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LAMINAR FLOW.

When a liquid is furced through a

constiant-diameter tube at low B ey
velocity, the flow is smooth and gon Loy Alrarers
even and the fluid's particles :

tend to move in a parallel stream. LAMINAR FLOW

The portion of liquid that touches
the tube's walls is slowed down

because of friction. This means
the liquid near the center of the tube moves at a higher velocity than does

the liquid near the wall of the tube. However, as long as the veiocity
remains low, the flow will continue smocth because of the low resistance.

TURBULENT FLOW,

Resistance to a3 moving liquid is

bulent flow resuwiis.

Lyt The veloeity ot & .dguis i 1 txde is
WLEHT FLC” \“I‘E=._ =oRE Ullenids HLa ) :!.'E' DsAFulc

in the woe. Shauld io@ 1111114

arcund a bend of through an ﬂriﬁ::e

or restrictor, .,.£ should the tybe's
J:amet&e_ sl.l&dtnl-f dﬂcmase ihe pressuke des resses andl the Jolume de-
cRenses. This increased ugtomtyl IR AUPD, Can LBCRERE {he Resistance

ursti| turbulent flow reswlis.

FLUID FLOW THROUGH ORIFICZ

ViaLl.

proportional to its veiccitv. \When
the vziocily passes 4 ¢ritica point,
the resistance incraases until tur-



Resistance increases can also be caused by the foliowing:

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 diameter.

2, An increase in the degrec of roughness of the tube's interior

surface,

3. An increase in the viscosity of the liquid,

DEFINITIONS OF HYDRAULIC TERMS.

AREA

FORCE

UNIT PRESSURE

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 pistorn.

The push or pull on an object which

tends to change its motion. Force is
usuaily measured in pounds. In hvgrauiizs,
force is compuied from pressure pushing
against the area of a piston.

The armaunt of tores T usll ATca,
usually one syuars inch,

i u.:l.“....‘;_\. ATEVE e s P_‘:, i

sflicke tnoll, Lo LRIV
A measurement of cistance, usualiy
expressed in inches. It represents

hedlslancs d preiia movesan ovilndsr,

In general, liguids expand when they are
heated. They contract when thev are
coolea. If a liquid is confined so that

it cannot escape when it is heated,
pressure on the walls of the container
increases, If the liguid is cooled, under
the same conditions, :he pressure
decreases. This is defined as thermal
expansion and contraction.
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VOLUME A measure of quantity or amount.
(DISPLACEMENT) Volume is usually expressed in terms
of cubic inches and abbreviated IN®,
The volume represents the amount
of fluid in a reservoir. It also can
represent the amount of fluid dis-
placed or pushed by a pump or
piston in a cylinder,

VISCOSITY The property which causes a liquid
to resist a change in shape and tlow,

PASCAL'S LAW.

Pascal's law states:
VWhen a force is applied to a confined hody of fluid, the
resultant pressure is transmitted equally and undiminished

in all directions.

In hvdraulics, Pascal's law applies 'o liquids that are confined and are not
moving.
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Consider the illustration. When a force is put on the piston on the 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. Liguid then flows from
cylinder 1 to cylinder 2. Pascal's law does not apply. But when pistons
2 and 3 stop moving, the liquid stops flowing, the pressure equalizes, and
Pascal's law again applies.

As liquid flows through a tube, the pressure decreases if the length of the
tube is increased. In the next illustration, assume that the level in the
two tubes is the same when there is no flow. As soon as the selector
valve is opened, the liguid moves. The level of the liquid in the tube
farthest from the reservoir decreases more than the fluic level of the
tabe nearest the reservoir,

RESERVO IR

SELECTOR
YALYE

S| N,

MINETiC ENERGY LCS3
(UNCONF INED LIQUID)
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RELATIONSHIP OF FORCE, AREA, AND PRESSURE.

The terms "force,” "area," and “pressure" have a definite mathematical
relationship. The relationship of the factors may be expressed as follows:
force equals the area in square inches times the pressure in pounds per square
inch. Stated another way,

Force = Area x Pressure

or
/F\

Faorce
ma e
Pressure /n F\\
or RELATIONSHIP OF FORCE,
AREA, AND PRESSURE
Force
Ares

This formula is usuzlly found in a triangular form. Whenever any two
factors are known, the third can be calculated.

a

EXAMPLE !: The areaof 2 piston is 3 IN, = (sguars inckes). Pressure
is 50 P3I (pounds per sguare .achj. ~haf joroe fan .ae
evlinger produce ?

ANSWER: The formula says that the force is equal to the area times
the pressure:
Force = Area x Pressure
Since the area is 3 IN. 2. and the pressure is 30 PSI,
Force = 3 x 50
or

Force = 150 LBS

1-6 VOL. V



EXAMPLE 2:  The force of a piston is 200 LBS. The area of the piston

is 4 IN. 2. What is the pressure?

ANSWER: In this case, the pressure is found by dividing the force
by the area:
o _ Force
ressure = “S T

. 2
Since the force is 200 LBS, and the area is 4 IN.",

200
Pressure = =
or
Pressure = 30 PS5l

EXAMPLE 3: The pressure in a cylinder is 3,000 PSI. The force is
9,000 LBS. 'What is the area of the piston?

ANSWER: The formula says that the force divided by the pressure
gives the area.

Area =
Praz:ure
Since the torce {52,000 L33, on” oS pressdrs 15
3,000 P3I,
Faorce
Area = —

Pressure

Since the force is 9,000 LBS, and the pressure is 3,000 P3I,

ar
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These reiationships must be understood o learn the tunction of a hydraulic
svstem. A hvdraulic pump must supply enough liquid under pressure to
operate actuators. The actuaturs must be made to supply the [vrce needed
v move aircralt compunents such as flaps and landing gear.

There is another formula in hydraulics that must be understood. This
formula concerns the relationship betweer volume, area, and length.
The volume is equal to the arca times the length. Stated another way,

Volume = Area x Length

or
Y
Valume
Length /A L
.
or RELATIONSHIP OF VOLUME,

Volume AREA, AND LENGTH

Length b Ares

This relationship can aiso be placed in triangular form. If two are known
the third can be calculated.

I’ + .
EXAMPLE: If the area of a piston i3 2 IN.T ana (2 iength of trave,
i1 53N, what colume 15 destiaced ?

Tha formula Savs o ke cciue ayLA s Tha TYas
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Volume = 10 Cubic Inches

In likke manner, the area or length can be found by using this formula.

VOL.



MECHANICAL ADVANTAGE (MA).

One of the most important tools the design engineer can use is mechanical
advantage. Mechanical advantage lets him accurately determine the size
of actuating cylinders and pistons and 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 designed to be as strong as necessary but as small
and light in weight as possible.

LBS
25 psi

10 3@ _IN.
f 250 Les _ru'nc: ’{

MECHANICAL ADVANTAGE

When the 50-pound weight resis on the small piston that has anarss of 3
FLUAre (Q0aks, "de Ll Pressure decdimes 25 Pal, This s icanc v alvians
the waizht, or foree. by the area. The 35-Pal Lrossure shwes 'nine qaca,

When this pressure ac:s ihrough the byvdrauiic fuia on the lo-scuars-1nch dread
of the piston, which is under the 250-pound weight, the weight is supported.

This gain iz forze (frem 30 pounds 3 2570 pounds) is Zone by increasing area
only and not flud pressure. [t shows itne (Zea 2! mechanicai advantage which
is used in many hvdraulic devices. Mechanicol advantage (MA) is expressea
as a ratio. In the above illustration, it is five to one or 3:1. In hvdraulics,
mechanical advantage can be explained as the ratio between two pistons with
regard to the following factors: area, force, and stroke (distance traveled).

The mechanical advantage ratio serves as a usefui shoricut in byiraulics.
Suppose an 500-pound weight must be raised by using a 40-pound force on

VOL. ¥V 1+
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there is a 1,200-PSI system provided for emergency extension of the nose landing
gear. This system is designated as hydraulic system No. 4 and is pressurized by
a hand pump.

HYDRAULIC SYSTEM NO. 1.

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 cvl-
inders in each wing, to one of the two rudder actuating cylinders, and to one of the
three elevator actuating cylinders. The reservoir and a majority of the components
of this svstem are located in a service center which is lczated on the right side of the
cargo compartment. Ground test connections are provided in the forward end of the
right wheel well so that a hydraulic test stand may be connected for ground testing
the flight controls.

The hydraulic systems coniro. oanel is :ocated
in the lower left corner of the flight engines:'s

: STORMILIC §7ETIM panel. This panel is divided into three sections,
e il i one section for each 3, 000-P5I pawer system,
‘:‘:‘%.":E @_ﬂ = Control and indicstion components for hydrau-
srcons el s lic s_ystem _:x'-::-. 1 are lucated on the lower
cowram  CowiEL - section of 3 panel. These components ars
I ey two engine vaives swildnes, oae sustium Tius:
’ PO | Fol i - iy b ot o B A | A s e
e !srg,? e @ ;{tl:r.:- :-.Ii :t]“i' ..h.n;f.-: lv-.IHJI..EE::i?{ 1:*.2
i e gy iichts. and 3 sressdre indisortos, The in ==
P i~ i r’:'},'""&:_&? | cazor sl i3 radiagted o oivor amopig 20
-, R DRI Irovy Ut 2,0 PRI,
i ™.
: w No. ! system's reservoir contains approxi-
. e .t e mately 2.'4' g'l.ulons of fluid when proper!.
Y oy T L serviced, Al reservolrz in the dlvgione ve
G of the nonpressurized tyve and can ve arvicad
= ul at any time during fiight or zrcund operaiion.
— m— A sight gauge and index marks on the resercir

HYCRAULIC SYSTEMS CONTROL PANEL  are provided to allow proper servicing. Ths
reservoir is vented to the cargo compartment
through a vent line and air firer,

A suction boost pump is mounted below and slightly forward of the reservair to

provide an adequate supply of hydraulic fluid to the No. 3 and No. 4 engine-driven
pumps. This centrifugal pump is driven by an A-C motor and is controlled oy a

e VoL. X
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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 P3I.
Adequate cooling of the boost pump is ensured by a bypass line routed from the
pump's outlet port to the reservoir. Flow to the reservoir is controlled by a re-
strictor. To help prevent a possible failure of the engine-driven 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 3 low pressure warning
switch located above the pump. This switch is adjusted to illuminate an amber
warning light on the hydraulic systems control panel when oump discharge pressure
is less than 20 PSI. The light will extinguish and stay extinguished when the pressure
is above 30 PSI.

A one=-way check valve located in the supply line downstream of the low-pressure
warning switch, prevents flow back into the reservoir when the suction hoost pump

is turned off. This check valve, which is commonly referred to as the priming
check valve, holds a prime or head of hydraulic fluid to the =ngine pumps.
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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 ergine-driven pump are located in the leading
edge of the wing directly aft of the engines. These components are:

« Supply shutoff valve
Pressure shutoff valve
Low-pressure waraing switch
Isolation check valve

20-PSI relief valve

Bypass check valve

(= | I S ST - R

All of the components, except the isolation check valves, are located aft of their
associated engine. Both of the isolation check valves are lecated aft of No. 4.
engine.

The supply shutoff valve is a motor-cperated, gate-type valve which in normal use
reguires 28-volts DC to arive it open or ciosed. This valve -an be overated in

thr=e ways to control supply {luid to the engine-driven pumps. XNormaliy the flight
-agineer controls the valve electrically with the engine valves switch which is
iocated on the hydraulic svstems control panel. In case 2f an engine fire or failure,
the piict can pull the FIREZ EMERGENCY handle which ciosas the valve electriealiv,
AMaintenance personnel can open or close the valve by positirning the valve's manual-
avarride =ver wnen elesirical power is 2Ff,

The pressure shutoff valve is a solencid-actuated valve that is spricg loaded tu the
open position and is closed when 28~olt D-C electrical power is applied to the
solenoid. When the valve is closed, output of the engine-driven pump is blocked

e the valve., Actuation of this valve is simulianeous with the acruaticn of the suppi
shutoff valve since both are controlled by the same engine valves swiich and by the
zame TIRE EMERGEXNCY handle.

Cutlet pressure from the engine-driven pump is sensed by a low-pressure warning
switch installed downstream of the pressure shutoff vaive. This switch is adjusred
to make and break the electrical civcuit to its associated PRESS LOW light, locawed!
on the hydraulic control panel, at 1,350 (+ 1530) PSI. When the pump pressurc de-
creases to 1,200 PS], the amber light will be illuminated. As the pump pressure
increases to 1,500 PSI, the amber light will be extinguished.

2y VOL, V
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ENGINE PUMP SHUTCFF AND WARNING ELECTRICAL SCHEMATIC

Tue lsciaticn choeck valve is a gne=wa shecis valve Joeatea in i s&ase Jdns
downsiream of the low-pressure warning s u:r_h. This valiec serves i%'0 JUracses,
o srevent severse fIys hrouch 4 inonerative siumL onsas revasl

ok P o e L LTI T

- A = o Bt - i - ek o e e o . -
o<t B2 L"...,.na. R o e =L Prgall ] i A |

engine pump ia its svsten.

The two remaining components ensure proper cooling and lubricaton [or the eagine-

T e e
.

e " y A o (i . do
felven sumps under gl gberanne concitiong, A IU=35] =elie vniv: 2 Ardaixr

the sase crain iine of tae engine pump. When the engine is running 2nd e encine
valves switch is in the "NORALY position, case drain flow wiil be divected back 12
the reservoir through the 20-PS] reliel valve. When the engine is running and e
engine valves switch is in the "OFF" position, the 20-P3I relief valve wiil close.
Case drain {low will then be directed to the depressurized supply line ol the engine
pump through the hyvpass line and bypass check valve. This run-zrcund action pre=-
vents pump cavitation. The byvpass check valve, which is a cue=way check valve,
also prevents the suction boost pump output from bypassing the engine-driven pump
when the boost pump is operating and the supply shutoff valve is open.

VOL. V 2.



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 FLOW IN GPM
Take=-off 23.5
Cruise 21
idle 18.3

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 reached. At 3,000 PSI,
the pump displacement is zero.

The heart of the pump is a revolving cylinder barrel containing nine pistons with
bronze shoes. All of the piston shoes contact a variable-angle wear piate. As

the pump's drive shaft turns the cylinder harrel, the pistons are forced 1o recipro-
pcare wiin the welr siate is ited. A hold=-cown plate, engaging the eniarged ase

of the pistoz shoes, ensures a positive retura of each piston during the intake siroze

Varyiag the uang.2 of wae wear plate chaiages the displacemeni ¢f the pump. The
ang.c can be chgnged Uy moving a runalse-mountad fanger thal nos the wear niass

minzed tv &. Hapoer moverent is controlled by the gressure comrensaror whooh
e lAted . Shume OIIveleU HU At arsance with sysiem demanty Boovasiatnis e
ey E Fordllirakieg LOEIENTE Can LR INESINLERL.

