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LA:.:!.'iAH FLOW. 

When a liquid is forced through a 
constam-diamcter tube nt 1(\w 
veloci ty , the flow is smooth and 
even and the fluid's particles 
tend to move in :1 parallel stream. 
The portion of liquid th:lt touches 
the tube's walls is slowed down 
beca use of friction. This means 

LAMINAR f'LC\ol 

the liquid near the center of the tube moves at a hig!ler velocity than does 
the liquid nea r the wall of the tube. However, as long as the veiocity 
remains low, the flow will continue smocth because of the low resistance . 

TVRBU:..DiT f'LC'ol 

Tt:RBt:LENT FLO\';. 

Resistance to a mo;in~ !:quid ;.; 
proportional to i t~ \'e :oc ity. '.\.h2:1 
the v~ locity pas.$eS :t crttic:ll poln:, 
the resistance rncre~ses un~i! :ur
bulent f!o·.~ ;esu!:s. 

t::\·~rS:::;y ;...:-o;:. :·:1 .... :-:::, ~o :~e :.>r~ .;- 3·-:-. 

on : ):) ~: ;;.::Jc Skou.l<l \~ li 'l..u~ pas~ 
o~ro!U\J a ben<!. ol' fb.ro~l, of\ ot'i f'icr 
or re.~trtctor, or Sl\oul4 the tu~' S 

J.ame~e( sud&~~~.ly tlecre;,u1 ~e preuc..tt.• ~t'esso:s a.J'l l,he Jol.tt<'~o.. <{e-
LQ.et>.i~· Tl\os oncreased v~loc.oty 1 ,., +11r"· c;;w t"cr.e~e {~e Res•~~e 
!Wtil turbu. lell:l' flow r..si4Lt_s • 
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Resistance increases can also be caused by the following: 

1. An increase in the area of the tube's surface in contact with 
the liquid. A long tube of a given diameter will offer more 
resistance than a short tube of the same di.li'Tleter. 

2. An increase in the degree of rougrJless of tllc tube ' s interior 
surface. 

3. An increase in the viscosity of Llle liqui<.!. 

DEFINITIONS OF HYDRAULIC TERMS. 

AREA 

FORCE 

CNIT PRE5SL'R£ 

STROKE (LENGTH) 

EXPANSION AND 
CONTRACTION 

VOL. V 

The measure of a surface, usually given 
in square inches. The information is 
used in determining the force of an 
actuator or pi stor.. 

The push or pull O!l an object which 
tends to change its motion. Force is 
usuaily :neasured in pou:ds. I~ hyd:-aul:::: 3, 

force is cr,mp~;:ed ir.:>m pressure ;>ushing 
agains~ :he a~·ea o: a pi ston. 

The ar::\)unt ., it .) :·:.: ::: r. :.1 c:.:: :~:· -::: a . 

usu::tli_;; one . .;q-...:a !·e ;r.~ h . t::-.it ;:> :-e 53~:-e 
. .. . ' ., 1 ... :1 ~ ,. •. . . # • • •• p ~.. . ... ' ........ - .... 
. :, .... ~u ..... ~. .\ .1 .... ':;\l.t.c ~ . -:. · (. , ,J ... . - : ::t= . 
sqt.: ~ =-~ : :-t ,.; !: ~; , . :· :_2~ · !~· -. 

A measl!re:nent of uistance , usually 
~~pressed in i n~!!e s. lt re;Jre sent> 
·.~e J.lst:!!':.~:: :1 ;: ! ::~ : .1 :;: )~'t?S u: a ~~·: r ::.: .:-!"'. 

In genera l . liqu;ds e~pand when they a r e 
heated. They contract when they are 
coolea. lf a liquid is confined so that 
it cannot escape when it is heated, 
pressure on tbe walls of the containe~ 
increases. If the :iquid is cooled, under 
the same conditions, :he pressure 
decreases. This is defined as thermal 
expansion and contraction. 

1-3 
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I 
VO LUME 
(DISPLAC E:\1 E:'-iT) 

VISCOSITY 

A measure of quantity or :amount. 

~;~~:~~ \~cu:eu:l!~de:~~~;~~~~t~~ ~~~~1s 
The volum<l rcpreso:nts the amount 
of fluid in a reservoir. It also can 
rep resent the amount of fluid dis
pl:lced or pushed by 3 pump or 
pis ton in a cylinder. 

The property which causes 3 liquid 
to resist a chang~ in shape anctllow. 

P.-\SCAL'S LAW. 

Pascal ' s law state s : 

When a fo rce is applied to a confined body of lluic, the 
res ultant pressure is transmitted equally and und!rr.lni shed 
in all directions. 

In hydraulic s , Pascal 's law applies :o liqllids that are confined and a re nor 
mo\·ing. 

1-.J 

A P : H CH ·, 

. I i I , .,. !., ~D(R 1 

~ 
•

1 
PI S TON 2 

I I rCYI.IND(R 2 
L-,,......,.,....,.r.i C Y L I H 0 tR 3 . r t ·: 't I . ., .... 4-'7i 
--'-r. ... tc 
.,.... .. 

KI NETIC ENERGY LOSS 
(CONtiN£0 LIQU ID) 

p,s~o" 3 

! t + i 
i + '_j 

~-~ 

\'()( _ \ ' 

. .. 



Consider the illustrat ion. When a force is put on the piston on t!le left, 
the pressure is uniformly transmitted throughout the entire system . 
This pressure is applied to the walls of the cylinders and tubes. This 
is true, however, only so long as pistons 2 and 3 do not move. If they 
do move, the result is a difference in pressure. Liquid then flows from 
cylinder 1 to cylinder 2. Pasca l' s law does not apply. But when pistons 
2 and 3 stop moving, the liquid stops flowing, the pressure equalizes, anrl 
Pascal's law again applies. 

As liquid flows through a tube, the pressure decreases ti the length of the 
tube is increased. tn the next illustration, assume that the !eYe! in the 
two tubes is the same when there is no flow. As soon as the selector 
valve is opened, the liquid moves. The level of the liq::id !n :!le tube 
far thest from the reservoir decreases ::tore than the flui d !eve ; of the 
tabe nearest the reservoir. 

VOL. V 

~INE7iC £N~G~ LCS3 
(UNCONf iNED LIQUID) 

st l ECTOR 
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RELATIONSHIP OF FORCE , AREA, AND P RESSURE. 

The te rms "force , " "area," and "pressure" have a definite mathematical 
re lationship. The relalionshi;l of the factors may be expressed as follows: 
force equals the area in S(juare inches times the pressure in pounds per square 
inch. Stated another way, 

For ce = Area x P ressure 

or 

Area .. 
Force 
Pressure 

or 

\ 

~ELATIONSHIP or rORCE, 
AREA, AND pqE SSURE 

Pre ssure = 
Forc e 
Area 

This fo rn:ula is usually found in a triangular fo r:n . \\'!:enever any two 
factors are known, the third c an be c alculated. 

EXA~\PU: 1: 

A:-ISWER: 

l-6 

·• The are3 o f a piston !s 3 n:.- (squar-: i ~cl:es) . Pres s1..r e 
i s 50 P5I ~;;our.ds ;>.: : S=.f~:rc .:1c:1j. · h,u : =- :·:: ~· : a:: .. )e 
c vlinoe r p roduce 0 

The formul:l says that the force !s equal tv the 3rea time s 
the pressure: 

Force = Area x Pressu~e 

? 
Since the area is 3 IN. - , and the ;Jressure is 50 PSI, 

Force • 3 x 50 

or 

Force = 150 LBS 

VOL \ ' 
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EXAMPLE 2: 

ANSWER: 

EXAMPLE 3: 

'·····' ANSWER: 

VOL. V 

·. 

The force of a piston is 200 LBS. 7he area of the piston 
is 4 IN. 2 . What is the pressure? 

In this case, the pressure is found by dividing the force 
by the area: 

Pressure : ~ 
Area 

? 
Since the force is 200 LBS, and the area is 4 IN. -, 

Pressure 
200 

= .. 
or 

Pressure = 50 p-r - ;:,. 

'l'he pressure in a cylinder is 3,000 PSI. The· force is 
9,000 LBS. What Is the area of the pis:or.? 

The formula says that the force dl vi dec by the pressure 
g! \'es the area. 

3. 000 PSI, 

Are :1 .:: 

. -. _.:;);::; , 

Area = F"rce 
Pressu!"e 

Since the force is 9, 000 LBS, anc the pressure is 3, 000 P:SI. 

Area = 

or 

9, OOti 
3,001) 

Area = 3 IN. 
2 

l -7 



These re la tionsh ips rnu~! he wwcr.;tu•Jd to lt!:tl'n tile! fun<:tion of :t hyd :·aulic 
system. A hydr~ulic pump must supply .. nough liquid unLier pressure to 

opcr·:ttc :lctuators. The actuators must l>c made to supply the fvt·c.., ne<:d"u 
to mon• aircralt cumpvnents such as flaps and landing gear. 

There is :lnother formula in hydraulics that must be understoud. This 
formula concerns thl:.' relationship betwccr. volume. nren. and length. 
The volume is egu:tl to the area times the length. St:lted anothet· way, 

Volume a .'1 rea x Length 

Length = 

or 

V'llume 
Length 

or 

Volu.'Tle 
Are:; 

/A L 

RELATI ONSHIP OF VOLUME, 
AR£A 1 ANO LENGTH 

This relationship can also be placed in triangular form. If two are known 
the tbtrd can be calculated. 

•) 

II the :1rea oi ~ pi.;ton Is 2 11\.- ana .t.; it!ll!l:th vi ~:a \'c.: 

Li ~ =~~ .. \\'hnt ··o lu!n.,.: 1::, r.: :~pl:\Ct:d., 

:.: .·· :: .:...(,. : .. : .. 
.. h • l'' ·) th 'h . - . , . :.•nee: e area iS~ ·'·- a nt: e 11!11£:. 15:: 1 .... 

·.; .i .•. u •• 

\' ·h.:me 

ln like m.mner . the area or le ngth can be fotmd hy u ;ing this iormu!a . 

1 - ·- VOL \' 



MECHANICAL ADVANTAGE p1Al. 

One of the most important tools the design engineer can use is mechanical 
advantage. :\1echanica l advantage lets him accurately determine the size 
of actuating cylinders nnd pistons ~nd the distance the pistons must move 
to operate a mechanism. Why is unit size so important in designing a 
hydraulic system ? It is important because space In an airplane is limited. 
Operating units must be des! gned to be as str ong as necessary but as small 
and 1 igh t in weight as possible. 

10 SQ IN. 

LIS rd11 e C t. ., 

~ECHAN ICAL ADVANTAGE 

\Vh~n th~ 50- pou:lJ w.::!l.!'ht rest~ l)n :h f: ..;:nali j)l:itOn !h:!t ha:) ~-; :-. : .;:.:l ·Ji :2 
.:V .. J3:·~ .~~:'!t.; . ·:1e ::_,, ~r::ssun~ :k.:""l::::: ~ 2,:) P~:. ':'h::, _.; ;.-.:.u:c ' j \ ' .: :. : ..: .:._ 

~h:: ·~: ,~h~ . . H ' fv :·<,.;, :)•: tht: ~.-~~. :-h:;· 2.i-?.:! :.~· .: .,):i\.o.'t- .~."'1 ''-'·S :1 :::i: .: ;: :~ . 

\\<'hen l!lis ;>ressure ac~s ~hr\) ug~ l.h~ bydrauilc :1 ... ia on :Cc: : .i ·~~u~re -t~ch .l!"'~..t 
of the piston, which is under the 250- pound w~;ig:ilt, :he weight : s supported. 

Th!s gain i :! for~e (frc"T. -;o :)Ounas :.~ ~5i·~ t'"u::dsl a:; :one b\· i:!~:-e~stn; Clre a 
only and ~ fluid pressurt: . It shows :ce :::e:1 ? I mechar..cai 33 \"!lntage which 
is used in many hydraulic devtct!3 . :\l~c!lantc3l ad\"antage (::IIA) is expressea 
as a r;ltlo. In the above tllustration, it is five to one or 5:1. ln hydraulics . 
mechanical advantage can be explained as the r~tlo between two pistons wl:h 
regard to the following factors: ;u·e~. force , and stroke (dlsta.'!ce t~:~,·eled) . 

The mechanical ad,·antJgc ~~tlo ~,., . .?s as a useiui shortcut tn h:: ~:·aulu:s. 
Suppose an 800- pound weight must be raised by using a 40-pound iorce on 

VOL. V 1-0 
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there is a 1. 200-PSI s ystem provided for emergency extension of the nose landing 
gear. This system is designated as hydraulic system 1:\o. ~ and is p ressurized IJy 
a hand pump. 

HYDRA\; UC SYSTDI KO. I. 

Hydraulic system No. 1 is powered by two variable-volume hydraulic pumps con
nected in parallel and driven by engines No. 3 and No. 4. The only functions of 
system No . 1 are to supply hydraulic power to one of the two aileron actuating cyl
inders in each wing, to one of the two rudder actuating c ylinders, and to one of the 
tbree ele,·ator actuating cylinders. The reservoir and a majori:y of the components 
oi :hls S\'S tem are located in a ser vic e cent~r which is lc:::n ecl on the rig!u si<.le oi >~e 
ca.rgo compartment. Ground test connections are pr.:.vided in the :orwarci encl oi ti:e 
right wheel well so that a hydraulic test stand may he connected for ground tes ting 
the ilight controls. 

c.umoo ... ., . 
nc:oa .. u,,., " .. ., .. 
.. c • • • ...... 

i!lrDU.UUC US l1 Ill 

. , ~~tMr llt.l II'IIM' 
: • ,. 
~~ ~~ ...., .... 
nrna Cllll iCt 

... 
~ 

... , 

HYC!lAUL I C SYSTEMS CCHTROL PAHEL 

The hydrauhc s ys tems con:.ro; :>anel IS :oca ted 
in the lower left corner of the flight engine~:·· s 
panel. This panel is dh·ided into three sec!ions , 
one section for eac h 3, 00·'- ?SI power s ys te:1~ . 
C~n~ot ~aci i~1dic:ttivn co:-.1p~me ~:s f vr ;~~:dt~::,;.; 

lic syster.'l ):o. 1 are lr,cated o::: the l"'.ver 
s ec tion (;f :?1 ..: p:1n~·i. T~e.;e co:r.oonc?nts ::. !~e-

two eng.u~e v:l:,·es S\\' l ::t~~.; : o.~~ S!.!::"t: -, :~ ... ; r .. . .; : 
pun1;:t sw 1t~!1, t!1re~ lo·.•. -.n·<·S3~r (· ·.\' ~!·:::~·.;· 

i!!"~ ts. a~r.! ~ ·::-- -;:s s ur~ :::~~~ :: ~~ 0:·. ::~c : .. · 
C~~':l"" .. !:::. .. ~ ~ :·J., ·:::..:~-:: .:: .:::-~ -::: :r.: 'f 
? 5: .~::;,··~ .· ·.~ ..:. J• ... ?:: . 

::-lo. ! sys te n~'s reser\'o ir contains :J.~proxi
tr.a:ely 2 .-1 g;Uions of fluid when !l roper !:. 
seL .. :iccC:. :\~. ::c:;e:.":ou·£ ::: :r..t,; :;.i::::J~:.::·; :..;·~ 

of the n\lop!·essu:-i::e<i ty'>e :md ean i>c .:~:·'. !::~..; 
at any t!:r,~ durlQ& fiib::t or ~::cund ope :·.:: : J~. 
A s ight g:tug·~ and index mark.; 0 n th~ t'€':::if!'':c1:

are pro,·ide d to allow proper sen·icin:;. T::~ 

reservoir is vemeci to the c :J.rgo comp:J. rtment 
through a ,·ent Hne :t!lc! ..:lr ~:i~;."'~· . 

A suction boost pump is mounted below and slightly forwa~·d of the resel'\'Oh· to 
provide an adequate supply of hydraulic fluid to the No. 3 and r\o. 4 engine-driven 
pumps. This centrifugal pump is driven by an A.-C motor and is controlled oy a 

2-~ 
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switch on the flight engineer's panel. The suction boost pump is capable of 
delivering 0 to 19.2 gallons-per-minute flow at pressures between 70 and 110 PSI. 
Adequate cooling of the boost pump is ensured by a bypass line routed from the 
pump's outlet port to the reservoir. F low to the reservoir is controlled by a re
strictor. To help prevent a possible failure of the engine-dr iven pumps, the 
suction boost pump should be turned on prior to engine start and cut off only after 
the completion of the engine run. 

Discharge pressure of the suction boost pump is sensed by a low pressure warning 
switch located above the pump. This switch is adjusted to illuminate an amber 
warning light on the hydraul!c systems control Panel when pump discharge pressure 
is less than 20 PSI. The light wi!l extinguish acd stay ex-ci:lguishe<i when the pres3t:r~ 
is above 30 PSI. 

A one-way check valve located in the supply line downstream of the low-pressure 
warnmg switch, prevents flow back into tb·e reservoir when the suction 'Joost pump 
is turned off. This check valve, which is commonly referred to as the priming 
check valve, holds a prime or bead of hydraulic fluid to the engine pumps. 

,---- ----, 
. •"o••v\.1( ,.,,,c .. 
""":' 10too •oos• -uw• 

- _!' 1.~!....'-~ '~'-~' !!""~ -- .. 
' -~--------·------------------------------------------~-~· -......... .,, 

1::s• •li"'" 
·'" '" '~ ~ .. ,.:,. 

0---~~-------------------------------<--- :tr 
za"": ': ~ ~ .. 
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At this point the supply line leaves the service center and is routed through the 
leading edge of the right wing. Because the components for No. 3 and No. 4 
engines are identical in function and operation, only those for one engine will be 
discussed. 

Six hydraulic components for each ertgine-driven pump are located in the leading 
edge of the wing directly aft of the engines. These components are: 

1. Supply shutoff valve 
2. Pressure shutoff valve 
3 . Low-pressure war :1ing switch 
4. Isolation check valve 
5. 20- PSI refief valve 
6. Bypass check valve 

All of the components, except the isolation check valves, are located aft of their 
associated engine. Both of the isolation check valves are located aft of Ko. 4 . 
engine. 

The supply shutoff vah·e is a motor-operated, gate-type vah·e wl:ic h in normal use 
req:..ires 28-,•o lts DC to oriv~ it O[Jen or ciosed. This ,·a!•:e ~an be o:Jer:).[ed in 
three ways to control supply fluid to the engine-driven pumps. :\ormaliy : he fl ight 
: .1gineer controls the vake electrkally with the engine va!t·~s swi:ch which is 
:ocated or. :he hydraulic ~ystems contr ol panel. !n case 0! a~. engine fire or fai!ure-, 
tte tJiiot co..-1 pul! the FIR S E:.\l:SRCE:\CY h;).lldle which cio.;~,; the ':ah·t elec:rically . 
~Uinten~:1c~ pc~~sonne! can open or ctvs':' ~~~e \'alve by ~o~i:i··n ir.; th·e- \':J.h·e's n:a~:·.:~:
•)\'-? l'~"i::!~ t --:•:c:· wn'.!n e!C::~ t· i(;al power is ):: . 

Th" pressurt: shutoff vah·e- is a solenoid- acruated vah·e that is 3pring loaded to :he 
open position ant! is closed when 28-volt D-C eiectrlcal power is a[Jplied to the 
solenoid. Wht>n the var,·e is closed, output oi the engine- dri\'e:: pump is blocke~! 
:>:: th..: v3.h·e: . Actuativn vr this v~lve is si:uult.aneous with th'- ac t:..taticr. oi the sup;)!_. 
shutoff va!vc since both :tre cont rolled bj' the same engine ,·a!\'es swHch and by the 
same: FIRE E~IERGENCY handle. 

Outlet ;>ressut·e from the engine-driven pump is sensed l>y a low-pressure warnin;; 
switch installed downstrc:tm of the pressure shutoff vah•e. This switch is adjusted 
to make ant! lu·eak the clcctt'i<.:al ci&·cult to ns associ:" cd PRE.:;s LO\i' ligh!, iuv0.\1.):! 
on ~he hyd•·aulic cvntr ol panel , at I, 350 ~ 150) PSI. When the pump pressun• de
creases to 1, 200 PSI, the amber light will be illuminated . As the pump pressure 
increases to 1, 500 PSI, the amber light will be extinguished. 

\' ()L. \' 
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The two remainmg ccmponeot;; e:lsllre proper cooling 3Jlri lubri:::t~lO!: i <>:' :he .::~:i::,;
,.~·!\'e:-1 ;>U:O::r.»S :;.~ti~!" :l~: ~;>-:- ~:;.::~~= Cl.! :'l'-' :::~·~.; • . :.. ;: · -~5~ :· ~:i!·. \'~. ·: .; . .; · . .:..! .. '. :·· 
i.::e .::ase cra1:1 ntie of ::.:1~ \!nf;;.n~; pl,;.r.\p. \ \'ht-r. t~:~ e::fir.e 13 ~":.l:':!:.:.nb =.nci :nc: 1::" ~1;!::.: 

,·~ves switch is in !~e ":\OR ) l"' pc;l5iU•Jrl, C!l.S~ drain flow wiil :;e C::·ectcd bo.c i-: :.') 
the reser\•oir thr ough the 2v-PSI relie i valve. \\'hen the engine is r'.l:u:hl~ and :::;; 
engine valves switch is in the "OFF" positio11, the 20- PSI r elief ' 'aln• will close. 
Case dr a in flow will then be directed to the depressur ized s uppiy line of the engine 
pu:np through the h~·pass li:1.e and !Jypa s:> checl: ,·al,·e. This run-:.:·c~nd actlc>ll p:· ~

vents pump ca,·itation. Tht! bypass chee:" val\·e, which is a o;:<>-,·::ty cht?ck \':liVe, 

a lso pr events the suction boost pump output from bypassing the eng!ne-dri ven pump 
when the boost pump is ope rating and the supply shutoff v:Uve is open. 

VOL. V 



An engine- driven pump is mounted on the accessory gearboxes of No. 3 and No. 4 
engines. Each pump is a nine- piston, variable- voiume unit that supplies flow to 
and controls pressure within the No. 1 hydraulic system. These pumps are con
nected in parallel so a single pressure-line source supplies fluid to all subsystems. 

Flow capacities for one engine-driven pump, based on 90-percent volumetric ef
ficiency, are: 

ENGINE POWER 

Take- off 
Cruise 
Idle 

FLOW IN GPr.I 

23.5 
21 
12.3 

Pump displacement begins to decrease rapidly at 2, 300 PSI and continues to de
crease until a system operating pressure of 3, 000 PSI is r eached. At 3, 000 PSI, 
the pump displacement is zero. 

The heart of the pump is a revolvin.g cylinder ba.rrel containing nine pistons with 
bronze shoes. All of the piston shoes contact a variable-angle wear plate. As 
th~ ?!lmP's :::!: ive shaft ~rns the cylinder ~r.::-e: , ~~:e pistons are force:.! to reci'J !"O
ca:e '-'.<itr. tile wear ~l.l:c is ~ii~ed . "i:vlcJ-~.)Wll pic:..tt:, e:;gag1:1g the ~n~~::g~\,., ·l~L~"= 

oi the pi:.tc:l shoes, ens-..:res a positi'.·e retur:~ oi each piston during \he ir:tak!l ~;!'o;,:e 

·.·a:y!:tg :he ,t~..j .. ~ ~=· ~.1e .,.,.e~n· plste c::a:~:;·e~ t~t: c!is?!ac:~!":1et~4 c: ~he tJt:.~:;> . T~e 
ar.g::: c~:: b~ ~!'lc...~~Sl"' !..::: !::.;.,·tr:g !l tr·.:.~:H":,t:- r:lOU!"lt~ci :1ar.ge!" ::t:t.: :l:lS the ·.·.··:1:- ~ ... .z:: 
-:!~·,.:~<:: :.;, !t. !i:u:;:~=- :::o,·c :::~r.t is c .Jnt:-~!!e :i ~:. :!le ~=-~.;.s:.:::-e c: ~·;e:ts:i.~.,:· ... .-::.~:-. 

H;:~ raulic fluid from ~he supply line enters tne ::-evoh·ing cylincier barrel as t!:r: 
i)~.:-:on.i a.re ~et:-~cting and then is disr.:harged :.1:1der r:ressare as :he pis~tJ:-:s :l!' P. 

:..lr~ed :.1~~., :!:i!!:- ~ores. 5y; ten. ~:~e.=.su:·t! 1~ ·~!:-e~:.!'~ :.: t::~ ~- :-:i:g- .... :lCeU -cl .. .:e_ 
SiJOOl oi t!1e pressure compensator. W!:e:J systet:l p::e:>S'..Il'e ~xce ec.s tht: .spr.i:J!; 
load, the spo~l moves at::i directs t':e fh:ic into a s~!'oking Cj'i::.der . T!le ;::·ok!~ . .: 
pis:on then :noves the hanger to a s~al!er ang!e which reduces the \''llume ceh•·e:·e;.; 
to mai:ltaln the desi.!'ed pressure. When system pressure is less than the s:Jri~g 
load, the stroking pis ton retracts and allows the hanger to move to a greater ang!P. 
·,,·hl:.:!t increases the \".J!u:t~e dellv~!"td. 

Axial thrust of the pistons against the wear plate during the power stroke is balanc~d 
hydraulically. System-pressure fluid is admitted to an undercut area In the face of 

2-8 \'OL. V 



I'V•I' CASt 
Jll0f4 'UO 90• 
tO• (LAI 1 1f --j'fi 

I' ISTOM 

MA HQ(It f JIIVMMI OM 

""' "'"""' )i/~f-7-;';~- lOll. l it • tal t MG 

DiG IN£ ~ IVDi P\.HP 

I 

~ 

the piston shoe through a hole in each piston and pis ton shoe. T~is pressure, ap
plied to the undercut area which is slightly less than the pis ton area, effecr..1ally 
balances the force so that the shoe is supported on a fluid film at all times. This 
balance is controlled to such a degree that there is no excessive leakage and high 
volumetric efficiencv is maintained. The axial thrust of the .-: ~· tinder ba:-re l is 
alsc balanced against t.l}e port plate hydraulically . These ieaturcs .;:iminate •he 
need for anti- thrust plates or bearings. 
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Only one other item, exclusive of plumbing and fittings, 
is located on the engines. A high-pressure filter is 
installed downstream of the engine-driven pumps on 

CONTROL 
MAQNCT the right side of each engine. All of the hydraulic 

""''' · 
OETA I L EO V I EV 

CLOGQED IND ICATat !UTT~ 

filter elements in the airplane are made from corrosion 
resistant steel, and filter to 25 microns absolute and 10 
micr ons (0. 00039) nominal. Also, all In-line hydraulic 
filters Incorporate an anti-cavitation check valve which 
seats only when the filter bowl is removed. As an aid 
to determine the condition of the filter element, a 
clogged Indicator button is incorporated In the filter 
housing. 

'l'he clogged indicator button, painted red, is controlled by the difference between 
Inlet and outlet pressure of the filter being felt on a control magnet. As the filter 
becomes contaminated, the outlet pressure will drop accordingly. Inlet pressure 
Is felt on the top of the control magnet, and outlet pressure is !elt on the base of 
the control magnet. When inlet pressure is approximately 70 PSI above outlet 
pressure (70 PSID). the control magnet moves down and loses Its magnetic hold 
on the button's magnet. A spring will then move the clogged indicator button into 
view above the filter body. Because the filter does CLOM ED 

not have a bypass ieature, the element must be re- I NDI~TOII 

mo,·ed and cleaned a$ soon as possible. After clean- r WTTOII 
mg the element, tne indicator button will ha,·e to be 
:·ese: manually. 

?ress::re !ir.es !ro~ bot!: e:Jg!ne-drlven ;m:n;Js te:-
n:inate at o. c-:>mmon presscre lint: in the '.Vi!!b ~~ :td

•q <!dge frec!ly a!t oi :-;o. -! engmtl. Fr:>m thi.; 
point, the pressure <lne is routed a!t through the 
engine pylon and then into the cargo compartmen: by 
w:~y of the wing trailing edge. All of the remainir._; 
componects for this power system are located at the 
l'o. 1 service center. These components are: 

1. 
'2. 
3 . 
4. 

Snubber and direct- reading indicator 
Pressure transmitter 
System relief valve 
Filters 

A snubber and a direct- reading indicator are installed 
just upstream of each pressure transmitter for the 
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three hydraulic systems . The s nubber acts as a surge damper to prevent e rratic 
indication and possible damage to the indicator and transmitter. The indicator 
dial is graduated in increments of 1, 000 PSI from 0 to 4, 000 PSI. 

Signals from the pressur e transmitter are sent to the pressure indicator which is 
located on the hydraulic systems control panel. The t~;ansmitter consis ts of a 
Bourdon tube mechanically linked to the rotor of an A-C synchro. The indicator 
consists of another A-C s ynchro with its rotor attached to the pointer of the indica
tor. Both synchros have their stators and rotors connected in ;>arallel , and both 
rotors are excited by 26 \'OLts AC. 

(1) 
~ATEC ON THE 

:_;, 
26v AC 

!IUS No. 1 

\HYORAIJ~ ; C SYSTEH 
\CONTIIO~ l',lN[L 

\ 
\ 

HYDRAULIC PRESSURE INOICATIOH ·-

As pressure is increase d, thte Bourdon ru~e will straig~:te:J u:1til the cii.iferen' " i:J 
hydraulic force is balar.ced by the elastic re$iStance oi t!:= n:be 's mate:·ia: . "!"hese 
movements displace the transmitter's rotor which causes a change in the \'Clt::.ge 
induced and a shift of magnetic-field strength in the legs of the stator windings. 
Because the transmitter and indicator stators are connected in parallel, this change 
will also be reflected in the stators of the indicator. The rctor of the indic:ttor 
then rotates and aligns itself with the changing magnetic field of the statot·s. As 
pressure decreases, the tube will respond and seek its original position. 

VOL. V :!- I l 



The system rel!ef valve Is provided to protect the system from excessive pressure 
in the event that the engine-driven pumps fail to compensate.· The valve consists 
of a poppet set by a spring, a stationary probe, an:l two ports. One port oi the 
valve is connected to the pressure line, and the other port is connected to the system 
return line. U system pressure reaches 3, 560 PSI, the poppet will unseat and 
allow the output of the pumps to move through the valve back to the reservoir. After 
the poppet unseats, system pressure m\lst drop to approximately 3, 150 PSI before 
the poppet will reseat. As the poppet resea ts, fluid must be forced out of the buffer 
area in front of the probe. This feature enables the valve to work smoothly without 
chattering. The valve is capable of bypassing 32 gallons-per-minute when it is 
fully open. · 

PR tSSUIU O 

S':'STD4 RELI 0' VALVE 

1\vo ~tl te:-s a:e usee ;o filter t!:e h\'draulic fh.:ic returned to :!:~ r.;se:-,·oir. Or . .: 
:'i: te:· is :.-.s;a!!ec in the syste::• return line , and the other f!l:e :- !5 installec ::: :'-· 
engi:le-pum;> case c!t·ain line . ':'hese filters are ldt-r.: ica! O!:;::e;>t :'vr th t'ir E •• :u: :! 
now '"C!crr.e. 

·"-:: :.~e !i!:e!" eiement becomes contaminated, the 
pressure drop across the filter increases . When 
t~.e pressure drop reaches approximately 70 PSI. 
a clogged indica tor button extends irom the to:> oi 
t:te fil te r body. These fllters also bave an interr.al 
bypass feature. Inlet pressure is felt on the face 
side of the bypass valve which is sprl.ng loaded 
against its seat. Outlet pressure ls felt on the 
spring- loaded side of the bypass valve. When the 
pressure drop across the filter r ::aches appro:(
lmatcly 100 PSI, enough hydrau!ic force is created 
:o unseat the valve. At thi.s time hydraulic fluid 
bypasses the filter element and goes directly to the 
reservoir. 
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Another filter, identical to the one on the engine, is installed in the pressure 
line downstream of the quick-disconnect fitting for the ground test stand. This 
filter removes contamination from the fluid before it can enter the hydraulic 
system. 

HYDRAULIC SYSTE:II NO. 2. 

