed to the fixed structure through an electrical trimming

devrce. In,,,,ldition, the rud<1er systerr. emiiloys a rnechanical

system to vary the bungee effect:.ve spring constant wrth q. i,

order to restrict the pilot's input to the rudder actuator as a

function of the corrrpres sible dynarnrc pressure.

For elevator and aileron the trim section is an electric actu-

ator and brake operat:r ng through a gear trarn,

In the e'..'erErxcy rnode the pilot controls t.he a:.1err-rn and

elevator trirc actuators Dy means of the thumb button on the

control coi,-rr:rn"

.t. 10.

The rr.:dder r.rnrt is crr'.irolled by a s.v,tch in the cockpit.

,|}:"?=i9" Ts.r.i_31d TI1!2ll'li*_(F1€ 3 r)

This unit is co,nected to the rear {rrselage elevator quadrar:it"

The unit is earthed to structure by har.ing its fixed end attached

to the bottom end of a lever suspended frorn the bottom skin of

the wing"

)v
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The lever is rigrdly attached to structure through an elec-

trically ope rated emergency relea se ,,,echanism which malr be

released by a rnan'ral su'itch 'n the pilots cornpartn:ent.

Release of the mechrnisrn allows the lever to pivot freely about

the top end, and will arlow the system to operate through its

fu1l range rf the feel/trirn unit is jamrned or _csiz,sd. or runs

away.

A ba.11 detent clr-itch is provi.ded rntegral wrth the feel trrm unit

so that a force of approx" 55 1b. at the coi:trol column will

sirpport it agarnst a runaway trim nrotor but which will support

a 150 lb. Ioad rf the motor is inoperative. The unit has been

positioned as near to the elevator actuator control valves as is

practical in order to mrnimise the ef{ect of cable elasticity

anc backlash on r,',,!tem response rvhen operated on the mecha..

nical mode . Expe: :ience on irrlly pclwe red erevator systerr;s

has indicated tl:iat th:s type of arrangement is desirable" The

elevator feel spring is the positrve break -o,rt rtick ; orce tvpe

adjustablt fror::r 0 1b to Z. 5 ;b.

The trii'n range forrn,a.rd is 33Va of {url :...rwarr,l stlca ::ro.,,ement

and trie trim range aft is 601o of full afr stick inovement.

For trirn forces under non accelerated flight see the graph in

the system 1c.ads colr-1y11n of Fig 4. l.

f
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In e*rergency mode the unrt is pureiy a feel and trrm device,

however with electric stick it performs an auto-trrm function.

To accomplish thrs f'.rnction it rs controricd by a differential

pressure switch in the parallel servo 1n such a r'ay that it
assumes the loads in the system rnrtially reacted by the paral-

le1 servo.

5EC REI

M

,{

This is done to pr"event a sudden In.reasing,,bump,,forc,.at

the stick rf the paral-e1 servo disengages" A curve rs shown

on Fig 1Z indicating the characterrstrcs of this auto-trim

function" The trim range forward ts 3310 of full {orward stick

movement and the trlm range aft r.s 60Io of fd1 aft strck move_

ment"

For trim forces under non accelerated flight see the graoh in

the ,lysterr: loads column on Frg 4A.

4. 1C Z T he Aileron Feel and Trim Unrt (fig ZZ)

Thi. rs connecte. to I i arleron :enslon regular r quac:.,int

undr: i the cockpii fi,:r;:- arrd. is e a:;.hed to the bu,khead at_

sta . on i 7{: (see Fig 9)

The ail erorr {eel spring unit rs of the posrttve bre:rk_out type,

with a break*out stick force adjustable from 01b to 5lb. The

trrm range is 40Yo of stick movement. symmetrrcar about the

centre,
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For trim forces see the graph in the systern loads column on

Fig 5A.

4. i0.3 Rudd.er FeeI and Trirn Unit and Hinge Mornent Limitation

Systern (Fig 14)

4. i0.3.1 The rudder feel and trim unit and hinge rnornent limitation

systern is installed in the rudder control systern close

to the rudder jack between fin ribs s4 and f5 and spars

$? an<1 f I0. At this position, the rnain rudder cable run

(see section 4.8. I) transfers rnovernent to the rudder jack

valve linkage by rneans of a push rod connection between

a cable quadrant and the be11 crank lever at the jack

pivot point. The rudder systern feel and hinge rnornent

lirnitation is achieved by rneans of the rnechanisrn shown

in Fig i4, i}:.e pciwer for driving the rnechanisrn being

suppliedbyanelectricactuatoractingonsignalspro-

portionaltoQc.Trirnisobtainedbyrneansofanelectrical

actuator rnounted on the cable quadrant. The actuator

displaces the earthing point of the lower feel unit, up to

z0o in either direction, as requirerl changing the geornetry

.ofthefeelsysternandthusunloadingthecontrols,

4.I0.3.2 This diarneter of the quad"rant to cable centres is 5.5 ins',

and this caters for a total cable rnovernent of. 4.189 ins. less

cable stretch at an angular rnovernent of t30o

\
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4. r0.3.3 The reason for placing the feel and hinge rnornent lirnjtation

systern as close to the rudder jack valve as is practicable,

is to ensure full movernent of the rudder over the very sma11

range available when the systern is subjected to max.

hinge rnornent lirnitation conditions'

Under these conditions displacement of the control system

is limited, but deflection lrray be a rnaxirnurn'

Deflection in the part of the system between the feel unit and

rudder jack valve i.s reduced to a rninirnurn by positioning

these iterns close together, while the high deflection between

the feel unit and rudd.er pedals is catered for by unrestric-

ted rudder pedal rnovernent.

(

4

Curves of

tei q. are

maxirnum

rudder deftectron vs. pedai force with relation

s?iown in Figs 26 aod Z7 " A curve showing

available trirn vs. 9s is presented in Fig Z7 'l'

4. 1r

4. 11. 1

Para11el Servos (Figs 4 and 5)

General

The para1lel servo is an electro-hydraulic actuator r*'hich

perforrns the function of rnoving the aircraft controls upon

command frorn the stick force systern or the A" F. C. S.