HyZraulic fluid from the supply line enters tne revolving cylinder barrel as ths
pizions are ratracting and then is discharged uader pressure as the pisions avs
forced Lai0 their Cores. Systen pressute is Qlrocsad o oibe aoring-.caded=elozel
spool of the pressure compensator. When system pressure 2xceeds the spring
load, the sposi moves and directs the fluid into a siroking cyitnder. The stroking
pisson then moves the hanger to a smaller angle which reduces the volume deliverel
to maintain the desired pressure. When system pressure is less than the spring
load, the stroking piston retracts and allows the hanger to move to a greater angla
whizh inereases the vaolume delivered,

Axial thrust of the pistons against the wear plate during the power stroke is balanced
hydraulically. System=-pressure fluid is admitted to an undercut area in the {ace of

2-3 VOL. V



FusP CASL

FORT ZaP
roTaTED 30"

IHLET
CYLINOCA BARRLL

CASC ORAIN

cASL

BISTEN

HAHGLA TRUNM | ON
BOLLER BEARING
HOLD DOWN PLATE

L L =14

WEAR PLATE

SERING

HANGER I ——  (NTCRWAL DRIVE SHAFT
i

|

ENGINE DRIVEN PUMP

the piston shoe through a hole in each piston and piston shoe. This pressure, ap-
plied to the undercut area which is slightly less than the piston area, effectually
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 efficiency is maintained. The axial thrust of the cvlinder bavrel is
alsc balanced against the port plate hydraulically. These jeaturas eliminate ihe
need for anti-thrust plates or hearings.
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lﬁk?ﬂ%ﬁ. Only one other item, exclusive of plumbing and fittings,
BUTTON is located on the engines. A high-pressure filter is
installed downstream of the engine-driven pumps on

the right side of each engine. All of the hydraulic

e filter elements in the airplane are made from corrosion
| resistant steel, and filter to 25 microns absolute and 10
IMLET — i OUTLET microns (0,00039) nominal. Also, all in-line hydraulic
PRESS. LU=~ PRL33. filters incorporate an anti-cavitation check valve which
' seats only when the filter bowl is removed. As an aid
DETAILED VIEW °  to determine the condition of the filter element, a

clogged indicator button is incorporated in the filter
CLOGGED INDICATOR BUTTON  housing,

The 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 felt 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 bodv. Because the filter does cLOGRED
not have a bypass feature, the element must be re- IMD ICATOR
moved and cleaned as soon as possible, After clean- rouTYoN

ing the element, the indicator button will have 12 he :

:-eie: manually. W
Pressure lines from botk engine=-driven punps ter- : - ; :., =
rm:inate at 3 common pressure line in the wing iead=- e

ing edge directly aft of No. 4 engine. From this 27
point, the pressure iine is routed aft through the H
engine pylon and then into the cargo compartmen: by

way of the wing trailing edge. All of the remainir | GO T
componenis for this power system are located at the B e
No. 1 service center. These components are: |

Snubber anddirect-reading indicator
Pressure transmitter

System relief valve

Filters

A -

FILTER
A snubber and a direct-reading indicator are installed kN0, 5v-pass)

just upstream of each pressure transmitter for the

HYDRAULIC OIL FILTER
2-10 VOL. V



three hydraulic systems. The snubber acts as a surge damper to prevent erratic
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 pressure transmitter are sent to the pressure indicator which is
located on the hydraulic svstems control panel. The transmitter consists of a
Bourdon tube mechanically linked to the rotor of an A-C svnchro. The indicator
consists of another A-C synchro with its rotor attached to the pointer of the indica-
tor. Both synchros have their stators and rotors connected in parallel, and both
rotors are excited by 26 volts AC. z

BEQURDON TUBC
/'_’,._._-“\\ M

/ \HI TRANSM I TTER
%AT EC JMN THE

HYDRAULC SYSTEM

xﬁcnn'um. PANEL \i\
1|II IIl

L F = P a—
o AL SERV. ST .
[HD CATOR TRANSM'TTZI® =cKTIps—

HYDRAULIC PRESSURE INDICATION

As pressure is increased, the Bourdon tule will siraighien until the difference in
hydraulic force is balacced by the elastic resistance of the tbe's materia.. These
movements displace the transmitter's rotor which causes a change in the veltage
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 indieator. The rctor of the indicator
then rotates and aligns itsell with the changing magnetic field of the stators. As
pressure decreases, the tube will respond and seek its original position.

VOL. V 2=11



The system relief 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, and two ports. One port of the

valve is connected to the pressure line, and the other port is connected to the system
return line. If 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 must drop to approximately 3, 150 PSI before
the poppet will reseat. As the poppet reseats, 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.

PRESSURE D

T'»""""-'-I‘QFF‘E'\V

= T
PROBE / L-curru\- POPPET
AREA

SYSTEM RELIEF VALVE

Two filters ace used o filter tke hvdraulic fluid returned to the reservoir. Crne
filter is insialied in the syste:m return line, and the other filiaer is installec iz =~

engine-pump case drain line. These filters are idertical excent for their = . and
flow »ciume.

.42 the filtar eiement becomes conctaminated, the
pressure drop across the [ilter increases. When
the pressure drop reaches approximately 70 PSI,

a clogged indicator buiton extends {rom the top of
ihe filter body. These filters also have an internal
bypass feature. Inlet pressure is felt on the face
side of tahe bypass valve which is spring loaded
against its seat. Outlet pressure is felt on the
spring-loaded side of the bypass valve. When the o

pressure drop across the filter rzaches approx- 4 a&nnn::u YALYVE
imately 100 PSI, enough hydraulic force is created
to unseat the valve. At this time hydraulic fluid
bypasses the filter element and goes directly to the
reservoir.

~—aY=PASS

FILTER BY-PASS
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Another filter, identical to the one on the engine, is instalied 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 SYSTEM NO. 2.

With the exception of being. equipped with two suction hoost pumps, hydraulic system
No. 2 is the same in basic design and content as hydraulic system No. 1. Itlis
powered by two variable-volume hydraulic pumps connected in parallel and driven
by engines No. 1 and No. 2. System No. 2 supplies hvdraulic power to the {ollowing
one of the two aileron actuating cylinders in each wing, one of the rudder actuating
cylinders, one of the three elevator actuating cyvlinders, one motor of the wing-flap
drive system, one-half of the dual tandem actuators for the wing spoilers, and one-
half of the spoiler cable actuator. This system also supplies power for normal
operation of the following: landing gear, wheel brakes, nose gear steering, horizontal
stabilizer trim, emergency generator, control-column pusher actuator, anc the
hydraulic-motor-driven suction boost pump.

Control and indication components for hydraulic system No. 2 are iocate: on ihe
middle left section of the hvdraulic systems controi panel. h:s section contains

the same components as the sec:ion for svstem No. 1.

The reservoir and a ma) mx.; of the componen:s (Jr wils 3138 4re 150%Iel

i " - - % iy [ s y & m g ® noqa e - . 2 A
FREVICES CENLEr O e el Daells Ol lRe o R TR AR, ‘-131'1..:.;..- QREPLIE INEYE
...-u'“lrli.'L". b et T G Hg e i TN B e Lo Ahoiin Jylnn Esk R BRI NE, TR ar 3R
LIVEYEd tu s FAW LT e e auTann ol ldli sl okt A Lol fa dadh e S k.

ot
wha
Ll
2
=

lgeated in the forward end of the left wheel well for use with a hvdraulie tes

he reservoir coutains agorasimatey J,-.'J ga.ions witn the landing sear dovwn and
goprogirparely ave gallvas win Wi lanaone goar . TNU GRSl OBGta Vel BaE o
installed in the reservoir’s vent line. One check vaive aliows carge comparimani
air pressure to be feit on the {luid in the reservoir but prevents fluid from enteriag
and contaminating the vent {ilter. The other check *.ahe allows fluid to leave the
reservoir in the event of an overfilled condition during ground checkou: but, when

seated, it prevents foreign particles from entering the reservoir.

Two suction boost pumps are provided for the No. 2 hydraulic svstem. They ensure
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. 1 and

is located below the reservoir. The other, a hydraulically-driven pump is mounted
on the bottom of the reservoir,

.
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QUTPUT

HYD MOTOR

HYCRAULICALLY CRIVEN SUCTICN BCOST PLMP

This suction boos: pum ) receives fluid under pressure o drive the hoivaul.s mse:

gaction of the boost pulnyu. -

A TESITICUOr N Ne DIaisUre L8 Drevanis A pteag e SinL

3 the numn, The mioted consists Of 4 nine=nision assomily driven i ane war gl 2
sarrel agssembly., When *ho sressuss (P00 L0F onulle= 00000 JUMNLRE Duoules 30 -
Fa " Suil PEL, v draiilit Mo susiitr ol A S 5
FI08% Fection, and oy STACtE WA e NIt slde o I elZipe=drived JUmos.

The pump has a rated {low or 21 galions=-per-minuts 4i 4 pressure of
P5I. When the pressure exceeds 1lv PSI, the ncdisaulie motar will stal., As

1 = ]

[0 T2 o ko £ TR Ul S R L

svsiem demand causes 2 flov . the prage.rs Lo doertt.e ol
Approximate filter settings in PSID for XNu. 2 svsism ave:

CLOGGED BUTTOXN BYPASE VAIVE

Pump Pressure
Ground Test Stand!
System Return
Case Drain Return

-1 =1 =1
o C o
]

[ 5]
4]
e
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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 reserveir 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 reserve 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.

FLOATING PISTIN

PISTCH-TYPE ACOMULATCR

The control and indication components for hydraulic system No. 3 are located on
the upper section of the hydraulic systems control panel which is in the lower left
corner of the flight engineer's panel. This section contains a pressure indicator
and two pump switches. The pressure indicator will indicate svstem pressure,
and a green PRESS ON light on the pilots' main instrument panel will illuminate

VOL., V 2=17
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HYDRAULIC SERVICE CENTER NO.3
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when the pressure is above 1,500 PSI. Each pump switch oa the hydraulic system
control panel has three pousitions which are: "ON," "OFF," and "RAMP CONTROL. "
Switches for the pumps are also located on the ramp control panel in the curgo com-
partment, but they are operative only when the flight engineer's switches are in the
"RAMP CONTROL" position. The switches on the ramp control panel have two
positions which are: "ON" and "OFF." In addition to the switches un the two con-
trol panels, the pumps will automartically start through the electrical circuitry of

the aileron, elevator, wing spoiler, and stall warning systems. A time-delay

relay is incorporated in the No. 2 pump circuitry to prevent overloading :ie eleciri-
cal system when both pumps are scheduled to start simultaneousiv.

The No. 3 system pumps are located in the fotward end of the left whee! well., They
are variable-volume pumps driven by air-cooled A-C motors. Eac: pumyp has three
major sections which are enclosed bv a housing and cover assembly. These major
sections are: an electric motor with attached fan, an impeller-type boost pump, and
an axial piston pump. The boost pump, located between the motor and axia! piston
pump, receives fluid from the reserveoir. This fluid is pressurized o anoroximate:s
40 PSI and then delivered to the inlet of the axial piston pump. The axial siston pump
is identical in operation tc the engine-driven purmps.

NO.3 HYDRAULIC SYSTEM ELECTRICAL MOTOR-DRIVEN PUMP
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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. An engage mechanism is provided
for manually positicning the drag link to the down-locked position. Emergency
extension of the nose gear i1s accomplished by hydraulic pressure from the No. 4
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
windew 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 anv

unsafe condition.

80GIE
POSITION

2329

47 DN TRANSIENT
CCHTROL PAMEL

Each main gear assembly includes the following:

1. A2 air-gil shock strut
2. An axle beam and axle assembly iinks
3. Torgue arms

3=2 VoL, V



4. Drag braces
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 upleck

The nose landing gear assembly consists of the following:

. Air=-oil shock strut

Axle

. Torgue arms

A drag link with an up-down lock assembly
. Actuating cvlinder

.  Wheels with tires

=2 4TI S - T %

MAIN LANDING GEAR SYSTEM.

The two main landing gear shocs siruts grovide 2 meuans of 2:taching the mann
gear assemblles o the aiveraft, and orovide sncok absorpuon durias taxii

el
take=ofl, anrd ianding. The siock strus is a eonveltiona! ais-cii-ovas wihics 1,;. run-
ajor mounted & the 2irplane. Primarily, 1r ca"-s iztz 2f 2 pizron dssembiv and 2o
suter gyvilnger gasermoley Tas sprud nistononili ¢fdenc i lnenes anusr g as=_15.

conditen; but in the Jing. 3:a.50 dasluen ander foasidn Shesd welln, il osnteen,
to three inches extended. The shock strut compression siroke is desxgnet. L Mmeer
certaln unusual equ::er':enm of the StarLifter. Ip orzsr 1o minimize faselage bent-

i loacs, tRe main landlins gonr s gokn Sisbad as L1059 g Loassihia o s was
aft center of Zravin pu:.h,ql.. caEstveraone of Tie-lhserdss Aol foe mals ;_'-.-:__'_:=
gear and the small ground clearancs, limits the tail-down angle during take-off or

landing. To overcome this, a ".’.'D*St p acticn of the sacck strut was deveioped., E.
setting the siroke at 23 inches, the wheels are placed sufficiently beiow the f...-ml_:,e

t2 permit an 11-degree tail-down angie at touchdown impac:. The firs: 17 inches

of compression may he quite rapid, and the tail down angle limit at this point is approx-
imately eight degrees. Beyond 17 inches of compression the shoel strut will allow

the airplane to sink much slower 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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MAIN LANCING GEAR COMPCNENTS

Do ATLe godurt 202 aXia assenhs srovilas 2 means of mounting the hrale and wihcel

da2.. end wilsh serve 4s mounts {ar tie asleés. A hollow bolt, which provices

the pivetl point for the axle beam assembly, attaches the beam assembly to the shock
sirat paston veke. Tae axies are tiwreaZad internally on each enc which eliminates the
sl L0 uirnd oredactars whRen rejiccing whe s a-d tire cgsemhiles. oz antl-
»oiiizon spacer assemoly, incorporating tow »ings and jack pads, is installed on

vooh end of the axle beam and provides for the centering of the axles.