With the exception of being. equipped with two suction boost pumps, hydraulic s ystem 
No. 2 is the same in ba.sic design and content as hydraulic system l:\o. 1. It is 
powered by two var iable-volume hydraulic pumps connected in parallel and driven 
by engines 1\o. 1 and :\o. 2. System No. 2 supplies hydraulic power to the following: 
one of the two aileron actuating cylinders in each wing, one of the rudder actuating 
cylinders, one of the three elevator actuating cylinders, one motor of the wing-flap 
drive system, one- half of the daal tandem actuators for· the wing spoilers, and one
half of the spoiler cable actuator. This system also supplies power for r:ormai 
operation of the following: landing gear, wheel brakes, nosE: gear steering, horizontal 
stabilizer trim, emergency generator, control-column pusher actuator, and the 
hydraulic-motor-::lriven suction boost pump. 

Control and indication co n!ponent.s for hydraulic syste~n :\•.) . 2 O.!'e ;,x:ater! <m ~::e 

middle left section of the !lyclraulic systems control panel. !his section ::omains 
the same compoMnts 1s :ne sec:icn for system :\o. t. 

located in the forw:u-d P.r..d of the lef' wheel we; i for use with o. hyc:rauiic 'es: .;~:n:c: . 

The resert.·oir ~O~lt~i~S :lP;H">:,:~'lo.te :. :~· ~. ~ ga: iv~s with ;.;:-~~ ltui.di:::;; ~·!:o.1· :!.:.,-:::; anc! 
S.tJproXl~~:J.tely i:\'e f; .l. :: · .. ~:: ·.·. :::: ~l:l;' L ::.:~ :::1~ b:!.!:· ~:·. :··.l.· ~ ... ~~-· ... :.l: :..'::\,;c:, t · ... . \. ~ :.::1. 
installed in the rese~·\·oir-'s n!:tt line. One c!leck \·ai·:~ ailows c~.l'f;C comp3!':!~-:e:t\. 
a~ pressure to be feit on ~he !1uid in :he r~se1 .. :o~r bu: pr e\··!r..ts ih.:.id ir.Jt~: ..?!: tc!·!:~~ 

and contaminating th~ v.or.t filter. The other check Yah·e al!ows iluid to :e::se t!!« 
reservoir in the event of an overfilled condition during ground checkou~ but, wl:e:: 
seated, it prevents foreign particles from entering the reservoir. 

1\vo suction boost pumps are provided for the ::\o. 2 hydrauli.:: system. They e:1.sure 
positive inlet pressure to the engine-driven pumps under all flow requirements. One 
of the pumps is identical to the electrically-driven pump used in system No. l and 
is located below the reservoir. The other, a hydraulically-driven pump is mounted 
on the bottom of the reset·voir. 

VOL. V 



HYCRAUL!CAL~':' :::RIVEN SUCT leN BCOST ?1_-:.!P 

This suc!ion boos: pur.:,.> !"C~c:i\'es fluid unde!" pre::su:~· :~ (!rn·~ :~~ !r · ":li.::. · :::.) . : 

sec:ion o:· t!~e brjost ptnn;; . .-\. r~s:rlc~~r i:~ t!:e ~):-e.;~;;;u!·e li:"l.e tJ!~;:·:-::~:~ ,\'~·:· -~ ;'-~-.:~:-,_ 

~: :.ll: :lu:i~.p. T~u~ !-.lot ... t' c.:>nsL5t.!) oi :.1. ninc-~:.ist04: :l.S:iC:~· .. : .. c~rh·e~ ir:. .... . ~.:· , .. ~ ~-; :·:: 
:,o.:.·re. a.sserr.bl\', \ \'h!:r. . ... -· rt~ . .: -"'!'•' :r :;·: :..:~ :·::~- ::-.~ - ... · r·.: )~!~:".,:. :· •• .. :.·.· ; -

... . :; ::· .. .: . 

The pump has a rated :~ow oi ZJ.._g:;!._llf>nS -po:':- - rr.~r. ... :~ :1.; a ~re:ss.:re c.i ; .. !>::.! to J: :, 
PSI. \Vhen the pressure ~xct:edE ::v PSI, t~~ h::.:L::1u!~:- n:"'t'~· '.':ill st:l!. . .... ~ 

App:·oximate iilter se:tings i:~ PS!D for ):o. ~ .;y$cer.: :1:·~: 

CLOGGED BL'TT O): 

Pump Pressure 70 
G:-ound Te~\. S't:tn~~ 71! 

~ystem Return 70 tOO 
Case Drain Return 28 -ill 
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HYDRAULIC SYSTEM NO. 3. 

Hydraulic system No. 3 is powered by two electrically-driven, variable-volume · 
pumps connected in parallel. This system supplies hydraulic power for normal 
operation of the following: the cargo doors and ramp system, the APU (auxiliary 
power unit) starter, one motor of the wing flap drive system, one-half of the dual 
tandem actuators for the wing spoilers, one-half of the spoiler cable actuator, 
and one control-column pusher actuator. This system also supplies power for 
emergency operation of the wheel brakes, the third actuator for the elevator, and 
the aileron servo tab lockout mechanism. 

Except for the electrically driven pumps and the control panels, all of the power
system components are located in a service center on the left side of the cargo 
compartment just forward of service center No. 2. The reservoir contains ap
proximately five gallons of fluid when properly serviced. Manually operated 
interconnect valves are provided to allow hydraulic power from system No. 3 to 
be delivered to system No. 2 during ground checkout. Two 400 cubic-inch, piston
type accumulators are installed at the No. 3 service center to store a r eserve supply 
of fluid under pressure to start the APU and to provide emergency brakes when the 
high-pressure pumps are inoperable. A handpump is incorporated to charge the 
accumulators and to permit manual operation of the cargo doors and ramp system. 

PISTCII-T.,.£ ACQXILATCJI 

The control and indi.cation components for hydraulic system No. 3 are located on 
the upper section of the hydraulic systems control panel which is in the lower left 
cor:ter of the flight engineer's panel. This section contains a pressure indicato:
and two pump switches. The pressure indicator will indicate system pressure, 
and a green PRESS ON light on the pilots' main instrument panel will illuminate 
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when the pressure is above 1, 500 PSI. Each pump switch va the hy<!J·aulic system 
control panel has three positions whlch ar": "ON," ··orr," and "RA' :P CO!\TROL." 
Switches for the pumps are also located on the ramp control panel in the cargo com
partment, but they are operative only wl1en the flight engineer's switch~s >l!'e in the 
"RAMP CONTROL" position. The switches on the ramp control panel ha,·c two 
positions whlch are: "ON" and "OFF:" In addition to the switches un the two con
trol panels, the pumps will automatically start through the eiectrical cir<t:itry of 
the ailer on , elevator, wing spoiler, and stall warning systems. A time-c.ie~ay 

relay is incorporated in the No. 2 pump circuitry to pre,·ent overloading :i1e electri
cal system when both pumps are s cheduled to start simultaneously. 

The No. 3 system pumps are located in the fol·ward ~<nd of the !eft whee! we!!. TiH;y 
ar~ variable-volume pumps driven oy air -cooled A-C motors. !::ace; pumi' has t~rt:e 
major sections which are enclosed by a housing and cover assemb~y . These :najor 
sections are: an electric motor with attached ian, an impeller- type boost pump, and 
an axial piston pump. The boost pump, located between the motor ant: axia! pis~on 
pump, r eceives fluid from the reservoir. This fluid is pressurized to a;->:>ro=-.:mat~iy 

40 PSI and then delivered to the blet of the axial piston pump. ThE axial ;:,i.;ton pump 
is identical in opEra:ion to the eng:i:le- dril·en pur.1ps . 

. 
' I 
"" 

N0.3 H~AULIC SYSTEM ELECTRICAL MOT<lH~IVE:N P~P 
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Hydraulic pressure for landing gear retraction and extension is provided by the 
No . 2 hydraulic system. In the event of No. 2 hydraulic system failure, the main 
gear may be manually released to free fall. Ar. engage mechanism is provided 
for manually positioning the drag link to the down- locked position. Emergency 
e"-'tension of the nose gear 1s accomplished by hydraulic ;>ressure from the No. ~ 
hydraulic system. 

The gear can be extended or retracted by placing the selector handle, located on the 
landing gear control panel, in the desired position. Separate indicators are provided 
to show extension or retraction of each gear. A "wheel" appears in the indicator 
window when the gear is down and locked. When the gear is up and locked, the 
word "UP" is displayed. The intermediate position is indicated by a ''barber pole" 
symbol. Two red warning lights in the selector handle are illuminated during any 
unsafe condition. 

CCUTROL PAWE:. 

Each main gear assembly includes the following : 

3- 2 

• . . 
2. 
3. 

,:,,, a!r-oil shock strut 
An axle beam and axle assembly iinks 
Torque arms 

\''JL, \' 



4. Drag bract:!s 
5. Drag links and downlock assembly 
6. Uplock assembly 
7' . . ·· 'Leveler rod assembly 
8. Axle beam positioner cylinder and reservoir 
9. Actuating cylinder 

10. Wheels and tires 
11. Wheel brake assemblies 
12. Brake Compensating rods 
13. Door uplock 

The nose landing gear assembly consists of the following: 

1. Air-oil shock s t rut 
2. Axle 
3. Torque arms 
4. A drag link with an up-down lock assembly 
5. Actuating cylinder 
6. Wheels with tires 

T!;e two main lanf.iiig gea~· shoe~ st:-:1~.; p:-o\·:de 3. r.:e:..L.-:s o: ~::.:1c2ling :!:-? rr:::u:: 
ge:t.!· :1Sse:-:1blies t~ t!:2 :li!"'('!"::.!t, :l.r."'1 t) ro~:i6:: :;h:;\: i\ ~.b:; .. .:·t; tlv!t d:::-::-::; :a..xiir..b·, 
take-of.:, ar.C im~1ng . "!"he 3i:c~- ~~ stru: is a <.::n;·~;'l::..:.. ::.5.! :!.1:·-~L-=y:Jo:: w~:::::-:: L~ · :~·:.:. !:

nio~: ~.ccnce~ t~· t::e ~i =-;~la;:e. P :·:r:1.a:-E:: , ir ~o~sists o:· 'l piHO~ :iss ·.:~:~;·: :u;.:: :l~: 

'.' '.ltt:!' ~::: i::~·.: l' ::~ £!= ;.,:; !·: . ~ .: ; .=:.:·:.: t :) ~ 3t":':. T::. C:::C' !':(; ·.; : :::;c:>o:S ·.:.·:~.- ~· .:: :~·~ -. ,:L .. 

c;;.ac!itic ::; !)l!.t :n t!le :::1u.. s::s.::.:: j} ::sl~~v:~ ... :n~~l' ~:e .;1:;:: ;:· .... ~ = ·.; ~:.e::: . : : ·.: : .:.: : .:::.: . ·-: .: · 
to three inches extended. The shock st-:-:.lt compression st:-o1'e is designC!c t.o r.-:.ee!: 
certain unusual requir~~ent:; ·:>!the.: s:.lr Lifte!.·. !l! c~~e !: t .:. !"!~ir:i ~ize f·Jseiage: ~e~ ·: 

ir:~ ~vac .:;, ::·.e r.:ai:: :o.:1d1:!; g~~:· :::.!s .;.-: to ;:- ~~~;t: ~s .... : ~':-:- .i3 ., 1.-::: . ):;: :.~ ::!~· : ~· .. ~ .. ..; · 

;lit :!~r,te:· ;)~ ~~':l\' i:y tt.:si~ i : .. m . : ·.:!;" 0\ cr .!:u'lf; c,;: ~;: ..; ·-~\: lO:;.; :..· ~~ :i ~-:~ :".: 'l~ i:: :.,l~: .. :~·- :: 
gear anC the small grouncl ~!~?ar:;.:lce. Hr::its the t:l.E - (:::\wr. 2.t!gle d1Jring; take-ci: 0~· 

landing. To overcorr:.e this, a ':NO-step action of th~ shcck :itr--..:~ w~.::; de\·e~op~~ . -.· 
se:ting the stroke at 2d inches , the wheo:ls are ;>laced safficiently be!ow the fuselage 
to permit an 11-degree tail-down ang!e at touchdown impac:. The first 17 inches 
of compression may be ql:ite rapid, and the tail down ang!e limit at t.'lis point is :1\);:>ro:-:
imately eight degrees. Oeyont: 17 inc!'les of c::>n"!p~·ession :r.~ 3!1od~ 5t:-ut \vi:l ~tl:.Jw 
the airplane to sink much s lower until the static condition on the weight carried .is 
reached. During this time the airplane will rotate downward as in any landing so that 
the tail clearance is ample . 
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: · - .3.::_': - .:~.n ac~ .:.."~«! :tsse-:-ch!. · .. :~~~ :.: ..::i 3. ~2~ns of 1~:u~~!i:1g ~!:t? ~: .. :' .. ::: .l::c: w:1..:~:. 
: . ~ ~.:-~.~::.-;,: · ~~:;:: ~.:1:.: !'J':i! T:! · . ... :..: __ :·-· ·.:= :::...' ~.: ..>e~:~: !~::t~ a j)t...: .. . ~:=~ t,..~ 
t!.l~~. e!";C ·.·. !ll :h .se!' \·e as Jnot~~t3 J.J r t~:t; a.:~!e.;. :\ hollow bol t, which p:-o,·ic:es 
:h~: ~ivo: point for the n..vJe beam assembly, attaches the beam assembly to the shock 
::: ~~· .. !t p~~:->:-.. ~·eke. !:te l.:<!es are t:l!·ea:: .~ <! inte:-!'la!ly on e3ch enC .. vhic !t elimi:l:th~s -: !~e 

!~:;::~:.:.1'l sp:\cer a;;s o;rr.Oty , incc.r;.>oratin; !ow !·ings a::1d jack i)ads, :s installt:C .Jn 
•. ::.::!: er. ~ ci t!.e axle beam and p~o,· l,<es for :ha centering of the o.:Jes. 

The axle oe:un positioner cylinde r is an ae--oi~ cy!lnder at:ached between tlle :-.:de 
beam :1nd the shock strut piston. This keeps the axle beam appro:timately!Jerpenctic
u b.:· ~-' t~e !ongit\::linal axis of the shJck :m·•Jt while in tile extencled posicion !"-:>r !a!":c!
i:lg, and during part of the extension o.nd :·etracdon cycle. it also pt·oviues :1 degr d 

of sn~;iJbing action to prevent oscillations of the axle beam during landing, laxi.l.ng, 
and take-oU. A positioner-cylinder air-bottle reservoir provides approximately 
75 cubic inches of additional air for the positioner cylinder. The bottle is located 
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1, pn~c~a:·~L·d t ·) : .. q.Jtn·~·,un. ly :?, 'J·Ju !>SI . The boa1..: has .lc ai!' r>r~s~~:!·~· ;;::u.i.:;c 
an o.ir fHh:n· •: :.!.h'e, an'-; is cunnt:cted to the positioner cylinder by 1nt:-ans 0i a ~~i£· :1 

press;.:rt- ~l .. ; .. !:J!C h~)St' . It is fl:l.n~\'-mount~d internally :o t!1c lOh'f'! ' pb;:vn co': ·.:• !' 
i'i..t.~ ·_. :: i :n ; ~...:. , h. ; .~:··• : . .. ~r~ an~ : i 't~~..; m.,~~ . 

.-\n upp\.:1' t·.>~'(tllt' a!·n: ;1nd ~ tower torqu_e :J.r n~ are l0<.:3.tcd on e:.tcn !~i.'lin :re:J.r to :":':~ 1:1-

tain ,..,·ne<:l aii~.pun .'Ill . Th~ upj)tJ~· tot· que ar tn is n1ounted t0 lu~s on the sht :c.: k "~ru: 

" '· tinder , a1Hi tile lower torque arm is attached to the forward axle. The torc1ue an~ .• . . 
are ;;~cured t<> each other at tht:ir apex by a ball and socket joint. A lL"I de!· I"O<i 
ass<' rnh ly is attached between a lu:; on the upper torque arm and a tu!-! 011 the drag 
b rae(' at tht· shock s trut trunnion. Ouring ~car rctrac :ion the le,·.:olt"l" Nd link.::.;;\· 
will cause the axle hcam to rotate about i ts pivot point so that during approxim:nd:: 
the last 20 degrees of s trut rotation the a xle jearn assumes and maintains a position 
para! ·~ to the stowed position. During gear extension the levele r rod linkage 
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START or EXT£NS ION 
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rULL ~p POJ IT! ON 

MAIN LANDING GEAR L£VE:Lt:R 

maintains :h"a a:-:~c oear.~ po sition parat:e: :o :!1e :-e:ra..::eC ;?o::::!on ::n~ a~;r~::::--~ . .l!f'./ 

the :'irst :,;., d~gr~c:; 1.)! C·::>wnward .Slrut ~·H·,,: nten: r:> pro·:id~ ~l:?ara:t:·~ ~ .. !" ::-.~ :· :!H.: 
gear doors . The c rag link provides :or the retraction ana ex:e~.sion of the r:1::.!r. 
gear, aod incoroorates the downlock. 

The d rag i~::K asse:n!>ly consists of a s1ng!e ~orward l::tk a:•aci:e<: to :h~ s lloc:. ;;·: .. : 
cy lL"lder a:~d two aft drag links attached to the ~uselage . The ~orward hnk a::o '""" 
aft links are connected oy a ·knee bolt. The malo landing gear actuator is :u:acr . .?o 
between 1.11e two aft drag link.;; and pivots :he drag link :l.Ssernbiy at :he kn.ee joint :o 
extend and retract the main gear. The main landing gear downlock is located :lt the 
knee joint of the drag link assembly. The down lock consists of a "chocking" lever, 
a spring-loaded hydraulic actuator , a cam on the forward drag link, and a down i-:>c ~' 

~witch . Tht: s pr ing load holds the "chock" under the cam of the forward dras- lmk 
prevenUng the drag link assembly from folding. During gear retraction , hydraulic 
pressure is applied to the downlock actuator thereby moving the "chock" aft and 
allowing the drag link assembly to fold . 
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\_ OOWHLOCK 
ACTUATOII 

OOYH LOCK SY ITCH 

MAIN LAND lNG GEAR oo.o.f~LCX:K 

!::ach :n~•~ la:1dlng gca: ~o~ is ;l!".J,·i-:. ~wit!"! ~hr~e (: :~v;·..;. a.~: ~:~: :; .11!:'t: .. :a ... r. :~r. 

inboart.: <.leo:. o.ncl an oleo Joor. The vu:..:O:l.!"d door is !':~.:~e.:: ~:. :n~ ;>~..: a::.:! .;; wir.~:~., 

down and outbo:ll':!. It is linked to the forward and ait e:1ds of the dOO!' torq~<' 
tube wh!ch rotates, throu~h a bellcra.'lk linkage a:tachec! :o :he lz.ndic; .;e:.: s::::: 
asser:;b!:: , as :~~gear is ex~endcC o:· re:.:·:tcted. Thf= t."100a:-C Q,jor :.~ :·.!:;;~:: :; 
:he pod a nd sw:ngs dow:l :we! in!::oa:c . I: : s linkec! t ~ :::~: : .l:(i;;e !-J"' ::: :::c : .>:
ward and ait ends. The oleo door is hinged to the poci on the inboarC: sicie and 
swings up and lnbo:1rd . It is linked by :: single push roc fa s ter.eci to the mum 
gear trunnion lugs. 

The actuating linkage of the main landing gear doors Is provided to t:ansfer the 
motion of the shock strut for openL'lg and c losing the uooi's during ti.e retr::et!on 
and extension of the main gear. The l inkage for the lower doors is connected, 
through a link which connects two ball joints, to the main gear upper attach pin. 
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CAIILt 

:.lA II< LAND lNG GEAR DOORS AND UPLCCK 

OUT80 000~ 

tJushrod :o the torcr-'e t:;~,.,s o:x;en.Jm;,: ~he length oi the whee! we!:. Tht! ci.>vrs :u-e 
driven by pushrods connected to :he torque arms at tl1e forward and ai~ en.:!s cf each 
lo"•e:- :loor. T~'! oleo door is actuated by a single ;:~ushrod connecte::: to :!le main 
l::i::· . .h.~S' g-e;1:- trunrion lug. 

A main la.'lding gear uplcck asserr.bl:,· is installed in ~ach main l~:1dinc ge::.r pod. 
Each uplock assembly !ocks the associat~::d landing gear and the pod doors t!lN•Jg!: 
an interlinked torque tube assembly. The door torc;ue tube, rather ~nan tbe gear, 
is locked when rotated to the gear up position. 

The uplock as~emblies arc mechan:cal o,·ercenter locks a.nd a:-e no1·~1a!ly re!l'O.S<>d 
by a hydraulic actuator. In the event of a failure or the hydraulic rei ease mechanls m, 
they are released manually by a cable rigged lever. 
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The upward motion of the l::mding gear is transmitted through the linkag<! to rotate 
the door torque tube, which in turn is linked to the pod doors. As the torque tube 
ro~tes, a lever arm and roller contacts the open up lock and forces the uplock head 
through a small arc to the locked position. The lever arrangement snaps past center 
and locks the up lock head. 

For hydraulic release, the hydraulic release cylinder actuator rod extends and con
tracts a cam which rotates and moves the fulcrum of the locking levers to the open 
position. A spring maintains the lock open and in readiness for the next closing 
cycle. 

The left and right main Iandin£; gear door u;>locks prevent the leading edge of the 
doors from gapping when the aircraft is in flight . The up locks are lccateci at ~::~ 

forward edges oi the main gear doors. When the aircraft is on :he g:-::.unc!. t~e: :ar.ci
ing gear doors are open and the door uplock actuator is pressurized to the unlocl:ed 
position. The door uplock actuator is sequenced to t'-e locked condition when the land
ing gear goes Into the uplock position. The door uplock is held in the lc;;ked pos itior. 
by overcenter linkage. When the tandi:o~g gear centro! hancle is put In the "j)~; " pcs~ti.:>r., 
pressure is applied to the door uplock actuator to release the uplock. In case of ~,;. 2 
hydraulic s ystem f~ilure, :.he door uplock may be !'"elc3.sec! manua!iy by p·~:~icg :i. ! 
handle loca :ec in the carg~ co:n;:.a:-:~en:. 

Brake compensati:lg !"Ods a.!·e t.t::to:;:;.;:d :~orr: each b1·~ke as~~;.-.:)~:- t~ t:~i· s:::.... .. :~ k ~ t~·.:.: 

t~ ~.:"e\'e ::t ;Jit~hi::~ of t~e axie Oe2.::~ ::.ss~~bl~· duri~g ~~aki~g. .\3 ~he ::..i:·cr:-0.:: i~ 
~r:l--<eci , the ior.\·a.!' ~ ::..:·::-~ : .. ~:~3 t::- ~.:..~.:~ ·~ :~e fV:".'-':!.1'~ ·\-.·.:=.:;is ~ .;,.:::_ -:.:: · : .:..: :· · : ~:· · ::~·: . ~ 

to rlse. T~is mci.ivn ~s !'~s~:·1:..::ec.. ~Y t!le ::=~~; cot:'l;:e:1su:!.:~; ~· ~=~ :: ~' :.~~:: ::·a::£ ;·:.:·. ::!; 

~OSE LA:-iDI:\G GSAR SYS7L\I. 

~ .:;;: .: .: ·:.= ;:·· : .. :. 
du.:-i:lg ~a..\:nr.~. ::J.k::: -o~i, ::.nC 1.:.1:H:t.~g. :-::~ .;~:--.·t i$ f~ ::..:: :.l '.\'4::~ ~:::c::-...-:.:.:~ ::~:c. : :: .. ::::.
;>r~ssec! a..i!" :.~.1·ough fille!· t.'::L!ve s or. t::>p vf ~he c;·linC.~:· . 0 - :·ing se:t!.s :-~n<! Oach.11; :-:::~3 

fcr:n. packings tha~ s eal t~e inte !"nal slidin~ .s~r:·:lces. The 5i~~ck :;;::-a:· ::-\l:u~ :vn .:r:C~ 
are mounted i"l seli-aligning soherical bearings i:l the fuselage structt:re . T!:e .;tee!' :::l~ 

control valve, steering cylinders, s•eerlng cable , and to~qut) a:-ms :u-e at tached t<> 
c!12 stn:t. 

The nose gear torque arms act as an antirotation connection link, connect the strut 
piston to the cylinder, and ;>rovide a means for steering the nose gear. The upper 
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~CSC: LANDING GEAR CO~PCNOITS 

:;,:·G"J~ a.:-~ i~ :,o!:ed a~ ~he ~.opo!.?~· r:1~·t.~t i •.!;j' ~r: :!'le s~oc~: ~ ::··~~ ~--:.::~·~ : · 1:, ~. :::; :c.·!: : 
t~ ~·que ar'"r. is bc ;'.-~d ;o :he s::"J: piston i'..:;s. Both t O:"':iUE :..::ns a.·:a :r:~~a• ·.~d~~ ':n.:. s:: 
::-.i§s :n each mocnr.i:lg lu!t . A r,u!c !~ Ciscc!l:lect c.: t "le aoe:: :> ':'~t:~ ie~ 1 ~CJr:~;-: .. ~~ "';:~·~: 

_. .. :· ~~- ~ t.>r<r..i~ u~s . 

7!:.~ ~J:i.! s;~ <i:a.& ~.tru,, '' ~"l .;~ .: ... :::.a:::3 :...1.e \.:;>-C.:>w~ ,..Jc.·: :.ec:.:.:u::.;~. t:-:l.:;~~::.; :;:; 
;'lOSe gear drag loads irom the shock s trut to :.l:e fuseiage. The cag 11::.!< IS j~i!'!.!ec 

::ez..:- ~! c~!'lt~:- a~=! :cl~3 w~u!e :::~ ~:.>se gea:· is ir. tra:1s!:. A.i i:::-i:-:.;::::: ~=- .;.: .;ur~ 

ic·"" ·: lOCk actua~ing cylir.c!e!·. !he ncse gee· c.ir:4g link iS ~:-;.a::1eC ~o :h~ tV9 "li t!-.e 
.3:.?ck s~ru~ anc! to the dr44g lirJ; r:unnio!1 . T::e d!"ag lick! ':-:: k.: st=n.ight a:-1:: r.ea:-!y 
no:·l~o~:a! in :.he e:.:tended poslti<m . !t1 c!le retracted posit!·~::: ~e :~p of ::J>' ;:r~:• !.; 
r otated :lit and downward ~<ntii (he c!rag link is straight anc in a near!)' ven1cal ;:>o.;i:~on. 

: : ... :lC:;e :;e-1: u!).Cown toe:: 1.:ecn:1:::5:n ;~ i:lC'Jr~o:-'l~e~ 1:-. :je :!:"3..& ::::~' :l.,.a.!r.!b::: , 
ar.=. the actuat:..Og cyl iD.der is mou;1teC on &.e no:;e gear shock st.rc:. :'he ~yiincier 1.s 
coiUlected to the mechanism through bellcranks and a pushrod . Tbe gear is locked 
in either the up or the down position by two cranks forcet: into an overcenter pusitiOtl . 
The cranks are forced iD.to the overcenter position by the combination of a spring 
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CRANK 

SHIM ADJUSTMENT 

UP-DOWN LOCK 
ACTUATING ROO 

-uP-DOWN LOCK SWITCH 

NOSE LAND I NG GEAR UP-CC'wN LOCK 

ar.d the hydraulic ;>ress t· :~e to :. ~1:: actuating c~·li~::!er; :,he~· ~.:·c ~-.a!::tt:line< : ll: t~e 
iockec ;>osition by the sp:-m,; a.>sembl:;. ~y:l!·awic: ,,.:!~>:.::-.: tv :h.: a::<cck sicie ~i :::~ 
act-.1ating cylinder ur.iocks the up-down lock· mechanisrr~. 

The nose gear actuator is a typical-hydraulically act'.lated, double-ac:ing, cylinder 
and piston assembly. The cylinder is at:ache-:1 to :he ::!'ag i!!lk ::-un:~ion a:~d to a 
bellcran.k on the shock su·ut trunnion. The actuato:- is cx:encled to lower the gear 
and retracted to raise the gear . 

The nose gear doors. enclose the nose wheel well when the gear is in the retracted 
position. The doors open and close in conjunction with the nose landing gear 
through a system of adjustable pushrods and bellcranks. The doors consist of two 
clamshell doors covering the forward section and one single door co·,ering the aft 
section. When the gear is in the up position, all doors are closed and are preloaded. 
The clamshell doors move downward and outboard as the gear extends, and then back 
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to :he ~k,sed posi~icn wher! t~e ge::t.r is ci"''· ~~ - '!'he aft doer ~~1.)'::.: c.ow:i ~::d :;:l.:::-k 
u!lde;; t~.~ f;;,se lage , and remains i-:1 t hh; p~jsition u~tii the ge:::..1· is :·e tr J.c:; C. . 3t. r:tP~~· ~ 

on the aft doer contact the fuse lage to i)rovide additional support for the door. 

T!:c door actuating :nechani sm transfers the r.1oticn of the nose gear shcek .st:·:~: . :o~ 

ci)er.ing a:.1d ciosing the nose landing ge~!' doors during extansicn and retracti..:>!1 of 
the nose gear. The linkage for each forward door is cor..nected :o :he strut trun::~ior. 
be ilcra:lk. The motion is then transferred through arms, rods, and bellc:-anks to 
the doors. The aft door linkage consists of one rod and two arms for each side of th~ 
door, The rod is connected to the strut trunnion bellcrank and then :o an arm, which 
is connected to the door on one end and a support on the other er.d. The other ar:-:1 
on each side of the door provides support and acts as a guide for the aft end of the 
door. 

The nose landing gear spin brake stops the nose wheel from spinning when the gear 
is in the retracted position. When the nose ·gear ,is retracted, the tire c?mes in 
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contact with the brake lining. The wheel assembly gradually stops rotating due 
to the friction generated between the tire and spin brake. The brake assembly is 
attached to the forward upper section of the nose wheel well and consists of a 
bracket, brake lining, and a strap. The spin brake is attached to upper structure 
of the nose wheel well by a hinge at the aft end and at the forward end by a pin and 
two retaining clips. The clips are slotted to allow the forward end of the assembly 
to move up and down approximately 0. 4 ir.ch. The flexible neoprene strap, in con
junction with the slotted clips, allows for differences that may occur in the tire and 
brake contact point. 

HYDRAULIC OPERATION. 

The landing lS~ar system is hydraulically operated by pressure from the ::-<o. 2 
hydraulic system. Four solenoid actuated valves are provided to direct hydraulic 
pressure for 1anding gear operation. The four valves are: the nose landing gear 
selector valH•, the main landing gear selector valve, the main landing gear down
lock selector valve, and the main landing gear door uplock selector valve. All 
four of the selector valves bave manual override provisions which allow manual 
positioning of the valves in the event of electrical failure. All four ,·alves are 
solenoid-pilot operated. When one of the solenoids of a valve is eno=!·gized, tl:e 
pilot portion of the valve directs hydraulic fluid under pressure to position the 
control spooi . The positioning of the control spoo: directs hyd:·au!i" :l:.:ic un~!·:!· 
pressure to ti:e va1· ious component3 for operation . 

:~1c ~~!.l.i.H ~:.u:dt:;g ;;c:!.~· .-; .. :£-.?;:!o~· \":tlt.·c i s locate~~ ~t: :::~ 1~ :: s i<!~· ,:,;· :.~..: ·.::!:·;:.· .. :u~Y ... 
i..:~t:::::i._·nt :l! ~ tJ :· ~~:e :'\v. ::! ~~·dr~ulic syster:1 .ser•: lc~ .:-er.ter . \'·:~e:· . .. ;.: .. p :::J lt":: .. . 
is en<':r:;;izcd, .!uid 1S dit·ected to the rod side of the main !anding gear act~:llOr; . 

.) ~3.in Iandin~ 'l! ~ ::.tr t'e l.ro.c~ion :5pee<l is controlled by f!O\v regulat..Jr; :!: t!;e \li) l:::t? , 
D:.:.l~in* rc!!";).f.·tiun , 1 nt~ f:;.c::: s ide· .J~ lhe n1ain io.nd 1n~· g<::l!" :l.C t~:.A.~ ... : .: -···-· ...... :~~1:;~...-~ · . .. · · 
r.J syst.cn1 re!ul"n through the .:;eleetor ,·ah·e. \\:hen t!~e <.:Own svlt·nuhi 1s ene!~~·~l~. : , 
th~ comt•o! s poo i is positioned to direct hydraulic fluid unde:· pr€::;s~rc to hoth til~ 
t·o<.l $ide and the face side of the main landing ge:u- actuators. Becau$e of 1!lc 
greater effective area of the face side, the actuators will extend . ~ lain landing 
gear extension speed is controlled by flow regulators installed in the lines to the 
face si<h: of the actuators. 