It consists of an hydraulic rarn with force lirniting over-power

r
t\\
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valves, and electric torque motor type control valve, a

solenoid operated two stage engage valve which auto-

rnatically dis-engages servo in event of electrical or

hydraulic supply failure or shut down, a small drffer-

ential pressure senslng ram which actuates an incorporated

sensing device and operates whether servo is engaged or

disengaged, and a differential transformer type feed back

which senses servo rarr] position.

The parallel servos are powered by the 'rBt' hydraulic

systern and control the rnain elevator and aileron control

valves through the mechanrcal control linkage in paralle1

with the pilotsr mechanical system. They may be over-

powered by the application of a predetermined force on

the ct:ntrol stick. Thel' can a} so be disengaged auto-

matically or rnanually by electrically de-energizing the

solenoids.

The Elevator Paraile1 Se:vo (Fig 36)

This is attached by its piston rod to the bottom part of the

rear fuselage elevator quadrant. The pivot point is mounted

forward o{ the quadrant on a bracket supported frorn the

lower wing surface.

The servo is force limited to I75 lbs, and at an arrn of

ins. exerts a rrlax. rnornent of 525 1bs. ins. on the

,{

4. 1t.7.

t
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quadrant which may be overpowered by 53.5 lbs- at the

stick grip. The servo is unloaded by the elevator feel

spring.

The Aileron Parallel Servo (tr.ig l0)4.11.3

,{'
This is attached by its piston rod to a lever on the rear

fuselage aileron quadrant. The pivot point is rnounted

aft of the quadrant on the fuselage support yokes at staticn

679. 39. The servo is force lirnited to 90 lbs. and at an

arrn of 3 ins. exerts a max. hinge mornent of 270 1bs.

ins. on the quadrant, which rnay be overPowered by 30

}bs" applied at the stick griP"

4.lZ Differential Servos (Figs 4 and 5)

The differential servo is a high response electrn-hydraulic

a.ctr-rarteir v;hich perforrns the function of differentially actu-

ating the rnain control valve to apply artificial damping

control. It consists of an hydraulic rarn with device to

self centre servo in event of failure or shut dos'n of

electricai or hydraulic supply, an electric torque motor

tlpe control va1ve, a solenoid operated two stage engage

valve which autornatically dis-engages in event of failure

or shut down of electrical or hydraulic supply and a

differential transforrner type feed back which senses servo

rarn position.

39



SECRET

tu*
3if-i9&*
#:t#*;B'+*ffi[ffiffi

AYEO AfrPOWA yfr 0 t,t, t /? 4 /.t l / Jr.! / rf,

In the case of the elevator and aileron installations the units

receive hydraulic power from the rrBrr hydraulic system through

internal connections to the rnain control valve on which they

are mounted directly.

Because of the critical nature of the rudder system its servo

valve is a duplicated unit receiving hydraulic power from both

the rrArI and rrBrt hydraulic systerns by similar internal connec-

tions to the rnain rudder control va1ve. In the non-duplicated

elevator and aileron units provision is rnade for spring self

centering on shut-down of the servo electrical or hydraulic

supply. The rudder unit self centers srrnilarly if both normal

and ernergency systerns fail . These units (for elevator and

aileron) are identical, having an ar.ltput force of 300 lbs. and

a str""rke ,:f tii. 3?5 ins.

The standby electricai system is continuously in operatron and

on failure of either the normal electrrcal or hydraulic Power

source the solenoid by-pass vaive adrnits flurd to the statrd-by

side and by-passes the noi"mal side.

The rudder servo has a 300 lb" rriinimum output force anda stroke

of t .05 ins.

Actualor Valves (Figs 11, 13 and I5)

The actuator vaLves are of the double tandem type employing a

comrnon spool and two separate sets of pressure and return

40
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ports, one set each for the rrAtt and rrBrt hydraulic systems.

They are mounted directly on the actuators with internally

connected hydraulic systerns between valve and actuator and

provision is made for internal hydraulic connection between

thern, and the differer^tial servos which are mounted directly

to them as outlined in 4" 12.

Interchangeability is provided between valves and actuators and

valves and differential servos of sirnilar type"

Control of the actuator valves is effected through the follow up

rnechanisms as described in 3.2.2.5.

Valve travels are as follows:

Elevator spool travel t 0" lZ5 lns.

Aileron spool trav*i t " 07 ins.

Rudder spool travel + .05 ins.

4.14 Control Surface Actuators (Figs 4, 5 and 5)

4.14.1 General

The hydraulic control surface actirators are of the tandem dual

piston and cylinder type with eacir piston supplied by a sepa-

rate hydraulic systern.

The use of high ternperature fl"exible hose is avoided by the use

of serni-coiled steel line, which rs adequate for the srna11

amount of jack movernent involved.

\{
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Flexible hose is only used on the return lines of the elevator

and aileron units and on one return line for the rudder unit.

Elevator Jack (Fig I5 and tl)4. 14, Z

4. t4.

,{

The root end of the jack pivots about a pre-loaded self-=

aligning bearing which is located 12" 323 ins" outboard of the

arrcr-aft centre-line at station 698.66. In order to facilitate

rernoval of the jack through the access panel in the wing top

skin this pivot point bearing is an rnterchangeable assembly

bolted to the jack body. It is rnounted on a support projecting

frorn the fin box structure at the centre of the wing"

4 " 14. Z. I Data

For curve of avarlable rnax. hinge

Static jack load at 4,000 P" s. i.

Cylrnder bore (rnax. )

Piston rod O. D. (r:lax. )

Working area (Z x 8. 88)

Norrnal operatrng stroke

Total stroke

Aileron Jack (f igs 13 and I7)

rnoment see Fi.g 23"

7 i, 000 lbs.

4" 19 ins"

2,50 ins.

17.76ins"Z

I0" 0 rns"

10" Z0 rns.

(

The root end of the jack pivots about a universal joint whrch

is lcrcated 5.5 ins. outboard of Rib 18 and 4.60 ins. aft of the

centre spar. This universal joint utilizes four needle bearrngs

and is rnounted on a support which is attached to the wing skin

and centre spar.