-

Ao iselieas SoOl aade? T LSl T=TVOR AXL2 280N RO A g - dZd9 00

The axie peam positioner evlindar is an air-oi! cvlinder attached between the sxie
beam and the shock strut piston. This keeps the axle beam approximately perpendic-
ular 10 the longitudinal axis of the shock strut while in tite extended posicion for land-
ing, and curing part of the extension and retraccion cycle. it also provides a degr.2
of snubbing action to prevent oscillations of the axle beam during landing, taxiing,

and take-off. A positioner-cylinder air-bottle reservoir provides approximately

75 cubic inches of additional air for the positioner cylinder. The bottle is located

$od VOL. V



RESEAVO IR GAGE
'8 sH1Ps 6001
AXLE BEAM
To_802 POSITIONER RESERVOIR- SHIP 6022
a N AND ON
Fetus AL METERING .

PLUG PIN

TO
POSITIONER

FLEXIBLE HQSE_\

AXLE BEAM POSITICNER RESERYCIR

i the lower Bebiow detea ol the shooh stral pisten. T is maave o stoinies g sposl an
is prochassed 0 approsinn. v 2, 9u0 P51 The bottle has an alr pressurs gauge oo
an air tiller valve, and is connected to the positioner evlinder by means of 3 high
pressure Slonible hose, It is {lance=mounted internally to the lower piston cover

allte wiih 3t Lohs ui platg tlis,

An wpper torgue arsmoand a lower torque orm are located on eacn main gear to malin-
tain wneel alignm i, The upper Lm‘qu-ﬁ arm is mounted to lugs on the shock sirul
evlinder, ami the luwer torque arm is attached to the [orward axle., The torque ara.s
are secured to each other at their apex by a ball and socket joint, A leveley rod
asscembly is attached between a lug on the upper torque arm and a lug on the drag
bBrace at the shoek strut trunnion.  During gear retraction the leveler rod linkage
will cause the axle bheam to rotate about its pivot point so that during approximately
the last 20 degrees of strut rotation the axle Seam assumes and maintains a position
paral'e to the stowed position. During gear extension the leveler rod linkage
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GEAR DOWN AND LOCKED GEAR RETRACTING

ALMOST UP, OR FULL UP PO3IT!ON
START JOF EXTEMSION

MAIN LANDING GEAR LEVELER

maintains tne axle beam position paral.e! 'o the re**ac:ed Jozition for agprosimate.;
the first Zv ::.m;r-.-.-u:. of cownward strut movement 13 provids ci2aranc? for ne :' g 11
gear doors. The crag link provides ior the zet'actmn and ex:ension of the main

gear, and incorporates the downlock.

The drag iink assembly consists of a single forward link a:iached o the shocl s:ou:
cylinder and two aft drag links attached to the {uselage. The forward lini azg o
a‘t links are connected oy a knee bolt. The main landing gear actuator is attachea
between the two alt drag links and pivots the drag link assembiy at the knee joint 0
extend and retract the main gear. The main landing gear downlock is located at the
knee joint of the drag link assembly. The downlock consists of a “"chocking” lever,
a spring-loaded hydraullc actuator, a cam on the forward drag liok, and a downiagk
switch. The spring load holds the '"chock' under the cam of the forward drag link
preveating 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.



PISTON

LOCK PORT

UNLOCK POR

\—DEHHLﬂtK
ACTUATOR

L

aTRUT

DOWMLOCK 3w ITCH

“—~ pOwN STOPS

MAIN LANDING GEAR DOWNLOCK

Cach mals landing gear 2o is provic.d with three <acrs; as <thaand w5y, an
inboard deor, and an olec Jdoor. The cuizoard door is hisged 1o tne pou and swings
down and outboard. It is linked to the forward and aft ends of the door torque
tube which rotates, througzh a bellcrank linkage attached to the L.nd: =z Jear strul
assembiy, as the gear is extended or reiracted. The inooard door iz imged 1o
the pod and swings down and inboarc. It is linked to tne torgue tode 2t tne Jor-
ward and aft ends. The oleo door is hinged to the pod on the inboarc side and
swings up and inboard. It is linked by 2 single push roc fastered to the main
gear trunnicn lugs.

The actuating linkage of the main landing gear doors is provided to transfer the
motion of the shock strut for opening and closing the doors during tie retraction
and extension of the main gear. The linkage 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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MAIN LANDING GEAR DOORS AND UPLCCK
Moaon fs then transerrac @@ the doors oy belleranks, toraus fubics, aad T
A the gaow iy wypaptos peocsmpnend  motion s thanaisrred thronst = peilssoag o
pushrod 0 the torque tubes extenzing the length of the wheel well. The doors are
driven by pushrods connected to the torque arms at tie forward and aft ends of each
lower door. The oleo door is actuated by a single pushrod connectesd to the main
larndiag gear trunnion lug.
A main landing gear upleck assemixly is installed in each main lzadinc gear pod.
Each uplock assembly locks the associated landing gear and the pod doors thraugh
an interiinked torque tube assembly. The door torgue tube, rather taan the gear,
is locked when rotated to the gear up position.

The uplock assemblies are mechanical overcenter locks and are normally released

by a hydraulic actuator. In the event of a failure of the nydraulic reiease mechanism,
they are released manually by a cable rigged lever.
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The upward motion of the landing gear is transmitted through the linkage to rotate
the door torque tube, which in turn is linked to the pod doors. As the torque tube
rotates, a lever arm and roller contacts the open uplock and forces the uplock head
through a small arc to the locked position. The lever arrangement snaps past center
and locks the uplock head.

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

The left and right main landing gear door unlocks prevent the leading edge of the

doors from gapping when the aircraft is in flight. The uplocks are lecated at toe
forward edges of the main gear doors. When the aircrait is on the ground, the land-
ing gear doors are open and the door uplock actuator is pressurized to the uniccked
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 locked position

by overcentar linkage. When the landing gear control hancle is put in the "DXN" pesiiian,
pressure is applied to the door uplock actuator to release the uplock. In case of X3, 2
hvdraulic system failure, the door uplock may be released manualiv by gulling a T-
handle located in the carg? compartment.

rake compensating rods are citached {rom each brake assemaly 0 e
tc prevernt pitzhing of the axie beam assambly during braling. A3 the al

steited, the forwvarc isiss foids 13 23ka2 the forwar —-“" Waaeigig dis wavthy bame Shodls

to rise. This meidon s restneted oy the Sraks compeasaiing Pods wiloh tmansmil s

Faroe Tl dHe st insread of soothe Aaxs naan, Sassing ooy arslivee datian sinks
nasls.

I RCESTERD S B3 TMUdE ey Aoo I L AaROi Gultale el SN STOTEIANEDTT TET

during axirg, take-ol, and ipudias, The sirey is flaed with ayerzacie Jland ent oo
aressed air through filler valves or ioo of the cvlindsr, O-ring seals and baskur » *:g_-.“
form packings that seal tae internal sliding surfaces. Tue siock strur trunnion ends
are mounted in self-alizning spherical bearings in the {uselage structure., The stesring
control valve, steering cviinders, sieering cable, and torque arms are attached to

the strut

'I

The nose gear torque arms act as an antirotation connection link, connect the strut
piston to the cylinder, and provide a means for steering the nose gear. The upper

VOL. V =0
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someug grne is Selzad gt she uppesry moaat log on the shock st ovlindny and e lowa
tarque arm is belitad o the siry: piston iugs. Both torgue trms ace fetes with huga-
nEs :.t each mounting lug., A oulck disccnnect at the apen arovides 1 2o on nivot

fur tha torque arms.

The nos2 gaar drag Lnk, waich copiains tae up~dows 0CK ecaariam, transmizs ine
a0se gear drag ioads from the shncx sirut to the fuseiage. The crag iizk is jsinted
neéar she center aad {oids while th2 nose gear is ic transic. .‘..1 aydrasllc grasaure

if SaDiils 9 the no3d gAY SRS CVLLISLT, Prtdaure 1z dlss applicl 3o e ups

iown (ock acruating cylinder. The ncse gear drag link is amaszned Lo tha top of the
sasck strut and to the drag lini rrunnicn. The drag link :3cks t:zu'g‘u ansc pearly
norizental in the extended positicn. In the retracted positicz he :op of tae sirul is
rotated ait and downward until the drag link is straight and in a neariy vertcal position.

T acse gear up-down lock 1:echanism is incorporaied in tae drag iink aszombiv,
anc the actuating cyiinder is mouatec on the nose gear shock strui. The cylinder 15
connected to the mechanism through bellcranks and a pushrod. The gear is locked

in either the up or the down position by two cranks forced into an overcenter position.
The cranks are forced into the overcenter position by the combination of a spring
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SHIM ADJUSTHMENT

UP=DOWN LOCK = UP=DOWNH LOCK SwITCH
ACTUATING ROD

NOSE LANDING GEAR UP-CCWN LOCK

and the hvdraulic pressvre to the actuating cvlinder; thev are maintained o the
iockec position by the spring assembly. Hydraulic pressure to the unicck side of ns
actuating cylinder unlocks the up-down lock mechanism,

The nose gear actuator is a typical hydraulically actuated, double-aeting, cvlinder
and piston assembly. The cyvlinder is attached to the drag link trunnion aad to 2
bellerank on the shock strut trunnion. The actuator is extended 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 corering 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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NOSE LANDING GEAR DOORS

to she ciosed position whep the gear is down. The aft door movas cows ana back
under the fuselage, and remains in this position untii tke gear is retracted, Sumpers
on the aft docr contact the fuselage to provide additional support for the door,

The door actuating mechanism transfers the moticn of the nese g2ar sheck strut, for
cpening and ciosing the nose landing gear doors during extensicn and retraction of
the nose gear. The linkage for each forward door is connected to the strut trunnion
heilerank. The motion is then transferred through arms, rods, and belleranks to
the doors. The aft door linkage consists of cne rod and two arms for each side of the
door. The rod is connected to the strut trunnion bellerank and then to an arm, which
is connected to the door on one end and a support on the other end. The other arm
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
iz in the retracted position. When the nose gear is retracted, the tire eomes 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 irch. 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 g=ar system is hydraulically operated by pressure from the No. 2
hydraulic system. Four solenoid actuated valves are provided to direct hydraulic
pressure for ianding gear operation. The four valves are: the nose landing gear
selector valve, 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 have manual override provisions which allow manual
positioning of the valves in the event of electrical failure. All four valves are
solenoid-pilot operated. When one of the solenoids of 2 valve is snergzized, the
pilot portion of the valve directs hydraulic fluid under pressure to position the
control spooi. The positioning of the control spoo! directs hvdrauliz rluid undaer
pressure to the various components for operation.

The main anding rear selsetor-valve is located on-the leftside o faewargu cums
pRPthienl Al of e No. 2 hedraclic gydtem gervics center. Whesn ge W solen oo

is energized, :luid is directed to the rod side of the main landing zear actuators.

Aizin landing wwar retraction speed is controlled by flow regulators i theup line
During retsaction, the f2ee side o the main iancing geal actuate =z Lo catlitei iy

v svstem return through the selector valve., When the cown solenold 1s energize.,,
the control spool is positioned to direct hydraulic fluid under pressure 1w both the
rod side and the [ace side of the main landing gear actuators. Because of the
greater cffective area of the face side, the actuators will extend. JMain landing
gear extension speed is controlled by flow regulators installed in the lines to the
face side of the actuators.

During the extension cycle, hydraulic fuses connected between the line to the tace
side nf the actuators and the return line allow 40-cubic inches of fluid to pass to

retu.n. 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 incﬁ_es of
fluid have passed to return, the fuses shut off, pressure builds up on the face side

of the actuators, and the main gear is extended.

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 hydraulic system pressure to the downlock
actuators to remove the "chocking lever' from under the cam of the drag link whizi
allows the drag link to fold. During extension, fluid is directed 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 upleck selector valve is locate: on the left side of the
cargo compartment between the No. 2 and No. 3 hydraulic system reservoirs.
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This selector valve directs hydraulic fluid under pressure to lock and unlock the
external main landing gear door locks. A hydraulic fuse is installed in the pressure
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
heneath 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 wher it is in the not.locked
position and the nose landing gear position switch is in the not up position. This
causes the selector valves to direct hydraulic pressure to the unlock side of the
downlock actuators and 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

and locked, the main gear up and locked relay will energize and remove the ground
from the main gear selector valve and the main gear downlock selector valve. The
energized 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 lccked overcenter.

Moving the landing gear control handle to the "DN" position will apoly electrical
power from the isolated D-C bus through the control handle switch to the down
sclenoid of the iw.zin anc nose gear selector vaives and:ihe main gear down'scs

s -lector valve, Hydraulie pressure is applied to both the e:xtension and retrzozion
5.des of the g2ar actuators. Because of the larger arsa of taz extension sice, e
gear will move to the extend and downlocked position. When the landing zear con-
trol handle is placed to "D, " the main gear up aad locked relay will deenergace
and the main gear door upiock selector valve unlocg sclenoid will be energized.
“AsS ''nz es the coatrnl handle is in the "DXN positisa, the electrizal sirculs i: iome=
si2ted to the solector vaives and the landing gear syztem wiil remale pressur.:: .

When the airclane sestles on the wheels and the compression of the shosk strut
acnuates the Lahﬁﬁt‘.mm switches to the ground position, a spring-loadec plunger lccks
ths contre. nanc.ie L. the "DN" position. The .<zk prevents the coatroi 2aadie fror:
~eviag ous ©F a2 :u'" position accidentally. W iez ibe zirplame 15 a=>Dorze, toe
ground circuit {= touchdown relay No. 1 is completed ihrough Seth totcacowsn swiiches
in series which 2r2 zctuated to the air position. The touchdown relay, in the 2.z
pasition, compietes the ground circuit for the landing gear control hancle release
solenoid, whick automatically unlocks it. Actuation of the touchdown swiizhes 1o

the ground position wili complete the electrieal ground circuit for touchdown relavs
No.o 2 through Na. 7, and cpens the electrical ground circuit for toushdown re.ay

No. 1.

Located on the landing gear control panel are three individual flay-type indicators
to chow the position of each gear. The indicators show miniature wheels and tires
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in the gear down and locked position, and theword "UP” when the gear is up and
locked, When the gear is in an intermediate positicn, the indicators will show a
diagonaily striped area.