During the exte nsion cycle, hydraulic fuses connected between the line to the face 
side l'lf the actuators and the return line allow -tO-cubic inches of fluid to pass to 
retu. ;.. This allows pressure on the rod side of the actuators to raise the main 
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gear slightly which allows the gear uplocks to unlock. When 40 cubic inches of 
fluid have passed to return, the fuses shut off, pressure builds up on me face side 
of the actuators , and the main gear is t!Xtended. 

The main gear downlock selector valve is located on the left side of the cargo 
compartment aft of the No. 2 hydraulic system service center. During the gear 
retraction cycle this valve directs No. 2 bydraulic sys tem pressure to the downlock 
actuators to remove the "chocking lever " from under the cam of the drag link wh:::l: 
allows the drag link to fold. During extension. fluid is di rected to the face side of 
the downlock actuators to force the "chocking lever" of the downlock under the cam 
when the drag links straighten. 

The main landing gear door uplock selector valve is locatec on the left side oi the 
cargo compartment berween the No. 2 and ~o . 3 hydraulic system reservoirs. 

( CXl( 

., 
z • •• ' :~~~ r! .: 
4 ;. 

+ 

14A IN LANDING GEAR HYMAULIC SCHOOTIC 

3- 14 \ ' OL. \' 



This selector valve directs hydraulic fluid under pressure to lock and unlock the 
external main landing gear door locks. A hydraulic fuse is intitalled in the pre:;sure 
line to the main landing gear door uplock selector valve to prevent depletion of the 
No. 2 hydraulic system fluid in the event a downstream line breaks. 

The nose landing gear selector valve is located in the electronics compartment 
qeneath the flight station floor. This valve directs hydraulic fluid under pressure 
to the nose landing gear up-down lock and to the nose landing gear actuator. A 
pressure reducer in the nose landing gear down line reduces pressure to approxi
mately 800 PSI for nose gear extension. A flow regulator is also installed in the 
downline to control extension speed. Two flow regulators are installed in the up 
line; one is used during gear extension and the other is used during gear retraction 
to control the speed of actuation. 
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A ground is provided to the up solenoid of ·the main landing gear selector valve 
and the main gear downlock selector valve by the deenergized contact of the main 
gear up and locked relay. 

The ground circuit for the nose landing gear selector valve up solenoid is com
pleted in parallel through the nose gear lock switch whee it is in the not.locked 
position and the nose landing gear position switch is in the not up position. This 
causes the selector va lves to direct hydraulic pressure to the unlock side of the 
downlock actuators :llld to the retracting side of the gear actuators. When the 
nose gear is up and locked, the ground will be removed from the up solenoid of 
the nose gear selector valve and it will deenergize . When the main gear is up 
ar.d locked, the main gear up and locked relay will energize and remove the ground 
from the rr.aln gear selector valve and the main gear downlock selector valve. The 
e:tergized contacts of the main gear up and locked relay provide power to energize 
the lock solenoid of the main gear door uplock selector valve . The main gear door 
overcenter lock switches break the circuit to the lock solenoid when the door lock 
linkage is locked overcenter. 

Moving the landing gear control handle to the "DN'' position will apply electrica l 
power fr "Jm the :solated D-C bus throug!l the coctr ol handle switch to the do·Nn 
sclenoid oi the :... ~n ar.d nose gear selector \'aives and :he main gear down~oc:-

s :ector va.lve . Hydraulic ;>res sure is applied to bot!: •.!le e:.:cension ar.o ~'!!r&.: :l ~:: 
s . ies of the g~ar actuators. Because of the larger area oi til~ ex-..ens1o;; ;; ide, ;::e 
gear wil! move to the elttend and downlocked positb::. When :!:e landing ;rear cor.
trol ~~C!e is pi!lced ~c "D:.: . •• the nuin gea: ~~ :tnd l~ck~J :-ela.y will : e.::;:· .. ·r; . .: ~: 
and the mam gear door upiock selector valve u:t! Jc:- s c:!enoi<! wlli be ener;;:ze::. 

' ·,.. .l • • - "'S '"e ""' """" ..... ,.., ......... r. .. ·ll ~- 1' s 1·n •he ''D"''' po~•t~ .... ... ,::., a .n•o .... •- ; .. .., : .... ; ,.. ... : .. t • •• .... . _ · ~S r.-., ·~ .... . _ ... , -i .. - "~ ; ,.::. . •~- - . ... i.'> . ~ .. · - .. , .. .. "' _ _ ._._~_ .. ___ .. . .. . . ... . , .. .. . . 

: : ::r.~ :o tho:: i ':"' ~ec: o r- vai·:es and the landin!j' g~a: 3y::en: '"'il ~ r'? :~!i.!:; ~ :-es :: ·.:.r . ::. · 

\\'!len •!::e alrc ia."le se;t!es on tile wheels and :he compression oi t.'le shc~k .;c:-ut 
actuates the lauchdown switches to the ground position, a spring-loaded plunger l::::ks 
: ~-s : c..:1::c . :~3:::: ~ i:. t~:: ' '!:>:\''' pos~tion. The : .. :J: ~~e, ·e:lts t!:e cc.:~=...,~ :--. 1..::C:~ ::-o:-:. 
:=. t:. !.~ ot:: :----: : .. : ··::>~ · · posi:ion ::tccicie!lu!ly . ~ .-::;:'. ti:'? ..t!:;>i:c:~ ! ~ ~X:::~ . :::~ 

;::oun<! c!.::cui~ f~:· :ouc!:down relay )io. 1 is cc:::j)!ctea ti'..raug!l '>ct!lt.)I:C~.::ow:: J'l·: :c:~.:; 

in :;e:ies wnlch z:-e act:'.1ated to the air posi tion. The touchc!own r elay, 1:1 t!:~ a.:
position, co:r.;>ietes the ground circuit for the laoding gear com:-ol haccile !' '-'lease 
solenoid, vthlc i: automatically unlocks it. Actuation of tile touchdown sw::: hes to 
the gr01:~.d !)Osition wili complete the electr ical ground circuit for touchdown relay:; 
='o :) t!!:ough No. 7, and cpens lh~ el~ctr icai g:ound circuit for to;.:~hdo•:;:~ :·e : :.·,-
No. 1. 

Located on the landing gear control panel are three individual flay- type indicators 
to ~how the position of each gear. The Indicators show miniature wheel~ and tires 
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LANDING GEAR POSITION INDICATOR ELECTRICAL SCHEMATIC 

in the gear down and lockec! posit: on, and t!le word "CP .. when t!".e geo.:- is u:) o.r..:2 
locked. When the gear is in a:: inte!"mec!iate position, the in<:1ca:ors ·.viE show a 
<:iagonally striped area. 

Electrical power is supplied i r om the isolated D-C bus to e.1c:: of : he d::-et: po:;: tion 
indicators. When the main gear is fully extended, the downlock switches are O.Ct'..IO.ted 
to the locked pos:tion a:1d th~ e lectrical ~rol!!':~~ c i:cuit for e~ch :r.~~i~.lto:· ~ol~ :s cO!':l
p~eted. \Vhen the no3e ge:1r i;.; fuHy e~~(:\ nde.; . ~he i~ck s·::itc!: is ~~· :'J:l : e~: t..' : i:.! . ...:c !~~~

position and the nose gear position switch is ac ~uo.tcd to the not-up ~osition. The 
e lectrical ground circuit for the nose gear indico.tor coil is completed t!:r ough ::::;:.: h 
switches in series. The coil for each indic:J.tcr is then energized which cause; :he 
miniature wheels and tires to appear on each indicator. When the main landing geo.r 
is fully retr acted, the up lock switch for each main geo.r is actuated to the locked 
position completing the el~ctrical ground circuit to the up coil of its respective i~
dicator. When the nose gear is fully retracted, the lock switch is actuated to the 
locked position and the nose gear position switch is actuated to the up position, com
pleting the electrical ground circuit to the up coil of the nose gear indicator. 
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The up coil for each i:ldicator is then energized, causing "UP" to be seen on each 
indicator. When the landing gear is neither extended nor retracted, the up and 
down coils for all indicators are deenergized, causing a diagonal ly striped area 
to appear on the indicators. 

Bogie position indicators for the left and rig!ht bogie assemblies are located on the 
bogie position indicator panel which is located on the pilots ' center instrument 
panel to the left of the landing gear control panel. A miniature tire and wheel will 
appear on the indicator when the respective bogie is in position for landing. Barber 
poles will appear when the. bogie is not in position. The circuit is completed to the 
indicator coil when the respective bogie switch is in position and open when the 
switch is not in position. 

A red light in the landing gear control handle illuminates when the gear is neither 
fully extended nor fully retracted. A ground circuit for the light is provided by the 
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not-up and locked position of the main landing gear uplock switches; the not-up 
position of the nose landing gear position switch; the not-locked position of the 
nose landing gear lock switch; a deenergized contact of the main landing gea.r up 
and locked relay; and a deenergized contact of the main landing gear door overcenter 
locked relay during retraction. During extension, ground circuits are provided by 
the not- locked position of the nose landing gear lock switch and the not-locked 
position of the main landing gear downlock switches. 

A warning horn In the flight station sounds if a throttle is retarded below minimum 
cruise power when the gear is not down and locked. If the warning horn circuit Is 
activated by retarding a throttle, the light In tbe control handle also illuminates. 
The warning horn can be turned off by depressing the HORN SILENCE tutton, but 
the light remains illumll!ated until the gear is down and locked or until the throttle 
is advanced beyond,minimum cruise power. 

The warning born is provided a ground circuit through the deenergized contact of 
the silencer relay, the throttle switch In series for each engine, and the gear down
lock switches. All four engine silencer relay and throttle switch circuits are in 
parallel. The ground from the gear downlock switches to the light in t!te handle is 
provided through the throttle switches only. 

Pressing the HORt\ SILE:-;cc: button energizes t!:e horn silencer rel:ly. T!lroug!: 
the energized contacts of the horn silencer relay, all four silencer r~iays are 
energized. Energizing the silencer relays breaks the ground circuit to the w:u"nlng 
horn. Through their own contacts, 26-volts DC Is lP<)lied to 1he fcur siiencer :-e
lays. The silencer relay, which has the ground C!rcui: through the throttle switch , 
remains energized wh<?r. !he butt.:>n is released. 

The wa!·ning horn a.:sv 30c.ne!.i i! the :lap co::t:-v:. :t:.:..:~:£> ~E :·: . .::.\·~;:: t.J s~!~·c: ~::~ : . .-~: H.::~; 
position for the flaps and the gear is not down and locked. The HOR~ .Sl!..E~C E 
button will not silence the horn if the horn has been tu:-eed on by the wir.g !lao wa:nint; 
sw!tch. In o:-de:- to silence :he ho:-n, tl'.e gear mus: :Je clown ar.d !:>eke~ c:· t!:e : :a:: 
cuntrol lever must be mo;·e<! to select less th;J.n i:.L::d::-.:, ;:..>sit! en ::.1ps. 
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BRAKE AND A NTI-SKID SYSTEM 

GENERAL DESCRIPTION. 

The StarLi!ter is equipped with a hydraulic power brake system wbich pro
vides normal and emergency braking capability. A nit- skid protection may 
be selected but operates only when the normal brake sys tem is used. A 
method is also provided for setting the brakes when parking the aircraft. 
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:opilot's brake lickages are Interconnected by torque tubes and bellcranks which 
)ermit brake application from either position. The left pedals actuate the valve 
tear the pilot's outboard pedal, and the right pedals actuate the valve near the 
:opilot's outboard pedal. 

~ach dual-pilot metering valve consists of two Identical piston and sleeve metering 
Lssemblies which are fitted into a dual-bore housing. Both pistons are actuated 
•t the same time by movement of the brake pedals. Although both pistons are 
,ctuated at the same time, pressure is applied through only one-half of the valve, 
!epeoding on the system selected. 

l"he pilot metering valves are pressure reducers whose out!)ut pressure ls con
rolled by pedal movement as applied by the pilot or copilot. Force on the valve 
·Iunger causes the spool to move forward and align the spool's forward port with 
he pressure Inlet port. As the spool moves forward, the spool's aft port is closed 
·Y the spool moving Inside the sleeve. This stops fluid from moving into the return 
ort . A pressure buildup is then felt at the skid control va lve !I "~OR:\1" ls selected, 
r at the maio metering valve if "EMER" is selected and a lso on the iorward end oi 
•e main metering valve spool. The pressure build up, moves the S!Jool aft, and 
ompresses the spr ing between the two forces. The pressure build U!J continues 
nt!l thE hrce generated by the pressure against the enc! of the soool equais the 
n·ce cf the compressed s:>r ing. At this t:~e both the pressure and ren:rn ports of 
1e spool are covered and pressure a: the skid control vaive ls :n:U:~woec as set 
:: peda! positlo:l. An increase in pe:!ai io:-ce causes :1. corres:>ondi:lg ir.c r ease i:. 
:•!ss·-re until :he for ces :1re ag?.lil equa: . A c!ecrease ~n ;:;~cb.! ior:e cat.ses the 
-eater force, generated by t) ressure against the end of the spool , to :;:')ve the s~.: ~: 

.. : .1~::~ t!':~ :::e~2ri~ f)ress:::-e i.: :::o:1~t: ::ted to r~~:·!:. :h:-::.:;!: ::.! :: _.;::~· ·: s;:;:..:~ . :::~ 

:-!ssure Cecr-eases until ~~c !!>!"ces l.!"e ~6'lin e~:1~:. \\· ::~:: ::.~ ··:1" ~ ~.; ::: ;!:e !:r :-. ·:.: 
:; ;>O!i:i~n. the c~:!et pert i~ c~;:r.c ~~r: :: to ~· ~ r..:. : ':'l a~:d :!~e i:~l:: : ~.::-:-is : . . .... ...:kz: .:: . 

~ur skid control valves are lnstalle<! in the normal brake syste:n. T~!! skic! ::or.: :·::: 
~.·:~s ::..:.·e :.;cated ln :he ca:-go c ~!:lt:::l"t~~::;.~ rwo on ~~c :~ s i;:e a! : (.:· :.'1·.: .!yd~:;.:.::: . 

.:n t::;: servi=e cente~·s. The vw.ivas .. axe ~~:o fc:'!c tio:-,.3 : O..:i !::e:.; :-an5 ~::t:·:es a~c: ;,. .. ~ 
~..:! ccn:rcl valves . Two ,·alves are contaiced in each ,.:;_:,·e ":Jcc!y . and ~:;.ch o: ::1e 
.;vo:s ,,r cvides both metering ar.d sk.!d control for a wheel. ).;ete!"ed fluid from 
e t)i!.:.; metering valve enters an anti-skid valve and is direct<:d to the cootroi 
s:on. As pressure builds up on the control piston, the spool is moved to over-
•me the control Sj)ring. This movement U."ls eats the me:er!ng ;>oppet which ;lo:·: ; 
·cl:-a'.l!ic pressure from the :nain !anc:in6 gear J own li:le int,) tbe brak<> asse:nblies. 
1e amount of poppet opening depends upon the pressure from the pilot metering 
lve. 
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Upon first application of pilot-controlled pressure to the control piston of the skid 
control valve, the valve metering poppet opens fully to supply fluid from the inlet 
port to the brake port. This assures fast flow of fluid into the brakes and low 
pressure braking action starts. In order to allow brake response to low pilot
controlled pressure up to approximately 200 PSI, a preload piston ls employed to 
load the preload spring onto the metering poppet. Above 200 PSI the control piston, 
acting through the control spring, controls the brake pressure. At pressure above 
200 PSI, the solenoid valve meters brake pressure into the brakes at a predeterm' ned 
rate that requires approximately 1. 5 seconds for full brake pressure to be applied. 
The relatively slow buildup of br ake pressure assures that ~kid control can take 
place before there is severe overshoot of brake pressure. 
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As pressure builds up in the br:lkc asseml>l::, the preload piston is moved back which 
compresses the pr eload spring; and from this point, further movement of the prelo::d 
piston compresses the control spring. When the force generated by pressure on the 
preload piston and the control spring tension are equal, the metering poppet will 
be closed which shuts off inlet pressure. When pilot-controlled pressure is t•emoved 
by r e leasing the br:lke pedals, the pressure in the brake assembly moves the pre
load piston back further, and fluid flows bei:"Neen the preload piston and the metering 
poppet to retl4rn. 

'!he skid control portion of the metering valve is solenoid-operated with two steps 
of operation. Each step is controlled by a solenoid-operated pilot valve which modu
lates both brake pressure release and reapplication to provide brake t·etardlng 
force and to prevent skidding. The first step provides modulated brake pressure by 
controlling its increase or decrease to a relatively low rate of pressure change. 
The seccnd step pr ovides rapid, and complete br ake release followed by rapid r eturn 
of pre,;sure to a value slightly less than the pressur e existing at the time of re!ease. 

With the step 1 and 2 solenoids deenerglzed and upon initial application of brakes. 
the metering poppet Is closed. When pilot-controlled pressl4re r eaches 25 to 100 
PSI In the control cylinder, the force on the control piston is suffic ient to Initiate 
metering action. 

\\!hen the step 1 solenoid is energized. the related pilot valve is ac!uated •o snl4'i 
~!: the ?Hot-controlled pr essure anC: :o ailow the flow of fluid out of the ccn:rc,i cyi
mcler . The metering poppet return seat opens to ~ys:em return a!ld :llloii"S ~!:e 
'jr:t.l{e p!:~s::ure to be l:edc.ceC. propor~f o:~n::tte ly with tt2 dec:-~~s.inf-7 :;pr!n~ : '~·~ e . 

xh:~t: ! .: C.!ctated by t.hc position c; the contr ol pi::H0:1. .Sr::tke :-ei;asr= t:r.: -.: ~ .3 ;;::c r :~ !· 

::~31\ a;:.pH~ation time; this i3 a=cccplishec! by using 3 contro~ ~rific9 \"Jh!ch has a 
: ::~~ :: ·· :.:·~· ; :;::A:. t:'l:rn':~~:; ::~:_: f : Jh" .. !:i:Oc~:. _i~ oni~; C\.: .. rt.r.g br~.:: !"E. e:::.'!' . 

··.::-n :.!te ;: ~.;:;. ~ solcnc.hC is t;ll~rgi,et:.. ~ht: :t:inct:d pilo; \':tive d.!·;~:...- :\.:... . .:·:::e.:: 
pressure to i.he preload piston causing it to move rapidly and open the r.:ecc:•:.:1; 
j:)O)pet .:-et-.:rn seat, which :tllows r~!e:tsc of the br:!ke pres;;ure. .>.: (!:e ;: .J :--.~ :: ·: ~ !.,-. ' • . 

::.~ ~ ~ .. ::t:·o~ ~ ~::-ing f.:>!.·c e is bein~ .. ·:.::! .. :ce'.~ ;:.~ · L:..:id f! ..>w ,.,.:t , ,f ~:t~· ~ o:: · :.: .. :: .. :.::_·:.: 
:!:. ·~:.1:::: ~s 5~ep 1 pilot valve . The long<.:r the rele::tse last~ : t!::: :o\'.'t::· :.:t: ,!.·~ .:.: :.: :·~ 
--·c ::,e ~t whic!l metered reapplication s::ll'::s. 

Pr.,ssl!r e reapplication occurs when both step l and step 2 solenoids are c!eener g: zed. 
Pilot-controlled hydraulic fluid flows through the step 1 pilot v:tlve to the cont:·ol cy!
b cer :.md tl:e ;>!'elond piston. Fluid flow.'; from the rod end to t!:e h<Ja(! ..!::d ..>~ ''1e 
-:: uat::ol pi$;on th :-ough the control oriiice . The .::cmtrol pi:;;:on mc~·e:; !o !::::n::!3t> 
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the control spring load at a rate dictated by the size of the orifice. This causes 
opening of the metering poppet to a degree such that the brake pressure on the re
turn seat always balances the increasing spring force. 

The dual main metering valve for emergency brake operation is installed in the car
go compartment aft of the No. 2 hydraulic system service center. The metered 
pressure output from one-half of each of the dual-pilot metering valves is routed 
to the main metering valve. One- half of the main metering valve is for the left 
brakes and the other half is for the right brakes. 

The main metering valve pressure output is· controlled by pressure from the pilot 
metering valves. Control pressure is applied to the end of the spool and forces it to 
move which aligns the opening in the spool with the pressure port. As pressure 
builds up in the br ake assemblies, this pressure is also felt on the outlet end oi 
the spool and it generates a force which opposes the force generated by the control 
pressure. The spool is forced to move back and the pressure port is closed 
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to prevent a further build up of pressure to the brake assemblies. When the brake 
pedal is released, control pressure is reduced and allows the spring tension and 
pressure at the outlet port to move the spool back to port the pressure from the 
brake assembUes to return. 

Manifolds, shuttle valves, and hydraulic fuses are installed in the cargo compartment 
on each side aft of the hydraulic system ser vice centers. 

Eight hydraulic fuses are installed in the normal brake system. The hydraulic fuse 
is a valve that blocks a hydrauiic pressure line when fluid is passed In excess of the 
calibrated capacity of the fuse. Once closed, the fuse will remain closed until its 
piston is unseated by reverse fluid flow. Without this protection, the failure of a 
hydraulic line or component downstream from the valve could cause complete loss 
of fluid in the system. The calibrated capacity of the fuses is ::o cubic inches of 
fluid. The fuses have a totalizing capability which allows them to sum the amount 
of fluid which passes through. 

MA IN P I STON 

:.OC I'\ 
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During landing gear retraction the !Daln lancb;; g~a.:· wheels :u·e braked by return 
fluid from the rna.in landing gear system. T he !"cstr!cted flu:d in the re:arn hoe is 
felt through the skid control valves toto the brake as~emblies. 

A multiple- disk, manually-adjusted brake is i!!s::Ul~d on each main wheel. Hy
d!"aulic fluid under pressure pushes eleven e((uall:: -s;n ce..: ;;istons ag!lkst a nun
rotating disk. This action compresses a disk assembly. Half of the disks within 
the assembly rotate with the wheel. The other half, spaced alternate ly between 
the rotating disks, are non- rotating. Each non-rotating disk is sintered Iron, which 
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provides friction against the steel rotating disks. The rotating disks are held 
l.il place by means of retainer blocks which are splined to the wheel assembly. 
Compressing the disks provides the braking action by pressing the non-rotating 
disks which cannot move. Eleven brake release spring-loaded devices are fastened 
to the inner non- rotating disk. When hydraulic pressure is released from the 
piston, the spring- loaded device puUs the disk away, allowing the wpeels to turn. 
Four manual adjustment screws provide a means of compensating for normal 
wear of the brakes. A bleed plug is provided to remove the air from the brake 
assembly. 

A:\Tl-SKID. 

BLEED POIH 

ACTUATING 
PISTON 
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STABILIZING ROD CONNECT ION 

SK ID :>tTZ:CTOR 

WHEEL BRAK!: ASSOoeLY 

rl LLER 
VALVE 

The anti-skid control system is primarily based on controlling the skid in its ce
ginning stage. Skid control Is provided over a speed ra.'lgc co•·erintt the r.1:1.~mum 
landing speed to a minimum taxi speed of approximately 1:> knots. Below 15 knots 
the anti-skid system is inoperative. 
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The arming of the locked wheel circuits causes the step 1 and the step 2 solenoids 
to energize in the skid control valves and prevents pressure !rom being applied to the 
wheel brakes. The BRAKES REL light on the brake pressure and anti-skid panel 
will be illuminated. After touchdown, each Joe ked--wheel control circuit is armed 
through the locked-wheel arming circuit. 

This circuit receives its ener gy signal !rom the rotation sensmg circuit and is en
e rgized as long as any one wheel Is rotating at a speed in excess of 15 knots. 

When the wheels begin to rotate above 100 RP :'<I after the aircraft touches down, 
both the locked-wheel sensing c ircuit and the rate- sensing circuit begin to control 
braking action. When the anti-skid detector supplies a changed signal, the r ate 
sensing ctrcuit energizes the step 1 control clJ:.cuH. This control circuit will ampli
fy the s1gnal and energize the step 1 power circuit which energizes the step 1 solenoid 
of the skid control valve . The skid control valve then releases some of the pr essure 
being a pplied to toe wheel brake and allows the wheel to turn which prevents a skid. U 
the s ignal change is great enough, the step 2 control circuit w11! energize the s tep 2 
power circuit after a short time delay. The step 2 solenoid of the skid control val,·e 
"dumps" the applied hydraulic pressure to the wheel brake and sends the fluid to the 
system return which removes l)ral<ing action. As the wheel begins to pick up speed , 
the step 2 solenoid is de energiZed and skid protection is again avail:l.ble. The skid 
:ontr o! val>e will mete:: pressure to the wheel brakes to give :naximum braking 
without skid or locked wheels until the aircr aft slows below approximately 15 knots. 

::~e apperent 3k!d Is detected in the rate sensing circuit winch re::e1ves al:ernatir.g 
cu:-rent :rom the detector alternator. This c~n·ent is rectified into ::t::ect cur rem; i: 
1~ thet f:ttered a:1c s~nt to ~ cc=e:; :·~:: ::. :: sen.stn~ c:.:..·cu!~ . The Jt.l:.:.~. A t:-Js circe•: 1.; 

am?!i:ieC by 3. ::-ansist:lr :l':'l'ii')li!le!· ·.\·~!c=-: ~!:- i\·e3 nv .. :J~\·~=- tr:tr.3:~~~=- :: :..:: st.ei> : a..: : 
. · ~~ 2 ~!- a~e !"~ lease . Two :e\·e!s ;)[ s~ns i:.n·ity w!uch cue rate thes~ t'.\'O .S'-eps a!' C: 

p::ovided h: a sensitivity- ratio control circuit which produces two different vol tage 
levels ~or the signal to the power transistors. The step 1 pcwe:: :::a~sistor r eceives 
:?1: ~:gh~: 3 :gn.al ·:oltage t:esultin;; in :--e~:cced : er.s::h·ity !o:· .st>?t:- :. .1. ~ 11:1e ciel~y 

)1 ~p;:>rox:mately 0.1 second in the operation of step 2 is provided b; · a capacitance 
tl~f::-delay circuit at the input to !he ste;:> 2 power transisto::-. 

A locked wheel is detected by the rotation- sensing circuit which is ;:>3rt of the locked
wheel control system. This system uses the current supplied from the secondary of 
a transformer whose primary Is conr.ecter.l to the detactor alternator. This curren: 
is ampl!fled hy a trans istor arr.·· lifier stage and then roctified and filtet·ed to p:-o,·ide 
D-C voltage to a transistor circuit which drives the power transistors. When a wheel 
comes to a low speed or stops and the locked-wheel arming circuit is energized, the 
locked-wheel control circuit causes step 1 and step 2 brake r elease power transistors 
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w be energized and allows fast brake release. 

The anti-sk1d DET OUT light iiluminates as an indication of single brake release 
tbat continues for more than 2. 5 seconds. A failure that causes a continuous 
release of l).z:ake px:essure will result in the Kl relay becoming energized after 
about 2.5 to 3.0 second lime delay. The relay normally closed contacts provide 
a grcunding circuit for the first failure indicating light . U there are no other 
brakes with a continuous release, skid control continues for a ll other wheels. 

Failures tbat result in a continuous release of two or more brakes !or more than 
3. 5 to 4. 5 seconds will turn the power off the control system to revert the brakes 
to manual con:rol. A continuous brake release oi t-.vo or mor e brakes for 3. 5 to 
-1.5 seconds, causes the K3 relay to pull-in and short ou: the K2 relay. When the 
K2 r elay drops out, the power Is re:noved irom the skid control circui~ and a 
grol!!ld is p!'ov:ded to illurr.inate the Ai'ITI-SKill OFF l!ghts. 

'. 
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NOSE GEAR STEERING 

GENERAL DESCRIPTION. 

The nose landing gear (NLG) steering system contains a steering column and 
steering wheel, a steering actuator, and a steering control valve; it also con
tains the necess-ary pulleys, chains, and cables to interconnect the steering 
components. The components contained in the rudder pedal steering linkage 
consist of a hydr aulic connecting actuator and the levers and sprockets re
quired to interconnect the rudder pedal steering function with the steering 
wheel steering function. Pressure for the steering system is supplied by the 
No. 2 hydraulic system through the nose landing gear selector valve and 
associated tubing. 

Turning the steering wheel or depressing the rudde r pedals, causes the steer
ing control valve to direct pressure to the appropria•e end or thE actuating cy!
inder. This cylinder turns the nose wheels in the selected direc!ion. A rna..x
imum of ~~degrees rotation left or right is ;Jossible through the wheel steering 
system. A maximum of eight·degrees rotation left or right is pos.sible by de
pressing the rudder pedals. When the load is removed from the nose ,gear, cen
terin; co.ms wit!t:n ~he strut returns t.,e nose wheels to the E:le-~.~:·- il i;:-.~ pC$ ~ 

tion in preparation for ret::-:~ction of the gear. 

The steering wheel and coiumn assembly is located forward ami to the id: of 
the pilot's posit!on. The steering column assembly consists of an uppe r anc! 
lower CSSe!nbiy with :l ge:lr~c~~ anc! ! .:1(.EC~ltC!" bet\vee:: :!:·.: :wo sectlons. T:~ ·~ 

gearbox reduces the effort requit·ed to initiate steering movement irom tile 
steering wheel and the indicator indicates position of the nose wheel in re
lation to the line-of-flight. 

The rudder pedal steering assembly is connected to the lower portion of the 
steering column. Rudder ped:;l mov.ement is transmitted ~o the steering 
column by bellcranks. a hydraul ic-spring " bungee" :lctuator. ::1 earn and 
sprocket, and a roller chain. The rudder system connects to the steering 
system through the hydraulic- spring "bungee" actuator which also serves as 
a clutch between the two systems. 
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Operation of the rudder pedals will provide eight degrees of steering either side 
of straight ahead. Further deflection of the nose wheel has to be made by rotat
ing the steering wheel. The "bungee" actuator has a lost motion which allows un
restricted castering of two degrees either side of center. 

No. 2 hydraulic system pressure is directed into the "bungee" actuator when the 
aircraft is on the ground and/ or when the main landing gear wheel speed is above 
50 knots. Hydraulic pr essure lli'Piied to the "bungee" actuator causes it to become 
a fixed li.nk capable of tra:1smitting rudder pedal movement to the steering column. 
However, the springs in the "bungee" actuator will compress allowing the rudder 
pedals to be held and the nose wheel to be steered by the steering wheel. 

Upon take-off and when the main wheels have decreased in speed to below 50 knots, 
hydraulic pressure is removed from the "bungee'' actuator. Removal of hydraulic 
pressure increases the lost motion in the "bungee" actuator thereby disconnecting · 
the rudder system from the steering system. 

When the nose landing gear is e xtended, movement of the steering column is trans
mitted through a sprocket attached to the lower end of the steering column. Rota
tional movement of the sprocket is transmitted to the centr o! cable by a bicycle-
type chain attaclled to the cable ends . The cable, in turn, is attached to the outpu: 
pulley and disconnect assembly . This assembly is secured to the wheel well struc:ure 

5- 2 

PEOA L 

BUNGE E 
ACT'JA TOR ~ 

CAM SPROCKt/ 
ASSEMBLY 

WHt~L 

NOS( GE:AR STE:ER lNG C~lTROL LINKAGE: 

ST~!R I HG 
/ ACTUA'OR 

\'OL. \' 



S T Ull I NG 
ACTUATOII 

~£ STEE:l iHG OISCCNNECT 

near the XLG trunnion. Whe~ the NLG is retracted, r::ovement of the gear s ·::?a
r:::.tes t!'le CL;connect ass t!n:'?iy. ant the steering co~!.l~~:'1 ~.; :ocKed i:-. ~:1t ::~~::·:1: ~o.:: 

:iot:. :::.::>ckir.g the :S:~~!"i11~ ~c'!·J.:':l!'l i:t !leUt!"al i:i.3SU!'~ -~ : :1s.: :he tWO t.l: .' ~~ "Jf t~>; ;i~ 

~OO:leC t assembly engage w~1~n the ~~G i :i exte~cied. Ca ::·les !'r~~ : :: .: .. :.:i=on:--.e.: : 
assembly transmit movement to the steering control ~·al·<e on the r.ose :;:r..:•. 