4Z
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In order to facilitate removal of the jack through the access

panel in the bottom skin,the universal jornt is an interchange'-

able sub-assembly bolted to the jack body"

4.L4.3.1 Data:

SECRET
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For curve of max. static hinge

Static jack load

Cylinder bore (max. )

Piston rod O. D. (max. )

Working anea (Z x 5"26)

Normal operati:rg stroke

Total stroke

moment

42, lAO

3. rz5

),.7 5

10. 5

5" 56

5.7 6

see Fig" 24.

lbs.

ins 
"

ins.
.?1ns" -

ins 
"

ins.

4.14.4 Rudder Jack (figs 15 and I8)

The root end of the jack p:vots about a pre-loaded self=-

aligning bearing whrch is located l0 rns. outboard of rudder

statron 42 and l.75 ins. aft r,f si,:ar S3. The jack is rnounted

uli a support projectrng frorn Spar #3 and Rib #4 and is rernov-

able through an access panel on the port si.de of the {in.

4.14.4. L Data:

For curve of rnax. static hinge moment see Fig Z5'

Static jack load 30,900 }bs.

. Cylinder bore (max. ) 2.75 ins.

Piston rod O. D, (max. ) l. 62 5 ins.

Working area (Z x Z. 865) ?.73 irr". 2

Norrnal operating stroke 5,9 ins.

Total stroke 6. I0 ins.
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4.15.1

Mechanical Connections Between Jacks and Control Surfaces

General

The linkage from the end of the jack piston to the ;rctual

control surface is sirnilar for all three systerns. It eonsists

of a long push rod, joined by a master be1l crank to the fork

end of the jack piston and connecting a row of bell cranks

which convey motian to the control surfaces by way of a link

attachment.

The bel1 crank system 1s housed in the fin and wing trarling

edge structure which extends frorn the rear spars to the hinge

spars in the vicrnity of the jacks"

4.t5"2 Elevator Be1l-Crank System (figs I and 4)

The elevator output systern consists of the lateral push rod and

six beltr cranks per side which are located aft of the wtng rear

spar between ribs #4 and #i7. The belI cranks are steel, each

housing a needle bearing at the pivot point and a self-aligning

bearing at the push rod attachrnent. The rnaster bell-crank

ccntains an additional self aligning bearing at the actuator pick

uP.

The assernbly is supported at the pivot points by stiff forged

alurni.nurn alloy ribs which are attached to the rear spar and to

the thick wing skins.

(

The lateral push rod is a one piece machining with a fork end
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at the master be11-crank pick-up and slots for the other be1l$

c rank attachrnents.

The connecting links between the belLicranks and elevator fit-

tings are machined steel forgings and house a self -aligning

)( 
bearing at each end'

4.15" 3 Aileron Bell-Crank Systern (f igs I and 5)

The ai1 eron output systern consists of seven bel1-cranks and a

pr,rsh rod per side, a1i located aft of the wing spar between ribs

#17 and #25 and supported at the pivot points by alurninum alloy

ribs.

The be1I-cranks are steel each housing a canted ro1ler bearing

at the pivot point and self -a.ligning bearings at the pick--up

points.

Each push rod consists of short steel rods flash welded together

at the ends, each having a s-lotted fitting at the bell-crank pick-

up points.

The connecting links between the bell-cranks and the ai1 eron

are machined steel forgings consisting of a {ork end at the

bel1'crank pick-up point and a self-aligning bearing at the

aileron attachment.

4.15.4 Rudder Bell,-Crank Systern (f igs I and 6)

The rudder linkage system is of sirnilar detail design to that
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of the aileron,excePt

only five bell-cranks

board of rib #4.

that it consists

all located aft

of a single push rod and

of the fin spar #3 and out-

4

The belt cranks are suPPorted

gra11y rnachined skin of the frn

Control Surfaces

The Elevator:

at the pivot points bY the inte-

traihng edge structure"

thrn light al1oy skin attached to

extruded light al1oY front sPar"

4. 16

4. 16.

'I his s ur fac e

forrned light

is constructed of

al1oy ribs and an

Extruded integrallY

piano hinge, which

surface.

with the spar

runs along the

is one half o{ the elevator

leading edge on the uPPer

4. 16. i. 1 Data

Elevator ar ea (Z)

Elevator sPan (each)

Elevator chord (constant)

Elevator rnoverrrent

The Aileron

The ribs at the control Points

which attach to the connecting

This is constructed similarlY

control point the comPlete rib

are stiffened by the extrusions

links from the bel1-cranks"

ro5" 9o rt. z

I0ft. -Zins.

5ft.-3rns"

30o up

Z0o down

to the elevator, but at each

is forrned by the rnachined

46
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extrusion which picks up with connecting links from the be1l

c ranks.

4.16.2. I Data

SECRET

M

"6

Aileron area (Z)

Aileron span (each)

Aileron chord

A ile r on rrro ve rne nt

Rudder area

Mean Rudder Height

Rudder Chord

66.5 ft.2

I0 ft.

5 ft" - 3 ins. at root

I ft. - 4. 8 ins. at tip

l9o up

I90 down

38. 17 ft.2

I 19 ins.

5 tt. - 4" 67't (rnean)

5 ft. - 5.14 ins. at root

Z ft" - 3. ? ins. at tip (rnean)

r 300

4"'.16. 3 The Rudder:

This consists of light a1loy skrns attached to a forrned hght

alloy spar and rib. It contains seven hinge points, all off set

to the starboard side; the middle five, which form part of the

ribs, support the beari.ngs which pick;up with the connecting

llnks from the bel.. cranks. f he bottorn hinge point, whi"ch

takes the vertical loads, and the top hinge point, are separate

fittings which picklup with oilite bearings in the fin.