Electrical power is supplied from the isolated D-C bus to eacn of the threwe position
indicators. When the main gear is [ully extended, the downlock switches are actuated
to the locked position and the electrical ground circuit for sach indizator coll i3 com-
pleted. When the nose gear is [ully exiended, the lock switeh is aoiuated to the ok
position and the nose gear position switch is actuateu to the not-up position. The
electricai ground circuit for the nose gear indicator coil is completed through suth
switches in series. The coil {or each indicater is then energized which causes the
miniature wheels and tires to appear on each indicator. When the main landing gear
is fully retracted, the uplock switch for each main gear is actuated to the locked
position completing the electrical ground circuit to the up coil of its respective in-
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 indicator 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 diagonally striped area
to appear on the indicators.

Bogie position indicators for the left and right 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 gear 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 the control handle also illuminates.
The warning horn can be turned off by depressing the HORN SILENCE Lutton, but
the light remains illuminated until the gear is down and locked or until the throttle
is advanced beyond_minimum cruise power.

The warning horn 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 the handle is
provided through the throttle switches only.

Pressing the HORN SILENCE button energizes the horn silencer relay. Through
the energized contacts of the horn silencer relay, all four silencer reiays are
energized, Energizing the silencer relays breaks the ground circuit to the warning
horn. Through their own contacts, 235-volts DC is apulied to the four silencer re-
lays. The silencer relay, which has the ground circui: through the throttle switen,
remains energized when the hutton is reieased.

The warning horn also souncs if the flap control handle iz noved to selecs tae laudiag
position for the flaps and the gear is not down and locked. The HORN SIZLEXNCE
button will not silence the horn if the horn has been turred on by the wing flap waraing
switch. In order to silence the horn, the gear mus: S down and locked er the “lan
cuntrol lever must be moved to select less than landing pusiticn faps.
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MAIN WHEEL
BRAKE AND ANTI-SKID SYSTEM

GENERAL DESCRIPTION.

The StarLilter is equipped with a hydraulic power brake system which pro-
vides normal and emergency braking capability. Anit-skid protection may
be selected but operates only when the normal brake system is used. A
method is also provided for setting the brakes when parking the aircrarft,

!(_ u'rl-s;cﬁr_f!'
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BRAKE AND ANT|-SKID SYSTEM CONTROL PANEL AND INDICATCR LIGHTS
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:opilot's brake linkages are interconnected by torque tubes and bellcranks which
Jermit brake application from either position. The left pedals actuate the valve

1ear the pilot's outboard pedal, and the right pedals actuate the valve near the
:opilot's outboard pedal.

Zach dual-pilot metering valve consists of two identical piston and sleeve metering
tssemblies which are fitted into a dual-bore housing. Both pistons are actuated
it 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,
lepending on the system selected.

“he pilot metering valves are pressure reducers whose output pressure is con=-
rolled by pedal movement as applied by the pilot or copilot. Force on the valve
‘unger 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
% 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 valve if "NORM" is selected,
r at the main metering valve if "EMER" is selected and alsc on the forward end of
2e main metering valve spool. The pressure build up, moves the spoo. afi, and
smpresses the spring between the two forces. The pressure build uo contiaues
atil the force generated by the pressure against the end of the soocl equais the
sree of the compressed soring. At this t:me both the pressure and return ports of
1e spocl are covered and pressure ai the skid control valve is maiatained as set
v pedal position. An increase in pedal force causes 1 corresponding increase iz
sass.re until the forees are again equal. A decrease in podal forze calses the
-pater force, generated by pressure against the end of the spoci, to move the spos!
s anti! the metering pressure is connected to raturs throush tne Rullow

- s cEEE

*nssurﬂ cdecrezses until the forces 1':-: acain =GJ;:1. '.x e ol crlve s Int
U mpeizion, the ourlet port Is coxnected to return and e inizt goriis nocckes,

sur skid control valves are installed in the normal brake system. The skid conirz!
1.ves oove located in the cargo compartmess, two on ¢aclh sivde aft ¢f v avérauls,

stem service centers. The vaives .ave two functions: &s ie.iring valies and is

td contrel valves., Two valves are contained in each vaive bodv, and each of tae
Zves provides both metering and skid control for a wheel. lletered fluid from

e pilct metering valve enters an anti-skid valve and is directed to the controi
sion. As pressure builds up on the control piston, the spool is moved to over=-
e the control spring. This movement uaseats the metering soopet which po=s
draulic pressure from the main landing gear down line ints the brake assemblies.
ie 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 is 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 brake pressure assures that skid control can take
place before there is severe overshoot of brake pressure.
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As pressure builds up in the brake assembl:;, the preload piston is moved back which
compresses the preload spring; and from this point, further movement of the prelozd
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 removed
by releasing the brake pedals, the pressure in the brake assembly moves the pre-
load piston back further, and fluid flows between the preload piston and the metering
poppet to return.

The 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 retarding

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 provides rapid, and complete brake release followed by rapid return
of pressurs to a value slightly less than the pressure existing at the time of release,

With the step 1 and 2 solenoids deenergized and upon initial application of brakes,
the metering poppet is closed. When pilot-controlled pressure reaches 23 to 100
PSI in the control cylinder, the force on the control piston is sufficient to initiate
metering action.

When the step 1 solenoid is energized. the related pilot valve is actuated o snut

£ the piloi-controlled pressure and to zilow the flow of fluid out of the cenirc: cyi-
inder. The metering poppet return seat cpens to svsiem return and allows the

rake pressure to be reduced proportionately with tha decreasing snring Jivoe.

vhich is Zictated by ihe position ¢l the control piston, Brake reisase lins i3 shorier
than applicetion time; this is a-*n:cmpl;shed by using & contro! crifice which has a

=t

ahack waiv: At permiis Juid Dow divoegh it oniy during brass reiccss,

agn the sies 3 solenuid is energiiec, the reiaced pliot valve dorecis ol svaten
pressure to the preload piston causing it to move rapidly and open the netering
sonpet return seat, which allows ralease of the brake pressure, Al the samva niws,

aontrol 2pring farce is Deing redaced - Zuid ow oot of e contisl oL ey
nlouzs e siep 1 pilot valve. The loager the release lasts, toe lowel e ov
“i.. v& ot which metered reapplication starts.

i
i
i
[
"

Pressure rcapplication occurs when both step 1 and step 2 solenoids are deenerg:zed,
Pilot-controlied hydraulic fluid flows through the step 1 pilot valve to the contrel cyl-
iacder ard the preload piston. Tluid flows from the rod end to tie head 2nd of the
cpatrel piston through the control vrifice, The control piston meves o inorease



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 brake assemblies, this pressure is also feit on the outlet end of

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 assemblies to return.

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

Eight hydraulic fuses are installed in the normai brake system. The hydraulic fuse
is a valve that blocks a hydraulic pressure line when [luid 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 20 cubic inches of
fluid. The fuses have a totalizing capability which allows them to sum the amount
of fluid which passes through.
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During Ianld:i.ng gear retraction the main lancing gear wheels are braked by return
fluid from the main landing gear system. The restricted fluid in the return line is
felt through the skid control valves into the brake assemblies.

A multiple-disk, manually-adjusted brake is installed on each main wheel. Hy-
draulic fluid under pressure pushes eleven equally-spaced pistons against a aun-
rotating disk. This action compresses a disk assembly. Half of the disks within
the assembly rotate with the wheel. The other half, spaced alternately 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

1a 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 pulls the disk away, allowing the wheels 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.
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The anti-skid control system is primarily based on controlling the skid in its be-
ginning stage. Skid control is provided over a speed range covering the maximum
landing speed to a minimum taxi speed of approximately 15 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 from being applied to the
wheel brakes. The BRAKES REL light on the brake pressure and anti-skid panel

will be illuminated. After touchdown, each locked-wheel control circuit is armed
through the locked-wheel arming circuit.

This circuit receives its energy signal from the rotation sensing circuit and is en-
ergized as long as any one wheel is rotating at a speed in excess of 15 knots.

When the wheels begin to rotate above 100 RPM after the aircraft touches down,

both the locked-wheel sensing circuit and the rate-sensing circuit begin to control
braking action. When the anti-skid detector supplies a changed signal, the rate-
sensing circuit energizes the step 1 control circuit. This control ecircuit will ampli-
fy the signal 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 pressure
being applied to tne wheel brake and allows the wheel to turn which prevents a skid. If
the signal change is great enough, the step 2 control circuit will energize the step 2
power circuit after a short time delay. The step 2 solenoid of the skid control valve
"dumps" the applied hydraulic pressure to the wheel brake and sends the fluid to the
system return which removes oraking action. As the wheel begins to pick up speed,
the step 2 solenoid is deenergzized and skid protection is again available. The skid
contro! valve will meter pressure to the wheel brakes to give maximum braking
without skid or locked wheels until the aircraft slows below approximately 15 knots,

Tae apperent skid is detected in the rate sensing circuit waich receives aliernating
current {rom the detector alternator. This current is rectified into direct currens, i
iz ther filtered ane sant to o cogeiaraiion sensing circuii. The oumou. o inis eircuar i3
amplified bv a ransistor amnlifier which Jrives two jower transisiurs 1o step 1 &0
sv3p 2 Liaxe release. Two levels of sénsitivity which cveraie these two sieps arve
provided ir a sensitivity-ratio control circuit which produces two different voltage
levels for the signal to the power transistors. The step 1 power iransistor receives
:he higher sigmal voliage resulting in reduced sensitivity for step 2. A lume delay

ot approximately 0.1 second in the operation of step 2 is provided by 2 capacitance
time-delayv circuit at the input to the step 2 power transistor.

A locked wheel is detected by the rotation-sensing circuit which is nart of the locked=-
wheel control system. This system uses the current supplied from the secondary of
a transformer whose primary is connected to the detector alternator, This current
is amplified hy a transistor am~lifier stage and then ractified and filiered to provide
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 release power transistors
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to be energized and allows fast brake release.

The anti-skid DET OUT light iiluminates as an indication of single brake release
that continues for more than 2.5 seconds. A failure that causes a continuous
release of brake pressure will result in the K1 relay becoming energized after
about 2.5 to 3.0 second time delay. The relay normally closed contacts provide
a greunding circuit for the first failure indicating light. If there are no other
brakes with a continuous release, skid control continues for all other wheels.

Failures that 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 control. A continuous brake release of two or more brakes for 3.5 to
4.5 seconds, causes the K3 relay to pull-in and short out the K2 relay. When the
K2 relay drops out, the power is removec from the skid control circui: and a
ground is provided to illuminate the ANTI-SKID OFF lights.
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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 necessary pulleys, chains, and cables to interconnect the steering
components. The components contained in the rudder pedal steering linkage
consist of a hydraulic connecting actuator and the levers and sprockets re-
guired 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 rudder pedals, causes the steer-
ing control valve to direct pressure to the appropriaie end of the actuating cyvl-
inder. This evlinder turns the nose wheeis in the selected direction. A max-
imum of 30=degrees rotation left or right is possible through the wheel steering
system. A maximum of eight-degrees rotation left or right is possible by de-
pressing the rudder pedals. When the load is removed from the nose gzear, cen-
tering cams within the siTut returns the nose wheeis to the line-oi=-8iznt posi-
tion in preparation for retraction of the gear.

THE SYSTEML

e et

The steering wheel and column assembly is located [orward and to the ieft of
the pilot's position. The steering column assembly consists of an upper and
lower assembiv with a gearbex and indicator betwsen the two sections. Thas
gearbox reduces the effort required to initiate steering movement irom tne
steering wheel and the indicator indicates position of the nose wheel in re-

lation to the line-of-flight.

The rudder pedal steefiug assembly is connected to the lower portion of the
steering column. Rudder pedzl movement is transmitted to the steering
column by belleranks, a hydraulic-spring "bungee'" actuator, a cam 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.

VOL. V =1



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 pressure applied to the "bungee" actuator causes it to become
a fixed link capable of trausmitting 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 extended, 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 centrol cable by a bicvele-

type chain attached 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 strucmre
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STEER NG
ACTUATOR

MCSE STEETING DISCONMNECT

near the NLG trunnion. When the NLG is retracted, movement of the gsar sapa-

rates the disconnect asse2mbiy, and the steering coiuiin 15 locked n ine 2sutrzl poai-
tion. Locking the stoering cclumn inneusral assurs: tha: the two haovzs of 1o Ld=-
aonnect assembly engage when the NLG is exiepded. Cacies from the ldscoansze:

assembly transmit movement to the steering control valve on the nose sirui,

The nose wheels are sieered by rwo horizentally opoosen evlinders mountad 1orwars
on the shock strut. The pistons are connected to a rack gear which engages a sector
gear arranged to conver: raciprocal motion to rotary motion in a sleeve extending
below the steering cylinders. The sector gear is connected bv torque links to the
axle housing. Steering motion is initiated through a control 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 desired. Fluid fiow

is shut off by a self-cancelling control arrangement when the desirec steering angle
is reached. Hydraulic pressure is available to the steering system only when 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 cable 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 #0~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
castering 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 interflow between the actuating cylinder cavities by way of the return pas-
sages and allowing the nose gear wheels to rotate in response to castering loads.
The interflow or by-pass cavities also provide dampening for nose wheel shimmy.
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CARGO RAMP, PRESSURE DOOR.

AND PETAL DOORS

GENERAL DESCRIPTIOX.

The StarLifter is eguipped with two havdrawiicaily actuuted clumzshell-tipe
petal doors, a pressure door, and a cargo ramp. Hudraulic pressure ior

operation of the doors and ramp syvstem is supplied b the No. § hydraulic
system.