The nose wheels a~~ steered h~ c-wo h.ori.zcr.tally 09COE~~. cylinder .s :~: ~:.:.:~: .. ~d 1~nn~.:- ~ 

on the shock strut. The pistons are connected to a rack gear which ~;:gages a s ector 
gear arranged to conver: r::!clprocal motion to rotary motion in a s lee,·e extending 
below the steering cylinders. The sector gear is connected by torque links to the 
axle housing. Steering motion is initiated through a con:rol valve, operated by the 
steering control wheel or the rudder pedals, which directs fluid under pressure to 
the right or left cylinder to rotate the wheels in the direction desire<l. Fluid flow 
is shut off by a sell-cancelling control arr3Jlgement when the desirec steering acgle 
is reached. Hydraulic pressure is available to the steering system only wben the 
landing gear control handle is in the "DN" position and No. 2 hydraulic system 
pressure is available. 
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Rotation of the steering column applies a tension load to one input cnble and causes 
the opposite cable to relax, initiating a rotation within the input pulley and link 
steering servo actuator assembly. Rotation of the input pulley and link positions 
the hydraulic control valve to connect pressure to one actuating cylinder cavity 
while connecting the opposite cavity to the hydraulic system return. Hydraulic 
pressure applied against the actuating piston moves the piston and rack gear caus
ing rotation of the output gear and nose landing gear wheels. Continual rotation of 
the steering column will hold the control valve and input linkage in this position, 
causing the wheels to turn until the rotation of the steering column is stopped or 
until the ~-degree limit is reached. When the input motion from the steering 
column is' stopped, the steering piston equalizes the tension load of the Input cables 
and moves the control valve and input linkage to a neutral position. Should the 
casterlng torque load become sufficient to create a slight movement in the steering 
piston, it will position the control valve to direct pressure into the cylinder against 
the piston, driving it back to the selected position. In the absence of input loads, 
the input centering mechanism will hold the control valve in a neutral position 
allowing interllow between the actuating cylinder cavities by way of the rerurn p'ts
sages and allowing the nose gear wheels to rotate ln response to caster in& loads. 
The lnterllow or by- pass ca\'ities also provide dampening for nose wheel shim1ny. 
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CARGO RAMP, PR ESSURE DOOR. 

AND PET.-\.L DOORS 

GENERAL DESCRIPTION. 

The StarLifter is equipped with two !n·c!raulic :.~i!,· :l<.:tllal(;d c:i :.u;·,.;hcll-:::1::: 
petal doors, a pressure door ~ and :l C!lr:;o r!l.l'r•l'· H·:::~1·aul ic pr~,.\s.sur~ :;;'v:· 
operation of the doors and ramp sy~tem is sappiied b:· the No. ;; !;ydraulic 
system. 
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PARACRCP AMO ADS CCHTROL PA~El.S 

There are {()ur separate control ;Janels irom which the dovrs and ~an;p s;. :;;.;:::; .:.lr. 
be operated. The pilot's paradrop and aerial delivery system (ADS) coccro! pane!, 
ti1e copilot's paradrop and ADS control panel, :he DOOR A~'D RA~.:? CO::\TROL 
? Al\ Z L and the crew Joor interphone auu p;,tblic address (P .-\.) ;>a::t <. '!'!::, pE~ : ' s 
and copilot's paradrop and ADS control panels are located in the iligh: station. Fr~::: 

these panels, all of the doors and the ramp may be operateci in flight only. The 
DOOR AND RAMP CONTROL P . .U'IIEL is ioc:ned :Ut of the leit ;laratroop door. Frorr. 
this panel, all of the doors and the ramp may be opened or closed on the ground, a.r.c; 
all doors and the ramp may be closed in flight. The crew door interphone and PA 
control panel is located aft of the crew entry door. This panel c :mtains a Pa !::SSi..'RE 
DOOR ONLY switch that will open or c lose the pressurl! door in filght or on the 
ground. 
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DOOR AND RAMP CONTROL PANE~ 

The petal doors have three open po
sitions: 38 degrees, 65 degrees, and 
80 degree;;. The SO-degree position 
is for ground use only. The pressure 
door has one open position: full open. 
The cargo ramp may be stopped in any 
position from full up to 13 degrees be
low horizontal. However, for airdrops 

· the ramp is restrained horizontally by 
a pair of stop links. The ramp may be 
lowered to rest on the ground, for 
loading vehicles, by disconnecting :b: 
stop links. 

: ;.•;: !:• .. :+ . : -·· 

PRESS'CRE DOOR - The :li't pr<:ssu:·<:: door is approximntely ten feet wide :Uld 
seven fet>t high .:.r~c! pro,·id<.:$ the aft cl~sure for the c::trgo con1p:l!'tnH~J~t. T!1~ 

nft prcsst:r c door op-:ns in <·vn,itmcticn with the petal doors and the carg<> 
rnmp to pro,·idc: an unobstructed opening into the re:~r of the cargo compar:
ment. The pressure door ~~ hinged at the top. \\'hen the pressur e clool' i,: 
c!o;ed, it i:~tches to the r:l.:up -.vh.ich is in the up position. A single h~·ctl·auli::
actuatur. \'.' !u<:h b ~~t~t<.·h ... ·d :lC:.u· th~ tOt> vf the pre$Slll'e dvor and tv the :tit 

ruselage overh(•ad deck, opens and closes the door. 

\, ' ()!. . , . I' '' ~,- .. , 
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PRESSURE: OOCA UPLOCK 

U~LOCK 
SW ITCH 

A spring-lc:::ked :lnd hydraulic ull~-:·ele:~s ed uplock, which is r.10U1:te-:i ::1 t!:e :t:' : 

fuselage overhead deck, locks the pressure door to the open po~ i:ion. A (a tc:O. 01~ • . 

which is b:-:~cket mou:'lt<od to thE: aft 3ide of the pressu:-e d~or, s tnkes :J'e 
~pioc ~: hcok and ~(:ve:: i ' . .'.1!: ~1::: the i.-!"cssu!·e ':ioor !'lc:lrs t!:_· : .:~: ·: !:. ;:: >>J:~ :i:.: :· .. 
As the aoor reaches tile i:..ll open iJOSitlon. 3 spr 1::g :n ;he :"·_;·a:.. ;~ :"H:-

tu:Ltor forces the hook tmder the latch pin and locks the door. With ! lle 

doer in the ful l open position the latch pin posit ions two le\·e::s: on!! !e\'er 
d: ~;..::.tys ~ \'isu:ll locked inciic:it(\:- ~:::; x.~ t!:c othe:- ac::.::ne3 :::c: :>r c.:;:..:!"~ 
door uplock switch. The pressure door uplock switch is used in the : ys-
tem to control the indicator ligllts a.'ld to sequence the movement of the rm~p 

and the petal doors . To release the uplock mechanism, hyc!r:~ul!c pressure 
is dll·ected to the up lock actuator. The :~ctuator retracts and pulls the 
hook from under the latch pin. As the door moves down, the locked indic:~tor 
flag is retracted and the uplock s•.o;ilch moves to the not locked position. 
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Two pressure-door- lock actuator s are installed in the door to operate the 13 hooks 
which latch the pressure door to the ramp. One actuator is installed on each side 
near the bottom of the pressure door. Two torque tubes, one having six books and 
one having seven hooks are connected to the actuators. As the actuators extend, 
they rotate the torque tubes which position the hooks into the latch fittings on the 
alt upper end of the ramp. When the hooks engage the latch fittings, the actuating 
linkage is overcenter locked. Two mechanica lly actuated locked indicators protrude 
inside the cargo compartment from the lower center of the pressure door as a visual 
indication for the locked condition. Retracting the pr essure door lock actuators 
brings the ac.tuating linkage out of overcenter locked and disengages the hooks from 
the latch fittings . 111 f·£:._;-
Two pressure door locked switches are ~ ~ 
actuated when the hooks engage the ramp J ~) 

• latch fittings. The switches are mounted ~ , 
• on the alt end oi the ramp and are ac- ACTUATOR...._ .. ..:: " 

tuated by the innermost hook on each -( 
torque tube. The pressure door locked l 
switches are used in the indicator lights 
circuits and in the doors and ramp 
system control ci.rcuits. 

Two pressure door unlocked switches 
are installed on the bottom of the 
preszu1·t~ Coor. '!"!te~: are locJ.:e:: :-: r:n!· 

thtl cente!· of the door at the er.C:; oi 
th2 torque tubes. These sw:tches are 
ir.t:r ·id~al!~: a.:::ua~e:J U:: cc:·:-espc::\li:!; 
cax~ ?n C".e ~.:>!·~·;._ :-...:.)~·s . :-.:~ s·::~: ... ~~s 
are used in the doors and n:np s:·s:e!":l 
control circuits. 

; ,..,. I ~ 

--·"' ·-

T\VO t)ressur€: dour clown s;vi~ch\: ~ :.U' t: ::'!.~\...:~..:~: ~:\ t.~~ ;_, .r -.: 3 .5 ~:· .= .. w.., . · _.: ... .,.~,.:· ... : . ..... -

tuated when they make contact with the aft end oi the ramp. These two switches 
are used in the control circuit to t>e:-- rr..i: t!1e p:-e.:3u!"e c!oor :o ~e !cck~d w~e:1 i : :.:> 
down against the ramp and in pos i tion. 

RAMP 

A cargo ramp, approximately ni~e feet wi<!e and ten feet long, pr;~,·ides cargo 
floor level and ground loading access to the full width of the cargo compar tment. 
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OIIIVE UNIT 

-.ill~~:._- ~;. C K S C R tW 
ACTUATOR 

PETAL DOOR 
~~:.._--LI~IT SWITCHES 

~IJ:M-+7~--- HYOIIAUL I C CONTROL 
VALVE PANEL 

P E:T A l OCX:..l CCHP()i OITS 

doors are hinged, on their uppe!" edges, to the aircraft structure a:1c open outw:u-d 
to 38, 65, or 80 degrees . The doors are actuated by a single h)·c raulic motor ar.d 
gear !:>ox driving two jackscrew actuators. one for each door . 

The drive motor and gear box assembly is locatec a iong the c enter line of the :u~
craft in the aft fuselage area. A !"eversible hydraui!c n:otor, a recuction ge2~· ;ex. 
a nd :1 hydrauEc ~imit valn:: ~ak(l up tl':e ~: r-i\·e asse :-:~b~y . ::'~t h··~~ r a·J. ! i :::- ;: ::~:l ·: ; >· ~· 

is positioned by r c u:ion of the gear box. \\' ~en th~ ~az;.!· b<.:x h:1.: :·ct~~;:d an cqui·: 
alent of the 65-degree door Ot)er. position, the lir:1i:. \':l.l·:e will .s:op tb.e flow of t ::
draulic fluid to the drive motor. The limit ''alve :-r.ay be by-passed by putting the 
PETAL DOOP~S s·.vitc h, locate:cl .:m ~!:<: ;)00~ AYC .FL..\.:\i? C J:<:~o :. :"A~:~ I. , ~!. : :: .. ' 

"50° " position which causes the petal doers to open to the !lO- deg!"ee position. 
Provisions are made for attaching a handcrank to the gear box for manual opera:ion 
of the petal doors. · 

The housings for the jackscrew actuators are gimbel mounted to aircraft structure. 
Self-aligning bearings attach the jackscrews to the pet:t! doors . .-\. tot·que tube con
nects each jackscrew actuator to the gearbox assembly. Mecba.nkal stops are pr:>
vided to limit extension and retraction of the jackscrews, but the stops do not 
make contact if the electrical control circuit is functioning properly . 
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ACTUATOR 

Pe:TAL ~ LCCKS 

Two hy\ :aulicaliy- actuated latching mecha:Usms with lOcking books are provided 
on the iower inboa:·d edge of the left petal door . When the petal doors are closed , 
the locking hooks are rotated to engage correspor:(:!og f(t::ngs 0:1 the :igh: petal 
c!oor and to iock the coors in the c lose<! ' osition. 

Each of the petal door locks is opera:ec ":· a doub!e o.c:!::;; hydraulic a~:u:uo:- wh.l':h 
cx!en:.!s ~o !ock and retracts to unlock. .\ spri!'lg s:r•~t. u :o.c::ed :o t!1e :oc:.;!q; 
hook, pos!:!ons t!:e hooK to eng~ge tb:; :.a:ct. fit ting on tn~ d g!lt ;;t;t3.1 <.!ocr when tilt! 
actuator extends. When the hooks are .:ul:y locked, the actuating llr.kage goes 
overcenter and Is held there by a catch assembly . 

A pew door overcenter locked switch is installed at each petal door lock and Is 
actuated by a switch lever when the actuat?r ar:n attach pin is m the notch o: the 
catch assembly. The petal door overcen:er locked ::witches are used in the indicator 
lights circuits. 

A notch In the spring-loaded catch assembly receives the acr.la:ot· arm attach pin: 
this prevents vibration from unlccking the hooks. As tne acma:or retncts, a ca!:: 
on the actuator arm moves the catch assembly back to release the attach pin and 
allows the locking books to rotate to the unlock position. 
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A petal door unlocked switch is installed at each lock assembly. These switches 
are actuated by the locking hooks when the hooks are in a fully unlocked position· 
The length of the spring strut causes the end of the hook to move up and actuate 
the unlocked switch when the actuator is fully retracted. Hydraulic pressure is 
maintained on the retract side of the actuators when it is necessary to hold the 
petal door unlocked switches in the actuated position. The petal door unl?cked 
switches are used in the doors and ramp system control circuits. 

Five petal door limit switches 
are installed at the forward binge 
of the left petal door. A cam, 
attached to the door, actuates one 
of the switches at each of the fol
lowing petal door positions: 35 
degrees, 38 degrees, 62 degrees, 
65 degrees, and 80 degrees. The 
petal door limit switches are used 
in the indicator lights and doors 
and ramp control circuits. The 
35- degree and 62-degree switches 
are used in the indicator lights cir
cuits. The 38-degree, 65- degree , 
and the SO- degree switches are 
door travel limit switches. 

A petal door closed switch, in
stalled at each petal door lock as
sembly, is actuated by a lever which 
-::o\:tacts the right petal door wl:en 
the doors are dosed. The petal 
door closed switches are used in 
the doors and ramp system control circuit. 

HYDRAULIC OPERATION. 

PETA~ 000~ 

Six solenoid operated valves are used to direct hydraulic flow for operation of the 
doors and ramp system. These valves are: 

1. Pressure door actuator control valve 
2. Pressure door lock control valve 
3. Ramp control valve 
4. Ramp lock control valve 
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5. Petal door control valve 
6. Petal door lock control valve 

All six valves are located on a valve panel aft of the DOOR AND RAMP CONTROL 
PANEL and are designed to permit manual operation when electric power is not 
available. 

The pressure door actuator control valve directs the flow of hydraulic fluid to 
the "open" or "close" side of the pressure door actuator. A pressure door 
shuttle valve is provided to separate the "open" and "close" sides of the pressure 
door actuator during the door-opening cycle, and to connect the "open" and 
"close" sides of the actuator during the door-closing cycle. The shuttle valve 
is installed between the "open" and "close" lines from the press:.u-e door actuatO!" 
to the pressure door actuator control valve. Two pressw·e doo:- flow regulator:; are 
used to regulate the speed of the pressure door, during the opening and closing 
cycles , by controlling the flow rate of hydraulic fluid to the pr essure door 
actua:or . The flow regulators are installed in the lines between the shuttle valve 
and the pressure door actuator. The pressure door lock control valve directs 
the flow c~ hydraulic fluid to "lock" and "unlock" the pressure door and to release 
the pressure door uplock. 

:·•• .. 
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The ramp control ,·aive directs the flow of hydraulic fluid to the up or down 
side of the ramp actuators. A ramp pressure-reducing valve reduces the 
hydraulic pressure to -110 PSI at the down side of the ramp actuators. The 
pressure reducing valve is installed In the upper portion of the control \'alve 
panel. A flow regulator controls the speed of the ramp, during the lowering 
and raising cycles, by regulating the flow rate of the hydraulic fluid to or from 
the ramp actuators. The flow regulator is installed In the up line between the 
ramp actuators and the ramp control valve. The ramp lock control vah'e directs 
the fiow of hydraulic fluid to the lock or unlock side of the two ramp lock actua
tors. 

The petal door control valve directs the flow of hydraulic fluid to the O;len or 
close side of the petal door drive motor which operates the jackscrew-cy;J;o 
door actuators through a central gearbox and torque tube arrangem~nt. A pet.:t: 
door flow regulator in the pressure line regulates the flow of hydraulic fluid to 
the control valve, t!lUs regulating the speed of the petal doo!· dr ive mot<:-!" . The 
petal door lock control valve directs the flow of hydraulic fluid to the lock or 
unlock side of the petal lock actuators . 

ELE:::TRICAL CC~TROL .".~D O?ERATIO~. 

The doors and r:u::p are ncrr::a!:y con::·ol!~d ele::::- ic:1!:~: :·: c ::-: e!:::!:':- of :::,; :x::·:l · 
-' . 'D- .,. I l f •' DOOP. •xo·.,, . IPC '" ~·-or · o· ,·-· \,.;_rop an<J ."'\, ::;, con-.o panes o:- rom .!~e .. "'U ;'~..-.... v~ . .... \JL . ..... ~,..:.._. 

On!;· ~!:·i: ;n· :.:.:iJ:!::~ .~ *JO!' ::l:l\' ~)~ ~l.:c:r: c~i:4 • ~:Jn::· .. ~ : ~(: :;· ~~ :.: ::· . .: .:.:;; :··~::_,:(· 1:: · 

;-:._.'... con:rc: ~ane~ . 1:-.~::::.::ti ~m :1.:-:C ·.::a!·~~:::.; :ig ::..: fG·:· :::·.~ : .. :,,::· r~ ~~:·. : :·;.:::! .~!' !':' : • ·.;. . . 

i:l :!le approp1·iate \)Osition will co.use the doors and the cargo !':i!~1i? to op~r. 0!' clo.:·c 
3ll~ult:meo~:;l~: . T~e ;)i!Ot . s ~:l::C t ai:;o ccn~~i:'lS $. C\'•O- :)C3~ti~i: DOO!t .. ; .. :1 ~!":·:::_-: 
S\Yitch wit!"l ·· . .ut:\I'' .llld ''OFF•' pvsitions; it must be ir: the ".-\.R:\ i .. ~>.)Si~ion bt- f ~~·;. 

any door movement will occur. Also on the pilot's panel i; a DOOR SELECT :;wi:c!1 
·.vith "L'IT '' and "Ft:LL" positions. The position of the DOOR SELECT switch 
CetBrrni:1es t:u~ pos ~Lic:-: tv w!~ic:: ~b;! petal dcvrs ~viil Ot.J~· ~. 1:~ t:rL· "~:'7" t).J:;: : ~i.::~:, 

the doors open to 38 degre%, and in the "Ft.:LL" po:;ition, tr.e t!o-.~rs open ~v li ~ 

degrees. 
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DOOR Al-<ll RAMP CONTROL PA..'IEL 

Doors and cargo-ramp control switches located on the DOOR AND RAMP 
CONTROL PANEL are as follows : an ALL DOORS switch, a PETAL DOORS 
switch, a PRESSURE DOOR switch, and a RA)l:P switch. This panel also 
contains control switches for the No. 3 hydraulic system pumps. 

The ALi. DOORS switch has ''OPEN'' and ''CLOSE" positions to simultaneously 
control aU doors. The RAsiP switch has "LOWER" and "RAISE '' positions to 
control ramp position and the PETAL DOORS switch has ''90°" aml ''5S0 " positions 
for selectior. of the amount of petal door opening on the ground. The PRESSt.'RE 
DOOR switch has three positions: "OPEN, ·• ' 'OFF, .. and "CLOSE... This PP.l'!:'!its 
indeo;endent operat!on of the pressure door. 

CREW DOOR INTERPHOl\t: A.t.'ll PA CO~TROL P.-\::\EL 

The PRESSURE DOOR Ot\LY switch, on the crew door i:lter1=hone and PA pane!, 
has three positions: "OPEl"," "OFF," ar.d "CLOSE. " It is the only s wi;ch • .m the 
panel which will affect doo:- movement. This switch ;le:-:r.its ground or in tagh: 
one::ation cf the i)ressure door, if the st:uic lir.~ "A" :':-:1:::e :l.Ctuator s a.t' ':! t:ot 
1 n 3~3lle~ whe~ :.Ce S~'!:e!1~ iS :lr~ed by t!':.e [Cf")~ .'2: :!:~~ .!'Kit.: :: . 

\Yhen t!:e A:..L DOORS c:.>r-t:-ol switch on the piio: ·..: -:..:- coo!lvr'.; :::u-~:·:o~ a,nd . .;1)3 
o:t.::cl .. s !'~ :!:~ ''':I.~·SZ " u:.s:uo,'l, th .. c l:>:,e :· ·:· :~:: :.: .:~: ::-;;::::.:.. : .. : ... :,;·.·· : :!) .:;..;: 
jjl!~<! t::rcug;~ :!':!.: ~r. ~l·; :z·.:•J docr-s~Q'Jt?::-:c r :!: !. :~ ~. ::.E c::""=- ~~ : .;!. ·.)~ .. : .;: ;:··.: ' )e~.!.. 

c;~or z.~tt:.Q.~or -~~~'ltrv .. ·: :;.~ ·: ~ . \t·i~h tr.e: l~C t.:l! cioo !· ~ ;;~..:: .~ . :::{· :-;t::~! ::c~~· ~ :lc :..;.~~:; . 

. : r:.. ·:;- ·. .. :~ · : .. : - :;·.::.;:.:.: ... . .. · ... ··-·· .::· ...... . -: ........ 

t-\>Sltiocs th~ pet3.i Joor \lC~ator contro! va lve :o c lose; l!ydraui.:.c prE:5 Sc.!·~ i.:i ;::)\\' 
r.~:-ter" :.: ~.:.:e ;>l!t:.: ... ;""::- ~: ::~·e motor. T~t:: pe·;.: :: .. .-.,!' 3 .;~:1!· :. : ::- .: : .J~~ !l:::· ·.\·!:~:: :.:~ · 

,:..;; :he U:-.:it switch, .;;e le-: ted by me DOOR 5C::.E~·:: ;wit:;!., !S ope:1ec, :h<! o.il o,,er: 
rctay i3 deer,erq:zt:d antJ ~!ie !~3.g11et1c coEs :.l.re ~::..:~·b:.;:ed. :::.!.: ::: itls ~~h? ,.;.L :.. 
OOGR5 ~cctr ol swtt.:h :.'1 :he "CLOSE" posit.io:ti :t~·.ve·: ... !· , Ltt- A!..L ~OORS ~~~trv: 
switch must ':le hc!d manually in the "CLOS!::" ;:o,;;nion until me =;ne:lc ctH:s :l.!'c 
r:.ne rgi.zecl. 

\\ihun the ;)et:>.l tioors ;u·e compl !:!tely cio,;.,:;!, the (Jt::to.i do.>ors <:lose<i swacr.c·5 o.~··.' 

actuated to complete tne ground circuit for t!:e lock solenoid of the peto.l d.:~or lock 
control valve. Hyd r::1ulic pres,;ure is tilen oon"'d to the lo;:k side~ ci the ;>eta! 
door lock actuators to lock the petal doors. The pe~l door actuo.tor Umi: s witch, 
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when actuated, breaks the ground circuit of the door se quence relay and causes 
it to deenergize. When deenergized, the door sequence relay directs power to 
the up solenoid of the r~mp control valve. Hydraulic pressure is then direc ted 
to the retract or up side of the ramp actuators. 

When the ramp is in the full up position, the ramp up switches are actuated. One 
switch grounds the lock solenoid of the ramp lock control valve; the other pro\'ides 
a path for power which is supplied through the close relay to enersizc the lock 
solenoid . Hydraulic pressure is then ported to both ramp lock actuators which 
lock the ramp in the closed position. 

When the ramp is up and locked and the petal doors a:e closed and locked, a cir
cuit is completed through the ramp locked switches and the petal doors locked 
overcenter switches to the PRESSURE DOOR switch. F r om the PRESSURE DOOR 
switch the circuit is completed through the pressure door down switches and the 
static line "A" frame retract switches to energize the unlock solenoid of the pres
sure door lock control vla ve . 

When the static line "A" frame actuators are installed in the aircraft, only the 
PfiESSl'RE DOOR switch on the DOOR A~D R.".:\ IP COKTROL PANEL will c lose 
the pr essure door. If the static line "A .. frame actuators are not ins:alled in :':c
aircraft, adapter plugs are installt:d in the actuator connectors. When til~ ac~:w,c r 
plugs are installed, the pressure door will close and lock in .sequence without usu!g 
the PP.E55l'RE DOOR switch. 

The circui t to th~ pn:!isure Joor ac.:luator coni.rol valve open soicnciC i.s cc~~ph~~c-(.! 

~~roug·h ::;~ pres sun. door UtJ !Ock swit<:!i. Hydrau !~c prcsst.:.re i.s l)t.)rt:J·~ ;"' ;;~~ .. 
:;r~s:::;ur~ j vo1· i.l.t.: t\.la~ol· whh:h pr.:loa ..... .:. ·.he- !J-1"~ ::)$Ul'~ duor lv t~~:..' ·.):)<..~1 :~ ·.·~:::..>!: . :: :.: 
a i so purtcd t<J t.he unlock ~idt:s of i.hl' :JrC!S.S Ure d·JVr tock :1¢~\!:;ltv!·.s l.ad :., :b:~ :J !' 1..· .:-.::...!· ; 

door uplock actuator, which releases the spring-loaded pressure doo1· up- lozk r.:c=i: :.ni;m. 

\\·:,<;:n ~h·_. pt·es::;ut·e dotH" :.tpt o~..:; 1..; :·cl·~·j.:it..H! , l!:(: ;;rc:::)Sv.n? (ivor t~~llVck .;\•: itc!~ i~ 

actuated. This b~eaks :he circuit to the pr e;:;sur e door actuator cuntrol ,·al\·e opetl 
solenoid and makes the circuit to the close solenoid . The close sol~noid is then 
energized and hydraulic pressure is ported to the down side of the pressu:·e door 
actuator to lower the pressure door. When the pressure door reaches the ciosed 
position, the pressure door down switches are actuated which breaks the circuit 
to the pre.ssure door lock control ,·alve unlocl' solenoid and energizes the h)C k 
solenoid. This ports hyc.Jt·aulic pl·e~su1·e to the lock sides of the pressure t!vor lod' 
actuators. The locks are actuated and the pressure door is locked in the closed 
position. When the pressure door is locked i n the closed position, both pr essure 
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door downlock switches are opened. This releases the ALL DOORS control switch, 
on the Paradrop and ADS control panels, to the "OFF" position and removes the 
power from the doors and ramp control circuits. 

GROUND OPERATION OF THE DOORS AND RAMP. 

When the DOOR ARMING switch is in the " ARM" position, power is supplied to the 
DOOR SELECT switch. Power is supplied through touchdown reiay No. 5 to the 
PRESSURE DOOR ONLY control switch, to the PRESSURE DOOR control switch, 
and to the ALL DOORS switch on the DOOR AND RA.MP CO!:\TROL PANEL. Power 
is also supplied through the pressure door uplock switch to the ALL DOORS control 
switch on the DOOR AND RAMP CONTROL PANEL. The ALL DOORS control 
switches on the paradrop and ADS control panels are not connected into the control 
circuitry when the aircraft is. on the ground and touchdown r elay No. 5 is energized . 

When the ALL DOORS switch, on the DOOR A.'<D RAMP CONTROL PAl\EL, is held 
in the ··OPE~" position, the pressure door is hydraulically preloaded to the closed 

f)- lii 
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RAMP CCNT~OL SCHEMATIC 

?Crt of the pr~ssure door ~ct'..!ator. opening the pr<:s.:;u!·e ~:C~!'. ::::c-.o:: !·h.: ;l: ~ .. .: : v . 
is pro\'ided to the close 3o:e~1oid vi the pressure door ac~:..:.:>.:,:. !' .:.· .::l:~·~ .. l \':-ti"~· 

~h:· .Jl~~h :!H~ tlCt-L!!l!ockr-:: .:on:act~ ·Jf ~h~ pres.:>L! l't! ~i.Jl !' ·.u: . ..J,:• ;.;: ...... ::. ... :-.·.·:-: . \.: · 

sarn~ tirr.L· 
1
iO'-n .. · ~· 1:--. ~~: i:.:;~ lL·d thl'0\.:.:.;:1 ~!:<.· pres~ar!: •:: :,"'t' t : •\' ·:: .. r · ~:.· : ~ ·-· :: ~::~. : ·.~ .. .. . . 

line ''A" frana) r~:tl':t1..':t. switcnes l\,l tht' unlock svh:n0 ~c: v~· :~:~· p:·t:S.:i~:!· :.: ,:~v :· . t. .:~ : 

actuator control ,·alve . When the oressure door unlock:; iron·. t!lE- t·amp, :;~e p~·<!s.•urc 

.. too1· u:1~ v~k .-: ·.\·i~::h·~:o: :·e:::·_,,·e ~!:<.: elcc~!·i~~l ;;o, ·. _\r :!·~, :~: ~::c- :.:1 ... :: :5-.' ··"-"··: ... . ·.: · ... · 

i t 1.v tnc uj>~~\ ~vle"!!·>i"l v t th~ pr cs:;u1·e: ~..-.HJ!' a.c..:tuat.v!' \!Utl~l'"' .. a .. :.. . 
I 

While the pressun.! door b opening, the up sol.;nvid vf the ram;> ,u;tl"tlvr c·•>t:::· " · 
valve is en~r:.;-i~ed thr ough the open contacts 01 the ALL ovvn:; :;wi:ch :1t1J ;he• : .:;;;,,•.: 

contacts of th<: ramp unloc k :;witches. The ran:p is hydrau licalt;c prdc)aded. 1.'-:::,·1' 
the pressure door is locked in thl.! up position, the pr essurl' door uplock :; ;l"itc!: b 
actuated to cut. off l)l)wet· to t!H: prcssu!.'C.: doot· lv(:!.; :111<1 :.lctt::l.~;.n· :..·t.n~t ! · :, ~ \ ":1 !\"'-' s 

Power is then suppli<id through the ALL 000HS switch to eneq;i~e till' uulv~k s oit' 
noid of the ramp lock control '·alve. Hydraulic pressure is then port~d to tho.> re
tract ~~des of the ramp lock actuators to unlock the ramp. \\'hen the t•amp is cm
lockeo, the ramp unlock switches are actuated to deenergizv the ll!l soknoid of the 
ramp control valve and to energize the down solcnoiu, Hydrauli..- pt·<::;surl' b thc·n 
ported lo the tlo\\'n side of both ram!) actuatot·s to !owet· the ramp. 
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PEi A;. OO<:R Cet-ITROL SCHEJ-1A TIC 

'Nhen :~e r:u:w :·eaches t:1e horizon~:ll position w!t!l ;he ranp st·~ :> t::::,. in•~a.::E,., 
:~e ro.r.1p down ii:nlt s· . ..-itche~ ancl the deene:-6iz.cd ::!ose retay ;:'r .x· ~:";: :1. g!"o~:-.C : .:. :· 
tb: d~~:- .: ··ctt:~:l~C! r~b.y. :-»O\\'~ r i~ ;;upolicd to tl:c t.:: ~x}: .:: .);.:r. :1: .... i :!:e ~·= ::.... ... . 
. vel.. a~t' ... :..:~o!· \"~h·~ ~ro:~·, t!~c;- ALL ~tJOR :::i s·.\·i:c :-. :r.:-~-.:.g:: . ~ ·.:.· £'·:· ::·:;: __ ·. l!oo;· ~ .. ·>. ::." 
•·elay . 