4" 16.3. I Data

47
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APPENDIX 1

The flying control systern is designed to rleet the relevant sections of the

fo)lowing requirernents as noteo hereunder:

I. In Docurnent AIR 7 -4

2.4 Design

2.4. L The aircraft sha1l be designed in accordance with the Canadian

Air Publication 479, lrManual of Aircraft Design Requirernent

for the Royal Canadian Air Forcerr, the technical requirernents

of the United States Air Research and Developrnent Cornrnand

Manual No. 80-1, rrHandbook of Instructions to Aircraft

Designersrr, publications and specifications referred to therein

and such additional requirernents as rnay be specified by the

Departrnent and such deviations frorn these specificatir;ns anC

requirements as r-nay be agreed between the Departrnent and

the Contractoilth.ere there is any conflict between the

requirernents of cAP 419 and those of usAF ARDCM 80-1, the

forrner shall govern.

3 . 4 Sc ramble Tirne

3.4. I With the aircra{l at norrnai gross weight and positioned ai the

end of the runway, the elapsed tirne frorn the pushing of the

first button to start the first engine until the aircraft bec ilTles

airborne shal1 not be rnore than one rninute"

4. I Design Requirernents - General

4.1.4 The aircraft shatl be designed such that the pilot can perforrn

,rd
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all the norrnal and emergency

aircraft wi.thout the as sistance

rnernbe r.

Speed Brakes

functions required to flY the

or presence oI the second crew

4"4

AA
'i" *.

{
speed brakes shall be fitted to produce additional drag when

opened. The controls sha1l be arranged such that the pilot

can set the brakes at the fully opened, intermediate, or fu1ly

closed position. Actuation of the speed brakes shall have a

rnjnirflur-n effect on the trirn or attitude of the aircraft through-

out the speed range of the aircraft'

Protection Frorn Enerny Fire

During the design of the aircraft special consideration shall be

giventothebuilding-inofinvulnerabilitytoenernyfirebythe

rrtax1rntr.n: use of such inherent types of protecticn aS position-

ing of corrrPonents, fuel and hydraulic lines and like items'

providing such positioning does not result ir: unreasonabie corr -

plicatioir or weight PenaltY'

Sg rijtl-g

Turn-Around

The tirne required forrrturn-aroundrr shall not be lf]ore than 5

rninutes. The turn-around operation shall include replenish-

rnent of all consu1rable stores and li.quids and the required

spot checking of equiprnent to bring the aircraft to a state of

4.6

4.6.

AA'!. I

4"7.1

4.7 . t.
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4.7.t.Z

4.7 .2

4.7 . Z.

4.'7.2.2

aA
l.a,

7.4.2

\(

readiness such that it shall be capable of fulfilling i.ts prirnary

role as detailed in this specification '

Special servicing tools and ground handling eqp'iprnent' s'rbject

tothepriorapprovaloftheDepartrnentshallbedeliveredcon-

currently with each aircraft"

Stand-by

The aircraft sha1l be designed such that, once having been

certified serviceabLe, it shall be capable of rrraintaining a state

ofirnrnediatereadinessforaperiodofat]'east24hoursinthe

open.

Cornplete stand-by equiprnent required to rneet the provisions

of paragraph 4 .7 -2" L, subject to the approval of the Departrnent

shall be delivered concurrently with each aircra{t'

1*g=g!:-S g*-t : -* J-t-" I 
" "'

C+rnponentsofthetypeEl.0autopilotsuitablycoupledtoaccept

signals frorn the fire control system and navigation systern shall

beinstalled.Thesysternshallprovidetlrreeaxisstabiliza,tion

and shall autornatically control the aircraft during norrnal flight'

attack and breakawaY'

Manual control shall be Pr'-ssible

any phase of the flight"

Fire Control SYstern

at the optron of the Pilot riuring

The aircraft shal1 be equipped with a two man position Fire

Control SYstern.

50
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Section I - General

il.AZ Clearance ard Ease of OPeration

,.Controlsshal].bedesignedand]ocatedsothattheoperatori(
canreadilyrr^ioveeachcontrolthroughoutitsentirerangeof

travel, without rnoving any other control' while wearing

heavy gloves and fiying equiprnent' and with shoulder harness

in place, but not nece s sarily locked'

ZL. 03 Dit"q4ot-ol-l4ttio'

( I ) Except for three -position switche s ' where the centre

positionshallbelloFF|',allcontrolsshallbesodesigned

that their movernent in a predorninantly forward' upward'

orclocku'rseelirectionshallresultinincreasedperforrn-

anceofthecomponentortheaircraft'and'conversely'

their rnovement in a backward' downward' or counter -

clockwi.sedirectionshallresu]tindecreasedperforrnance

of the cornPonent or the aircraft'

(Z\ A11 variable controls operated by a rotary rnotion shall

lTlove clockwi'se f :,orn the llOFFtl positiun through llLow'l

or trDIMil to trHIGl-Iil or r|BRIGHT'r.

Zl.04 Shape and Location of Cor-rirol Knobs

To assist identification wi'thout visual reference' control

knobs shall be of dj'stinctive shape' All controls of a like

5l
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function should be grouped together, with norrnal operating

and ernergency controls having a preferred position'

Section 2 - Flight Controls

zL.Z0 General

lhe contrr:l colurnn and the rudder pedals shall be syrnrnet-

rical about the plane of syrnrnetry of the pilotts seat' Ail

parts of the aircraft structure, auxiliary controls' furnish-

ings, instrurnents etd. , shal1 clear by at least one inch the

control wheel or colurnn and rudder pedals in all positions

as well as the lirnbs of the pilot while he is wearing heavy

gloves and flYing equiPrnent'

zt. zz Rudder Controls

Rudderpedalsshallbeatleastsixincheswidetoacc-orn-

r::uiate heavy flying boots' The rudder pedals shall be

adjustable horjzcntally through a range of six inches' The

rudder pedal adjustrnent rnechanism shal1 be conveniently

Iocated and rnay be arranged for operation ej.ther by hand or

foot.Dependinguponihetypeofmechanisrnused,thernotion

of the control to rnove the rudderpedals forward sha11 be

clockwise, forward, or up'ward' If the pedals are locked

in position by a catch, the rnotion to release the catch should

be arranged in the rnost convenient rnanner'

Speed Brake Control

/r(

It
zt. z5

ThespeedbrakecontrolshallbelocatedonthePowercontrol

5Z
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or adjacent to the power quarirant in stick - controlled air-

craft. The control rnotion shall be aft for the speed brake

operative,andthecontrolshallbertarked''oUT'landllL.{ll

re spectivelY.