B e
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PARACRCP AND ADS CONTROL PANELS

There are four separate control panels trom which the doors zad ramp sosten can
be operated. The pilot's paradrop and aerial delivery system {ADS) control panel,
tiie copilot's paradrop and ADS controi panel, the DOOR AND RAXZ CONTROL
PANEL and the crew Jdoor interphone and public address (PA) paze:. The plict's

and copilot's paradrop and ADS control panels are located in the flight station. From
these panels, all of the doors and the ramp may be operated in flight only. The
DOOR AND RAMP CONTROL PANEL is iocated ait of the leit paratroop door. Trom
this panel, all of the doors and the ramp may be opened or closed on the ground, and
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. Tlis panel coutains a PAESSURE
DOOR ONLY switch that will open or close the pressurea door in {iight or on the
ground.
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The petal doors have three open po-
sitions: 38 degrees, 65 degrees, and
80 degrees. The 80-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 the
stop links.

pE T ¢ .97
DOOR AND RAMP CONTROL PANEL e s W

CREW DCOR INTERPHONE AND PA ZIMT7Io oAl

TUE SYSTIE)L

PRESSURE DOOR - The ait pressure door is approximately ten feet wide and
seven feet hich and provides the aft closure for the cargo compartment, The
aft pressure door opens in conjuncticn with the petal doors and the cargo
ramp to provide an unobstructed opening into the rear of the cargo compari-
ment, The pressure door is hinged at the top.  When the pressure door
closed, it latches to the ramp which is in the up position. A single hv “1.*:1“11:'
actuator, which is autached near the op of the pressure door aud tu the alt
fuselage vverhcad tdeck, upens and closes the door.
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PRESSURE DOCR UPLOCK

A spring-lccked and hydraulically=released uplock, which is nicucied in the a't
fuselage overhead deck, locks the pressure door to the open pesition. A latch nin,
which is bracket mounted tc the aft side of the pressure door, sirikes ihe
uolock hook and moves it 2%t as the pressure door acars the tul ancn dsiton,
As the aoor reaches the iuil open position, a spring in che Dy rawio ac-
tuator forces the hook under the latch pin and locks the door. With the

docr in the full open position the latch pin positions two levers: one laver
displays 2 visual locked indicateor g a.d the other actuates tie pressurc
door uplock switch. The pressure door uplock switch is used in the syvs-

tem to control the indicator lights and to sequence the movement of the ramp
and the petal doors. To release the uplock mechanism, hydraulic pressure

is directed to the uplock actuator. The actuator retracts and pulls the

hock [rom under the latch pin. As the door moves down, the locked indicator

flag is retracted and the uplock swilch moves to the not locked position,
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Two pressure-door-lock actuators 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 hooks 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
aft upper end of the ramp. When the hooks engage the latch fittings, the actuating
linkage is overcenter locked. Two mechanically 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 pressure door lock actuators
brings the actuating linkage out of overcenter locked and disengages the hooks from
the latch fittings.

: e
Two pressure door locked switches are EC T
actuated when the hooks engage the ramp J <
latch fittings. The switches are mounted ) -.
on the aft end of the ramp and are ac- ACTUATOR—. ~ . b~ .
tuated by the innermost hook on each : r
torque tube. The pressure door locked [
switches are used in the indicator lights b =
cirecuits and in the doors and ramp i, &
system control circuits. STOP PIN—. - ~ ‘_"' E
G e - i

: ~*s e T Rt

Two pressure door unlocked switches . ~S 5 ~—T F
— e,

are installed on the bottom of the T e, e
pressure door. They are locaied near % TR,
the center of the door at the encs of P ey -
the torque tubes. Thesc switches are A Laten —ToRGLE
SRR sk Yoo e TITTING Tusz
irdiiduailr actuated by corresgonding yprsgiod

cams on the Lorque uovs. 1ok sFwiithes
are used in the doors and ramp s;stem PRESSLRT DOCR LofX ACTUATER AMD i2i7s
control cireuits.

Two pressure dour aown switchus 't Dviiicd 55 L0 Presscra Liul wou dl'e e
tuated when they make contact with the aft erd of the ramp. These two switches
are used in the control circuit to permiz the prezsure door o e locked when iz i3
down against the ramp and in position.

RAMP

A cargo ramp, approximately nine feet wide and ten feet long, provides cairgo
floor level and ground loading access to the full width of the cargo compartment.
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JACKSCREW

ACTUATOR
DRIVE UMIT
.? wrCKSCREW
H? ACTUATOR
PETAL DCOR

LIMIT SWITCHES

‘ ﬁ DOOR AND RAMP

2 CONTROL PANEL
103 GV
i\ HYDRAULIC CONTROL

i3
L o/ VALVE PANEL

PETAL DOCR COMPCHENTS

doors are hinged, on their upper edges, to the aircraft structure and open outward
to 38, 65, or 80 degrees. The doors are actuated by a single hydraulic motor and
gear hox driving two jackscrew actuators, one for each door,

The drive motor and gear hoX assembly is located along the cenier line of the air-
craft in the aft fuselage area. A reversible hvdraulic motor, a recuction gezr .cx,
and a hydraulic iimit valve make up the <rive zssembiv. The hoedraalic iimit valrs
is positioned by reration of the gear box. Wihen the gzear bux has reiared an eqguiv-
alent of the 65-degree deor opern position, the limit valve will stop the flow of &=
draulic fluid to the drive motor. The limit valve may be by-passed by putting the
PETAT DOCES switch, located o the DOOR AND RAMP CONTROL PAMEL, ir
g0 position which causes the petal docrs to open to the 3U-degree position.
Provisions are made for attaching a handcrank to the gear box for manual operation
of the petal doors, '

The housings for the jackscrew actuators are gimbel mounted to aircraft structure.
Self-aligning bearings attach the jackscrews to the petal doors. A torque tube con-
nects each jackscrew actuator to the gearbox assembly. Mechanical stops are pro-
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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PETAL DOCR LCCKS

Two hy: ~aulically=actuated latching mechanisms with locking hooks are provided
on the iower inboard edge of the left petal door. When the petal doors are closed,
the locking hooks are rotated to engage corresponcing fittings on the right petal
door and to iock the doors in the closed ‘osition.

Each of the petal door locks is operai=4 % a doubie actizng hydraulic aztuator whichk
gxtensds o lock and retrocts to uniock. A spring sirut, aitachad to the lociing
hook, positions ihe hook to enguge the lateh fitting on tn2 cight petal coer wnen the
actuator extends. When the hooks are [uliv locked, the actuating iinkage goes
overcenter and is held there by a catch assembly.

A petal door overcenter locked switch is installed at each petal door lock and is
actuated by a switch lever when the actuator arm attach pin is in the notch of the
catch assembly. The petal door overcenter locked switches are used in the indicator
lights circuits.

A notch in the spring-oaded catch assembiy receives the actuztor arm attach pin;
this prevents vibration from unlecking the hooks. As tne actuator retracts, a can
on the actuator arm moves the catch assembly back to release the attach pin and
allows the locking hooks 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 unlaocked
switches are used in the doors and ramp system control circuits.

Five petal door limit switches
are installed at the forward hinge AR
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 g20_||
and ramp control circuits. The % il
35-degree and 62-degree switches 80=—
are used in the indicator lights cir- 382
cuits. The 38-degree, B5=-degree, g5°
and the 80-degree switches are
door travel limit switches.

PETAL DQCR
HINGE

o]
35_"".

A petal door closed switch, in-
stalled at each petal door lock as=
sembly, is actuated by a lever which
eoutacts the right petal door when
the doors are closed. The petal
door closed switches are used in

the doors and ramp syvstem control cireuit,

PEVAL 2CC7 LIMIT SN0 URSE

HYDRAULIC OPERATION.

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

Pressure door actuator control valve
Pressure door lock control valve
Ramp control valve

Ramp lock control valve

e L B
- A
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8. 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 pressure door actuator
to the pressure door actuator control valve. T wo pressure door flow regulators 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 pressure door
actuaior. 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 cf hydraulic fluid to "lock' and "uclock" the pressure door and to release
the pressure door uplock.
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RAMP SYSTEM HYDRAULIC SCHEMATIC
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The ramp control valve 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 410 PSI at the down side of the ramp actuators. The
pressure reducing valve is installed in the upper portion of the control valve
panel. A flow regulator controls the speed of the ramp, during the lowering

and raising cycles, by regulating the flow rate of the hvdraulic 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 valve directs
the flow 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 hyvdraulic fluid to the cpen or
close side of the petal door drive motor which operates the jackscrew=-iyps
door actuators through a central gearbox and torque tube arrangement. A petal
door flow regulator in the pressure line regulates the flow of hydraulic fluid to
the control valve, thus regulating the speed of the petal door drive motur. The
petal door lock control valve directs the flow of hydraulic fluid to the lock or
unlock side of the petal lock actuators.

ELECTRICAL CCNTROL AND OPERATION,

The doors and raimp are norrosally conirolied E!lLCZl'lC.L..' Irdm eitknr g (nanara=
drop and ADS control panels or from :.:e DOOP. AND ?-‘L-.!I-' COXTROL PANEL,

Onlzthe Dressave joor miay hE elzgiricalis consr.liac ooz ghs mlstanlae oY

A conIre: :.E;.E... Imdicotion ong w El"::'.:..:_..' Loy o= 0 ¥ e iy e ol T _.
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in the appropriate position will cause the doors and the cargo ramp to open or closs
sumultanesusly. The silot's panel aiso coniains 2 owe-nositicn DOCR AZMTNS
gwiteh with "ARM' and "OFF" pusitions; it must be in the “ARII" position befove
any door movement will cccur. Also on the pilot's panel is 2 DOOR SELECT switch
with "INT'" and "FULL" positions. The position of the DOOR SELECT switch
determines the positicn to which the petal doors wiil open, In o "INTY pasitien,
the doors open to 28 degrees, and ia the "FULL" puntmu, the dours open o L3
degrees.

VOL, V 6=-13



DOOR AND RAMP CONTROL PANEL

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 RAMP switeh. This panel also
contains control switches for the No. 3 hydraulic system pumps.

The ALL DOORS switch has "OPEN" and "CLOSE" positions to simultaneously
control all doors. The RAMP switch has "LOWER" and "RAISE" positions to
control ramp position and the PETAL DOORS switch has "80°" and "53°" positions
for selectior of the amount of petal door opening on the ground. The PRESSURE
DOQR switch has three positions: "OPEN, " "OFF," and "CLOZE." This permits
independent operation of the pressure door.

CREW DOOR INTERPHONE AND PA CONTROL PANEL

The PRESSURE DOOR ONLY switch, on the crew door interghone and PA panel,
has three positions: "OFEN," "OFF," and "CLOSE," It is the only switch on the
pane! whick will affect door movement. This switch permits ground or in fligh:
oneration of the oressure door, if the static line A" {rame acruators are not

installed when the svetem is armed by the DONE AS TN Z swirch,

When the AZI DOORS cortrot switch on the piict's or cooilot's marad-om and ACS
panel .z In e "TLOSE" pasition, the cloge melo: o ans

slied tircugh the snergiztd door=saquence el L. LA L8270 soisndin of ti'e =i,

door actuaior aontiv. vadave. With the petal aoors Jpel, e Selal dotis actuais.

el et W 3E ST

Pl i sty L oJonanel wgth TOF e btege sdepelioy ne naml v mprene
i i RN o Aok g™ |y T A e Mt 1 (RN e AL TS TR
PRIV WD InE TaML~twWn Shicoes. The Glosz2 SOnillviu 48 Low EnSTEiZou WHRISS
cositions the petal uoor acuator control valve 1o close; hydrauiic pressurz is now
pOTTEL 1o the patsl LSCr drive motor, The peral wonvs smar: b g assy whern oe
SRR e darelelted s ile tDeE TS DOFITISE, B Uikl Gl anilten o nen e
As the limir switch, selected by the DOOR ST LECT switel., is opened, the ail c.en

=

relay is deenergized and the magnetic coils are enesgized. This 2:ids the AL
DOCRS corrrol swiich in the "CLOSE™ position; howev.ers, the ALL DOORS coniru:
switch must be held manually in the "CLOSE" ;cosition until the mazmetic coils a-e
energized.

Wilen the petal doors are completely ciused, the petal doors clused swilenes are
actuated to complete the ground circuit for the lock solenoid of the petal duor lock
control valve. Hydraulic pressure is tnen ported to the lock sides of the petsl
door lock actuators to lock the petal doors. The petal door actuator limis switek,
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when actuated, breaks the ground circuit of the door sequence relay and causes
it to deenergize. When deenergized, the door sequence relay directs power to
the up solenoid of the ramp control valve. Hydraulic pressure is then directed
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 provides
a path for power which is supplied through the close relay to energize 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. From the PRESSURE DCOR
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 viave.

When the static line "A’ frame actuators are installed in the aircraft, only the
PRESSURE DOOR switch on the DOOR AND RAMP CONTROL PANEL will close
the pressurc door. If the static line "A" trame actuators are not installed in the
aireraft, adapter plugs are installed in the actuator connectors. When tie acanter
plugs are installed, the pressure door will close and lock in sequence without using
the PRESSURE DOOR switch.

The circuit to the pressure Joor actuator control valve open soicneid is completed
through e pressure door uploek switch. Hydraulic pressure is pertsd Lo ine
apegsUrt Jwdt actuuior which preloacs the pressurs door to the oden sesizion. I

alsu purtec to the unlock zides of the pressure daor lock actuators and t. the Dressur.

When the pressure door dploci 13 released, the pressure goor unlock switeh iz
actuated, This breaks the circuit to the pressure door actuator control valve open
solenoid and makes the circuit to the close solenoid. The close solenoid is then
energized and hvdraulic pressure is ported to the down side of the pressure door
actuator to lower the pressure door. When the pressure door reiches the closed
position, the pressure door down switches are actuated which breaks the circuit

tu the pressure rdoor lock control valve unlock sclenoid and energizes the lock
solenoid, This ports hydraulic pressure to the lock sides of the pressure door lock
actuators. The locks are actuated and the pressure door is locked in the closed
position. When the pressure door is locked in the closed position, both pressure
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door downlock switches are opened. This releases the ALL DOORS contrel 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
DOCR SELECT switch. Power is supplied through touchdown relay 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 RAMP CONTRCL PANEL. Power
is also supplied through the pressure door uplock switch to the ATL DOORS control
switch on the DOOR AND RAMP CONTROL PANEL. The ALL DOCRS 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 relay No. 5 is energized.

When the ALL DOORS switch, on the DOOR AND RAMP CONTROL PANEL, is held
in the "OPEXN" position, the pressure door is hvdraulically preloaded to the closed
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RAMP CCMTROL SCHEMATIC
aosition and unlocked. When unlocked, hydraulie pressure s avlies 12 oo« o
aort of the pressure door actuator, opening the pressure JCor, Elefiflen: ol ve:
is p*m ided to the close solendid of the pressure door actuaicr coatvoel vab
tHhe JL‘-‘ v the not-unlocked contacts of e pressure ALY Gt sk Btas %
samie time gower fssupplicd throtgn the pressiry asop amwn 3 iiener ann Tyl
line A" frame retract switeiies o the unlock sulenoid of the Dressiiry o0y Lo
actuator control valve. When the pressure door unlocks er-r the ramp, he pressure
door unleck switches revuwve tne eleetrical pov op ivam e vlvs MERTIa e R -

it tu the upen Suleiods ul he Pressulre Wl GUiulior Sutiilv, e oy
While the pressure door is opening, the up solencid of the ramn actuator
valve is enerrized through the open contacts ol the ALL DUURS switch and the Tooke
contacts of the ramp unlock switches. The ramp is hydraulically preloaded. Wi
the pressure door is locked in the up position, the pressurc door uplock switch 13
actuated to cut off power to the pressure door lock and getuaior contro valves
Power is then supplied through the ALL DOOURS switch to energize the unlock suie-
noid of the ramp lock control valve, Hydraulic pressure is then ported to the re-
tract sides of the ramp lock actuators to unlock the ramp. When the ramp is un-
locked, the ramp unlock switches are actuated to deenergize the up solenoid of the
ramp control valve and to energize the duown solenoid. Hydrauwlic pressure is thoen
purted Lo the down side of both ramp actuators to lower the ramp.
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PETAL DOCR CCNTROL SCHEMATIC

Whan the ramp reaches the horizontal position with the ramp sten links insialel,
the ramp down limit switches and the deenergized close reiav proviie a ground o
the doear sequense relzy. Fower is supplied to the uniock s2ienon’ of the poe. -
ivek goniniory velve from the ALL DUORS switeh shrough esnevoi, wdoor 2o
relay.