Ji• ·dr:tuli<.'" pr<·s3u~·e is pot" ted tv :::e unlock sit!e..; .;:· :!':.c n·.·:a! ·.: .:.;;~· ! : .• :l: :tCtl:a: ... :· ... 
\', niC!l U!'l~vc:, t~~ i>et.l: .. ~v1,:·~. \\'b~!l lhe pt:t3.i tJ,.H,:~·s :.l't.: ;,..n.""" :~c: .... :::""' t)e tJ.l ._ ·- J_. 
uhlock switch<!S are actuated to complete the ground c it·ct.tit oi til~ petal door c::>r.
:~·ol ,·ah-e O;Jen solenoid. Two ground paths a!'e a,·:ulable :or the ;JN:ll ci<>c:· ::.Jr.a· 
: alve open solenoid. One gr ound is available through the petal door ~ ·)-dC;gl'<-.: · .. ::u 
switch, the 55-degree limit switch, the 32- degree limit owitch , :1nd the peta l dcw:·s 
unlocked limit switches. The second ground, :l,·aiiahle only whe:1: t!1e "soo-- ;;o;ition 
b ~el~cted , is through the Sll -d~·:4r1'" limit switcl:, thnJUgh TOt.CHO(l\1'~ :·c· :~ ,· >. v . 
4, and through the "80°·· position of the PE TAL DOORS select switch. \\'t:ll tt:e 
open solenoid or the petal door control vah·e energized, hydraulic p•·cssure is p<>rtl.'d 
to the open side of the petal door drive motor which drives the petal door.;; ->t;en. 
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ADS/s-AT'"' l"- e:·~·~olrAL s-H~·- · -' 1'- .._ ,,1:. ~,\w,J , ~ \, , ;..."\M I lw 

As the petai doors reach the se1e~ted ;>os i~:on, the ~P?li:: :l;.• ~ ·:! :: !:-. :.~ ~·.;· i:c :: a~ ~-~:~t: .; ; 

deenergizing the open solenoi~ of the ~e!al d~o~· c~n:::oi \':l.i': c· ; t il i S s ::.~~ t !":·: .;' . .;.'.\' ;-.: 

hy::l!*aulic CluiC t .J the t~et:ll ~.icor ,:.:- :·:~ ~t .. :n:::-. t.r.:: :: :::e: !' .!. :~: ;· :.: :0·\·t: ~ · ..: . : ·.: ... ·. 
hor:zonta~ posi:ioc. ~nC t~B ;.:-:: t~: <.:.o!'S 2.::·: \ith:·:~ : ... :::c :: .. : .. :".! : .: • ... :. ; ·. : : .: :: . : . ·. :· . • 

DOORS control switch is :-eh!j,Sed . :!'th e r 3.rr.? is~;) Oe : ... w~!·et:: :o :~: <.: ;·:· :-·.: :-.... : , 

the RA:'r1P control switch is r.~omentari ! :: posit•oned to .. ~_USE" ;;o : :1:: :·:.:·.:;~ ; ~-J;) 

links may be disconnected . A~':e!' ~he !':l:r.:>s s:o:;, :!r:ks ~·e cli.~c;..>!: :·.:-:· :( : . ~:: -:: 'f:.l..).::-: 
c o;.&~!'"oi swi tcr. L; ;..:::..s i::c .. t.e d L.; · · : . /.,·:;~ . • :.: .:.~ .. ~:';,.· !.· ;::;;.,:, ::! ~ ;. _.;· . .::~ . . : . ..:. . .. ~ . ... . 
ramp cont~ol valve and ports hyCraullc ih:ic.i l:~tu tile dow:~ side vi ~o:h !'3.:l)t.) ~~ t~:.:: vr s 

which lower t~e ramp. The R.J..:O:P contro! S\vi:ch ':"!".'..l.5:. !;e ::~ !d in !he ":. o~.\~ER .. 
position until the ramp Is lowered to the des ired posi~ion . 

When the petal doors are to be opened to the 80- degree ;lOSition, the PETAL DOORS 
55/ 80-degree switch is positiuncd to ' ' ~0°. ·· Thi::; byp~sses : ~~~ p~;~!r.l duvl' :3¢ -(.: .;o~·:e~ 
and 65-degree limit switches and energizes the petal door control solenoid ,·a :·.-e vn 
the petal door drive assembly. When the petal doors reach the 65-ctegree posit ion, 

VOL. V S-1!) 



the petal door control valve reduces the flow of hydraulic fluid to the petal door 
motor and slows the speed of travel between the 65-degree and the SO- deg1·ee po
sitions. When the petal doors rea cb the SO-degree position, the petal door 
SO-degree llmit switch is actuated to break the petal door control valve open sole
noid circuit. The solenoid is deenergized, wr.ich closes the vah·e and stops the petal 
door drive motor. 

When the ALL DOORS control switch is positioned to .. CLOSE,·· t!le opening sequence 
is reversed. Tile operation of the doors and r amp s ystem is the same when .controlled 
from the ALL DOORS switch on the DOOR Al'\D RAl\iP COl\TROL PA::EL a s when 
controlled from the ALL DOORS switch on the paradrop and ADS control p:1ne!. The 
ALL DOORS switch on the DOOR A~D RA:.\lP CONTROL P.:..::-EL :nust oe held in 
position Wltil the cperatior. is complete. 

CARGO RAJ\lP, PRESSt:RE DOOR, AND PSTAL DOORS Il\iJiC . .!,TCP. LIGHTS. 

Indication and warning lights for the door s and ramp are locat~d o•.: the pil>.>t ·s a nd 
copilot's paracrop and ADS control panels, the c r ew door inter;:>hone and PA cc.n
t:-ol panel, the DOOR AXD RA:.\IP CONTROL P.\XEL, :lnd ~!lC' ~::,·i:;::l:':>!' '3 .~:)S ;>ancJ. 
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Paradrop and ADS control panels each contain an EXTERNAL CL light, an IN 
TRANSIT light, a PRESS OPEN light, a PETAL INTMD light, and a PETAL OPEN 
light. The EXTERNAL CL lights Illuminate when the petal doors and ramp are 
closed-and-locked and electrical power Is being applied to the pressure door close 
circuit. These Ugbts remain on until the pressure door is closed-and-locked and 
the switch being used to close the pressure door Is released to the "OFF" position. 
During the opening cycle the IN TRANSIT lights Illuminate when the pressure door 
locked limit switches are actuated. These lights stay on until the ramp and petal 
doors are completely open and the all open relay is energized removing the ground 
for the light circuit. During the c losing cycle the IN TRANSIT lights illuminate 
as soon as the petal doors start to close and remain on until the pressure door has 
locked to the ramp. 

The PRESS OPEN lights illuminate when the pressure door is locked in the open 
position. 

The PETAL OPEN lights illuminate when the petal doors reach the end of the ir 
travel a.nd the all open relay is energized. The position of the DOOR SELECT 
switch on the pilot' s paradrop and ADS control panel determines whether t!te PETAL 
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INTMD light or the PETAL OPEN light illuminates. The navigator's ADS panel 
contains an OPEN light which will be illuminated when the doors reach the end of 
their travel and the all open relay is energized. 

The crew door interphone and PA control panel contains an AH:\IED light, an IN 
TRANSIT light, and an ALL OPEN light. The ARMED light illuminates when the 
DOOR ARMING switch is positioned to "ARM" and the arming !'elay is energized 
to complete the circuit. Because the IN TRANSIT light is in paralle l with the IN 
TRANSIT llghts on the pilot's and copilot's paradrop and ADS control panels, they 
will all be Uluminated and extinguished at the same time. When the all open relay 
is energized, the ALL OPEN light llluminates. The a ll open relay is energized when 
the pressure door, the petal doors, and the r arr.p are open to the desired positions. 

The DOOR AND RAi\<IP CONTROL PANEL contains a CARGO DOORS SYSTEM 
AR:'.IED llght, a PETAL DOORS NOT LOCKED lighl, a RA~1P NOT LOCKED light, 
and a PRESSURE DOOR NOT LOCKED llght. lllumination of the CARGO DOORS 
SYSTEM ARMED lights occurs when the DOOR ARl\'llliG switch is positioned to 
''ARM" and :he arming !'elay is energized. The RAMP :-iOT LOCKED light iilumi
nates when the r a mp is unlocked. When the pressure door is unlocked, t!:e PRESSl'RE 
OOOR !'OT LOCKED light Ulumina~es. The PETAL DOORS ::\OT LOCKED light illum:
nates when the !')~tal door is not locked. 



WING FLAPS 

GENERAL DESCRIPTION. 

Air craft wing flaps provide increased-attitude control during low-speed ma
neuvers. Improved control is accomplished by changing the camber and area 
of the wing into a high-lift configuration. The· increase in lift permits landing 
and take-off at lower speeds. Other advantages are the ability to use shorter 
runways and greater safety while operating over obstructions around airports. 

Double- slotted, Fowler-type flaps are used on the Star Lifter. Two surfaces 
on each wing extend from the wing .root to the ailer~n. Surface deflection is 
ma.nually controlled from the flight station. The flaps are mounted on carriages 
which roll on curved tracks. Tlte tracks extend aft from the trailing edge of 
the wing structure. J ackscrew actuators are used to .extend and to retract the 

flAP SYSTE>I INSTAWTICM 
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flaps. Two hydraulic motors are mounted on a gearbox which drives the jackscrews 
by means of torque tubes. A flap asymmetry system monitors flap operation and 
automatically stops flap movement if one section of the flaps lags ot· leads its counter
part. 

THE SYSTEM. 

Degree and direction of flap travel are governed by the flap control handle which is 
located on the center console. Each movement of the flap control handle must be 
preceded by tilting the aft end of the handle knob up. This procedll!'e allows a ser
nted shoe to move away from a serrated track and unlocks the handle. The serrat.ec 
shoe and track allows "!nl!nlte positioning of the handle. The handle has :hree cete:~te-:! 
positions: "UP, " "TAKEOFF AND APPROACH, ·• and .. LAXDING. '' n::i:!~ :he ;i;i>~ 
handle knob also frees a roller from the detent which is holding the hand!e . Only 
the take-off and landing detent tracks are adjustable. 

A lockout solenoid imposes a high breakout force to the flap control hanCle when ::~e 
spoilers are being used in flight. The spoiler control handle incorporates ~ sir:,:!a!· 
restraining feature when the flaps are being used in flight . This iaatu,·e !Uever.ts 
inadvertent operation of the flaps while r!le spoilers are i::. use , o::: the h!!;~ i:::.:;;;:~ 
force may be overridden in t.lte event of a ::u!i•.:nc:ion. T l!e icckou: so; e:~~i~s -::~ 

located within the control pedestal and :nust be energue::: to re:r.ove :he !:1t;.1 i)r ::~ 

from the handles . When a high-force condition exists, a lockout ir:c!!cator :~:- :::; 
affected handle canoe ~een protrudin; :hr~ugh t~e thro:tie <:'~:J.c:·:~::~ ;~,·~:-. ~·.::· ' .. :~: 
ground operation the Claps anc spoi:e~·s ma~· ue v\)el'!il~·l ~l:n ... !:~n·'~~.;:_ .. . 

A l:t.nding g2ar warni:l~ s·.J.-ltcr. ls cl;;,sed ;,, .. ::-:.e :·:~:; ccr:::·~.,i :!~<i.... :l~ ::A::.::-:_ :~ . . • -: .. 
9~ t:C:!":en: -:>f ~~; .::.1~ :.)n::-o. !1:.:.#~! . ·:.:t:.::..: .. : .:;: ... : .. ·· :::~: .... ~:.::; .: ·: · · · 
ar.t:! ~ocked ace the l:l.nc.:.i:!g 5e:.=- ·.·:a.r::i::. ~-.. ~; ..... ..: __ :-:.:.:..:-... , :: ',\'.-·.~ .. : ·; --~- ·-· ) . . 
ar.ci conticue to blo\\ un~lt t:1e gca~ is :!c·.-."":: -:..:::.: !~::;::~ ~:- :.-:~ "-:::.::·~i~; s·.·: :: ·::: .:: . ::-::! :. 

:vio,:err.ent c!' !:le :~a:: co:::~· .:. . ~o.:~l.)~c ~:·:.:..::::: .:. :~ ....... . :::J·""· -:!: .: :.:.. ~ :.:. :·.: .. : .. 
a single closed-loop cable system ana mecilamc:t.l llnlw~e . :::c :.:.p .::o:1:1·o. ::::.:: ... ~ 
can be placed in any position without wui:ing for the r:ap system :o follo•.1· ~;:l. :;: 
addition to the three detented and decal,;d ;:ositi->ns, coa•: 2ni~~t reference ::::·.:· •,_, ;:!'~ 

located at the 25 and 50 percent cx'tensicn positions on the !l:<p selec: ~.::1"~· 

A failed- cable detector assembly is locatec! :lbo,·e t!:e :l:1p b;:-at qu~cr:m:. Tb.' 
input quadrant is mounted on the aft iace <J! <l:e 1·.-ing re:J.r bca ::: ins!·ic the c.:u ;:o 
cotnpart.ment. If a cable were to break, the spring would force the striker plate 
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to contact and actuat.e the detector switch. The switch would then close th~: 
asymmetry shutoff valve in the gearbox and prevent the flap actuation thJ.t would 
result from cable stretch in the remaining cable. 

A motor and wing-flap gearbox assembly is mounted on the wio.g rear beam adja
cent to the flap input quadrant. Major components In this assembly are: 

1. Two hydraulic motors 
2. Hydraulic manifold 
3. Gearbox 
4.. Position transmitter 

1\ormallj' t!le gearbox Is drh'en by both hydrau!ic motors which are nlne-pls:on 
reversible motors. The );o. 2 hydraulic system supplies po'.Ver for one mctor a!ld 
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the No. 3 hydraulic system supplies power for the othe r motor . During one moto r 
operation, maxim'.lm system torque is available because of the mech;mical advantage 
gained in the differential gearbox; but the Claps are driven at one-half the nor mal 
operating speed. Motor s peed is controlled by flow control valves installed in the 
return lines from the motors. 

The hydraulic manifold contains a solenoid-operated shutoff valve, a manual shut
off valve, and a servovalve. Hydraulic pressure to the manifold is firs t r outed 
through the solenoid-operated shutoff valve designated as the asymmetry shutoff 
valve. This valve is energized c losed when an asymmetr ical conditi:m exists, when 
the FLAP ASY!'IThlETRY TEST switch is actuated, or when the failed-cable de tec tor 
switch is actuated. When the asyrr.::netry s hutof.: vah·e is energiz~d, tn<: solenoU 
releases ·a spring-loaded valve spool which shuts oif a ll hydrau:ic f!ow to the mani
fold. A visual indicator to show actuation and a manual reset knob ior the soienoid 
are external parts of the valve . From the asymmetry s hutoff valve , ;>ressure is 
r outed to the manual shutoff valve . This man~<a1 shu~ofi \'al·:e isolates :he :·:aps 
!"rom both hydraulic systems. The tandem servo~/alve is !~~3.ted downstr~!lm o: 
the manual s hutoff valve and provides s ynchronized con:rcl cf fluid flo"" w 2nd 
from the h~:drau lic motor s . 

The flap gearbox is a :;un and planetary-gear di:::eren;Lai a:>semb1:: . 3>~::. ·>: ::~e 

hydraulic met or; s pline into and Crive a su:~ gaa!'. Th£- ;:~:~.~etc.!~y g~::;.r :!"r.-.ir~ .:~::: 

tJ.h~:: three pa.:~·:; o~· p l!r. ~ ~~!·~· g~:.t!'S , wh,ic ~ ~!"~~~~.:.'in~ ~·::~·atnc:I ~::. ~~ :"' ~.:.·:·ia:· ~:::.t: 
::.as the o~a:)ut (Ji:1ion ~~vit~.:·:: ~ . .. ; i~. A geu .::e.:!u.c:i.:.:-7; :.:. . .:~-; P'~t~~t..) :.; _ ;::~~·. :.1·.: ~ · ·..1: : ·.:; 

pinion auc! the out;Jut ~e::t!'. The ;Ji.l:le!~l'Y ge::..:.s r.H~ :; h ·.dtr. et....:!: .:~-:t!!.' :.;·.-:; -. .. :: ::~ ~~.·= 

3!.1~ ~e :1rs. \ \'hen bvt:~ ~'lot~):· .:; l.!' 2 Criv ir.:~ ~i~l!' gr::;:.:~ :Jv:~. ~:·. ·:· ::· ~:::..:. ·.~.;.:· :: : c:: .. / : . :·.:-.: 

T'•,oo spring-applied a.n<i hydrat;li~ally- r-eleo.sed b!:"a!'e a.SS~ !~''' ics l.!.· e ir.:.!Cr?·>!·.:~e:..: 
:n tht gea:"bcx. I!' hy:lr.:t:.tlic ~~ =-essu:·c tc or.c ~~,j:·jt· !.s :.-. ..; :, :.~,. ~3:i t)l: ~a:. .:~: ):·a .. :~..· 
autcmatical iy :ocks that t:':.f)tor •s d!·h·~ shaf!. . !3:·:1kto n.t; :)~!.= :.lth:m is ..lC~~ :~·.~::.lieC 

tP..rough spring f~rce exert~d on a series of fric:ion disks. i·!.~lf or' ~he f~i.:;ks ;.l.l·~ 

splincd to the 1notcr dri\"e shaft and the other hall of :h~ disks ::tre ui!'l~.t;.i :v :~e

gear·bo:< case . Brake relell.se is acco:nplished l>y h;;d:-:a:::.: pl·c:;~:.::·e :~~~n·:n;; :. 
piston which, through the action of a lev·~!' and release pin, compr.:sses t.le brake 
springs. This action allows the friction disks to move apart and the motor dr i\·e 
shaft to rotate freely. The brake holding torque is sufficient to pr event t!1e sha.ft 



OUTPUT PINION 

HYD PISTON 

OUTPUT SHA rT 

OUTPUT GEAR 

L rq:oeACK POS ITI ON 
TRANSMITTER AN~ FOLLOWUP 

FLAP GV-RBCX 

fror::. rota.t:ng u:1der [u~! stail :~~·que cf the oppo:; i~e ~~:· h·i::s· ::.:o:~:.· . C!:2~~ ·::l..\' ·:0 '! 

and one-way restr ictors in the hydraulic manifold e:~sure prope:- brake ooe:-:HtO!: 
in the event of a hydraulic system faih.::-e. 

To prevent damage to <he gearbox brakes during Gap operation with the interconnec~ 
valves open, a flap ground-tes t shutoff valve is incorporated. This manually
operated shutoff valve, located adjacen> to t.he flap drive gearbox, is installec in the 
pressure line to the No. 3 system flap motor . The normally open n .h·e must be 
closed if the No. 3 hydraulic system is used to pressurize the Ko . !! hydraulic sys
tem for the flap operation. Neglecting to close the valve will result in dragging 
brakes ar..d eventual failure due to insufficient flow from the Ko. 3 hydraulic system 
pumps for two motor operation. 
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~Lotion f rorr, th': input quadrant is transfe!'red ~o the gcar;JC:-\ ir~::>ut :.~·:::.- ;· ~,:· ~lteal:s 

of a pus:~r :>d . The input lever is coupled to a planetary gca:· carrier c : :h.; : !:1;; 
fc:l.)W'..!J r::echa."liS~. 111Pt:.i: }C\'€-l' :'l1CVe t:":~r.t rota~e:;; ti:~ ~::,:.· ::.· :~? :· . c~: ... .s -.. ; :::·: 
~l~nec.;.ry ge~s to re ~.-o~·.-e :l:·ound the su:1 gear at~C .:!:i•:e :!·1.: p .~:!e~J.:· ·· :· :.r~~· .;~.:. !: . 

Displace :~lent of the ri.ng gea.r position3 the servovalve ir. ;!:e nycir:n:!:c :~~ani:'"! :' 
to direct fluid to the hydraulic motors. A feedback gear-shaft conr.ec:s tbe gearbox 
cutput shaft to thP. sun gear. Hota~~or: of the sun gt-3..:' C:iU£ ~s the p!an~Jt:: ty gears 
to rotate about their pivot on the planetary carrier and to rotate the rmg gear i:l 
the opposite direction of the control lever input. :'his feedback centers the sen·o
valve and stops flap mo\'ement . 

The flap position transmitter i~ coupled to the feedback gea;-sb:Ut. < Ia:) ;::osl!icn 
is relayed to an indicator on the pilots ' center instrument panel. 

A torque tube drive, from the motor-driven gearbox, is routed along the trailing 
edge of each wing. This drive is routed through the gearbox of each flap actuator . 
A solenoid brake is attached to the gearbox of each of the outboard actu:.Ltors. 
The torque tubes are supported by bearings and are coupled by universal joints . 
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1\vo jackscrew actuators are used to drive each section of the flaps. Each flap 
actuator consists of a 90-degree gearbox and a jackscrew assembly. The output 
pillion of the 90-degree gearbox is connected to the forward end of the actuator 
drive shaft. This drive shaft extends aft through the non-rotating inner screw and 
engages internal sliding splines of the outer screw. The rotating outer screw is 
pinned to the forward ball nut which trave,ls on the fixed inner screw. The actuator 
yoke is bolted to the non-rotating ball nut which engages the outer screw. An ad
justable arm connects the flap surfaces to the yoke. As the drive shaft rotates the 
outer screw in the extend direction, the outer screw and the yoke-ball nut a.ssembly 
move aft simultaneously. Total flap extension is the sum of the travel of the outer 
screw on the inner screw and the travel of the yoke on the outer screw. Reverse 
rotation of the drive shaft reverses the operation to retract the flaps. 

ASYMl'IIETRY PROTECTION. 

A flap asymmetry system provides protec~ion against asymmetrical operation of 
the wing Claps. The detection section of this system monitors flap position by means 
of two transmitter-control transformer synchro !<lops. A tra."lsmitter synchro is 
located at the inbt vd track of each left side flap section and is driven by a chair. and 
cable assembly. r . corresponding control transfor:ner is located at the inboard 
track of each right &~de flap section and Is also driven by & chain and cable asse:::!
bly . The transmitter-centro! transformer synchro ioo;>s are connected out~~rd to 
outboard and inboard to hboard. The co:~1puter-a:nplifie::- lcca:~t: :n :l:e c~.r;;;; :: ~:::
partment compares the input to the transmitter :o : he out;mt oi t!:e cvrres;:>ondi::; 
coutrol transformer. In this way the posi tioo of :he: flaps sac:ion, .; comp[ll'e·::. 
As the flaps move symmetrically, r..o..'\imu::; ind:.~c:h·e coup!in;; :.: ~.alnta.~n~,; a::. 
the c.-.;:;;u; of the c'!>ntroi ::a."ls:::r':"!'l~:' ~ is :.!lE~ S:l!"!:!: ~.; ~.~~ :::;:u;;: :~ ... ~ :l·~:::S :!:l~ :~ ·· ~. 
Ii cr.e section of :he flaps lags or ieacis Its c::>uc:e:·;:art, :i:e eie::~ :·:ca: ..:~ie:-e:::.; 

between their transmitter input ace control transfo:-me:- output would produce 3.11 

asyrr.metry signal. The comput.er-amplifie:· output woulci then ca::se the solenllit
operated hydraul~c shutoff vaive to close t:h.! brake~. t.> app;y at _ _,,!1 outbo:::·d :;.c~:.:
lators, and would illuminate ~he FLAP ASYl\1 warning light on the annunciator par.el 
allcl the flap asymmetl'y test light on the FLAP ASY:II::v!l::TRY T!:ST PANEL. neo 
asymmetry system can be reset only on the ground because aC.:ji:ional flap :r:l.\·el ia 
flight could possibly increase an asymmetrical condition beyonc L'le correcti\·c ca
pab!llties of the aileron s ystem. The circuitry of the asymmetry srs:em !nciuccs 
a power failure monitoring circuit that ili~<minates the FLu> .o.s·~·:-.r DET light on 
the annunciator panel when the system Is no: functioning. 

A FLAP ASYMMETRY TEST PANEL is located in the APU compartment. The panel 
consists of a TEST SW, a test light, a RESET SW, and a DEFEAT S\V. To check the 
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asymmetry system, first 9ressurize the ~o. 
2 and No. 3 hydraulic s ys tems from different 
power sources ; then put the flaps in motion. 
Next, momentarily place the ASYMMETRY 
TEST switch to the "TEST NO. 1" position 
which c ontrols the outboard flaps ' channel in 
the computer-amplifier . The asymmetry 
brake s should engage and the solenoid
operated hydraulic s hutoff valve should close, 
to stop all flap movement. When flap move
ment stops, the FLAP ASY::O.I light on the 
a::nunciator pane! and the test light on the 
asymmetry test panel will illul:'linate. 

To reset the s ys:em, first place the DEFEAT 
S\V in the "DEFEAT" position '.Vhich will re
move t!'-.e electrical power frJr.: the asym~ie:!':: 
brakes and !'rom the hyd~:lulic shutoff valve. 
Th~n r:J3.nt:.ally r&set :h~ .shu;:off \'a!':es and 
asymmetry !:>rak~s . T~~ e flaps wii! ~he!'l ccn
tinue t.:> the pcs::i o::: ~ .::ev iot.:..:: j;: sel~c:t:ci . 

o\!i~r tne v 1.1: ... ·e a;-;d o~·1l\~s ~ave J:een rest:t, 
t)t!.'.ci~g the R!:5E7 .:; ~ ·: ~c ~:· . .; ··i:::S::"!"·· i)Osi:;~:~ 
:-:10men:.l ~·:!y ·.:. Ll O!'~:ll\ .1 :.t;i..:i:--.f; ::::·c ·.-. it ·.v:::::-

:~ s t. if.·l· t a-... <:-: - :__.: : _.._~ ·. : !:. : .:~ .: :.: 
~:~i~g~!S::;~: . : ..; ..::.:e .. . : ~: .e .. ~· . .;v~:· '.: ~·:~~.:. 

c ha.nnel i:l tne c~nlpute!"-:.m.;:ii!~!'. re;;ea: 
the previous procedu!"es: 'Jsing :::2 "TE~T :,· ::) . 

''TEST ~0. i .. pos~zlvn. 

T!le .;c.enci(i - ope:-?.ced 3.symmetry brakes arc: co~r.ecte:.. to :i1e t!!l' -.:ug~ sha..f:s ~t ::-.e 
:~~hoa.rC. ll:lP ac!.uatvrs* ge.:trboxes . \V~en the sol-eno i(! 1s e:1erg iz ec~ by t!-:e a.s y :~:::::!::· :: 
s:; s:err., :1. compression spr ing is release<! to apply the Ui.;k- typc bra;~es ar.d a s\v:zch 
is opened to remove power from ~he soienoid. If a maliunc~ion causes ;;one brak;; ;0 

leek, the o~'}OSi te brake will auto ll'.atica;!y lock. T!le brake !:a~ a :-:~a:n:al re~" : 

knob and a v1sual indicator to snow brake position. 
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• 
SOLENOID ACTUAT ED PLUNGER 

KtO INDICATOR 

SOLENOID 
TORQUE TUBE COUPLING 

F'LAP AS'Mo!ETRY BRAKE 

Each flap asyml':1etry-transmitter drive consists of a chain, a c:~.ble, a ten
sion regulator, and a synchro. The chain and cable are attached to the flap 
surface. The chain is routed over the synchro :~.nd tension regulator sprockets 
mounted in the flap we!l, and t!le c:~.ble is routed over a puEey mo~nted :c. t~e 
structure of the wing trailing edge. A tension regulator maintains proper 
chain and cable tension throughout the flap travel range. 