?1 ?6 Autornatic }-'ilot

lnsirigJ.eortandernpilotaircraftallautornaticpilotcontrols,

except the ernergency electrical release switch' shall be

]ocatedontherighthandsideofthecockpitadjacenttothe

radio controls' The errlergency electrical autornatic pilot

release su'itch shall be on the control colurnn grip'

24" Ol TernPerature Range

(1)Allaircraftsha}lbedesignedSoaStoensuresatisfactory

operation up to their servlce ceiling under the ICAO

Standard Atrnosphere Conditions and at ground lever under

atrnosphericcondlti'onsasso( iatedwithternperatures

ranging {ror:r -65c'F to *l0ooF. A1l accessories and iterns

ofequiprnenthowevershallbedesignedforsatisfactory

operation over a ternperature range of -65oF to + l6OoF'

andwhennotinoperationtowithstandwithoutdar:r:age

ternPe ratur e s uP to I BCoF '

{Z)Theaircraft,itsactessoriesandequiprnentsha}lnotbe

adverselyaffectedbyotherclirnaticconditionsincident

totheternperaturerangesspecifiedinparagraph(1)and

shallbecapableofbeingtransferredfrornoneclirnateto

I

,1

It
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24.30

24.3T

)I

anotherwithoutthenecessityofextensivernodifit-ation

or adiustrnent.

Allowance for 'Winter Clothing

Aircraft operating in the Arctic norrnally have to be rnain-

tained in the open by personnel clad in heavy and bulky Arctic

clothing. Provision shall be rnade in the design for ease of

maintenance under such condi'tions ' ' ' " ' Al1 controls and

switches sha1l be large enough and so placed that they can be

operated by personnel wearing heavy mitts and flying boots'

Control SYsterns

Suitable precautions shall be taken tr: prevent slackening of

controlcablescausedbydifferen'tialcontractionofcablesand

airfrarne in low ternperatures' Control cables sha1l be fitted

with autornatic tensioning devices 'where necessary, to prewent

excessive slackening '

24.33 Snow Guards

The use of snow guards is recornrnended to exclude blowing

snow frorn airfrarne components such as wings' stabilizers'

contro}sur{aces,etc.Itisparticuiarlyirnporr'antthat

openings near control surface hinges be effectivelv sealed

against the entry of blowing snow and rain' since the for-

rnation of ice on contror surface hinges rnight lead to loss

of control in flight'
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24" 34 Sea1s

Standards and Specificatiols

See CAP 479

particular attention should be given to the selection of mater-

ials and design of seals for shock absorbers, hydraulic jacks

and valves which rnust be able to withstand operation and to

rernain ieakproof after prolonged exPosure to extremes of

temPe rature "

24.35 Pipe Joints

Joints in pipe lines rnust remain leakproof throughout the

ternperature range specified in article 24'01'

Chapter 50 General Reqts.

i4

3" In ARDCM 80-i

4. 1l Control Surface Lift Reversal

4. 1l i Measures Generally used for Prevention

The pararneter rnost irnportant for avoiding control surface

1i.ft reversal is a high torsional rigidity of the fixed surface

supPorting the control surface

4. ILZ Detail Requirernents for Prevention

The requirements {or the prevention of control surface lift

reversal are contained in Specification ]817'

5.4C PrimarY Controls

The size, proportions, location and rnotions of the prirnary

control surfaces shall be such as to give perforl}1ance in
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accordance with AF Speci'fication R' IBi5 --

Flight Control s

/'{t

6.A. 1t

6. A. 110 G_ene ral

The pri.mary f1i'ght controls shall be located and have the

rnotions as indicated in drawings AD. I and AD.2. The pri-

rnary flight controls shall clear all aircraft structures, aux-

iliary controls, furnishings, instrurnents' instrurnent panel'

pilotrs actuating rnernbers, etc., by at least 1] inches in all

control Po s itions

6" A. i 16 Speeri Brake Control

Thespeedbrakecontrolshallbe]ocatedonthethrottlein

stick controlled. aircraft. The control rnotion shatl be forward

for trintt (speed brake inoperative) and aft for rroutrr (speed

brake oPerative)'

8.3 Bearings, Uniwersal Joints, Pulle-)'-s- and Hinges

MIL. JAN and AN Standard bearings' pulleys and unlversal

joi-nts shall be used r'l'herever possible

9. 01

Control surfaces sha1l

di sturbing rigging.

Flight Controls

be capable of replacernent without

Flight controls include

rudder, elevators ....

primary flight controls - ailerons,

and fiight Path angle and sPeed

56
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controls These devi.ces shall be operable f:'om the

cockpit either through direct or servo rneans'

Extrerne Ternperature OPeration

Flight control systerns sha1l be designed for operation at

ternperatures between +i60oF (+?0oC) and -65oF (-54C)'

The systerns sha1l be designed to perrnit take-off of the air-

craft within 5 rninutes frorn the starting of the engine after

the aircraft has rernained idle for 7Z hours at e:ther the high-

est or the lowest ternperature indicated above' A{ter the

'initi.a,l breakaway, the increase in force required to operate

the control systern at -6Sof (-54oC) shaii not exceed 110% of

the force required at *7Oof (+ZtoC)'

@
The reliability, strength and sirnplicity of the systern shall

betheparalxountconsiclerations'Routingshallbeasstraight

as possible arid the nurnber of bends kept to a rninilTrurn. cable

control systerris shatl conforrn to para' 10' 4i Cable Actuated

Systern.

h"!
]ffherever push-pul1 tube systerns are used in flight controls,

they shall be so arranged that all the tubes are in tension for

thegreaterloadforrx,hichthesysternisdesigned.Push-pull

tube control systerns shall conforrn to para L0'42' ' Tube

Actuated Systern.

,{

9. t0

9. ti

a )2
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9. 13 Shielding

9"?