Hdraulic pressure is ported to the unlock sides <! the notal szew tzol aetuas. -
which unived the petal Jduers. Whell Lhe petal doul's are uochivd, e petal ooz
unlock switches are actuated to complete the ground circuit of the vetal door con-
t#ol valve open solenovid. Two ground paths are available for the petal doey conir -,
calve open solenoid. One ground is available through the petal door 30=-degree "Iaut
gwitch, the 55-degree limit switch, the J2-degree limit switch, and the petal douvrs
unlocked limit switches. The second ground, available onlv when the 309" po=ition
is selected, is through the $0-degrev limit switck, through TOUCHDOWN velayr N,
4, and through the "80“" position of the PETAL DOORS select switch. \Wiih the
open solenoid of the petal door control valve energized, hyvdraulic pressure is ported
to the open side of the petal door drive motor which drives tire petal doors open.

=¥ VoL, &



aoner s srarie LiarrLatus A6, 3 l__rl_._—
— e fagLg Pog I HEEL LA L
I e ACTR #@W T18% ac 1 H I
d - METEAD T
; | __.Ij i [ | oaratic Liwg e T reasg 1
! I ;ni.rnltfttl
| R (e, A s gt Tl 02 Kt Vo 2, LINE a
: L] : . et RLTE b = - FRAWE l.t.'l,
i J Tl £ ; (20 L] n 1
LI48
= —_— ) e -
i 7 | H A" reamg wor {““u 533 |
B - i LY @R RETH —
I E’ | i T b |
| i I & |
0 T ] 32 !
) ]
1 :'ﬂ i o RETR |
] L3 | ' '
- B4 '
= RS AF ! |I-|_P_ —
H i R a—
1 L} I
e u-'ru' R T -] J S { r__“:;'t.n:.
bl 0L | L3 uM L%} | | I
ACLAT v G z+ = B I“-l ¥
wo. 3 | LS cLosc A i s | Bl EENLERS
AAHE PARLL i L s b o
I n-.ln ALk DOCE B : - - .,,__? SR,
L r B0 s ! 3 b a4
i o - . L
s AN AL 1 -— ﬂ.-;:.;'
BFF PREZS - H Bys Wo. 2 1 | 1 | =
A _E. L] ~a 115w ac i i ] iMTCR SEL o | g 12
= VELED cLoat ! ' et r’_q-—-—-—-- iein P
2 HELAT amamic i | = ~al 1 o meral
camgo LIRE i T aratez : . i
(=1 1% [ £ wINg 3
200R Foy | TR g H ,—ﬂ""‘ .
ZownTaoL acTH I | o ub B Bk = —
" 1
MaiN 3E . 1 _!* T‘_--faaarun- e -‘_.}....__ - e ETaT.e
us wo. 2 1 I 'h"i b :r:n:‘ TR e
i i 5Lt fqg,uf_-.;.t
—_ | -

ADS/STAT!Z LINE ELECTRICAL SCHDMATIC

A= the petal doors reach the seiected position, the spplicaala Limil =i
deenergizing the open solenoid of the peral door conirol valve;tils =
hydraulic: fluid toithe jyetal dcar Trive mioiay, Wasn theraympis lovedsy Tl oy
horizonta: position 2nc the petal dlors a2 doel L. D8 S2l0le L0 8000

DOORS control switch is relaoased. £ the ramo is 10 be owerad 10 he rround
¥

il

the RAMP control switch is momentaril; positioned to "RAISE" 50 1ne rann ston
links may be disconnectad. After the ramos 5100 links zre disconmesic |, fue BAMD
control switer i gositiored Lo ™l A ndls Tals HuTIiZesife Lohh onaedeaes

"

ramp control valve and ports hvcraulic fluid iatu the down side of Doth ramyp actuliors
which lower the ramp. The RAMNP control swizeh must Be sl jn the "LOWLZR"
position until the ramp is lowersad to the desired position.

When the petal doors are to be opened to the 30-degree position, the PETAL DCORS
55./80=degree switch is positivaed to v309, This bypasses the peial door 33-gdaglas
and 65-degree limit switches and energizes the petal door control solenoid valve on

the petal door drive assembly. When the petal doors reach the 65-degree position,
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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 S0-degree po-
sitions. When the petal doors reach the 80-degree position, the petal door
80-degree limit switch is actuated to break the petal door control valve open sole-
noid circuit. The solenoid is deenergized, which closes the valve and stops the petal
door drive motor.

When the ALL DOORS control switch is positioned to "CLOSE, " the opening sequence
is reversed. The operation of the doors and ramp system is the same when.controlled
from the ALL DOORS switch on the DOOR AND RAMP CONTROL PALEL as when
contrclled from the ALL DOORS switch on the paradrop and ADS control panel. The
ALL DOORS switch on the DOCR AND RAMP CONTROL PANEL must be held in
position until the cperatior is complete.

CARGO RAMP, PRESSURE DOOR, AND PETAL DOORS INDICATCE LIGHTS.

Indication and warning lizhts for the doors and ramp are located on the pilot’'s and
copilot's paradrop and ADS control panels, the crew door interphone and PA con-
trol panel, the DOOR AND RAMP CONTRGL PAXEL, and the navizator's ADS panel.
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CARGO DOOR SYSTEM INDICATING SCHEMATIC
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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 lights 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 closing 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 their
travel and the all open relay is energized. The position of the DOOR SELECT
switch on the pilot's paradrop and ADS control panel determines whether the 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 ARMED 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 relay is energized

to complete the circuit. Because the IN TRANSIT light is in parallel with the IN
TRANSIT lights on the pilot's and copilot's paradrop and ADS control panels, they
will all be illuminated and extinguished at the same time. When the all open relay

is energized, the ALL OPEN light illuminates. The all open relay is energized when
the pressure door, the petal doors, and the ramp are open to the desired positions.

The DOOR AND RAMPF CONTROL PANEL contains a CARGO DOORS SYSTEM

ARMED light, a PETAL DOORS NOT LOCKED light, a RAMP NOT LOCKED light,

and a PRESSURE DOOR NOT LOCKED light. Illumination of the CARGO DOORS
SYSTEM ARMED lights occurs when the DOOR ARMING switch is positioned to

"ARM" and the arming relay is energized. The RAMP NOT LOCKED light iilumi-
nates when the ramp is unlocked. When the pressure door is unlocked, the PRESSURE
DOOR NOT LOCKED light {lluminates. The PETAL DOORS XOT LOCKED light illumi
nates when the netal door is not locked.
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WING FLAPS

GENERAL DESCRIPTION.

Aircraft 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 StarLifter. Two surfaces

on each wing extend from theé wing root to the aileron. Surface deflection is
manually controlled from the flight station. The flaps are mounted on carriages
which roll on curved tracks. The tracks extend aft from the trailing edge of

the wing structure. Jackscrew actuators are used to extend and to retract the
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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 or leads its counter-
part.

THE SYSTEDM.

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 procedure allows a ser-
rated shoe to move away from a serrated track and unlocks the handle. The serratec
shoe and track allows infinite positioning of the handle. The handle has three detented
positions: "UP," "TAKEOFF AND APPROACH, " and "LANDING." Tiiiing the {lap
handle knob also frees a roller from the detent which is holding the handle. Only

the take-off and landing detent tracks are adjustable.

spoilers are being used in flight. The spuiier cﬂmrnl handle incorporates 2 similar
restraining feature when the flaps are being used in flight. This feature prevents
inadvertent operation of the flaps while the spoilers are iz use, but the high handle
force may be overridden in the event of a malfunction. The icckou: solencils ars
located within the control pedestal and must be energized to remove the higi 1orce
from the handles. When a high-force condition exists, a lockout indicator :or s
affected handle can be seen protruding through the throttie cuacdrant sover, Turing
ground operation the [laps and spoilers may be uperatsd simultanels s, .,

A landing gear warning switch is closed bv tne Tlor copiroi handie ot surronn

= percent of the flan comtros hanwillc Sosifismn AZon 4l P Dwormania o e
and locked and the lanciag gear warnin_ stifc. o4 deilicd, = R
and coatirue to blow uniil Lae yeas is Zowp 2o looked o the worning pwitel L Jpene
Movemen:s cf the flar eontire, Mamdic (UulEniE e rou. giooeor s e e
a single closed-loop cable system anu mechanicai lmluage he flap um PO. Btites

can be placed in any position without waiting for the flap svstem o follow uu. :;:
addition to the three detented and decalzd gositivns, convanient reference maris sve
located at the 25 and 50 percent extensicn positions on the flap select scale.

A failed=cable detector assembly is locatecd above the {lap ingut quadrant, The

input quadrant is mounted on the alt face of ihe wing rear bea:: insile the carzo
compartment. If a cable were to break, the spring would force the striker plate
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to contact and actuate the detector switch. The switch would then close the
asymmetry shutoff valve in the gearbox and prevent the flap actuation that would
result from cable stretch in the remaining cable.

A motor and wing-flap gearbox assembly is mounted on the wiag 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

Normally the gearbox is driven by both hydraulic motors which are nine-piston
reversible motors. The No. 2 hydraulic system supplies power for one motor and
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the No. 3 hydraulic system supplies power for the other motor. During one motor
operation, maximum system torque is available because of the mechanical advantage
gained in the differential gearbox; but the {laps are driven at one-half the normal
operating speed. Motor speed 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 first routed
through the solenoid-operated shutoff valve designated as the asymmetry shutoff
valve, This valve is energized closed when an asymmetrical condition exists, when
the FLAP ASYMMETRY TEST switch is actuated, or when the failed-cable detector
switch is actuated. When the asymmetry shutof? valve is energized, tne solenoid
releases a spring-loaded valve spool which shuts off all hvdraulic flow to the mani-
fold., A wvisual indicator to show actuation and a manual rﬂse* knob for the soienoid
are external parts of the valve. From the asymmetry sautoff valve, ;:-ressure iz
routed to the manual shutoff valve., This manual shutoff x:—:i.e isolates the flaps
from both hydraulic systems. The tandem servovalve is !ocated dmvns:ream of

the manual shutoff valve and provides synchronized conirel of {luid flow o and

from the hvdraulic motors.

The {lap gearbox is a sun and planeary -g:ar dillerenual assembiv. Duth o ae

nydraulic motors spline into and drive a sun gear. The plapetary goar irain oon-
taings three paivs of planetayy gears, whick sre bearing wounted =2 2 sarries hat
Las the oubout oinisn Roltes 2% 30 A eae redueiion IoEEs bse Datires Thd vans!
gcinion and the outout gear. The glanetary gesrs mesh with ecch sner ond with the
sun gegrs. when born motofs are grivion e ¢aarnoR, wie Eaniory SosE nn
Taapiney hepairie ST nE s RTe, Sotr i ATl TSNS gt S i meie et

e Bogh A - b il Rl TRl L S HE TR p sy e % P
Sauis TOLGES Iround fhe stailsnaby sur gear O doolagpesiniv mulor. ToO naasmetas
curriss then rotgies ot une=ha'l tie sneeu of tne dreving moisr, Thog rodus oz oo
Fo Srs tooone=hall the oromanl operating sneed

Tvo spring-applied and hyvdraclizgliv-releaszed bralie assemnlies are {nzorparited
12 the gearbox. If hydiaulic pressure o onc motsy is o3, e Lssovelaied Braaw
autcmatically locks that motor's drive shaft, Dorake ageiication is accoimplisned
through spring force exerted on a series of friction disks. Half of the disks ars
splined to the motor drive shaft and the other half of the disks are pinned 1o the
gearbox case. Brake relesse is accomplished by hydraulic pressure moving o
pision which, through the action of a lever and release pin, compresses tae brake
springs. This action allows the [riction disks to move apart and the motor drive
shaft to rotate freely. The brake holding torque is suificient to prevent the shaft

L
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fror rotating under full stail torgue of the opposite driving motor. Jheek viuves
and one-way resirictors in the hydraulic maniold easure proper brake Jveraiion
in the event of a hydraulic system failure.

To prevent damage to the gearbox brakes during {iap operation with the interconnec:

valves open, a flap ground-test shutoff valve is incorporated., This manuaily-

operated shutoff valve, located adjacen: to the {lap drive gearbox, is installed in the

pressure line to the No. J system flap motor, The normaily open vilve must be

closed if the No. 3 hydraulic system is used to pressurize the No. 2 hydraulic sys=

tem for the flap operation. Neglecting to close the valve will result in dragging
brakes ard eventua! failure due to insufficient flow from the No. 3 hydraulic system
pumps for two motor operation. '
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Motion from the input quadrant is transferred o the geartox inout tever Br means
of a pushrod. The input lever is coupled to a planetary gear carrier ¢: the Iizp
fociiawun mechanism. Input lever movemant rotaies the corrisr, caus.ag the
planetary geass to revolve around the sun gear and .‘:1 g ahe pignenr ving ey,
Dispiacemen. of the ring geaxr positions the servovalve in the avdrauiic manifsis

to diract fluid to the hydraulic motors. A feedback gear-shaii connects the gearnex
cutput shaft to the sun gear. Rotation of the sun gear caus s the planotzsv gears

to rotate about their pivot on the planetary carrier and to rotate tne ring gear in

the opposite direction of the cortrol lever J.nput. This feedback centers the servo-

valve and stops flap movement.

The flap position transmitter is coupled to the feedback gearshaft. Tlap gositicn
is relayed to an indicator on the pilots' center instrument panel.

Atorque 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 actuators.

The torque tubes are supported by bearings and are coupied by universal joints.
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Two jackscrew actuators are used to drive sach section of the flaps. Each flap
actuator consists of a 90-degree gearbox and a jackscrew assembly. The output
pinion 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 travels 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 assembly
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.

ASYMMETRY PROTECTION.