A limit switch assembl:; is connected ~o the left inboard asymmetry-tnnsmitter 
drive. Limit switches are provided for the iull - up, 20 degrees c'own, and 
35-degrees down flap positions. When the full-up limit switch is actuated (flaps 
not-up position), a high force is applied to the spoiler handle and maximum trim 
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~~~ II IVl SI'IIOCK tT 

~~~------~"7AI~ETIIY T~ANIW I TTtll 

·. 
I'UI.I. l T IJIACKtT 

P'AIIILU O 

Sl Ot Vl tW OP' 
TENS ION 

Jl tQULA TOll 

35° DOWN 
ADJ UST ING 

SCREV 

.,.. lNG F'l.AP AS"Mo4ETRY TRANSM ITT::R ~IV( 

is available for the ho!"izonto.l s tabilizer. The 2"-dl!:;~·e e :u::i• sw1:• ~. 13 usee i~ 
the auton1at!.c !light c~m~r:l~ sy.;:.? m to inc~cas~ the ;1~n :':-:>1~·. :~e :1-..; ~ ~:~ l~Ot whc::~ 
the flaps a:e i:l the 20-de!)re<::s down to the full - down ro.nt;c . The !;j - ·.i.:gr ee :1::11~ 
switch is used in the take- off warning sys•em. 
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WING SPOILER SYSTEM 

GENERAL DESCRIPTION. 

Hydraulically-actuated, lift-spoiling panels are installed on the upper and 
lower surfaces of the aircraft wings. The spoilers are used during a rejected 
take-off to reduce speed and shorten aircraft roll. In flight, spoilers are 
used as a speed brake to reduce speed for a high rate of descent or simply to 
slow the aircraft down. During landing, spoilers are used to spoil the effec
tive extra lift created by the flaps so the aircraft may be stopped in relati>·ely 
short distances. 

COHTRO~ 

HAHO~E -

CENTER ' 
COHSO~E 

VOL. V 

POSITION 
TRAHS141TTtR-, 

CENTER -

SPOILER CABLE SERVO 

SPOILER COHTROLS INSTAWTIOH 
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The spoiler system is controlled by manual movement of the $poiler control handle 
on the center console. The system also may be armed to operate automatically at 
touchdown or in the event of a rejected take- off. Arming the system is accom
plished by positioning a rotary SPOILER SELECT switch on the center console 
and by pulling the spoiler control handle outward. 

A spoiler actuator unit is located on each wing and is attached to the wilig rear 
beam where the trailing edge starts to sweep back. Each spoiler actuator unit 
contains two tandem hydraulic actuators. One of the actuators drives the spoiler 
panels located inboard of the actuator unit, and the other actuator drives the spoiler 
panels located outboard of the actuator unit. The movement of the actuators is 
transmitted to the spoiler panels by mechanical linkage. A drive tube is threaded 
onto each actuator and is connected by cables to a drive quadrant for each spoiler 
panel in the group. The spoiler panels are connected to the drive quadrants by 
push- pull rods . 

There are 36 spoiler panels on the wings. The spoiler pa::els are in two groups, 
inboard and outboard, with each group containing upper a:1c lower pa::els. There 
are five upper and five lower panels on each inboard wing and four upper and four
lower panels on each outboard wing. 

During flight, the tandem actuators for both spoiler actuatcr 'JOits use pressure 
-Troi:n the No. 2 and No •. 3 hydraulic systems. :or g:-o~.:nd o~e.ration t!le !nbo::.!"d 

ac;uators use No. Z hydraulic ;ysten:. pressure ~d tl:eoutbcard actuator; use 
No. :. hydraulic system pre sst-ire. In t!'".e event either hy-:::-~ali~ sy s::e !'n ia:.! s 
dl.:l'ing ground operation, the spoiler actua~or unit will alltCtl".atically change ope:a-
t~on S() that both inboard. and out~oard ~ct"...t::-~.~~rs wiH <;>per~:e f!'O~ the .!·erz·~a:ni~g 

An asymmetry det~ction system is ;>rovideu on the outboar.: dril·e moes :o a:.:~ur~ 
that the outboard spoiler panels on one wing do not lead cr !ag the outboard 3poi!er 
:;rL~~:~~ :;~ ·. !:~ ot!!e!" win~ . She:::·.;:{: an a.syn1~~t~·!co.l t.or:.:.::i:l_:· . ..)C.:~.!- L·.o·: ... .-. .:: : :·:~ a: ~;-·v 

ab!e lin:.i>f , the sensing system causes all spoiler p4!:.e ls :o elos.:!. 

Spoiler pcsitio:J. indication is proviced by ::. dual pointer indicator or. the ~enter in
str•.Iment ;>anel. The indicator also has a " i..OC KED" a::.d ""..':\ LKD" fl:l&. 

An ARMED light on the center console illuminates when tile system is armed for 
automatic operation. A GROUNi:> light, which is also located on the center console, 
illuminates to indicate the system is set up for ground operation. The GROUl'D 
light does not illuminate when the "FLIGHT" mode is selected. 
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DETECTOR lights are located on the copilot's side panel for indication of 
proper asymmetry detector operation. The annunciator panel contains 
SPOILER ASYM Hghts. 

A three-position spoUer emergency retract and off switch is located on the 
center console. The three switch positions are: "EMER RETRAGT, " "NORM, " 
and "EMER OFF." Positioning the switch to "EMER RETRACT" simulates an 
asymmetrical condition and causes all spoiler panels to close. For normal 
spoiler operation, the switch will be in the ''NORM'' position. Positioning the 
switch to "EMER OFF" simulates an a,sy=etrical condition and will shut off 
all hydraulic pressure to the spoiler actuator units when all of the spoiler 
panels are closed. 

SYSTEM OPERATION. 

The spoiler input control system contains: a spoiler control handie and a 
rotary SPOILER SELECT switch which are located on the center console, a 
hydraulic spoiler cable servo located beneath the center console, and :1 

center drive assembly located on the wing rear beam. A c!ose<i-loop cable 
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system connects the hydraulic cable servo and the center drive assembly. 
The closed-loop cable system is routed from the center drive assembly 
out each wing to the input quadrant of the spoiler actuator Wlit. 

The mode of spoiler operation is selected b;· positioning the SPOILER SELECT 
switch. The operational modes are: "AUTO LAND," "MAN LAND," "FLIGHT," 
and ''RTO." · 

In "MAN LAND" and "FLIGHT" modes, the !wdraulic-cable servo positions 
the input system in response to manual selections from the spoile!" control 
handle. In."AUTO LAND" and ''RTO" modes , electrical circuits control the 
hydraulic cable servo to position the input system. The spoiler ha.'ldle will 
follow the movement of the hydraulic cable servo in "AUTO LAND" and "RTO" 
modes. 

The spoiler control handle is detented at two positions: "CLOSED" and "FLIGHT 
LIMIT." Spoiler control handle travel Is approximately 42 degrees from the 
"CLOSED" to the "FLIGHT LIMIT" position and approximately .65 degrees fro~ 
the "CLOSED" to the "GROUND" position. 
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The positions of the spoiler panels when the spoiler control handle is in the 
"FUGHT LIMIT" detent position will be as follows: the upper panels deflected 
27 degrees and the lower panels deflected 59 degrees. When the SPOILER SELECT 
switch is positioned to "FUGHT," a positive mechanical stop will not permit the 
spoiler control handle to be moved beyond the "FUGHT LIMIT" position. The 
amount of spoiler panel deflection, up to the flight limit, is selective by positioning 
the spoiler control handle. 

When the SPOILER SELECT switch is positioned to "MA.l''i LAND, " "AUTO LAND," 
or "RTO, " the flight limit mechanical stop is removed and the spoiler control handle 
may be moved to the "GROUND" position. In the "GROUND" position the upper 
panel deflection will be 90 degrees and t!he lower panel deflection will be 86 degrees. 

QIIO 

~------~ 
GU".;z_:":II~MT UI'I'EII SUit rA CE ~~: r~1~> 

CONNECTING I I UI'I'Eit ~I >< IT 
-- --z ltOO ; ; ~~ 

• . ·• / ------~ ' '. ::::..---- I 

Dlt iVE TUDE 

I 1 • • z"o 
LOW[JI LOlitA · ·~ / i 

s u ltrAc E 1 'f GUAOitANT .. \ 
CONNECT lNG : '!I I 

lltOO -- ' F/ 
SPOIL~ PAII E:L OC:F'LE:CT IOH 

The spoiler control system incorporates 3 high-force detent mechanism on the 
spoiler handle at the "CLOSED" position to prevent inadvertent mo\'ement of the 
spoiler control handle while the flaps are extended. Likewise, the flap control 
system incorporates a high-force detent mechanism at the "RETRACTED" po
sition to prevent Inadvertent operation of the flaps while tbe spoiler panels are 
deployed. The high-force detent mechanism is actuated to low force by energizing 
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a detent solenoid and is spring-loaded back to high force when the solenoid Is 
deenerglzed. With the SPOILER SELECT switch in the "FLIGHT" position, the 
detent solenoid is energized when the wing flaps are In the full-up position and . 
the spoiler control handle is lifted. Moving the wing flaps down will actuate 
the flap position relay to deenergize the spoiler handle detent solenoid and the 
spring will move the mechanism to high force. The detent solenoid Is also 
energized by placing the SPOILER SELECT switch In "AUTO LAND," "MAN 
LAND," or "RTO" and lifting the spoiler control handle, which will allow both 
flaps and spoilers to be operated at the same time. 

When the detent solenoid is deenergized, the detent pawl is the pivot for the de
tent lever. As an attempt is made to move the handle from the "CLOSED" po
sition, the spoiler spring detent must be overcome using a short fulcrum arm 
because the cam detent is not a constant radius with the handle In the "CLOSED" 
position. 
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When the detent solenoid is energized, the detent pawl is moved from under the 
detent lever; and the detent stop bolt near the spring attach point becomes the 
pivot. Changing the moment arm decreases the break out force on the spoiler 
control handle. 

To operate the spoilers with any mode selected, the spoiler control handle must 
be lifted. A spoiler lift handle interconnecting mechanism is located within the 
center console and consists of a switch operator and switc.hes, a selector pin , and 
an interconnect cam. 

The spoiler control handle shaft fits into a tubular necked interconnecting cam. A 
selector pin driven through the spoiler control handle shaft extends through diagonal 
slots In the interconnecting cam. Becau_se of the diagonal slots, the interconnecting 
cam is forced to rotate as the spoiler control handle is raised and lowered. The ro
tation of the interconnecting cam, when the spoiler control handle is lifted ,slides a 
pin to the r ight. This actuates the switches which arm the system for automatic 
operation and energize the high force detent solenoid. 

A cam roller is located on the fonvard face of the handle housing to operate handle 
position switches. The handle position switches control a circuit to t!:e :-lo. 3 
hydraulic system pumps. As the handle Is moved :~pproximately two degrees :>u: 
of the "CLOSED" position, the pumps are turned on. When the h30Cle is returned 
to the "CLOSED" position and the spoiler panels are closed anc! !·: ~ked, t!Je pwr.ps 
will stop. 

The spoiler asymmetry syste::n must be reset to restore operation :; th<! spoEers 
nre closed by an ::t5ymr::etric~ c~ndition or by the usc ~f t~~ ~ ~!;;er;e:1c: · :-e::-~:-: 

3nd off swi:ch. 

The asymmetry reset mechanism is operated by moving t.'1e handle forw:trd past 
the "CLCSED" position. As :he h3nc!le is ::lo\·cci p:lSt :he "CLOSED'' ;:o:i t:or.. • 
cam r oller on the handle !:ousing strikes :he reset switch opentor anc! n:.>\'es u:e 
reset lever which actuates the switches, The spoiler handle is moved to "RESET'' 
against the force of 3 spring until a positive mechanical stop is contactec!. The 
mechanical stop prevents damage to the reset spring and switches. 

Two different devices are provided to apply friction to the spoiler control handle. 
One applies friction to the handle pivot and the other to the handle idler le\·er. 
Both are washer and checknut devices. After an adjustment, the checknuts artl 
lockwlred In place. 
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The SPOILER SELECT switch consists of a seiect k."'ob, a wafer switch, o. 90-
degree gear box, a cam selector, and the flight limit stop fo!' the spoiler handle. 
Rotation of the SPOILER SELECT switch, for operational mode selection, posi
tions the wafer switches and the 90-degree gear box. The 90-degree ge:1r box 
output shaft positions the selector cam in or out of the path of the stop on the spoiler 
control handle. With "FLIGHT" selected, the spoiler control handle is stopped at 
"FLIGHT LIMIT." With "RTO," "AUTO LA.J.'lD," or ".MAi'{ LAND" selec ted, the 
stop is moved out of the path of the spoiler control handle; and the handle may be 
moved to the "GROUND'' position. 

A spoiler-cable servo and a cable-drive quadrant are !ccate<.i under the :ioor below 
the center console. The spoiler-cable servo is a tandem hydra!.:lic actuator with a 
tandem servo control valve. The unit also contains two solenoid ope rated ,·ai•:es 
which direct pressure to two pistons that are used for autom;>tic spoiler ciepb;:
ment ("AUTO LAND" and "RTO"), Both or either No. 2 c-r No. 3 hydraulic s;·ste!n 
pressures will operate the spoiler-cable servo. 

In the "FLIGHT" or the "MAN LAND" mode , the ;;poi!er control handle is movdd 
manually. Movement of the spoiler controi hancle po~itlor:s the tancien: s~:·•:i.' con
trol valve oi the spoiler cable servo to direct p:·ess"'r ~ :o t!:e spcile:- co.t le se:·•:c• 
actuator. The spoiler cable servo actuate:.- is an achec: ;.;. the c.,ble •i.ri;·e ·~uadrc'.:'. : 

and moves the cable system in response to ~!l<~ il:: :· co::: rc' ha:.<'l~ ::t c·:~me :~:: . ·'-': 
input feecfoack system centers the tandem se:"'·u >:c·:.t:·ol v:1l·; e ::na 5t:>p~ :lc'. l:J.!•)r 
movement whP.n the actuator has moved n ciist.l!".c ~ prvpo!·:::•.)r. ::l]. ~o .;,x-;:l..:::.~ c :n::~~v: 
handle movement. The input lever of the spoi i.or c~.~!e 3ervc, ~ttac r.es a : : :1 ~ " ': :: 
to the input linkage from the spoiler conu·c! ~1ar:~ :: , ~~ ! !1z· ~ t!~ -=~· l:: r.C. :o c1-2 :~:: : = 

drive quadr:mt, and near the r.~id point to the se!'vc C:>~ tr:>i ,·:lv~:: . ~ :lo':;:· .:· <:·~: :•,: . 

r.~~c~e :novem~nt c~uses the servo ce::1t;:~: ·::-~ .: ·: ·: : ~ !':': ::r "' ·.d:~:: :.;~· ~. : ·:·:.:· :~ · .. :: -· : .. 
is s tationc !.·y. As the lctua:c!' nlo~.:ts t.h~ ~!·:·: : .. : ·.::- .: :·~ .. ~. -. ::.~ : .: ... : .: . .. . : : :. :::: .: : 

lever is ~sed as the pivot or hinge a.1d the ; ervo cor;;::.~o : t; -:.~.'.·~ . .;: r..~ · .. :.:·:L: ·:.::~ s~~-

the input motion is stopped. 

Although tne cable d:-ive quadrant. att~ch br, :: ~· .. .::; ::nro\.:;.: t:; :.: :.. ·.~u: ic. .,- . : . .·. 
is not close, this allows the servo control vahe to ::;o•:e bcfc:·e :i:e ~,t;;> . .::: .~oi; .• 
contacted. 

The two solenoid valves of the spoiler c:tblc se:·vo are ~n~r:;i zeG ::J"e~ ~1::·~:· ti:~ 
following conditions: on touchdown when the aircraft wl:ed s?eec !.s :\()<.>v~ 50 \.::.:>•~ 
and" AUTO LAND" has been selected, or ii "RTO" !s s~tec tec ;m(; t:. ~ th!' ~"!.!o :In~ 
placed to REVERSE IDLE with wheel speed above 50 kncts. O~ni:1g the valves 
causes pistons to position the servo control valve and direct pressure to the cable 
servo actuator which drives th~ spoiler input system and de;:lcyes the spoilers :.J the 
ground position. 
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The center dri\'e m~::ch:mism cons;.;:s of two jlulleys cor>~"lectec! '"Y;; si: :t:"~ . c ~:lk; 

from the speller-cable ~ervo-dri\'t: C{uad~·:m• CO!'Il1ect tv 0!1e ;)l:l!:\·, :u·, .~ :·:·:>J:. t::e 
other pulley a closed-loop cable s::~tl!m is roured out each ·.,· in~ a.'ld a.: ~.c::~s t:.> 
the input quadrnnt of each actuator \mit. Tho! pulley to which the ca l.l!es 1:·on: ,,:, 
spoiler-cable servo-drive q~.:adr:<nt :lttach i: !nsidt! the p:·e:;.;:::·!z~·.: =.r.:::, :1:1~ t.:: 
output pulley is inside the center win; ;~·~· b~,. :~rea . !!:,. .:!::~r. c vr.~e:: :!:: c t !:·.: : · 

~ulleys is ~rcss\:~· ·:.· 3c:':.b-:. .. 

lr.put motion, tr:t."l~n:it:!:d !!"orn ~~~ C':.r.t\! !' .•. 7.\'e ::.;: .:!~lb:y =!:.:·ot..~.: : :1 ~.: c: .. ..s\..- : .. .. :. 
cable system, positions the input followup r.:ech:mism at the ac:uator un its. T~:! 

inpt4 follow~ap r.H!t·l::mi ~:r! :s co:--.r.ectC'·J :o ·::~ :,~!'".""> :-·Jn:;:·":'~ t · :· l~·~·: .· : :: . :.:::::-.·t':' 
units. The followup mechanism positions tne sen·o contr ol V:l!\'~;:S whic:: :ii:·e:; 
fluid to the primary and auxi!iary c~·!incer of each tandtm ac t~.:atcr. F ~"cibock 
motion from the movement of the l:lndllm :\c :u:lto:·• to ri:~ ;::pt.:: fo:: J\1' '-IJ) :l: ,-,;:!:.'\Ol!il:: 
returns the servo contr ol valve:; t,;. !\t!litr:u whe!l the spcilt!r j):md.; ll:t\'t! ~love.:. : 
distance proportional to input movement. 

The input system is connected by ~p:L"l~ bungecs to the servo control ,.:lh'<! S .)f t!:e 
actuator units. The sp1·ing bungees prevent overloading the input liu.kage when tho! 
spoiler cable servo moves the input system to the ground position vt!ry fast while 
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OUT80 ACTUATOR 

" "'-..._ OUTBO DR IV E TU6E 

L~,; SPOILER ACTUATOR UNII 

INBO DR I VE TUBE 

.·' ' ~ : ... · 
s pc ii~ r panel:5 to n:, .. •:..: tcw~;: :: .... :..:;;ic : H~ ··:J!o\v..io•.':n' ' :: ... t ... =:::· :v=.~. -! _·:: ·. :: ·. j~ -: 

and lock in the event oi an as~i'l1met:-ical conclitiva, wi:n:;~~ i~~over.:.e::: c-: cr;~ 

spoiler control hru:~;ie. 

The spoiler output s ystera cons ist.; of an inboard :md a.'1 outboar:: dr iv<: t u';)e c!1·!ven 
by each actuator tmit. :md a c!!·ive quadrant and a pu5h- puii ~-od :1t C:lC~ o;.' t~ e sp;;l~€' :· 

pa.11cls. 

The drive tubes consis t of sho~t segn1ents of l:trge-di.l..."lle~e.:.·, ~!e:1t- tre ateci . :tHey
steel tubing joined toge:her l>y threaded fittings wbcl: pr ovide k ngth adj tum:r.en~ 

of each tube segmen t to fac ilitate rigging o! the .system. The o;Je!1i!;g :tnd cl!) 'iing 
cables, which connect the drive tubes and drive quadrants, are att:~ched to lugs 
on the drive tubes with adjustable connectors. 
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Ac ~c~:~:- :~1o ::c :·. ::·:.1nsnt . ~.:e: ! ot.· ::;::- c~!'lve t:::~es i :: :. :·::::3i~!·~·'2 : : ~:::., 1..-::: ·.:J ::' :".. ~ ~ . : ~ 

: :.; t::s Cr i·:e qua~r~r.t.; . C:2.c:1 ~i·;e ~";:l\: .. ::::1~ ope!~at6$ :..~:-cn.t;!: J. ?1..:h-~t.: .. :·.:.~ 

<.!tache:l to a oell crank 0:1 the spo1ler panel , tJ :no,·e the s pl)iie!· pace:. 

At the ilig:n limu position, d:e sp-.ii~r j)ar.e!3 a::e held oi)er. by tl:e force of ::1e 
hydraulic actuators. When the spoiler panels are deployed to the ground position, 
the push- pull rods' attach ;>oint.> on the lower spoiler pnnels' d!·ive quacrant3 are 
d::l\·en overcenter , imparting a mechanical block on :he output system. 

All spoiler panels are locked closed mechanically by driving the push- pull rods' 
attach points over center . T.he inboard drive tubes posi tion both the upper anci the 
lower inboard spoiler panels. Hydraulic actuators drive the inboard dl' i\'C tubes in 
an outboard direction to open the spoiler panels. The outboard drive tubes posi tion 
both the upper and the lower outboard spolle r panels . 0-ltboard dr ive' tubes are 
moved in an inboard direction to open the spoiler ~ane ls . All drive tubes a re tension 
loaded while the spoilers are opening. 
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The asymm~try detec tior: s ys :err, is corcp ri,sed O!. :v•o Cu:il !:Witc?: , :~::~ "?e:::··l:.:-:: 
detac:or s w!lich mccitor oa:!:loa:-d spoiler i'OSi:ioo ~t:rl:;g :h~ fu-3t ~ . ~ l !!.;':le 3 ~: 

outboard drive tune travel. These detector s are locatec nea:· the em! of t;,e ul.:tJ :~ ~·= 

drive tubes and are attached :o the wing rear beam. Cams which opera te the de
tect:>rs are rotated by <!rive tube rr.ovemeo: throug!l a cable. ch~n . and s{:r ocke: 
drive. Two switches on each detector are actuated as the cams rotate . One switch 
is actuated open when the drive tube has tr aveled 0. 75 inch and the other switch is 
actuated closed when the drive tube has traveled 2. 5 inches. Outboard drive tube 
travel is compared by electrically connecting the 0. 75 inch travel switch on one 
wing to the 2.5 inch travel switch on tbe opposite wing. If one drive tube tra\·e ls 
2. 5 inches before the opposite drive tube has moved 0 . 75 inch, an electrical cir
cuit ls completed to relays to deenergize the asymmetry pilot valve solenoids in 
the actuator units which causes all spoiler panels to close. 

A synchro position transmitter is attached to the wing rear beam near tbe end of 
each Inboard drive tube and ls driven by a cable , chain, and sprocket In response 
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RH OUTBOARD PUSH ROO 

A5YM-1ETilY Oe:TE:CTCR DRIVE: 

:..:; inbo3!"'l cl :·h·e ~~bt: tra,·!;l. 5poi~·~:' pos'uo~ is tnc!i.::t:r·C ::. :1 c ·t· .. :; ;"C 1::: .:· :- ln<.!:r:-: 
t::: on !ht: center l:tSt:·Ut:lcnt p:t!':.e i . 

A dual-tandem spoiler actuator unit is located on each side of the air-:-rait and Is 
attached to the wing rear beam. Internally , each ac tuating unit ·: :~r.:£olci cnr.t ains 
two tandem actuating cylbders, two tandem servo con:rol valves, f:lter rt!lief 
valves, antlc::IV!tation valves, flow limiter valves , and check valves. The ncutator 
u;li!s also contain inlet by- pass and shutoff valves , auxilhr:• flight :Jy-pa:;s ~nd 
shutoff valves, and asymmetry Yalves. 

Ench tandem actuntor is divic.cd Into two cylinders. a prim:u-:: cylinder and an atL':
iliary cylinder. No. 2 hydraulic system pressure Is supplied to the primary 
cylinders of the inboard tandem actuators and to the auxiliary cylindt!rs of the out
board tandem actuators. No. 3 hydraulic system supplies the primary cylinders 
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of the vuthcard tander;'! ~ctuatcrs anC \;he au.~Hi:J.!"Y c::E!ldet· s ::.:: -:w ~~:lo::. :·(: ~.i;~ -: .-: ::: 

actuators . 

For in flight spoiler operation, fluid is supplied to all four of the tandem actuato:·s 
from both the !\-.> . 2 anci :he :>c. 3 h;·draulic sy.;tet~$ . Bot!: th~ or::~ary anc: a;.;..\:
iliary cylinders of each tandem actuator are used because of the high force requi!"ec! 
for in flight spoller operation. 

For ground operation, only the pr imary cyl.inders of the tande:n actuators are t:S<?ci . 

The inboard tandem actuators are supplied by the No. 2 hydraulic system and the 
outboard actuators are supplied by the No. 3 hydraulic system. 

Hydraulic fluid from both the No. 2 and the No. 3 hydraulic systems is routed 
through dual manually-operated shutoff valves in the wings before entering the 
actuator unit . The dual manual shutoff valves are located adjacent to the actuator 
units and the handle for each valve is accessible on the ground only. 
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All hydraulic fluid entering the actuator units is passed through micronic filters 
on the actuator units. A clogged filter indlcator button is provided for monitoring 
filter contamination by extending to Indicate a di!ferenti:ll pressure across the 
filter element. 

Pressur e distribution from both the No. 2 and No. 3 hydraulic systems is routed 
through Inlet by-pass and shutoff valves as the fluid leaves the filters. The inlet 
by-pass and shutoff valves are electrically deenergized open for spoiler system 
operation. 

IN FLIGHT OPERATION, 

For normal flight operation, hydraulic pressure is available to both dual tandem 
spoiler actuator units from the No. 2 and No. 3 kydrau!ic systems. 

No. 2 and No. 3 hydraulic system pressures are available at the servo control 
valves. Pressure comes to the servo control valves dlrectly from the Inlet by
pass and shutoff valves and is applied to the primary cy!inders cf the actuators. 
No. 2 hydraulic system pressure will be available to the inboard primary cylinders 
and No. 3 hydraulic system pressure to the outboard primary cylinders. 

The au.xiliary flight by-pass and shutoff vah·es are electricaEy er.~rg1zeci open lr. 
flight by placing the landing gear handle in the "UP'' :;:l)sition. This allows ~o. :! 
and :.<o. 3 hydraulic system pressures to the ser ve control n!v.;s to 1;., :1ppiie:l t c:. 
the alL...:.iliary cylinders of the actuator s. The r oute of •he fiuid from ti:e iniet by
pass and shutoff valves is through the alL-.iliar:: fli~ht l>y-pass and shutoff va!l·;;s' 
tillot spools, tc the control spooL; of the nuxiiiary by-1::1s~ and sbutot: \'-" !ve ~ . ::::,, 
,ressu:-e o:l t!'lt control spools will ove!·ride ~::-2 .. .-::ti,·c .-:: .; :;~::!; s;·ri;:.:;~ ~~,~~ c::.l~:-~ 

t!1e v:llves to open. :-lo. 2 ilydr:~a.lic system pressure .. ,·::: i.-e ;,vai!ai.'L '" t~" ot:>
board auxiliary cylinders and No. 3 hydraulic systllm pre~;;ure to the inboarc ~ lL'\i

liary cylinders. 

U either the No. 2 or the No. 3 hydr:lUllc system we:·e to fail in flight, rhe re
maining system would supply ail fou= actuators. Eac!l ac:uator unit ·so::.ld h:~,·e 
one actuator operated by the primary cylin:ler and the oti:er oper:~:ed by the 
auxiliary cylinder. Whether it would be the inboard or the outboard :~ctuators 
which would be operating on the primary or alLxiliary cylinder , woulc lJe detel·
mined by which hydraulic system had failed. If the No. :! hydra~.:lic s~·stvm !'aileci. 
the primary cylinders of the outboard actuators nnd the :llLx.iliary cyl:n<.!ers of 
the inboard actuators would be used. If the No. 3 system failed, the primal)' 
cylinders of the Inboard actuators and the au..xillary cylinders of the outboard 
actuators would be used. The auxiliary bypass and shutoff valves' control spools 
for the fulled system would close and connect the alL'<il!ary cylinder of the 
actuators to return. The failed systems' primary cylinders would be connected 
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pilot valves ue deenergized by placing the landlng g~ar handle in the "D:-.1" 
position. T;~is !"err~o \·es press~rc from the .:cntroi .;poois of the ::1u:d1io.:;y 
!light by-~3ss ~11ci snutofi \'o.i·:e:" :~nd ~H~,.v~ :::.; :~ ~.;:; ~~U$ t:. Xo. :.: j~ yC !':l~~!:: 

s::stem p:-es5U!'~ will 0e :;hu: vf: c.0 tht: -:.tabo:1.r<! :.1cn.: ato ~· ~' ~u:.: : H:l.l'y cy lii!C~~·~ 

and No. 3 hyc!rauiic ,;y ste:::: pr '<5Sure will be shut oif to the inbo:1rci :C.Ct\l:lron · 
auxiliary cylinders. Pressurr: will be :~v:~iiable only to the p!·i::1:n·:: c~·lin<iers 

of the actuators : No. 2 hvc!raullC system ~res sure to the inboard primary 
cylinders :tnd No. 3 hycil·aulic system prcs.;urt: to the outbo:~rd prim:lry cylir.d;,rs. 
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m• • w Nc.2 s"'sTc:~ f\~7VRN 

.~- Uo-.3 S":'S-:"EM ~~"!"·.;R'l 
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~u:. s.sy~nmet!~;: S)'stem i.;; :::c0ri)or::t~cc! tc ~~ . .a..>:::at.:~:>.l~ .. clcse aL ~tJ<.A1~.r.· ~anei:0: ~~ 
one outboard drive tube moves 2. 5 inches and the other outboard drive tube has 
not moved G. 75 inch dur1ag· ~~e opening ~y~ie. Ciost:re ~is:or:.s u:!s:Ce .~e :.c t~l~tv:· 

units position the servo control valves to the spoiler close position :md hyd:·:1uiic 
pressure closes a."ld locks the spoiler pane!s . 

The ~)cr!ion o:· the as::mn1etry sys!.ern in each :tc:::.:.:or unit ccusists cf ;:wo ~·.,·:r~ .: pi.: 
tons , four closure pis:ons, and two solenoid cpe!·ated ·.;ah·es: e:tch nlh·l.: c~)n5l,:.~ ~ 
of a pilot ;·alve and a cor.~rol vatve assembly. The s11·i~ches wbic~. :J.re oper:J.tec! ·-'Y 
the switch pistons are mounted externally on :he actuator unit. 

No. 2 hydraulic system pressure is applied to one closure piston at each inboard 
actuator servo control valve and to one closure piston at each outboard actuator 
servo control valve. No. 3 hydraulic s ystem pressure is applied to closure pistons 
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In the same manner. Tbis pressure Is routed directly from the inlet by-pass and 
shutoff valves and is applied to the end of the closure pistons to move the servo 
control valves to the spoilers close position. When spoiler panel position Is sym
metrical within the allowable limits, No. 2 and No. 3 hydraulic system pressure is 
directed to the opposite ends of the closure pistons to create a hydraulic balance· 
With a hydraulically balanced condition there is no closure piston force available 
to position the servo control valves. 

The balance pressure is directed to the closure pistons from the inlet by-pass and 
shutoff valves by positioning the asymmetry valves ' control spools. The asymmetry 
valves' control spools are positioned open by hydraulic pressure which is directed 
by the electrically energized pilot valves. The asymmetry pilot valve solenoids are 
energized when spoiler panel position is symmetrical within the allowable limits . 

Both No. 2 and No. 3 hydraulic system pressure is applied to each asymmetry valves' 
control spol. The con'trol spool assemblies are designed so both No. 2 and Ko. 3 
hydraulic system pressures must be lost to the control spool assemblies before they 
can close. 

All asymmetry pilot valve solenoids will deenergize in the event of an asymmetrical 
condition. Deenergizing the pilot valve solenoids allows the c~:mtrol spools to shut
off the balance pressure to the closure pistons and connect the balance side of the 
closure pistons to return. Pressure on the opposite ends of the closure pis:ons 
moves the closure pistons against the ser vo control valves and positions tilerr. :o t:le 
spoiler close position. 

ELECTRIC.~L. 

The electrical portion of the spoiler system consists of three basic iunctions whi::h 
are somewho.t interrelated. These basic functions are : control. automatic operation. 
and the asymmetry function. 

The No. 2 and No. 3 hydraulic systems inlet by-pass and shutoff ,-alves on the ac
tuator units are normally deenergized open. 2s...tolts DC is required to close the 
inlet by- pass and shuto!! valves which shut ofi hydraulic pressure to the actuator units. 
The control voltage is provided by positioning the emergency retract and off switch 
on the center console to "El\tER OFF." When "EMER OFF" is selected, the inlet 
by-pass and shutoff valves in the No. 2 hydraulic system pressure lines will close 
Immediately. The Inlet by-pass and shutoff valves for No. 3 hydraulic system pres
sure will be energized closed when both actuators of the actuator unit have fully ex
tended thereby closing and locking the spoiler panels. 
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:.imit swit~~es, mounted on each of the actu:lto:r units , :lre .:.c:·~at;;d when ::1e a.: 
tuators ~re bottomed ou~ wnHe closing the s:loiler p:l~elE. -:-r.2 :i!T.ii. s·,\·it c-h~.: a!'e 
part of the :\o. 3 system inle• by-pas~ :;.nci shut.:>i! v:1.l\·e ci.Z'cuit ~ and :u·e a::-J ;;-:·: 
of the ::-<o. 3 hydraulic system pun:.p circuits. During spoiler :;~·stem opera:.or: . 
tbe No. 3 system pumps are turned on when the spoiler control handle is roo\•ed 
from the "CLOSED'' position. When the spoiler control handle is returned :o the 

"CLOSED'\)Osition, the switches will turn off the ~o. 3 hydraulic system pum;:>s 
after tbe actuators bave driven all spoiler panels closed and locked. If an actl.<J.tor 
were to move from the closed position in flight, the pumps would be turned on auto
matically to aid in ::losing the panels .. The ac tuator limit switches, wired in serills , 
control a LOCKED; UNLKD flag on the position indicator on the center instr\lmen~ 

panel. 

Anytime the No. 3 hydraulic system pumps are turned on, two control valves are 
opened !or spoiler operation. The spoiler cable servo selector vaive opens and 
allows No. 3 hydraulic system pressure to be used to position the spoiler cable 
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servo; the accumulator control valve also opens and connects the two No. 3 hy