9. Z0

'Wherever possible, advantage sha11 be taken of the shielding

afforded by heavy structural rnernbers or existing plate

installations for cable protection, such arrnour plate to be

extended where necessary to protect vital places in the sys-

tems such as. points of cable convergence,- lotns,: bellctanks'

rna,in sheaves and walking bearns' '

Primary Flight Control SYsterns

General Requirernents

Control rnechanisrns and systerns shall be as simple and

direct as possible and shall be adequate for their loads and

funntions. Early and careful consideration shall be given in

new designs to the arrangernent of cables and other connecting

elernents that exte::d frcrn the cockpit to the control surfaces

so as to ef{ect the most direct routing possible'

The nurnber of bends or changes in direction shall be held

to a rrrinirnurrl .

A11 practical comprornises in the instalLation of equiprnent shall

be rnade to favour the rnost direct control syste;n possible

A power control system shall be used where the magni-

tudes of the hinge rnornents are too high for the pilot to handle

througharnechanicalcontrolsystern.Inordertoreducepilot

effort and fatigue, the degree of rnechanical efficiency sha}l

58



5EC RET

MI vt 0 I / l r rl t r I I /,, / ffo Avn0 lfrn0w

besuchthatrequirerrrentsofSpecificationiSl5willbemet

for the frictional forces developed in the control system' For

thispurpose,antifrictionbearingsshallbeusedthroughout

thecontrolsystern'Referencepara'8'3I'Antifriction

Bearings.Thernechanisrnandcontrolssh;,llbeIocatedso
/r1

as to permit convenient, rapid and frequent inspection'

9" 200 Control SYstem I)evices

Control systern devices such as bob weights spring

bungees for trirn tension regulators etc" shall be sub-

rnitted in drawing forrn with other data to the procuring

agency for necessary approval' Consideration shalI be

giveninthedetaildesigrrofthecontrolsysternandcomponent

parts so that their failure wLll not cause discontinuity of the

control systern, large changes in trirn, or any other rnorrren-

tary flight hazard.

9. e$ I Di{ferential Controls

Differential controls rnay be used either to secure better

aerodynarnic e{ficiency or to provide higher sensiti'vity in

a portion of the range of movernent of a control'

control systems in whi.ch differential rnofion is obtained by an

arrangernent of cranks shal1 incorporate stops to prevent the

cranks frorn reaching the dead-centre position

Togg1e rnotions, which rnay go by dead-centre when the system
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is sprung, forced, or rnaladjusted, shall not be used'

Stops shall be incorporated to prevent approach to critical

positions "

g. ZAZ Foql-Eloofng r I

Controlsysterlsshallbesodesignedthatincorrectassembly

and reversed operation of controls will be irnpossible' This

canbeaccornplishedbyS0arrangingturnbucklee:ds,cable

lengths,andjointsthattheassernblywi.llnotfunctionincase

of error.

g. ZO3 Fouling Prevention

All control elernents, rnechanisrns and cables sha]1 be suitably

protected or covered in cockpit to prevent their being

fouledbythed'roppingofarticles,suchasrnicrophone,gloves

etc.

g. ZA4 Irreversible & Dar:-rping Features

Irreversible and darnping f eature s will greatly inhibit the

developrnentofcontr:olsurfaceflutter'butsuchdarrrpingshould

never be attained by the increase of friction \e'hich would reduce

theefficiencyofcontrcl'ThesefeaturesshouldbesuchaSto

oppose rapid rnotions energetically, but not interfere wjrh slow

rnotionsofthecontrols'Fluiddarnpingissuitableforthe

purpose.

In the design of inreversible or damping control systems'
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particular attenti.on should be paid to avoiding the use of any

device in which play or backlash might develop and elirninate

the irreversible or darr.ping properties of the systern, thus

encouraging flutter of the control surfaces. In designs where

play or i:acklash rnight develop, the irreversible or damping

features of the systern will not be accepted as valid reasons

forvaving the usual dynarnic balance requirernents for the

control surf ace s i.nvoived.

Power Control Systerns

'W'here power control systerns are ernployed, an errlergency

rnanual or power rneans shall be provided and the systern shal1

be designed to rneet the requirernents of Spec. lBl5.

Rigidity of Controls

The design of the control systern and its structural supports

shall be based on rigiditv and the elirnination of deflection,

as well as upon the ultirnate strength requirernent of Spec-

ification C-i803, superseded by MIL-S-57A7.

Provisions shall be rnade to cor:ipensate ior slack and lost

rnotion due to the effect,:f ternperature changes. OnIy

approved types of rnechanical tension regulators are perrnis -

sible and if used, shal1 rnaintaj.n rigging tensions over the

full range of ternperatures specified in para. 9. 10, Extrerne

Ternperature Operation, and shall .o.tp.rr" ate for any change

SEC RET
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9.205

9. 206
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in tension that rnay develop in the control system due to loads

applied thereto. Consideration sha1l be given to the effect of

heat frorn locaI areas such as engine nacelles, cabins, heat

de-icers, etc., which rnay cause ternperature rises in an

adjacent portion of a control systern while the aircraft struc-

ture proper rernains at the arnbient air temperature. Ihe

designer sha1tr rieterrnine proper rigging tensions in control

cables and sha1l specify thern in erection and rnaintenance

instruction. It rnay be found desirable or necessary to revise

the originally specified tensions after flight and other tests

have been completed. In the interest of reducing control

systern fricti.on, initial tensions should be held to the lowest

practical values that provide safe and satisfactory operation

considering probable application of lirnit loads to the s'.rstern

and the ef{ect. oi ternperature changes. As a general rule,

the rni,nirnurn initial tension in a rnain or counter cable is

either ZTa of the breaking strength of the cable, or high enough

to keep the systerrr snug, prevent cables irorn jurnping off

pulleys and avoid slapping of adjacent portions of the air-

craft by the cables, whi.chever is the greater' As a gen*ral

rule, initial tension for rnain cables in norrnal fighter types

should be not less than 35 lbs. to 50 lbs. When power control

systerns are used, the rigidity and balance of the control sur-

faces involved shall be such as to preclude flutter or

6Z
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undesirable oscillations if the

actuators used is disconnected

battle darnage "

Spacing

Cables to any one control surface

least 3 inches, preferably more.

or bellcranks, sha11 be separated

pos sible consistent with Ce sign.