A flap asymmetry system provides protec:ion against asymmetrical operation of

the wing flaps. The detection section of this system monitors flap position by means
of two transmitter-control transformer synehro loops. A traassmitter synchro is
located at the inbc ard track of each left side flap secticn and is driven by a chain and
cable assembly. - corresponding control transformer is located at the inboard
track of each right side flap section and is also driven by & chain and cable assem-
bly. The transmitter-contro! transformer svnchro i0ops are connected ocutboard to
cutboard and inboard to inboard. The computer-amglifier locaz2< in the cargs com-
partment compares the input to the transmitter to the output of the curresponding
control transformer. In this way the positicn of the flaps sactions .5 compare:,

the cuipur of the controi mansisrmers {5 the sarme 25 158 Inpud o L0 trangmitio s,
Ii cne secticn of the flaps lags or leads its counierpart, ihe eiscirical dlfference
between their transmitter input and control transformer output would produce 3sn
asymmetry signal. The computer-amplifier output would then cause the solenoid-
operated hydraulic shutoif vaive to close the brakes to app.y at ath suthoard actu-
ators, and would illuminate *he FLAP ASYM warning light on the annunciator panel
and the flap asymmetry test light on the FLAP ASYMMETRY TEST PANEL. The
asymmetry system can be reset only on the ground because acditionai flap rrave!l in
flight could possibly increase an asymmetrical condition bevond the corrective ca-
pabilities of the alleron system. The circuitry of the asymmetry system inciudes
a power failure monitoring circuit that iliuminates the FLAP ASYXM 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 SW. To check the

7-10 VOL. V
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asymmetry svstem, first pressurize the No.
2 and No. 3 hydraulic systems from different
power sources; then put the flaps in motion.
MNext, momentarily place the ASYMMETRY
TEST switch to the "TEST NO. 1" position
which controls the outboard flaps' channel in
the computer-amplifier. The asymmetry
brakes should engage and the solenoid-
operated hydraulic shutoff valve should close,
to stop all flap movement. When flap move=-
ment stops, the FLAP ASYM light on the
acnunciator pane! and the test light on the
asymmetry test panel will illuminate.

To reset the system, f{irst place the DEFEAT
SW in the "DEFEAT" positicn which will re-
move the slectrical power {rom the asymmetry
brakes and from the hvdraulic shutoff valve.
Then manmeally l'E.'SEn. the snutoff valves and
asymmetry brakes. The flapa will then con-
irue to the pesizion l"..‘—.". fovziy seleciad,

Alier the valve and urages mave oesa resel,
pracing the: RESET SVO o ths "EESETY poslticn
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channel i tne computer-amelitfier, rnpea'
the previous procedures asinz tha "TEST N2

T

2" posidon Al the TEET S0 dnsneal 28 ke
"TEST NC. 1" posiiion.

id-operated asymmetry brakes are connectew to the through shafss of she
culboarc Lapactuaiors' gearboxes. When the solencid 1s energized by the asvimmuesy
compression spring is released to apply the disk-tvpe braxes and a swiion
is opened to remove power from the soienoid. If a malfunction causes one brake :
lock, the orsosite hrake will automaticallyv lock. The brake kaz a
knob and a visual indicator to show brake position.

Manual resstl



-
SOLENOID ACTUATED PLUNGER

[CUCKED INDICATOR

——

rERAKE

&

B
b

\

TORQUE TUBE COUPLING —

SOLENOQID

FLAP ASYMMETRY ERAKE

Each flap asymmetrv=-transmitter drive consists of a chain, a cable, a ten-
sion regulator, and a synchro. The chain and cable are attached to the flap
surface. The chain is routed over the synchro and tension regulator sprockets
mounted in the flap well, and the cable {s routed cver a puliev mounted jo the
structure of the wing trailing edge. A tension regulator maintains proper
chain and cahle tension throughout the flap travel range,

A limit switch assembiy is connected to the left inboard asymmetry-transmitter
drive. Limit switches are provided for the full-up, 20 degrees down, 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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is available for the horizontal stabilizer.

The 20=degree it switch {5 used iz
the automatic {lig

ht contro, SVsiam to increase tie Jain frons the autupilet when
the flaps are in the 20-degrees down to the full-down range. The (i-ilegree .imic
switch is used in the take-off warning sysiem.
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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 aireraft down. During landing, spoilers are used to spoil the effec-
tive extra lift created by the flaps so the aircraft may be stopped in relatively
short distances,
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The spoiler system is controlled by manual movement of the spoiler 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 m;ing 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 quacrant 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 panels are in two groups,
inboard and outboard, with each group containing upper aac lower pacels. There
are five upper and five lower panels on each inboard wing anc four upper and four
lower panels on ezch outboard wing.

During flight, the tandem actuators for both spoiler actuzicr 4nits use pressure
Trom the No. 2 and No. 3 hydraulic systems. For ground operation the inboard
aczua.turs use No. 2 hydraulic svstem pressure : and the outbcard actuators use
No. o hydraulic svstem pressure. intke eveant either hyirzulic system faiis
during ground operation, the spoiler actuator unit will autcmatically change ope-a-
tion so that both inboard and outhoard actuators will operute from the remmalinine

ing
herfraslin gyster,

An asymmeiry detection sysiem is provided or the cuthoard drive mbes io ansurs
that the outboard spoiler panels on one wing do not lead cr lag the mtboara spoiler
saneiseoor Ahesother wing. Sheuld an agvmmetrical condisicn ooy bovsr? tha aliow-

able l_mh:., the sensing system causes all spoiler pazeis 10 ciose.

Zpoiler pesition indication is provided by 2 {Euai polinter incicator on the center in-
strument panel. The indicator also has a "LOCKED" azd "UNLKD" flag.

An ARMED light on the center console illuminates when tie system is armed for
automatic operation. A GROUND light,which is alsc locarad on the center console,
illuminates to indicate the system is set up for ground operation. The GROUND
light does not illuminate when the "FLIGHT" mode is selected.

8-2 VOL, ¥



DETECTOR lights are located on the copilot's side panel for indication of
proper asymmetry detector operation. The annunciator panel contains
SPOILER ASYM lights.

A three-position spoiler emergency retract and off switch is located on the
center console. The three switch positions are: "EMER RETRACT," "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 asymmetrical 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 handle and a
rotary SPOILER SELECT switch which are located on the center console, a
hydraulic spoiler cable servo located beneath the center console, and a
center drive assembly located on the wing rear beam. A closed-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 unit.

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 hydraulic-cable servo positions

the input system in response to manual selections from the spoiler control
handle. In""AUTO LAND" and "RTO" modes, electrical circuits control the
hydraulic cable servo to position the input system. The spoiler handle will
follow the movement of the hydraulic cable servo in "AUTO LAND" and "RTO"
modes,

The spoiler control handle is detented at two positions: "CLOSEDY and "FLIGHT
LIMIT," Spoiler control handle travel is approximately 42 degrees from the
"CLOSED" to the "FLIGHT LIMIT' position and approximately 65 degrees from
the "CLOSED" to the "GROUND'" position.
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The positions of the spoiler panels when the spoiler control handle is in the
"FLIGHT 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 "FLIGHT," a positive mechanical stop will not permit the
spoiler control handle to be moved beyond the "FLIGHT 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 "MAN 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 the lower panel deflection will be 86 degrees.
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SPCILER PAMEL OeFLECTION

The spoiler control system incorporates s high-force detent mechanism on the
spoiler handle at the "CLOSED" position to prevent inadvertent movement 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 the 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
deenergized. 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 solenocid 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 switches, a seiectur 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, Because 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 right. This actuates the switches which arm the system for automatic
operation and energize the high force detent solenocid.

A cam roller is located on the forward face of the handle housing to operate handle
position switches. The handle position switches control a circuit to the No. 3
hydraulic system pumps. As the handle is moved approximately two degrees out
of the "CLOSED'" position, the pumps are turned on, When the handle (s returned
to the "CLOSED" position and the spoiler panels are closed and 1< 2ked, the pumnps
will stop.

The spoiler asymmetry syvstemn must be reset to restore operation if the spoilers
are cleosed by an asymmetriesl condition or by the use of the emerzaney retroc:
and off switch.

The asymmetry reset mechanism is operated by moving the handle forward past
the "CLCSED" position. As the hancle is moved past the "CLOSED™ ~osition. =
cam roller on the handle housing strikes the reset switch operator and moves the
reset lever which actuates the switches. The spoiler handle is moved to "RESET"
against the force of a spring until a positive mechanical 5top is contacted. The
mechanical stop prevents damage to the reset spring and switches.

Two different devices are provided to apply friction to the spoiler control handle,
Cne applies friction to the handle pivot and the other to the handle idler lever,
Both are washer and checknut devices, After an adjustment, the checlknuts are
lockwired in place.
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The SPOILER SELECT switch consists of a select knob, a wafer switch, a 30~
degree gear box, a cam selector, and the flight limit stop for 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 gear 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 LAND," or "MAN LAND" selected, 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 lccated under the floor below
the center console. The spoiler-cable servo is a tandem hydrauclic actuator with a
tandem servo control valve. The unit also contains two solenoid operated vaives
which direct pressure to two pistons that are used for automatic spoiler depluy-
ment ("AUTO LAND' and "RTO"). Both or either No. 2 cr No. 3 hydraulic si'stem
pressures will operate the spoiler-cable servo.

In the "FLIGHT" or the "MAN LAND" mode. the spoiler control handle is moved
manually. Movement of the speoiler control handle pesitions the tandem serve con-
trol valve of the spoiler cable servo to direct pressurs to the spoiler cakls serv
actuatcr, The spoiler cable servo actuator is artached oo the cible rive fuacront
and moves the cable system in response to speilzr gontrel nandie movsmeni, An
input feedback system centers the tandem seru ccatrol valve 2nd stops acivztor
movement when the actuator has moved 2 distanes proporiionsi 10 5501180 2Iniro.
handle movement. The input lever of the spoiier csble zervao attachas at tnz anz
to the input linkage from the spoiler contre! hapdiz, at the cther end 1o tas salls
drive quadrant, anc near the mid point to me seryvo eontrol voive, Sacller tonivol

panclie movement causes the servo contero! valve Toovmor = b Tae Lot ouLnon
i stationaory. Asthe sctuaicr NIOVESs Loe drite cam e, 308 150 a0 1 '0e S0
lever is used as the pivot or hinge and the servo conizol voive L5 Tewiraoitod was.,

the input motion is stopped.

Althcugh the cabie drive quadrant attach D0.c 2.¢35 WroL Il toe LDUT dev .0 L.
is not close, this allows the servo control vaive to move before the attach ool s
contacted.

The two solenoid valves of the spoiler cable serve are enersized oper wider the
following conditions: on touchdown when the aircraft wheel sneed is nbovs 30 ot
and "AUTO LAND" has been selected, or if "ETO" is selected und bio throsides
placed to REVERSE IDLE with wheel speed above 50 kmots., Opening the valves
causes pistons to position the servo control valve and direct pressure to the cable
servo actuator which drives the spoiler input system and deplcyves the spoilers 1o the
ground position,

=
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The center drive mechanizm consists of two pulisvs connected by u snaft, Cubles
from the spoiler-cable servo-drive quadrani connect to one pull:v, and fron, the
other pulley a closed-loop cable svstem is routed out each wing and attncues to
the input quadrant of each actuator unit, The puiley to which thecables 1rom tae
spoiler-cable servo-drive quadrant attach is inside the pressurizad sren, ang tis
output pulley is inside the center wing (v bav area, The shafl connegiing tie U
pullevs is pressure senles,

Input motion, transmitted from the center irive assembay therours (de CoSul avop
cable svstem, positions the input fcllowup niechanism at the actuater units. The
input followup meckaniz=m s conrectod o the soryd control vobeas of th, aotuster
units. The followup mechanism positions the servo contral vasves whica direct
fluid to the primary and auxiliary cvlinder of each tandem actuater. Fes=cback
motion from the movement of the tanden acteators o the inpur follwup meehuiism
returns the servo control valves to neutral when the spoiler panels have movea o
distance proportional to input movement.

The input system is connected by spring bungees to the servo control valves of the

actuator units., The spring bungees prevent overloading the input linkage when the
spoiler cable servo moves the input system to the ground position very fast while
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The spoiler output system consists of an inboard and an outboarz drive tube driven
by each actuator unii. and a drive guadrant and a push-pull rod at each ofthe 35
panels,

The drive tubes consist cf short segments of large-diameter, neat-treated, aliov-
steel tubing joined together by threaded fittings wiich provide length adjustment
of each tube segment to facilitate rigging of the system. The opening and clesing
cables, which connect the drive tubes and drive quadrants, are attached to lugs

on the drive tubes with adjustable connectors.
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attached to a pell crank on the spoiler panel, tv move the spoiler parel.

At the [light limit position, tha spdiier paneis are held open by the force of the
hydraulic actuators. When the spoiler panels are deploved to the ground position,
the push=pull rods' attach doints on the lower spoiler panels' drive quadrants are
driven overcenter, imparting a mechanical block on the output svsiem.

All spoiler panels are locked closed mechanically by driving the push-pull rods'
attach points overcenter, The inboard drive tubes position both the upper and the
lower inboard spoiler panels. Hydraulic actuators drive the inboard drive tubes in
an outboard direction to open the spoiler panels. The outboard drive tubes position
both the upper and the lower outboard spoiler panels. Outboard drive tubes are
moved in an inboard direction to open the spoiler panels. All drive tubes are tension
loaded while the spoilers are opening.
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The asymmetry detectior svstem is comprised of two dual switch, =anm o%eliatec

detactors which moreitor outboard spoiler position durisg the ficst &, £ 1ncaes o
outboard drive tube travel. These detectors are locatec near the end of tae outoors
drive tubes and are attached to the wing rear beam. Cams which operate the de-
tectors are rotated by drive tube movement through a cable, chzin, and sgrocke:
drive. Two switches on each detector are actuated as the cams rotate. One switch
is actuated open when the drive tube has traveled 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 G, 75 inch travel switch on one
wing to the 2.5 inch travel switch on the opposite wing., If one drive tube travels
2.5 inches before the opposite drive tube has moved 0.75 inch, an electrical cir=
cuit is completed to relays to deenergize the asymmetry pilot vaive solenoids in
the actuator units which causes all spoiler panels to close.