draulic system accumulators into the system pressure manifold. To minimuze 
leakage of the accumulators, both o! these valves are closed when the No. 3 
hydraulic system pumps are off. 

The auxiliary flight by-pass and shutoff valves in the actuator units are energized 
open by placing the landing gear handle to "UP'. When the landing gear handle is 
placed to ''DN", the auxili&ry flight by-pass and shutoff valves deenergize and close 
the valves. 

The spoiler system may be armed to deploy automatically on landing or in the event 
of a rejected take-off. For automatic deployment on landing, the SPOILER SELECT 
switch Is pcsitioned to "AUTO LAND" and the spoiler control handle is lifted. At 
touchdown, when the rotational speed of the wheels as sensed by the anti-skid de
tectors Is 50 !mots or above, the spoiler ~anels will deploy to the ground position. 

When armed for "AUTO LAND," an ARMED light and a GROUND light on the cen
ter console will illumi.nate. The spoiler control handle high-force detent solenoid 
will be energized to low force when "AUTO LAND" Is selected, and the spoiler 
control handle is lifted. Although the flap position relay is in the high-force 
detent solenoid circuit, it does not have a function when "At:TO LA.SD" is selectee. 
If the high-force detent solenoid fails to energize, the c:1ble servo force can 
override the detent even with only No. 2 hydraulic system pressure. 

When "AUTO LA.'\D" is selected anti t!1e spoiler controll::mdle is lifted, \'Cl:agc 
is supplied to r elay contacts inside the toucht!owr. control box. The touci~c!C".T' 
control box is l oc~tcd i~siCe the c:~:;c co:r.tp:lrt:nent on !!:~ :-i:;h: siCe :.i: .. : u::
:io. ~ hydr:tuliz sy.ste:11 service cent~!·. Tl:e co!lt::ol bo:.; ~~l~t:l~:l3 r~~!· ::::e:: ic-.
pedance transformet·s . four amplifier circuits , and iour relays. Outp~.:t f::-om me 
forward wheel anti-skid detectors is fed to the touchdown control box as part of 
the automatic deploymen: system. When wheel speed is 50 !mots or above, '!le 
relays inside the touchdown control box will energize and complete the circuit;; 
to the solenoids of the spoiler cable servo. No. 2 and No. 3 hydraulic system 
pressures are directed to the spoiler cable servo actuator to position the input 
system for ground deployment. Tr.e forward outboard anti-skid detectors control 
the No. 2 hydraulic system solenoid of the spoiler cable sen•o, and the forward 
inboard detectors control the No. 3 hydraulic system solenoid. 

For automatic deployment in the event of a rejected take-off, "RTO" is selected 
and the spoiler control handle is lifted. If wheel rotation speed is above 50 !mots 
and If either No. 1 and No. 4 or No. 2 and No. 3 throttles are positioned to 
"REVERSE IDLE," the spoiler panels will deploy to the ground position. 
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The ARMED light and the GROUND light will illuminate as an indication of system 
armed for RTO, and the spoiler control handle high force detent will be removed. 

The operation of the touchdown control box is the same for RTO and AUTO 
LAND except that the voltage provided to the relay contacts goes through the 
throttle switches for RTO. 

When "MAN LAND" is selected and the spoiler IBildle is lifted, the GR01JND light 
illuminates and the high force detent solenoid is energized . The spoiler control 
handle is used to manually position the input system. 

With "FLIGHT" selected the high force detent solenoid is energized when the spoiler 
handle is lifted provided the flaps are full up. No light indication is provided for 
'' FLIGHT" selection and the handle is positioned manually . 

A test panel located on the copilot's side panel provides a means of simulat ing 
wheel speed above 50 knots. By using the test switches and arming the system, 
the automatic deployment operations can be checked with the aircraft parked . 

The asymmetry de tection switches are acr.1ated as the cams rotate. •)ne Sll'itch o: 
each detector is actuated open when the drive tube !:as tra\·eled ,; . ;.; inch ar.~: ,::e 
other switch is actuated close<! w!len the drive t.1be has tr'l•:ele<! ~ . . ; !~ch~s . )~!: 

board drive :ube travel is compared by electrlca:h' conr.ecti!'~ t:-.e v . i5 Inc!! :r:1·:el 
switch on one side to the 2. 5 inch trr!vel switch on ti:c: op~csi:~ s~de . l! or.e d :-iv~ 

tube travels 2 . 5 inches before the oppo$ite d!'l\'e :utle h:l: mo•:ed 0. ;:; Inc!:. an 
electrical circui: is complet~d to ... iisen::;age r~ i a.··s ·':.·.:.-:1 , ~~·;·, ·.~;· : :~ . ~ . : ~ j S' .:: .:: -~ ~ . .. 

pltot v:1lve soienoids i:: :.b~ .a.ctua:.o:: ~n~~~~ a:'ld C3.'J$ C: ~! . . ip ... ~:~!· ):~.!tt L! :.:.. :i~::t. 

DETECTOR lights located on the spoiler asymmett·~· test !):lne! illuminate to lnd
cated proper detector swi:ch opera•ion •ne first :! . .:; mc:~;s ci dr:ve tt:o.: :ra•:el·. 

In the event of an asymmetr ical condi!ion, the ::~s:mmetry ;Jiston~ inside the l':tt:n:~i· 
units position switches to illuminate spoiler asyrnmetr:: :ig!lt3 on t!:e annuncta:~!· 
panel. 

To restore system operation after an asymmetry closure the spoiler cor.u·oi h:mdle 
is moved for ward past the'CLOSED'jlosition which will energize :he engage/ <!!.;
engage relays. 
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PITCH TRIM SYSTEM 

GENERAL DESCRIPTION. 

Trimming the aircraft about the pitch axis is accomplished by movement of 
the horizontal stabilizer. The pitch trim system includes the horizontal 
stabilizer. the horizontal stabilizer actuator, the electro-hydraulic trim 
control system, the manual- hydraulic trim control system, the electrical 
trim control system, the electrical power circuits, and the horizontal sta
bilizer position indication system. 
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The r ear spar of the hor izontal s tabilizer is attached by pivots to the top of the 
vertical stabilizer. Pitch trim Is accomplished through angular rotation of the 
horizontal stabilizer around the pivot axis to change the control surface angle of 
attack. Upward movement of the horizontal stabilizer leading edge produces nose
down trim of air craft a ttitude, and downward movement of the stabilizer leading 
edge produces nose-up trim. The pitch trim system supplements the e levator con
trol system but Is completely Independent of elevator control surface movements. 
The angular trim range of the horizontal stabilizer Is approximately four degrees 
above the neutral position to 12. 5 degrees below neutra,(. 

Pitch trim corrections may be made by operating either of the following: electr o
hydraulic trim control switches located on the pilot's or the copilot's control wheel, 
the manual- hydraulic control levers , or the electrical trim control switches located 
on the center console. Electrical signals from the autopilot or Mach trim compen
sator systems will produce trim corrections when these systems are operating. 
A disconnect burton is located on the inboard grip of the pilot's and copilot's wheels 
to disengage the trim control systems. These systems are reset by positioning the 
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reset switch, located on the center console, to "ELEC" for the electrical trim 
control system and to "ELEC-HYD" for the electro- hydraulic trim control system. 
An autopilot disconnect button is located on the outboard grip of the pilot 's and 
copilot's control wheels and is used to disengage the automatic pitch trim mode of 
the autopilot. 

THE SYSTEM. 

The horizontal stabilizer actuator, a linear screwjack type actuator, is mounted 
vertically. The upper attach fitting of the actuator is bolted to the forward spa1· 
of the horizontal stabilizer, and the lower attach fitting is bolted to a shelf on the 
forward spar of the vertical stabilizer. Two completely independent dri\'e systems 
are used, an e lectromechanical and a hydromechanical drive un:t. The electr o
mechanical drive unit is located at the top of the actuator assembly and is ctri\·en 
by an electric motor. This assembly, consisting of a gear train and clua! clutch 
arrangement, turns the j ackscrew. The :1ydromechanical unit is located at the 
lower end of the actuator assembly and is driven by a hydraulic motor. This 
assembly consists of a gear train and a rotating nut which is turned by the gear 
train. The rotating nut , through which the jackscrew is threaded, is ,-est::ai:ted 
from vertical movement by thrust bearings . Pitch trim is acc~~plis!:e<! b:: rotatb~ 
the screw within the nut (electromechanical drivel or by rotatbh t~.e ~':' ::trcu:'!c t~le 

jackscrew (hydromechanical dri\·e). Eithe:: mode of ope!·r<,io:l w:L caus.: ti:e p . ..:K
screw to extend or retract. 

The hydro mechanical drive unit of the stabil:z" r a= ~ate:: .:::tr. :;e ~ o:: :!·o;ic· :: :~ :: 
either the electro-hydraulic trim contrul sy~tem O!.' JY ~!lc :~-t:ir:L~a:-!" •. ; ·:rZa.u::·.:- t!· l~·:: 

cont::ol system ;bee beth systel'!)S a:e co~,n~c:ec ::l :~,; :·:,y : -c::::::. ·:: · ;,:-:~ . ~: · .-; 
hydron:echanical d:· : ·:~ , ~~: .1 s\.:.;1~r::::1g b:ll· :r::~~e. ~::::~!: :: .. '" : .... :: : :- . . :: ;..: :.: :- :· 
t.:-im controi system c ar. be transfe:-reci to the v:th':; .e•:e:· :>:: ~:.~ :it:~~:;:: :::~ ::; ;· 
linkage while the other trim control system rema1ns at.at:c. (.; Om;>onen:.s m<:ia,:~d 

in the elect:-o- hydraulic ::-im ::ontro l system a!"e as tcl!.)WS: C·.::--;i .sw i\.:::e~ .)r. : !-".:' 
outboard grip of the pilot's and copilot's wheels, a solenoid-contro lled hydraulic 
actuator connected to the summing bar linkage, a :Vlach tri::n compensato!· c:s<?~;;':l.5~ 
relay, an autopilot diser.gage r elar, and :hree stabi!iur position !imit ; 1•:it:~.::s. T~:'" 

pair of trim switches on either control wheel can be used to ope:·ate t!:e e!ec::o
hydraulic trim control system. Simultaneous operatior. of both switches oi eit:Je:- ;Ja!.:· 
to the ''NOSE UP" or "NOSE DN'' positions, provides power and ground to the 
respective solenoid in the hydraulically operated control val\·e actu::ttor . It ts 
impossible for the set of switches on one control wheel to elec:rically O\'erride 
the switches on the other control wheel. As the control valve actuator extends or 
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r etracts, the summing bar li:lkage and the con•roi ,.:ll,·e :1r e ;>osi!.!on~C: to dr!•:e 
the stabilizer to a corresponding pos!tion. Cp~:·anoa .;f tt ~ co::•:-o . whc: : ;:·1::: 
switches in either direction also deenergizes the hyd::-aulic shutoff vah·e , on 
the stabilizer ac tuator, to the open position and disengages the autopilot and 
Mach tr1m compensator systems. 

There are six limit switch assemblies moumcd in the ve!·:.1cal s:ai.lilizer a:Hi co:t
nected by mechanical linkage to the horizontal stabilizer. Two sets oi contacts 
are used in three of these switch assemblies. o:~e ;;et for t~.e e!ect,·o- h\·d:-aulic 
trim control sys~em circuits and one set for the mo.n\121- hy:il aulic trlm control 
system circuits. The limit switches associated with the electro-hydraulic trim 
control switches, when actuated, interrupt the power c ircuit to the cor responding 
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Ccw~ E::1it .:;w itc ~ 'l:"' :ua:cs ',\·~~r: :!:e ~or:4onta~ st:lb!: . .: : r :(;ac:ir . ..: .. ~ .. :;? :·~ l~ ;;c:: :~ .. "' 

'.\'~t:n t~e ~c,-!zor.~:i.! ~:a~:i!ze:· leJ.ch::s cd;sc: :-e:.c!'!c-:: ::::; o;.!~::t-':!E-~ :·=~.: - :~·.:'\' -!:::t. ::-:1 . 

positiOn i: the Claps are !u.l:y retractac. !i the iiaps are not fully re t::-act~d . :he :la;> 
()osition rel ::Ly tr:tnsfe~~ t~e nose-uc t'Ower c!rct:!! to :ha 12 . S dc;-reEs ::os?- ·..:t: :!:::i: 
switch c ircui:. This circuit is act:.:a te d wben the stao1u zer leac;b,; eagc: reac!:les a 
;>osition 12. 5 degrees ~elow tbe neutra! position. 

The pilot and c opilot art.' eac!l provided with a ;>itch t::-1::-: control !en:'!'. T!"IF.H' 
levers , located on tile cente:.- console, are connected to ;he stabilizer l::tuat.::>:- :;u:::
ming bar by mecbanical li:tk:ige and cables. The summing ba1· linkage permit5 
eitber the electro-hydraulic or the manual-hydraulic cont rol sys tem to introduce 
control motions to the sta bilizer ac tuator flow c ontt·ol ,·a lve wbiie the other 
control system remains s tatic . Each control l ever has a switcb tha t is ac-
tuated to the open position when tbe fore and aft s ections of tbe cont rol lever 
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handle are squeezed together. If either lever switch is open, the hydraulic shut
off valve at the stabilizer actuator is deenergized to the open position and pressure 
is admitted to the flow control valve. The displacement of the control levers in 
either direction from the neutral position results In a proportional displacement 
of the flow control valve. The rate of stabilizer actuation is therefore propor
tional to the amount of control lever displacement. Operating either control lever 
switch also deener gizes the pitch trim disengage relay of the autopilot and Mach 
trim systems to disconnect these sys tems from the stabilizer actuator. 

The electro::1echanical drive. unit of the stabilizer actuator is controlled by the 
electrical trim control system, and by the autopilot or Mach trim compensator 
system if these systems are operating. The electrical trim contr ol system 
Includes: dual ELEC PITCH TRIM control switches on the center console, two 
clut.ch relays, a transfer relay, two counter- rotati!!g clutches, three stabilizer 
position limit switches, and a trim disconnect relay. Also the trim disconnect 
switches on the control wheels and the trim reset switch on the center console 
are shared with the electro-hydraulic trim control system. Simultaneous opera
tion of the two electric pitch trim switches to the "NOSE l"P" or ''NOSE DN" 
positions connects power and supplies a ground for the clutch relay corresponding 
to the direction of switch operation. The clutch relay function is tc. connect 
electrical power to the co:-responding actuator clutch and to conn'.!c: a -~iseng:!.g-~ 

signal to the :\tach trim compensator system. Both circuits are r~u;ed throug!l 
a transfer relay . The transfer relay switches the cont::ol of tile ~i~ system 
from pilot to autopilot and directs :1 disengage sig!l:ll to the !'lla..:h t::i~' compen3at;~:· 

system when t!1e autopilot system is engaged. The autopilc.t s~·ste:1~ :!:e:1 !urru:::~ s 
power and a gr ound circuit for trim oper ation. The autopilot is cisenga~;ed when 
the pilot ene!'&i.zes one of d:e hydrali.:ie t~!!":'" .. con!:-ol ,: " s;'?:~s. T'l-=' :?'1=-~~ ! i :::i : 
S\\nChes 3.SS0Cla:c~ with t~l.! t:l~c :r i,.:· ~llr:n1 .. :or~~l'Ci ! '. :~e::·. : .!·:: :-t~.J~:::C"c! it:~:: . 

vertical itaOilizer and are actuate~ :)y litlk3ge connect~d :v :~1e hor1z.ont:.! s tabi
lizer . The nose-down limit switch actuates when the horizonml stabiiizer l~:tt.li:1; 

edge reaches a positior: four ~egr'.!es abo,·e t!le ne~-::::1! ;>oso:tion ~o ir::e:-:·a;n ;::<! 
ground circuit to the nose-down clutch. If the fl.1ps are fully retracted, one of 

the nose-up limit switches actuates when the stabilizer leading edge re:~ches a 
position eight degrees below the neutral position to interrupt the nose-up clutch 
ground circuit . If the flaps :tre not fully retr:~cted, the flap position relay routes 
the ground c ircuit of the nose-up clutch circuit through the limit switch \\'hich 
actuates when the stabilizer leading edge is 12.5 deg:-ees below the neutral position. 
The lllach trim compensator system is connected to the elecu-ical trim contt·ol 
system at the clutch relays. When connected, the i\lach trim .;ystem furnis hes 
power and a ground circuit for the motor clutch being operated. The Mach trim 
system is disengaged when the autopilot i s engaged, when the pilot energizes a 
clutch relay, and when the pilot ener gizes one of the hydr:tulic trim control systems. 
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Either of the trim disconnect switches, one on the inboard grip of each control 
wheel, can be used to disconnect the electro-hydraulic trim control system and 
the electrical trim control system. The switch disconnects the electrical trim 
system by completing a power circuit to the trim disengage solenoid of the elec
trical trim disengage relay. Actuation of this self-latching relay interrupts the 
power circuits to the clutch relays, interrupts the power c ircuits to the electric 
~ of the stabilizer actuator, and disconnects the a~pilot _and the Ma_ch ~i~ 
~ll.§.atQr..systell.lS. Moving the trim reset switch to the "ELEC" position 
connects power to the reset coil of the electric trim disengage relay to return 
the relay to the normal operating position. Both disconnect switches and the 
reset switch are momentary- contact type switches. Both of the electrical tr im 
disengage relay sofenoids are normally deenergized. 

The electromechanical drive unit is driven by a three-phase, -t OO- cycle A- C motor 
that is powered from the essential A-C bus. The motor runs continually until dis
connected by the TRIM DISC switch on the pil<>t's or copilot's control wheel. Two 
28-volt magnetically-operated clutches, rotating in opposite directions, engage the 
motor to the gear train. Engagement of one clutch extends the jackscrew and en
gagement of the other clutch retracts the j ackscrew. Only one c lutch can be en
gaged at a time. A dual trim switch arrangement is provided on the center console 
for electrical trim control corrections. Both switches have to be actuated simul
taneously to complete the electrical circuit. One switch pro,·ides a g~'Xlnd and the 
other switch supplies 28 volts from the main D-C bus. These .;;witches :tre sprl::g
loaded to the off position and m·e momentary in the '':\05£ CP'' or "::-:OSE DOWK" 
positions. Trim correction signals also come from the autopilot and ).lach t!"ir:l 
C.)mpensator systems . These signals also energize the ac:uator e:-."tend or re:ract 
clutch. Since this is a slow rate unit as compared wi~h the hydromechanical d!"h·e 
unit, a m'->re precise tri:n settir.g can be r.:.:J.de for :.>~auainal <.unu·oi, 

The )yciro~2c~ru\:al drh·e uni~ is powered by a ':yara.ulic ::: ... t :>! ' est:~; pr~:;.;a.~· :: 

fro:n the No. 2 hydraulic syste:11. " reduction gea.r drive , meshed to the moto1· 
outt>ut gear, turcs the rotating nu! which causes the jack; crew to m.:>,·e up O!' c2 .:.w~ .. 
i\lax.:num rate of trim change is approximately five times faster tnan electro
mechanical drive operation. The stabilizer can also be actuated manually for 
ground mainten.ance by engaging drive devices to drive socl:;e:s located on eit~er 
gearbox. Speed and direction of r:1otor rotation Is controlled by me:llls of the 
hydraulic flow control valve, which is located at the horizontal stabilizer trim 
actuator assembly . 

The hydraul.lc flow control valve is attached to the horizontal stabilizer actu;J.tor 
assembly. It is mechanically connected to the flow control valve actuator and 
is connected by mechanical linkage and cables to the' pilot's and copilot's trim 
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levers. In the valve assembly is a 28-volt DC shutoff valve, a pressure line 
filter, and a filter clog indicator button. The flow control valve is a modulating 
type valve which controls the amount and direction of hydraulic oil flow to the 
hydraulic motor. When the valve spool Is in the neutral position, the pressure 
port is blocked and both motor control ports are opened to system return. 

The 28-volt DC solenoid-operated hydraulic shutoff valve is a component of the 
stabilizer actuator hydromecbanical drive unit. This valve is normally energized 
to the closed position by electrical power f rom the No. 1 main D- C bus. The 
valve is deenergized to the open position when the electro-hydraulic trim switch 
on one of the control wheels is operated to activate the electro-hydraulic trim con
trol system. The valve is also deenergized to the open position when the fore and 
aft sections of either the pilot's or the copilot 's trim control lever is squeezed 
together. 

The manual-hydraulic trim control system is provided with two directional control 
switches, one up and one down, which are actuated by cams on the stabilizer act
uator input cable quadrant. Electrical power for the hydraulic shutoff Yalve opera
tion is routed through these normally closed directional control switches and a lso 
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the associated position limit switches. Rotation of the input quadrant in either 
d irection opens the corresponding directional control switch to route power to 
the hydraulic shutoff valve through the corresponding position limit switches· 

The hydraulic filter portion of the flow control valve assembly filters hydraulic 
fluid upstream from the shutoff and modulating sections of the valve :1ssembly · 
The CUter has a micronic filter element without a bypass fearure . Should the filter 
element become dirty or clogged, a red indicator button will extend about 1/~ inch. 
The indicator button is located adjacent to the filter at the bottom of the flow con
trol valve assembly. 

The horizontal- s tabilizer-trim limit switches are mounted on a bracket assembly 
which is attached to the vertical stabilize~ . The limit switches are actuated by 
cams which are mechanically linked to the horizontal stabilizer. :\lovement of the 
stabilize~, up or down, rotates the cams ; and the switch contacts wil! open when 
travel limits are reached. Six limit switch assemblies are used. T!:l.~ee assem
blies for the electro- hydraulic and manual- hydraulic trim control system and three 
assemblies for the electrical tr im control system . Each of t.'le hyclr:u.:!lc system 
limit switch assemblies contains a switch for each of the hydrau lic trim control 
systems. The limit switches are actuated at one of the trim ran~e li::::::s of 0.?9rox
lmately four-degrees nose-down r egardless of wing flap i)Ositions, ·:i;;:a-cle·~~-:~s 
nose-up ii t!Je fl.lps are f•Jlly retracted, or at 1~ . 5- deg:-ee;; nose- up!.:: c~.~ f..:.:J£ ..:·e 
not fully re!!"a.ctcd. limit :;witches associated wit..': t;,'-! e!e:t:·o- hyd:-J.::~i: ~ :" !:1: con
trol system, when actuated, interrupt the power cir:?'lit :o !.'le corres;>o~di~; col!troi 
·:a!v ~ acruator s <J!e:1oir.! to s:op .;tabili:e:: actca:::>r Of;~.ra.:!J:'l , :._l .~.!: ::·'- :: .:::.: .. -t :l~ 

sociated wi:h t~c :n:tnual- hy<!r:;.ulic trim ~ont:oi .Si"S ter:1, ,,· .:~.: u::n:J.::; l:! :v1:c.t~:. 

power to the h::d:-::.~!i: sh~:v:·r ·;alve sol-c-noic:! :~ r.-lc~e t~~ ·:.'t!':e ~n~ :: .:,;' ~'"":·::: :.::::t: 
. ;. . .. 

~ .'!· • • ::· .:._ ·: •• :·: :: • 

. - . . . . • ~ . .. ... .:» 0\ . . ..... . 

br acket assembly and is mechanically linked to tl:e limit switch c :1.1:1 by a 90Si
tioning arm and lmkage rod. 

T he honzonul st:l.b i!ize;· tri:n ;>osition inc!i~ator is mounted on the ce:!uer il:,;:rl.!n.,nt 
panel. The indicator pointer shows the pos ition of the horizontal s~abili~er J:: de
grees of travel from neutral. 

When the autopilot is engaged, a relay will isolate the console tlual trim switches 
and the Mach trim compensator system from trim correction functions . Through 
the energized conucts of the transfer relay, up or down signals from the autopilot 
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will now be applied to the appropriate electromechanical motor clutch for auto
pilot trim corrections. When either of the hydraulic trim control systems is 
used and the autopilot is engaged, a relay will energize which will disengage the 
autopilot and at the same time apply power to disconnect the l'l!ach trim compen
sator . This assures the pilot of bydromecbanical trim at all times. 
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PRIMARY FLIGHT CONTROLS 

AND TRIM SYSTE;.ts 

GE NERAL DESCRIPTION. 

The primary flight control systems consist of the ailerons, the rudder , the 
eievators, and the associated power and control components of each. They 
are ut ilized for maintaining attitude and directional control of the aircraft. 
The ailerons a re controlled by turning the control wheel. The elevators are 
cont rolled by fore and aft movement of the control colurrJl. The rudder is 
controlled by pushing the rudder pedals . Two complete sets of controls are 
pr ovided , one for the pilot and one for the copilot . Either set c:~.n be used for 
ai rcraft control. Output from the cockpit controls is transmitted to the flight 
control power units through mechanical linkages and cables. 

1\,·o types of control cables are used. One is aircraft flexible r."isted-stet:! 
wire cable. The other is Lockc lad cable. Lockclad is standa.rci tll'isted- steel
wire cable with alwninwn tubing swaged :~round it. This type oi cable has t \\'O 

:ld\'antages. One is th:n the coble's coefficient oi expansion fs ~e~re:: that :)f 
the :lircraft's fuselage th:ln the stand:~rd stee!-1\'ire cable. \\'it:·, :er.-.perat~re 
changes, the cables expand or contract by a lmost the same :~m;:-unt as the !us'"
lage. The ot!'ler ad,·antage is th:lt Lockclad co.bie i:; mor.: ri;;i~. Thea• ;;; ,.;ss 
cable sag and fewer supports are ne~cied fo r a gh·en lengtr. .:>! C:lbie. 

chmging lt'n1pt:r:..r ~~~·~.: .:,. T:t"'· t't:-~".d3t~!·s :t:·t i!)c ~~-... :: ·x;;~~::· c ::~;; ;: ::::~: ·:c:c;..; . :: . . ;. 
regulo.cor consists oi t".\'') r:1e-ta! qu:ldrants Thich ::t !"~ mo·..:.nte<.: ~:~ ~ C'-:n:-r.cn sr.a~ 
and are connected togethe~ b~· a c ompression spring :1ssemb!y. Tr.e re;-~l:l.tor 
takes in ot· let~ out co.ble :lS :·equ1rt:ci to r.1a int:nn the de:>ir.;d t.;;;:; ion 1n :he ::t
tached cables. A scale on <):J.Ch regulo.tor is used to rig the C:lble tens ion in 
relation to aobient temperature . 

AILERONS 

The aile rons are loc:lted on the rear beo.m oi the outer wing sections and form 
part of the trailing edges of the outer wing section. The ailerons. one on each 
wing, are s imultaneously deflected up or down; but they move in opposite direc
tions to produce a rolling movement about the longitudinal axis of the airc raft. 
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Each aileron is normally actuated by a power control unit WiliC<l Is contl'C!lec< 
by the pilot' s or copilot's control wheel and ls powered by the No. 1 and :\o. ~ 

hydraulic systems. A servo tab is rJnged to the cer.te1· sect!or. of cacn ailel'on 
rear beam and forms the trailing edge of the aileron in this area. T!lt' servo 
tabs remain fair ed with the aiLerons during normal power-on operati .,n. \\"r.c:. 
selected for operation , the servo tabs move up or down In respo:.se to cor.t:-ol 
wheel rotation. An electrical tr im syste::n !)Ositions the nile:-Jn p0wer cont:-cl 
unns' mpttt system for longitudln:Jl tr!r.L 

RL'DDER 

Thtl rudder is hinged to the vertical stabilizer and is used to con:rol the air
crait about the yaw axis. The rudder is actuated by a power control unit which 
is controlled by the pilot's or the copilot' s rudder pedals and is powered b,· the 
:-io. l and No. 2 hydraulic systems. Operatin!l" pressure of the r udder power 
control unit Is changed as a function of airsp~ed. Reduced hydraulic press~:re 
is used during high speed flight. For low speed flight faster r esponse of the 
rudder is required; therefore, a higher pressure is used. An electrica l trim 
system positions the rudder power control un it's input system for di rectional 
trim. 
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ELEVATORS 

The elevators are located on the rear beam of the horizontal stahilizct· on bor.h 
s ides of the stabilizer bullet. The elevators are simultaneously deflected up 
ward or downward Into the airstream to produce a nose-up or nose- down attitude 
of the airc r aft. The elevators ar.e hydraulically actuated by a power control un"it 
mounted between the elevator torque tube shafts in the bullet. During norma.! 
operation, the actuators powered by th·e No. 1 and ~o. 2 hydraulic syst t!ms mo,·e 
the elevators. If either one of the hydraullc systems becomes inoperable, the 
elevators can be controlled with the remaining system; however , the No. 3 hy
drualic system and the emergency actuator c an be used with the remaining s ys tem 
to provide dual hydraulic system control. If both the No. 1 and :-<o. 2 hydraulic 
systems become inoper able , the elevat ors can be controlled with the ::-<o. 3 hy
draulic system and the emergency actuator. 

AILERON CONTROL SYSTEM. 

A pair of cables link each control whee I to a tension 1·e;ulator input quadrant be
low the flight deck. A pulley is splincd to each control wheel hub r.nd i;; nc 
cessible through a remo,·able cover at the :cp of th ,; co:~trol co!um1!. B:tli
termlnal ends on the upp"r cable e:1cJ ~ :lr!o! inst:tl!eJ in ball sockets i:1 tht! i)u!l::~ ~ 

,.. .. ~ t. , ., ... . 

. ~ ...... 

t ,. • . - .. . 

A I LE:RGI CONTROL SYST~ 
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servo and the aileron trim actuator also connect to the input quaurant. Input 
motions from these control sources can rotate the input quadrant in either direc
tion from neutral. Rotary motion of the input quadrant !s transferred by push- pull 
rods 1 bellcranks 1 and cables to displace the servo control ,·ah•es in the power con
trol units during normal power-on operation and to operate the sen·o tabs during 
power- of{ operation. 

Normal power-on operation of the ailerons does not pro,·ide a resisting force or 
"feel" indication of the magnitude of the forces r equired to displace the ailerons 
into the airstream. Without this "feel" force ther e is a tendency to overcontrol 
the aircraft and subject the aileron hinges and wing structur e to greater forces 
than are necessary, A double acting sp!"ing cartridge is connected to the input quad
rant assembly to resist quadrant rotation . The resisting for ce of this spring pro
vides an artificia l "feel" force at the control wheels. The aileron trim actuator is 
connected to the input quadrant through the ''feel" spring linkage and is useu to shift 
the neutral position of the Input quadrant. This actuates the aileron power control 
units to provide lateral trim. In addition to providing "feel," the artificial "feel" spring 
returns the aileron system to neutral trim when the control wheels ue released. 

In each wing, a cable quadran t transfers motion from the input quadr·~u o.ss<lml>i:: 
through cables, which are supported :me! guided along t!lC; :t!: ~ide of ~:1e w::~; :~:u· 
tJeam t to :1 power controi unit inp~~ c~bl~ ql4~<!.r:uu . Bal!-te!"!!!~:t:!l ~:-.c:s at:~d~ ~::t

cables to the wing cable qu:ld!"ants :lnd to the power .:ontro; u:1i: !npt<: c::ble q:::;c!ro.nt ~ . 

Adjustable mechanical stnps are p:o,·idC"c :~: e:~ch inpu: cabi" q"Jaur ·::;: . 

A ;>ower control unit is mounted on :!":~ af~ ;ic!>i! oi the rear beu::: w.: tac:: ai!er .. ~ 
in each wing . The principal com"on<.<nts of :he power cont!"Oi t::tl~ ·1:·.- as fd"·vw5: --- ·
:l.C;tuators. :l tandem s<:r\·; ,::0:·-.t:-o: ·;~!~:-:' , :_ ·.:... ; ·:~ ir.:~u: :.1.1::: : ~·: :-. 1 : ': .. :,:2~-· .l .. ~. : . __ -

:· idr: sprin~;, a centt;:!"'lng s :4!'.i. .. z,, :u:·:: :·,\-.. ~~··.•~~ . .1.( · .:.::·t;.!" .J. ;·.; :~:·: _,: :.:: . . :.1.:- ... 
~on:~ne~ within the n:~·(;r:lu!ic r.~:u·.:.foiC. T!-.<: .>owe ~· cot:::·::,: '.l:J~~~ ... . : :· :~ :: ic:..::.: 
actuate the ailerons in response tc tnput :ont:-ol lt!O\'C!ments f:-om :!\-::con::· }l w:!t:'i'b, 
:.he a·..:tor>ilot ser\·omotO!', ~n: ::!\: .:1l ~r:1:~ t! ~\!:..'::·ic tri1:1 ~c :c.:.~ :..r. I~ ~·.t..:.1 ~)r.;:··: ~ · ... .. ' .!·

trol unit, one of the actuators is powcr<!ci by the :-o. 1 l!ycu·aulic S)'3te!':l :lnd the 
other actuator is powered by the ::\o. 2 hydr!lulic system. During normal o;>e~:ltion , 