DupLicate Controls

actuator or any one of the

for any reasoil including

,!

9. ZA7

ZL

210

shall be separated by at

Adjacent control -horns,

by the rnaxirnurn distance

9.

q Aircraft Other Than Bornbardrnent

(a) Elevator: Elevators shall be rigidly interconnected. or

consist of a continuous structure in aircraft

of rnore than 7,500 1bs. gross weight the direct opera-

tion systern shall be duplicared frorn the base of the stick

or control colurnn to the elevator spars

(b) Rudder; ]i/here cables are used for the rudder control

on aircraft equipped with a single rudder duplicate cables

shall be prcvided {rorn each pedal to the rudder n:ast

(c) Aileron: Aileron systerns shall be so design,:ri that, from

the cockprt outboard, any or all elernents leading to r.ne

ai.leron rnay be destroyed without interference with the

operation of the other aileron.

Yglry:eL:lry

Power Control Systerns - Power Control Systerns sha1l be equal

9"ZrZ
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of resistance

Stops

General

Clearances in all the prirnary parts of

kept to a rninirnurn so that lost rnotion

tically elirninated.

Ayfr0 iRE0t{

rnechanisrns sha1l be

or play wiil be prac-

than rnechanical systerns frorrr the standpoint

to battle darnage -

9 .213

i0.4

10. 40

10.400

10. 40 i

,r1

Adjustable stops sha}l be provided to lirnit the cockpit control

iterns to the desired motion ranges. The stops shall be

Iocated as near these iterns as possible. Stops sha1l main-

tain the clearances specified in para. 6. A. 110, Flight Control,

General.

Mechancial System

Bearings

All n:oving joints between push-pu1l rod, Ievers and brackets

shall have anti-{riction bearings in accordance with para.8.31.

Horns and Brackets

Horns and brackets used in air contrc] systerns shali be for-

gings, or high grade castings of alurninurn alloy, rnagr esiurn

a1loy, bronze or steeI. Welding shaIl not be used

Horns rnay be fastened to torque tubes with rivets or taper

pins. In the latter case, taper pins shall be safetied by a

nut and cotter pin at the small end.
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Attachrr-rent of control brackets shall be rnade with aircraft

bolts and castellated or self-locking nuts of approved type.

Rivets rnay be used provided that none are in tension.

Cable Actuated Systern

f he kinernatic relation of the cables shall be such as to pre-

vent an objectionable arnount of change in cable tension

throughout their flight and ground operational range.

C able s

{

r0. 4i

10. 410

(

Control cable s sha}l conforrn to Specif ication MIL-C - l5I I

or MIL-C -5424 -- Continuous or interrnittent Ioaded

cables shalI not be subjected to critical bends at the juncti.on

with cable terrninals or other attaching points such as drurns,

horns, etc ,

10. 41 I Pulleys

Pulleys shall be of adequate capacity and diarneter for cables

used. They shail conforrn to and rneet the requirernents of

paragraph 8. 3 ] 5, Aircraft Control Pulleys.

i0. 4i 2 Fairleads

Fairleads shall be used..rherever necessary to keep cables

frorn chafing and slapping against parts of the aircraft j.n

flight or in taxiing. Fairleads rnay be used to deflect cables

through angles of not rrlore than Z degrees if the initiaL ten-

sion in the cable is less than 50 lbs, and through angles of

not more than one degree, if the initial tension is between

b5
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51 lbs" and 150 lbs They shall be of non-hydroscopic,

non-abrasive rnaterial, and split to perrnit easy rernoval .

10.4i3 Terrninals

Terrninals shalL be of the swaged, wrapped, or spliced type.

Swaged terrnj.nals shall be used wherever possible

Swaged terrninals shal1 conforrn to Specification JAN-T-781.

Type II (i.e. AN 563 and AN 564) swaged terrninals shall not

be used in prirnary control systerns except for attaching pri-

rnary control cables to bellcranks and quadrants where

standard fork and eye fittings AN 667 and AN 668 are not

adaptable.

IA.4L4 Turnbuckles

Turnbuckle terrninals shal1 have not rnore than three threads

exposed at either end" A11 turnbuckle assernbiies sha1l be

;afetieci as specified in para. 8.25, Safety Wiring.

i0.415 Maintenance

Adequate provision shall be rnade for rapici inspection of a1I

corrlponents of cable actuated systerns. and for convenient

use of a tensiorrreter adjacent to the point of cable tension

ad justrnent.

10.42 Tube Actuated Systern

10.420 Universal Joint

Universal joints shaIl conforrn to and rneet the requirernents

of paragraph 8.3i4 Universal Joints.

SECREI
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(
3. Mechanical Characteristics of Control Systerns

3, t Control System Friction

For all airplanes, the control systern friction for alL three

I controls shall be as 1ow as possible, and sha1l not exceed
r(

the values giveh below throughout the deflection range. The

friction, rneasured on the ground at a ternperature between

40o and 80oF, shali he that required to start the rnovement

of the controls.

Elevator Friction Lirnit : 4 lbs.

Aileron Friction Lirnit = 3 lbs.

Rudder Friction Lirnit = 10j lbs.

5,6 Directional Trirzirni.ng Devices

5. 6. I A11 prototype airplanes sha1l have provisions for rnaintaining

directional trir-:: i.n flight.

5.6.2 The rudder trirnrning device shall rnaintain a given selting

i.ndefinitel), unless changed intentionally

5.6. -a The directional trirnrning device sha1l be capable of reducing

the pedal force to zero - - - - -

6.6 Lateral Trirnrning Devices

6.6.3 The lateral trirnrning device sha11 be capable of reducing thef

t
aileron control force to zero
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8. IN 1815 - B

8. I Mechanical Desi.gn

8' 1.1 The control systern should be capable of rnoving the control

surfaces at rates up to 50o/sec.. under any hinge rnornents

encounte red "

8. 1.2 'When the cockpit control is rnoved at its rnaxirnurn rate to a

given deflection, the cr:ntrol surface sha1l reach its corres-

ponding deflection'with a tirne by not greater than 0.05 secs.