each actuator proviues one-hal.!" uf the torce required to ope:·!lt<! th" :~;;ac :1ed ai:_,:-or .. 
However , either actu:nor is capable oi pr o\'i<!ing the entire opera::r:;; fot·ce t! !!:~ 
hydraulic system to the other actuator fails . The left and rigr.t ailc> ron power c ~r.

trol units move simultaneously but in opposite directions. 

The pis ton of each of the actuators is attached to a common brac!iet bolted to the 
aileron front beam. The :orward actuator cylinder end:> are connected to the hy 
draulic manifolct wnicn forms the cylinder end. Tilt: tandem :>en·o control \":J ive. 
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in the hydraulic manifold, directs and modulates fluid from the No. 1 hydraulic 
system to one actuating cylinder and fluid from the No. 2 hydraulic system to the 
other actuating cylinder. Since the actuating piston ends attach to the lower section 
of the aileron front beam and since the aileron hinges are located near the top or the 
ailer on front beam, extension and retraction of the pistons rotates the aileron to 
raise or lower the aileron trailing edge. Hydraulic snubber arrangements at both 
ends of the actuators reduce shocks at the ends of the piston strokes. 

One end of the .servo control valve is mechanically connected to the input and follow
up linkage,and the other end is mechanically connected to the centering spring link
age. As the input linkage displaces the valve in either direction from the neutral 
position, the valve interconnects hydraulic passageways to direct hydraulic flow to 
and from the actuators. As the followup linkage moves with the aileron, th, :ah·e 
r eturns toward the neutral position. When the aileron reaches the position corre
sponding to the preselected input position, the ,·alve reaches the neutral position 
to stop hydraulic flow to the actuators. This stops the aileron mo\'ement . 

. 

. ~ 

POWER CCHTROL UN IT, SERVO TAB, AHO LINKAG£ 
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The centering spring link:1ge, connected to the opposite end of tl1 e servo control 
valve from the Input and feedb:lck linkage, s tores energy as the valve is displ:lced 
from neutral. If the input link:~ge should fail, the centering spring linkage would 
return the servo control valve and the aileron to the neutral positions. The 
centering s pring would prevent the power control Wlit from moving the aileron to 
an extreme up or down position if the Input lL'lkage shot:ld f:lil. 

A controlled leakage arrangement, of one gallon per minute, at e:1cn hydraulic 
system section of the servo control valve permits flow through the power control 
Wlit when the valve is in the neutral position and the hydraul ic systems are pres
surized: This pr.,vides a continuous supply of warm fluid to the power control 
Wlit, which is located in an unheated area, to prevent sluggish operation. A pis
ton and orifice at one end of the servo control valve provides hydraulic snubbing 
and damping action to protect the valve and the system from excessi\·ely rapid 
actuation. 

A no-bypass type micronic filter is ir.stalled in the pressure inlet line of each 
hydraulic system in t!1e aileron power control Wlit. A ciiffer entl:ll pressure l:ldi
C:ltor ;;enses the j)ressure dr op across tile filter element and relea:;eg o "pvp-c:p" 
indic!ltOr but!~n t!;nt P!'"t~·IJdes when :!H1 ru~e!' is obstruc~ed. 

Two combi:la:ion shutcff and byr-.lSs , .. li\'eS :!re insta!it:C: in the hydr:n:l ic man1iold. 
or.e down5tre:!m I){ ..!<-1C~ fil:er t':l~me .. :t. !n !..~e norn:~l o!· .JP,.::l po:-=n:~r.s. tt: .. ,·=th·e~ 

direct syst em pressur~ to the .;ervo control \'a!ve ancl to the rod side -:>!the .lC

t~:a:crs. In t!tc shutoff ruH.: !:J,·pass posi:ions. :he \'al\'eS b!xk t!le hy,:r.!u!lc ~!·: ;;

.:i-- l't.: :r.:t::. ::c:(,·:: :.:tc! ~ ·:~::~"t. •X't!l f:ln\.:~ '>f :nc. :lca:ac...,r.s \ 1~ .. :t::c. :· ... :'tC: tt. ~·e:,~r::. 7::. 
:n:c!! ... .>,..n~~~:.i#:! . .-r •!:.: .. ~~~:.:~:<Jr cn..:s J::!' .~.-:~c .~;:::....\\ !"c~: .. oE:: .. :: ...... p.H.: !-;:..!· .:~ !": ::::t::·-
.::h:1n.gc ·v~cn t~~~t ny...;r~t.a~c ~yst(.:r.: L; dc:pr.:S3l:r it::eU. T::·.:! Y:ti •:*:; .: :·c c v:t:.:·~Ucc: !>y 
tho; AILER0;:-.1 SYS S'.\'i tches on the pilvts ' vver!leac p:mel. 

Two pressure operated switchts, .:me !:.r: eac!t tht: ::\o. 1 a:1.:I ::\c..~ hycraal!c ; ,·:;:.:n:s. 
are mounte d on the hydraul ic m:mifoid of ~ac~ power control 1:nit to sen~e !ine pre~
.;u r~:s between t!~e servo cont:·~l \'aive and th.o silutoif and bypass \':ll•:es. Tl:o.: "'·::it::h.: ~ 

:u-e actuated when hyd:·aulic pressure is low. This provide:> a grow1d tc the :1~ 
sociated AILERON SYS "POWER OFF " lights on the pilots ' overhead pand :ln(! to 

the AILERON SYS PWR lights on the :lnnur.ciator panel which causes these in-
c!icato.r lights to illwninatc. 

"·;. 
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PILOTS' OV ERHEAD P~NE~ 

During no!"mal oper:;.t.ion, hyd ~·:1u:ic pn:s s:.~:·t: i1i t~laL:~:.nc:: Jn ,;:to :- ~\.: 5:<·.: .,, :::~ 

power control unit ac tuato:·s. :\lovcment oi :he se~\·o t:>:-~tr:>: v:~: ·:.- ;:>c~t:; :r. ~ ::;~,; 

side of the actu:~otcrs to s>·s;<:!m pressut·e or to sys tem retur:'l. ~-!on:1g the ·.-ai ··e 
for uii'.·ron down COI'i!':~::t;:; the f:J.ce s i:lf: .;f :he 3- =: tu:.:.t ..: ~· s :v ~·~::.~!·"': :~: . : _:: .:' ~ :.·: 

t!":.c \':llve f{.tr :1!1~ror. up di:e--..; :s p~·t:.:;su.re to lne i :tC:=o ~~~:~ :J;· :1: ' .,, :".!:!t. ... !· .: Jis-' ..!:': . 

oecause oi the diff;;rence in area tht- a:::uators e-xtend and mo1·e :he :Ul.::·ons u~ . 
When the 1·a!ve is cen:e:-c~:!, the pon to the ia~e .;i.:<? .J: ::: ~ o. =::::.~c ~ r: :~ ·,: • • ~:. ·.' 

and fluid is trap;><!d . 

A load limiting relief valve is ins t:~lled in e:~och actu:~oto:· rod. I! :::e ai!e:·on :;u!':~c~ 

load is great enough to cause a pressure difierence of appr oxblately 2, 9u•J ? 5! 
greater on the rod side than on the face side of the actuators, the vah·e opens anc! 
allows fluid to pass from the rod side to the face side of the actuator. A load 
limiting relief valve is also installed between the face side of each :~Heron :~cn::~ wt· 

and system return which allows fluid to pass if differential pressure exceeds approxi 
mately 2, 700 PSl. Anticavitation poppet valves ins talled in the manU'old prevent 
cavitation of the actuators when the~· are operated with power off, while the shutoff 
and bypass valves are in the normal open position. 
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A servo tab, similar to the aileron in d esign and cons truction , forms the trailing 
edge of the centr:ll section of each aileron. The servo tab provides manual aileron 
capability in the event No. 1 and No. 2 hydraulic s·:s:ems f:lil. The servo t:lb is 
mechanically linked to the aileron power control Wlit Input s ystem. but it Is locked 
out and does not deflect during normal power-on operation. The left or right servo 
tab may be selected to operate by the LH AILERON SY3 or RH AILERON SYS 
switch on the pilots' over head panel. 

A bellcrank and push-pull rod linkage connect t!1e power control Wlit servo control 
valve input linkage to the tab lockout mechanism. The t:lb lockout mechanism is 
located inside the aileron and is connected to the servo tab by a push- pull rod. A 
spring cartridge, which is part of the tab lockou~ mechanism, holds the se:·vo tab 
connecting rod attach point at the pivot o f the tab loc!•out mechanism. \\11en "TAB 
OPERABLE" is selected, an ac tuator powered by :'\o. 3 hydr:~ulic system press<~re 
overcomes the spr ing cartridge and mo,·es the attach point away from ilie tab lock
out pivot provicting a moment nrm to t ronsmit inpu: 1~otion to the servo tnb. 

;, Q 
1
) -PIVOT POi NT 

• 

TAB \..OC:<CtiT 

.. 
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Greater control wheel movement is required for full servo tab deflection than 
for full normal power-on aileron deflection. The input to the power control unit's 
servo control valve is connected by a spring "bungee" to prevent damage to the valve 
when it is bottomed out during servo tab operation. Two viscous dampers mounted 
on each aileron and attached to the servo tab hinge fitting prevent servo tab flutter . 

Aileron trim is accomplished by positioning the aileron power control units ' input 
system. The aileron trim actuator is attached to aircraft structure and to the 
artificial feel spr ing lever arm at the input quadrant. The trim actuator motor is 
controlled by two AIL TRI:.\1 switches on the center console. The trim actuator 
changes the neutral position of the input system by moving the artificial feel spring. 
This displaces the servo control valves of the power control units which drh·e the 
ailerons to the new neutral position. A trim position transmitter is located on the 
trim actuator and sends position infor mation to the trim indicator on the pilots' 
center instrument panel. 
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Rl"DDER CO"TROI. SYSTE:\1. 

The rudder pedals are connected by push-pull rods and levers to cable tension 
regulators under the flight deck iloor. The pilot's and copilot's rudder pedals 
are interconnected through mechanical linkage at the tension regulators. :\lechan
ical stops . restrict the mo\'ement of the rudder pedals to' the amount necessary 
to provide full travel under design limit operating loads. 

A separate cable system connects each of the two !ension regulators to an input 
quadrant assembly located near the rudder power control unit at the rudder sur
face yoke. The rudder trim actuator also connects to the Input quadrant. Input 
motions from these control sources can rotate the input quadrant in either direction 
from neutral. Rotary motion of the input quadrant is transferred by push- pull rods 
and bellcranks to displace the servo c<Ontrol valve in the power control unit. 

"ormal power-on operation of the r:.1dder system does not ;>ro,·ide a resisting 
force or "feel" indication of the magnitude of forces required to displace the 
rudder into the airstream. Without this "feel" fCJ!'Ce. the:·e is a tendency to over
centro! the aircraft and subject the rudder hinges and stabilizer structure to 
greater forces tl:an are des:reti. A double ac~b~ spt·!n!!= c~rn·idge is connected 
to the mput quadr:t:'l: assembly to resist q'Jac!:-::.:1: rotat:~:l. The :·esisc;ng for;:.: oi 
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ct.ol' AIRPLANE 

ACTUATOR ASSY 

' R1JCOER INPUT QUADRANT 

-
this s pring provides ail a rtificial "fee! .. iorce :u the rudder pedaL;. The r uader 
tri r.1 actuator is connected to the input q~adrant through :he "fee!· · 3pring lir.kag.; 
and is used to shift the neutral pos i tion Jf the input quadrant. This tr i:::s t:1e 
rudclt:r power control uni t to pro,·ide directional trim. lr. a ddiuor. co ;>rm·idi.1g 
"feel" the arillicial "feel" spring returns the l'Udde r syst.,:n ro netu~·a! trim w!:er. 
:he :-ucc(, r pedals are reieased . 

' ···a ! ')US" :lU 11 r oC and be11'C: -~r '· "\···e·n ~ :~- .. c· . ' ' ~ it:' "" "U~ •· "- "t ' -~ ·~ • · • _ ... _ ...... • • • - , •• • .. --"-"";'\. !!1, :>to . ... _, •• ;,. ::1 .... ... ·!:"-· '"'1 .... .. __ .. ;,..; ... :.: ;:, ....- • • ~ 

con:r ol val·•e of the ;>owe r control :. :Ut. The ;lOwer comr oi ~:::.- •~ i.xatec! :n :i:~ 
r udder torque tube yoke. Components ot the power control un i: a :·e as tollo,•:s: 
(~ t.. .A. i hal:t.ncct.i :t.c tu~tors. a \3llcie:n ~ er•: .> contro \"a! .. ·e, \·a, \·~ i:!p::~ :1:1 .. : :·~e;.H>:lCk 

linkage. and hydraulic control components :mached to or contained within ti:e hy
draulic manifold. The piston of each acn:ator connects :o the rudder torque tube 
through a yoke on the torque tube. The actuator pistons attach on opposite s ides of t .. o! 

torque tube and operate logether \O positiqn the rudder. One actu:nor retracts while the 
other ac tuator extends. The power control unit actuates the rudde r in response to 
input cootrol movements from the rudder 'pedals, the rudde r trim actuator, and thtl 
yaw damper servo motors . The yaw damper servo motors ar c mounte<! on the 
power control unit and position the servo control \'alve independently of the input 
linkage. In operation the yaw rate gyro senses when the aircraft begins to yaw and 
sends an electr ical signal to the yaw da mper computer. The computer amplifies 
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these signals to a level sufficient to drive the servo motors. The motors cause 
the power control unit to deflect the rudder in a direction which stops the air
craft from y:l\ving. 

In the power control unit, one of the actuators is powered by No. 1 hydraul ic sys
tem pressure lllld the other actuator is powered by No. 2 hydraulic system pressure. 
During normal operation, each actuator provides one-half of the force required to 
operate the rudder. However, either actuator is capable of providing the entire 
operating force if the .hydraulic system of the other actuator falls. The actuators 
have Internal stops to limit the control surface travel and snubbers to reduce shock 
resulting from slamming of the surface through full throw operation during ground 
checkout. The snubbers slow the actuator speed the last one- half inch of tr:l\·e! 
before contacting the internal stops. 

A controlled leakage a rrllllgement, of Ojle- hal{ gallo!l per minute, at each hydraulic 
system section of the servo control valve permits flow through the power control 
unit when the valve is in the neutral position and the hydraulic systems a re pres
sur ized . This provides a continuous supply of warm fluid to the power control unit, 
which is located in :m unheated area, to prevent sluggish oper:ltion. A piston and 
orifice :lt one end of the servo valve provides a hydr:tul!c snubbing md dampi.:tg 
:tction to protect the v:t! \·~ and the system from excessh·e!y :·:tpid act~:nior.. 

A no- byp:lSs type mic:-onic filte r is instailed i:1 :he pres3•;::-e inlet !:ne ;.f each hydr~\i
lic system i.J1 t!te rudde1· j:!Ower control ur.it. A di!fere!lti~! p:-~ssu:·~: indicato: senses 
the pressure drop across the filter elem~.?nt and rele:tslls :1 ";>op-up" incic:J.to::- bu::o1; 
th:J.t protrudes when the filte r is cbst!·ucted. 

:'wo c:>r.:b1n:t::o:: 3h~:o:i Jnd bypas:; \':ll·;,;-6 :trc i:l3~~!lt:c .:; the ~y:.l·:!· ... : : .:. :::.::::::: .. :_. 

one downstre:ll:l of ~:.ten iiiter elem~nt. ::n t!te not·::~:~! o:· ope01 ;>c,.!tion;. :.!e ·.-:;:·.-~.; 
direct syst em pressure to the tandem scr\'o control \':ll ve. In the sr.utoii :ulC !::,·
pass position \!lt.: v~lv<:s biock tht: hycll':nlli~ pr(·Ssurc inlet tutt:3 an .. : <·~n.,t-ct bo:.: 
ends oi the actu:ttors together :md to return. The lnt~rconnecuon of the :J.Ctu:uo:· 
ends provides a !ow resist:lllce path for Duid interchange when the hydraulic system 
is depressurized. The \':lives :tre controlled by the Rt:DDER SYS switches on ::!e 
pilots' overhead panel. 

Two pressure oper:J.ted switches, one for the No. 1 and one for the No. 2 hydr:n;llc 
systems. :~re mounted on the hydraulic manifold of e:tch power control unit to 
sense line pressures between the servo control valve and the shutoff and bypass 
valves. The switches are actuated when hydraulic pressure is low. This provides 
a ground to the assocl:lted RUDDER SYS "POWER OFF" lights on the pilots' over
head panel and to the RUDDER SYS PWR lights on the :J.nnunci:J.tor panel which causes 
these indicator lights to illuminate. 
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Abo\·e 1GO knots computed :tir spe\!d, the pressw·e to the power control unit actu
ators is limited to 900 PSL Below 160 knots computed ::tir speed, pressure to the 
actuators is ::tllowed to reach 2, -!50 PSI. Load limit lng relief v:~lves inside the 
powe r control unit changes the units maximwn operating pressu1·e in response to 
an electrical sign:~! from the central air d:~ta computer (CADC). A lo:~d limiting 
relief valve is connected between e:~ch side of each actuator and the :tpplicable 
system's return line. A solenoid- operated pilot valve is provided for each of 
these load limiting relief valves. When deenergized, the pilot v::tlves direct 
system pressure to the piston encis of the load limiting r elief v::tlves ; this assists 
the spr ings and causes :1 higher pressure to be required to unseat the valves. : 
Above 160 knots computed air s peed, the pilot valve solenoids nre energized by 
the CADC to close off system pressure to the relief valve pistons which ::tllows 
the valves to open ::tt the lower pressure . 

A pressure switch for each hydrnullc system is loc::tted in the maniio!d and will 
sense the pressure between the lo::td limiting solenoid pilot \'alves and t!le load 
limiting relief valve pistons. The pressure switches control a HI ?RESS light on 
the pilots' overhe::td p::tnel for each system :lnd a RuD ov::RPRESS light on the an
nunciator panel. Anytime pressure :lt the load limiting t'<:lief v::th·e p:stons excolt~ds 
1, 650 PSI. the HI PRESS light for that system \\'ill Hl\~-n i:!ate. T!·.2 P.CD OVZR
PR.ESS U~ht will ilh:.lnin:lte if tr.e pressure ot the lc:::l lir.ti;::...~:! l'(:!h:: \"'1!\"t: pist ::ns 
~\:ach~s.: . G:i(' PSl :md t:le :lirc!'.:!:t as 3~)(,~·;\. : t)tJ ~:::t:; c~:-::;>u~t.: ..: ~ : .. !' ::~e~~:. 

A RCDDER Hl PRESS ~)VERRIDE swi:cl: ?n :::~ pt!ots' J \'!.'r!Je::td pan~: p:-v':id.-s 
control of the !·:>~~- l!:r:i:i:1~ r~~~ie: \'::1 ·:~ 1 : r,.:H.-: - •::1h .. . ic! t::l \."~ ici~ . \\:: ·:: ~i-::.: :t~.:7)D!::!'. 

H1 PRESS OVERRIDE switch is ;:!:l::cd :¥ ":\CR:·:!A!.." t!~" ;;A!)C ::a.> oon::'oi :; ; :~c 

:! ._ . . . 
.. ... . : · 

Ruc!der t!"im is accomplished h:: :l051t: , ~ni~= :h ~ rccldt! :- :>Owe:- ~on~:--:! ~~!;': tnp1.:: 
syster:l. '!!l~ r~clC:e1· tri~ :1ctu:1:..i: is J::~c::ed :v :.i:·c ~·:.t:. :::!"'uct::~·~ :t:)::i to :::c.: 
::trtifki::ti ieel spring lever arm :1t :he input qu:~dl·ant. T!H:: t;·i;~: ::tctu::ttor :no:cr 
is controlled by the two Rl.i'D TRI:'wl switches on the center console. Tlw tri!'!'l ::tc
tu::ttor changes the ncutt'::tl position of the input syste m by mo,·ir~ ; the J l'ti!icial ieel 
spr ln;:. This displaces the servo control \'::tlvc of the power con:r o! llo'li: w!i:t•h 
drives tbe rudder to the new neutral position. A t1·im posttion transmitte!' is 
located on the trim actu::ttor :lnd sends position inforrn:ttion to tho~ trim indic::ttor 
on the pilots ' cente r instrument p:tnel. 
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ELEVATOR CONTROL SYSTEM. 

Each control column is connected to a cable tension regulator by a push-pull rod. 
The pilot's and copilot's elevator controls are interconnected through a push-pull 
rod attached to the input bellcranks of the tension regulators. Mecllanical stops 
restrict the movement of the control columns to the amount necessary to provide . 
full travel under design limit operating loads. T~e s;:.onrrol col~o~mns.=-e. equipped 
with bobweights which in conjunction with th~ artificial feel spring provides a slight 
forward colull}n movement at posltlve ''G's'' and a slight aft column movement at 
negative "G • s. ·· 

A separate cable system connects each tension regulator to an input quadrant assem
bly in the empennage. The elevator autopilot servo motor also connects to the input 
quadrant assembly. The input quadrant assembly consis ts of two l:1rge cable quad
rants for attaching the cable system from the tension regulators and a third smaller 
cable quadrant for connecting the autopilot servo moto;: cables. All three quadrants 
are mounted on a common shaft. The location of the input quadrant and power control 
unit near the horizontal stabilizer pivot point is such that the relationship between the 
control column position and ele,·ator attitude Is affected a negligible amount when 
the horizontal stabilizer attitude is changed for pitch trim. 

An artificial feel "Q" spring is mounted between the two large cable quadra:1;:s. One 
end of the feel spring attaches to aircraft structure and the other er.d attaches to the 
input quadrant assembly. The attach point of the "Q" spring on the quadrant assembly 
Is mounted In a track and is adjustable from the quadrant center b~· an electric "Q" 
actuator also mounted between the input quadrants. This "Q" $}'Stem actuator is 
an electric motor-driven jacllscrew cont::-olled by the CADC . The actt.:ator :r.o,·es :he 
point of the ''Q'' sprins a~~~c!"..:~:t:!lt on :he qu:u!:'3!1t :ow:1r<! ::tnC away (:-~rr. t:.c ce::tt;l! .. 
This adjus:s the length of ~~E: input le,·er a::-m th:·ough wh!ch the "Q" >;>nn;: :'o::-::e is 
applied to the elevator input system, varying the art!I!cial "feel" loaci into tne con
trol system a.s a function of airspeed. The input system neutral position will be 
c!:anged slightly as the pos ition of the spring :u:ach point is changeu . The attach 
point of the spring Is moved away from the center of the input quadrant as airspeed 
increases and a slight nose up input "'ill be induceu into the elevator system. As 
airspeed decreases the spring atuch point will be moved :ow:1rd the center of the 
input quadrant and a slight nose down input will be induced into the elevator system. 

An elevator input neutral detent device is provided at the input quadrant assembly 
to provide a positive neutral feel. The device consists of a spring-loaded lever and 
roller assembly attached to aircraft structure and a notched cam located on the input 
quadrant assembly. When the input system is neutral, the roller on the spring-loaded 
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lever fits into the notch on the cam. The cam is moved as the ··Q·· act·Ja•or changes 
the position of the " Q" spring attach point on the input quadrant so that the neut:·a! 
detent will encompass lhe induced input. 

A potentio:n<:te r gearec •o the "Q" acn:ato:- r::otor p:·o,·ices :u: t::O~c:r :c s:~~ . .1: ,J:·o
portior.al to the quantiiy of "Q" spring force being put into the input system. Th1s 
Si611al is comp:l!·ed to an electrical signal fr om one CAD::: ancli! a d ii!ereace ex:sts, 
the :notor is driven in the di!'eCtion which will ::ll:n!r::ne •he dt'f..renc:e . ..:.. S<.:COt:d 

potentiometer, gaged to the motor controlling potentiome:er, produce!> a signal whic h 
is compared in a signal comparator to a signal from the ether CADC. A difference 
in these signals will cause the s ignal comparutor to complete :t:'l electrical circuit 
to t.'le elevator artificial fe el mall unction relay. Electrically energized, the e le,·ator 
artificial feel malfunction relay will electrically deenergize the "Q" actuator motor 
and complete the circuit for the ELEV FEEL MALFUNC light on the annunciator 
pane!. If a maliunct1on occurs during flight the actuator :nay be either left at the posi ti\ln 
t!le malfunction occurred, or the ELEVATOR ARTIFICLo\L FE EL switch on the pilots' 
overhead panel m:ty be moved to the "MID-Q POS" This will cause the actuator to 
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servo control valves. The power control unit has three :tctuators. E:tch ac~uator 
Is supplied by a separate hydraulic system. Each actuator is capable of operating 
the elevators without assistance from the other actuators; however. two hydraulic 
systems are usually used in unison to operate the elevators so that uninterrupted 
coritrolls as·sured if one of the operating hydraulic systems should fail. Normally. 
the No. 1 and No. 2 hydraulic systems operate the elevators but If either system 
fails, the remaining system may be operated in conjuction with the emergency 
system powered by the No. 3 hydraulic system. 

The power control unit has two hydraulic manifolds with internal and attached hy
draulic components to control and modulate the fl ow of the three hydraulic systems 
to the respective. actuators. The lower side-by-side actuators, used for normal 
operation of the elevators, share a common (main) l':lanifold and a tandem se1·vo 
control valve with dual hydraulic control components which connect the No. ! hydraulic 
system to one actuator and the No. 2 hydraulic system to :he other actuator. The 
main manifold forms the forward end of the actuating cylinders anci is attached by 
pivots to the forward section of the power contr ol unit f:ame. The upper actua:or, 

: used for backup and emergency operation of the e levators, is connected by flex!:,le 
_ hose to a separat~ hydraulic (emergency) manifolc:! which is moun:ed on the main 
: · manifold. ·The eme:c-gency manifold has Its own servo control valve wi th int<::·n::l 
- and a ttached hydra..:lic components , sirr.ilnr to those cf the r.::tin m:t.'1ifcld, '':'::~:· . 
. _contr ols hydr:lulic fll?w from the No. 3 hyd:aulic s: ·$:e:r. tc tn.: ~merg.<nc:: a.:-::.:.~.;:· . 

Three rio-bypass type micronic filters , t\\:D mour.:ec! on the main !:; . .:!t·auHc m3r.!fol:.: 
and one mounted on the emergency m:~nlfo.Ld.- protec; the !)O\':er cvr.t:d ·.~,; :. ~': 

. filter is ins talled in the pressure inlet line of each hydraullc: sy;tem, -.p;;;r;;am o: 
t~e :hutofi and bypa:;s v:U;.e. t<J iilte!" al: flt.:i~ e:H~!.· !::lo' t!:c: ~-.. H~ . At. 1!:.:· :-~t::~ .. : 
p:·es..:.ourt- fn:Uc ::t~r ~~::se; :!.~ pres~c~·t!' 11·~·: !(· :.· s: · .~: :·:~: .... :-..a:._ ::.. . ..... .-.. .. ·::- .. 
up .. indicator button wh1ch protrudes iro::1 t.:~c rr.::!~!~t>!c :io· .. stn; ::.:: .... t :lc'.!~· .. ::~ · 
the filter is obstructed. 

. ' ' 
Three con1oin~~ i on .s!.lutoff 3.nd bypas:> \':ll\rc.;;, twv r ~~ =~~ .: · :--: ::.~.~~ .::::;.1· au_:~ :::ru: .: ' h 

and one on the emergency hydraulic m:~nifold, ar c i.'lcluded in the power ccr.:ro; unit. 
The two=:ilistiii:>i:' electric motor- drh·en val\·es ex.._;nd ir.to the nreBur ink: :!::..o 
of the respectlve-marufolds. In the norm:U 'Or'· open r-ositions, the ·:ah·.;s 9'-' :: =~::
draulic pressure to the assocla:ted servo control valves. In the emergency o!· shut
off and bypass postt!'on·, e-o.ch shutoff and byp'ass val\'e ports fluid from cne :>i:le of 
the actuator piston to the other side of the piston through the s.\·stem return l!ne 3nd 
also ·Thuts off the pressure supply lin<>. T~e interconnection of thl' cyli:Jde:: e:1c!;; 
provides a low resistance path for fluid interch:~nge when the hydraulic system is 
depressurized or the actuator is not in use. 
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No. 1 and No. 2 hydraulic system shutoff and bypass valves are energized open 
when the ELEVATOR SYS 1 and ELEVATOR SYS 2 control switches on the pilots' 
overhead panel are placed in the 11NORM" .. posi.tlon1 a11cl-they are el'iergTZe'il 'ciosed 
when the appffcaole switch is placed to "OFF" or "EMER." The eme~nc)!, or . . -No. 3 hydr:mlic system, valve is energiz;ed_to open when. either or both ELEVA-
TOR SYS Z ~witches ar e placed in the "EMER" position. The valve is ene:gizecl 
to close when both the ELEVATOR SYS lund ELEVATOR SYS 2 control switches 
are placed In the ''OFF" or ."NORM'~ -Pos"ions. · · · : . . - -
Two pressure- operated switches,. on~ each for the io. l and :-lo. 2 h;draulic sys
tems, are mounted on the main hydraulic manifclld t~ sense line pressure between 
the associated shutoff and bypass valve and t~ tandem -servo control v~lv~. The 
switches are actuated when hydraulic .p.ces.u:r~ -i!H-flw; This provides a ground to the 
associated ELEVATOR SYS "POWER OFF" lights on the pilots' overhead panel and 
to tlJ.e associated ELEV SYS PWR lights on the annunciator panel causing these in-
dicr._~ion llghts to Illuminate. _ _ _ .... 

A pressure- operated switch is mounted on the emergency hyd;:o.ulic manifofa to 
sense line _pr!'!§~ure 'between the No. 3 hydraulic system shutoi! and bypass valve 
and the servo ~ontrol valve. The switch ac~uates w!:er. t!\e sh~::<.'if a--:-J !>\'?a.>.> \'31\-:. 
admRs ~o.: \3 system· pressure to t!1e ser,·o co:1:r?l v:;>e o.r.:: pro,·icie3 :. B~·.,u.r.:: 
conn~ction ' tbr thJ EMER PWR OJ\ Ugh• on tile pilots·. overhead paneL 7his ;o.us':!s 
the light to illuminate. When elthO:r : fh: ELEVATOR ~YS l nr ::::.::: •: A 'i':)R S YS 1 
contrb; switch ·is in the "E:\IER" po.s,i:lon all(: th.: ;>r!O-ss<:re f:·o::l t:1.; )io. :: h~·d:-::..:: :c 
system is low, the emergency pres;'hre switch :tct;:::n;:s to t!:\3- io.Jw ?r~;:st:!'e ~ :·
sitiorr. This provides a ground connection to the ELEV El\LE.R p-..>·'R : :~:::11 on tl:"' 
ann .. ~~iator panei :.,nd c:tu!'ts !:ht: H;h:- tr.r i!l~~-:1!:::1:..; . 

. ~. pres3ure relief v.llve is conn~cted Oe:t·,,·e~::l :ht: :i~pp: : li;!t:· tv t::.&..:,! c?:t:! \.·f .:ac!: 
actuator , and the associated system return li.ne. ,Si:;:pressure relie: •:':ilves :u·e 
usee!, four nre loc:tted in the marn. hyc'!'au!tc:n~":{!':>!C ::.:-. .:! c;•· _ !:- ::t~ ,.. ::· ::·:;e:-: ~y 
m:lllifclcl. 'IhE: prt""SSU'te rel;efV:ll\'tS r<:!ien.: c.,e:es:iive i'~·t:~S~:!·c .!·~ : : tn\!' .:!::~~.: .:. r~ 

to prevent air loads on the elevator .surfaces frorr.: developi:J.g exc..,3si\·e loads on th~ 
horizontal stabilizer and elevator·sn ... :c:··~t·e: ·- " - · · · 

Six anticavltation check valves IU'.e .installed in the hydraulic mantfolds , two i;;r 
each actuator hydraulic circuit.. The hydraulic line to. each end of e:~ch 3Ct:!:lt0!' 
i.; connected to Its as_soclated~turn line.; T!ie cllec'k'valves ope:~ t:: p!'!!vem 
cavitation ln the actu:i.ting C)~inders while 'cycling the elcv:ttors wi:h t!1e shutoff 
and bypass valves open and with the hydraulic svstems depressurized. 

' . 
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Both the main and eme~:gency hydrauli<;. n~a~Uolds contain a servo control valve to 
direct and moqulq.te ~he hvdraullc !low io arid-!roiri tlie-,ac!Uatof~ ' in re-sponse to 
control movem;nts :·_.The. tandem main servo ~~nt~or vaivJ1'n'telf'conneds' hydraulic 
passageways in the· ~ain hydraulic lllll'ni!o.(d . t~ ,:Pr6~i4b1, pt:'~~'U!e. ·and ' r •Hurn' lines
of the No. 1 hydraulic system to one "or !he Tower 'actda:iob·'ll.nd' th~ pressure'1l'rid 

\,.. · ~ ' . .. .. .. -·- .. return lines of the l\o. 2 hydraulic sys'iein:'to 'tlie otlier 1'6«rer actualor. · The emer-
gency servo control valve interconnects p~s~il;gewa'~s ;ill t'li'ti limergericy manifold 
to connect pressure and return lines of the No.' 3 hydta:illic!"sys-teni t6 the upper ' 
(emergency) actuator, Both ends of the main servo control valve and one end of the 
emergency servo control valve are mechanically connected to the input quadrant 
assembly. As the Input linkage displaces the valves in either direction from the 
neutral position, hydraulic flow from the pressurized hydraulic systems begins to 
move the elevators. As the power control assembly output lever moves, the linkage 
r eturns the ser vo c<Jntrol va lves toward the neutral position. When the elevators 
r each the position preselected by the control movements, the servo control valves 
r each the neutral position to stop further hydraulic flow and elevator movement. 
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• 
The main servo contr9l> 'alve _h~t ~:~d~i;~~tfp~~r-minute ~ontrolle~ leiiliage· '~ . 
feature at each pydraulJC SySteiD.;Se.CtiQn or the valve; ThiS permits flow thr6ugh -<. · 

. .. --· ·•; .... . ' l~" ..• .. 
the power control ~it ~hen.t~e .v.<~lye_ i;i)n '!he.rje~tral position :1.nd the hydradlle- ··· · 

" ...... .. .. , ,. ) 

systems are pre§sur:ijl.ed. I~ !llso proyid,e~.' a contln,uous supply of warm fluid> ~ 

to 'the power cqntrol ~it , lo~:ited f11;. t)!e, ~-~~·:!ted ~inP.;!lnage, to prevent sluggish ·· 
operation. A pil!,t~n and ori(iCll a~angement at one end 'of the main ser vo control 

- ·-•"" · -···•·' I • . _, • • valve provides b.y41<a.u.l.i~ snu.bbin_g ~d dat!!ping ·ae1~on: . · · ... 
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