8.1.3 The dead spots in the controls should not exceed plus or

rninus 0. 1 inches rnotion of the pilot's cockpit controls. The

dead spots are defined as the n-rotions of the pilot's cockpit

controls which produce no rnotions of the control surfaces.

lc

\

68



SECRET

M

ry*
I l/fr 0 I /*cgt/t I t,u/ rfo Ayfl0 tfrR0w

The following is a

requirernents laid

APPENDIX II

list of the points in which detail

down in the terrns of reference

design varies frorn

in Appendix I.

the

ttQ

1. In AIR 7-4

A11 requirernents satisfied.

In CAP 479

A11 requirernents satisfied"

In ARDCM 80 - I

3. I

3.2

z.

3.

t

Paragraph 9.206 states that rigidity and balance of the

control surfaces shall be sufficient to prevent flutter if the

actuator is disconnected. This requirernent is not cornpa-

tible wj.th the design airns of a fully powered, irreversible

fiying control systern and, if rnet, would involve prohibitive

weight penalties. There is no rrrore chance of the actuators

being disconnected than the pilot's input control systern,

and the consequences of the latter would be equa11y, if not

rnore, catastrophic.

Paragrapin 9.207 states that cables to any one control sur-

face shali be separated by at least 3 inches. This require-

rnent has not been rnet because cf space restrictions. The

worst situation for each pair of cables is as follows:

Z I/4 inch spacing for elevator cables

L 7 l8 inch spacing for aileron cables

518 inch spacing for rudder cables

e,q
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The elevator and aileron cable rninirnum spacing occurs at

a pr;int just forward of the rear fuselage quadrants and

reasonable assurance of non-fouling of these calbes ir pro-

vided by properly spaced fairleads. The rudder cable rnin-

irnurn spacing occurs at the pulleys which change the direction

of the cable run along the fuselage up into the fin. The

clearance of the cables is assured by running thern through

] inctr dia. tui:es.

3. 3 Paragraph 9. 210a. states that elevators sha11 be rigidly inter-

connected or consist of a continuous structure.

This requirernent is not rnet because of the difficulty of

achieving cornplete synchronization between two jacks on a

single surface, and also because of the severe weight penalty

rvl:icir would be paid for such an installation on an aircraft of

the CF- 105 plan forrn.

There do not appear to be any real advantages to the intercon-

nection of the surfaces on this design.

3.4 In paragraph 9.Zla, b & c, it is required that the control sur-

face ope:-ating sysier::rs be duplicated.

This requirernent is not rnet because of cornplexity and space

reasons, and it i.s believed that this deviation is very common

on rrlany acceptable new designs, including the CF- i00.
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3.5 Paragraph I0.411 refers to paragraph 8.3 i.n whirh it is stated

that a1I pulleys and quadrants shall be provided with stationary

guards fitting close to the point of tangency of the control

cable s.

In rnost this requirernent has been rnet, but the front fuselage

tension regulator quadrants and the rear fuselage elevator

quadrant are equipped with cable guards attached to the quad-

rants thernselves. These guards, which rnove with the quad-

rants, are rnuch lighter and very sirnple cornpared to fixed

guar:ds, and provide arnple protection against cables jurnping

the quadrant grooves.

3.6 Paragraph i0.413 states that Type i1(bal1 end) swaged

terrninals shal1 not be used in prirnary control systerns except

for attach;neni to belI cranks and quadrants where standard

fork and eye fittings are not adaptable.

In the CF- 105 control systern, although it is possible to adapt

fork a rd eye fittings for attachrnent to the quadrants, the use

of ten;ion regulator quaCrants wiii take up any slack pr;,-

duced by the untwisting of loaded cable strands allowed by bail

end type terrrrj.nals.

The use of ball end type terrninals results in a weight saving

and a neat installation when cornpared with the-result produced
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by the use of standard fork and eye fittings.

4. In I815-B

4. I Paragraph 8. I. I states that the control systern should be

capable of moving the control surfaces at rates up to 50o/sec.

This requirernent is not rnet. Dynarnic analysis of the air-

craft indicates that such high rates are not required, and the

systern has therefore not been penalized by an oversized

hydraulic systern.
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APPENDIX III

t

Avro
Part No.

Quantity De s c ription
Manufacture r

& Part No.
(Where Applicable)

7 -3262- t5
7 -3262-18

7 -3262-33

7 -3264-23
7 -3264-24

7 -3264- tZ

7 -3283 -5

7* 3283 -8

7 -3262-t65
7 -3262-167

7-3260-il

7 -3283 -7

1552-165

t56z -5t

7 -1562-247

7 - t55Z-34r

7-r583-t45

7 - r55Z -3

7 - 1552-Z

7-

7-

1

1

I

l

3

Z

I

I

I

I

I

Elevator Jack

Elevator Jack Valve

Aileron Jack

Aileron Jack Valve

Rudder Jack

Rudder Jack Va1ve

Parallel Servo - Elev.
Parallel Servo - Aileron

Differenlii:1 Servo i1-1ev.
& Aileron)

Double Differential Servo
- Rudder

Tens:on ReguJator Quadrant
- Front Fuselage

Aileron Tens j.on i:iegulator
Quadrant - Inner W'ing

Spring Feel Unit - Elevator

Spring Feel Unit - Aileron

Spring FeeI Unit - Rudder

Control Colurnn

Rudder Pedals

Jarry Hydraulic s
1020-3 & 1020_5

Minn. Honeywell
D. V" G17B- I

Jarry Hydraulics
1420-3 & 1420-5

Minn. Honeywell
D.V"G198-1

Jarry Hydrauiics
19 15

Minn. Honeywell
D. V. GZOA- }

M-H DMG55N- 1

I'v'l -H DMG55M- I

Minn. HoneywelJ.
DMG5 ] B .2

Minn, Honeywell
IiMG6ZB - 1

Pacific Scientific
R.86-5001-50-0c

Pacrfic Scientific
R.75-9006-50-00

AiResearch 3972-l

AiResearch 397 Z-Z

73
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