A synchro position transmitter is attached to the wing rear beam near the end of
each inboard drive tube and is driven by a cable, chain, and sprocket in response
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to inboard d=ive tuhe travel. Spoiler postiion Is indicated ca g -fuzl dediter inclca-
tor on the conter instrument panei,

A dual-tandem spoiler actuator unit is located on each side of the airoraft and is
attached to the wing rear beam. Internally, each actuating unit -anilold contains
two tandem actuating cvlinders, two tandem serve conirel valves, filter relief
valves, anticavitation valves, flow limiter valves, and check valves. Tle acutator
units also contain inlet by-pass and shutoff valves, auxiliary flight bv-pass and
shutoff valves, and asymmetry valves.

Each tandem actuator is diviued into two cylinders, a primare cyvlinder and an aux-
iliary cylinder, No. 2 hyvdraulic system pressure is supplied to the primary
cylinders of the inboard tandem acruators and to the auxiliary cylinders of the out-
board tandem actuators. No. 3 hydraulic system supplies the primary cyvlinders
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For in flight spoiler operation, fluid is supplied to all four of the tandem actuators
from both the No. 2 and the No. 3 hrdraulic systemms, Both tie nrimary and aux-
iliary cylinders of each tandem actuator are used because of the high force required
for in flight spoiier operation.

For ground operation, only the primary cylinders of the tandem actuators are usad.
The inboard tandem actuators are supplied by the No. 2 hydraulic svstem and the
outboard actuators are supplied by the No. 3 hvdraulic svstem.

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 hydraulie fluid entering the actuator units is passed through micronic filters
on the actuator units, A clogged filter indicator button is provided for monitoring
filter contamination by extending to indicate a differential pressure across the
filter element.

Pressure 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 hydraulic systems.

No. 2 and No, 3 hydraulic system pressures are available at the servo control
valves, Pressure comes to the servo control valves directly from the inlet by-
pass and shutoff valves and is applied to the primary cvlinders 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 auxiliary flight by-pass and shutoff valves are eleciricaliy energized open in
flight by placing the landing gear handle in the "UP" nosition, This allows No, 2
and No, 3 hydraulic system pressures to the serve control valves to e appiied te
the auxiliary cylinders of the actuators. The route of the fiuid from tie inlet by-
pass and shutoff valves is through the awsxiliary flight by-pass and shutoff valves'
pilot spools, teo the control spools of the auxiliary by-nass and shutoif valves, The
sressure on the contreol spools will override th:e valve flosing springs wad eaure
tae valves to cpen. No. 2 nydraulic system pressure wii. pe availacic 1o the oui-
board auxiliary cylinders and No. 3 hydraulic system pressure to the inboarc auxi-
liary cylinders.

If either the No. 2 or the No. 3 hydraulic system were tc fail in flight, the re-
maining system would supply all four actuators. Each actuator unit would have
one actuator operated by the primary evlinder and the other operazed by the
auxiliary cvlinder, Whether it would be the inboard or the outboard actuators
which would be operating on the primary or auxiliary cyvlinder, woulcd he deter-
mined by which hydraulic system had failed. If the No., 2 hydraulic svstem failed,
the primary cylinders of the outboard actuators and the auxiliary cyvlinders of
the inboard actuators would be used. If the No, 3 system failed, the primary
cylinders of the inboard actuators and the auxiliary cylinders of the outhoard
actuators would be used. The auxiliary bypass and shutoff valves' control spools
for the failed system would close and connect the auxiliary cylinder of the
actuators to return. The failed systems' primary cylinders would be connected

8-16 VOL, V



OUTBOAND #ETUATOH ____INBOARD lCTuATQH

“ODE
c=mme NC.Z2 SYSTEM PRESSURE wr—ra No.Z2 3veTEM RETURN
orrerr NGL.J SYSTEM PRESSURE ey NG.S 5YSTIM RITURN
NCRMAL FLIGHT OFERATICN

to return B the dervo emirol volve, Lo foe adperoione JUuin nits BLTheE
Londs 1o Javitnte, SUSiion Woikic nual Jhelcd SiSeusry Bt oitioieniiaiien Jhivod e
the meperativecrimnsiens
CROUND OPERATION,
Paroovmdl oftannd foerision. (3. LhedMeses THERD v -nage grd Shoe i eqivdd

pilot valves are deenergized by placing the landing gear handie in the "DN"
position, This removes pressure from the control apools of the uu.u.'a:‘.":
Sight by=cass ond shutoff vaives and ailows thein to oluse, \'J A LMot e
srstem pressure will be shut off to the outhoard acruatovs’ suil ..:1.!‘1 cviinders
and MNo. 3 hydrauiie system pressure will be shut off to the inboard actuators’
auxiliary cylinders. Pressure will be avaiiable only to the primary cvlinders
of the actuators: No. 2 hvdraulic syvstem pressure to the mLu ird primary

cylinders and No. 4 hydraulic system pressure to the outhoard primary cyvlinders
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the asymmetry syvstem in each 2

of a pilot valve and a control valve assembly,
the switch pistons are mounted externallyv on the actuator unit.

Closure pistons inside .he cotuates

crucior unit consists of owo swdra

tons, four closure pistons, and two seolenoid cperated vailves; each valve consisgs
1

The swirches which are operate

No. 2 hydraulic system pressure is applied to one closure piston at each inboard
actuator serve control valve and to one closure piston at each outboard actuator
servo control valve. No. 3 hydraulic system pressure is applied to closure pistons
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in the same manner. This 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 [rom 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 solencids 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 spcol. The control spool assemblies are designed so both No. 2 and No. 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 control 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:ions
moves the closure pistons against the servo control valves and positions them :o the
spoiler close position.

ELECTRICAL,

The electrical portion of the spoiler system consists of three hasic functions which
are somewhat interrelated. These basic functions are: control, automatic operation
and the asymmetry function.

The No. 2 and No. 3 hydraulic svstems inlet by-pass and shutoff valves on the ac-
tuator units are normally deenergized open. 25—volts DC is required to close the

inlet by-pass and shutoff valves which shut off hydraulic pressure to the actuator units,
The control voltage is provided by positioning the emergency retract and off switch

on the center console to "EMER 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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SPOILER ELECTRICAL CONTROL

imit switches, mounted on each of the actuator units, are acruated when tae ac=-
tuators are bottomed out wnile closing the soeiler panels. Tha limit switches ave
par: of the No. 3 system inlet by-pass and shutolf valve circuits and are aiso puar:
of the No. 3 hydraulic system pump circuits. During spoiler system operation,

the No. 3 system pumps are turned on when the spoiler control handle is moved
from the "CLOSED" position. When the spoiler control handle is returned :o the
"CLOSED'position, the switches will turn off the No. 3 hydraulic system pumps
after the actuators have driven all spoiler panels closed and locked. If an actuator
were to move from the closed position in flight, the pumps would be turned on auto-
matically to aid in closing the panels. The actuator limit switches, wired in series,
control a LOCKED, UNLKD flag on the position indicator on the center instrument
panel.

Anytime the No. 3 hydraulic system pumps are turned on, two control valves are

opened for spoiler operation. The spoiler cable servo selector valve 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 of 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 auxiliary 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 pesitioned to "AUTO LANDY 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 knots or above, the spoiler ganels will deploy to the ground position.

When armed for "AUTO LAND," an ARMED light and a GROUND light on the cen=
ter console will illuminate. 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 "AUTO LAND" is selected.
If the high-force detent solenoid fails to energize, the cable servo force can
override the detent even with only No. 2 hydraulic system pressure.

When "AUTO LAND" is selected and the spoiler control handle is lifted, vcitage
is supplied to relay contacts inside the touchdown contrel box, The teuchdonT
gontrol box is located inside the cargo compartinent on the richi side afy .2 ies
No. 2 hydraulic system service center. The coatrol box contains four 2igh im-
pedance transformers, four amplifier circuits, and four relays. OCutpu: from ine
forward wheel anti-skid detectors is fed to the touchdown control box as part of
the automatic deployment system. When wheel speed is 50 knots or abuve, the
relays inside the touchdown control box will energize and complete the circuits

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. The forward outboard anti-skid detectors controi
the No. 2 hydraulic system solenoid of the spoiler cable servo, 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 knots
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 handle is lifted, the GROUND 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 simulating
wheel speed above 50 knots. By using the test switches and arming the svstem,
the automatic deployment operations can be checked with the aircraft parked.

The asymmetry detection switches are actuated as the cams rotate. (Cne swiich cf
each detector is actuated cpen when the drive tube has traveled J.73 inch and the
other switch is actuated closed when the drive tube has traveled 2.5 "'*.ci'z-?g. -
board drive tube travel is compared by electricaily coanecting tZe 4.75 inch wravel
switch on one side to the 2.5 inch travel switch on the cooesite side. If one drive
tube travels 2.3 inches hefore the opposite drne tube haz moverd f} 5 inc"‘. an
alectrical circuit is complete:d to disengaTe rela-g vaicl (2w 03i20 00 28 oy
pilot valve soienoids iz the actuator units and cause ':.1. Spwal2r mnaels L dilse.

DETECTOR lights located on the spoiler asymmetryv test nanel illuminate to indi-
cated proper detector switch operation tne first 2.3 inchies of drive wae ravels

In the event of an asymmetrical condition, the as'mmetry pistons inside the actuazor
units position switches to illuminate spoiler asvymmetry lizhts on the annunciazor
panel.

To restore system operation after an asymmetry closure the spoiler control handle
is moved forward past the’'CLOSED'position which will energize the engage/ dis-
engage relays.
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volume v chapter 9

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 rear spar of the horizontal stabilizer 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 aireraft attitude, and downward movement of the stabilizer leading
edge produces nose-up trim. The pitch trim system supplements the elevator 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 neutral.

Pitch trim corrections may be made by operating either of the following: electro-
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 button 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 SYSTE M.

The horizontal stabilizer actuator, a linear screwjack type actuator, is mounted
vertically. The upper attach fitting of the actuator is bolted to the forward spar

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 drive systems
are used, an electromechanical and a hydromechanical drive unit. The electro-
mechanical drive unit is located at the top of the actuator assembly and is driven
by an electric motor. This assembly, consisting of a gear train and dual clutch
arrangement, turns the jackscrew. The aydromechanical 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 restrained
from vertical movement by thrust bearings. Pitch trim is accomplished by rma-*.,,,
the screw within the nut (electromechanical drive) or by rotating the nut arcund the
jackscrew (hydromechanical drive), Either mode of opersztion will cause the jack-
screw to extend or retract.

The hvdromechanical drive unit of the stabilizer acmuater can e .:v““cu- sl

either the electro=-hydraulic trim controi svstem or Jyv ile Munual=n. '-.1._1;: frinmy
control svstem since both systems are connected 10 the o aoniecl siive, 20 ins
h‘.ﬂfﬂl‘"&l’.‘ﬂ&ﬂlﬂﬂ.‘ ._‘..1_1 S 4 Qh;;--;--ﬂg B ...-!{..;...:._. S s sk sl ALl wwit EnEabem
trim controi system can be transferred to the valve lever uo J2e summing ar

linkage while the other trim control system remains static. Componenis incluisd

in the electro=hydraulic trim control system are as [cilows: dunl switches on the
outboard grip of the pilot's and copilot's wheels, a solenoid-controlled hydraulic
actuator connected to the summing bar linkage, a Mack trim compeasator ’.‘..:E‘.".: gs
relay, an autopilot disengage relay, and three siabilizer position limit switche The
pair of trim switches on either control wheel can be used to operate the electro-
hydraulic trim control system. Simultaneous operation of both switches of eitaer pawr
to the "NOSE UP" or "NOSE DN" positions, provides power and ground to the
respective solenoid in the hydraulically operated control valve actuater. It is
impossible for the set of switches on one control wheel to electrically overrice

the switches on the other control wheel. As the control valve actuator extends or
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retracts, the stmming bar linkage and the coniro: vaive are positionec to drive
the stabilizer to a corresponding position. Oparation 3f the coniro, whesl ivim
switches in either direction also deenergizes the hvdraulic shutoff valve, on
the stabilizer actuator, to the open position and cisengages the autopilot and
Mach trim compensator systems.

There are six limit switch assemblies mounted in the verucal srabilizer and ¢on-
nected by mechanical linkage to the horizontal stabilizer. Two sets of contacts
are used in three of these switch assemblies, cne ser for the electro-hvdraulic
trim control sys:em circuiis and one set for the manual-hydiaulic trim control
system circuits. The limit switches associated with the electro-hydraulic trim
control switches, when actuated, interrupt the power circuit to the corresponding
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control valve actuator sowenoid to stop stabilizer actuater operation. The nosze=

dewn limit switch astuates when the horizontal stabliizer leading ¢z reishes the

O T A T P I e, Y Eak g
SMUTCELTOE S S A00UT =L LTE. T sl N L0 D Jedemil Ll SV 000

iy

when the nocizonts: sianiiize: leadins ciye rexcnes the signt=degrsds= o dW-teliira.
position if the [laps are iul.y retractad. If the {laps are not fully retractad, the flap
position relay transfers the nose-up power circult to the 12,5 degrees nos2-ug imi:
switch circuit. This circuit is actuared when the stabilizer leauing euge reaches a
position 12, 5 degrees below the peutra!l position.

The pilot and copilot are each provided with a pitch trim conorol lever. These
levers, locaied un the center consovle, are connected to the stabilizer azwartor sum-
ming bar by mechanical linkage and cables. The summing bar linkage permits
either the electro-hydraulic or the manual-hydraulic controi system to introduce
control motions to the stabilizer actuator flow control valve whiie the other

control system remains static. Each control lever has a switch that is ac-

tuated to the open position when the fore and aft sections of the control 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 deenergizes the pitch trim disengage relay of the autopilot and Mach
trim systems to disconnect these systems from the stabilizer actuator.

The electro:nechanical 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 control system
includes: dual ELEC PITCH TRIM control switches on the center console, two
clutch relays, a transfer relay, two counter-rotatifig 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. Simultanecus opera-
tion of the two electric pitch trim switches to the "NOSE UP" or "NOSE DN"
positions connects power and supplies a ground for the clutch relay correspending
to the direction of switch operation. The clutch relay function is to connect
electrical power to the corresponding actuator clutch and to connect a disengage
signal to the Mach trim compensator system. Both circuiis are routed througn

a transfer relay. The transfer relay switches the control of tne rim system
from pilot to autopilot and directs a disengage signal to the Alach trim compensaior
system when the autopilot system is engaged. The autopilct svsiem then furnizhas
power and a ground circuit for trim operation. The autopilot is disengaged when
the pilct energizes one of the hvdraulic txim control s3rams. The three Mo

switches associated with the elzctrical trim contrcl $vsten Lr: moulted In i
vertical stabilizer and are actuated v linkage conneciad 1o the horizontal stabi-
lizer. The nose-down limit switch actuates when the horizontal stabiiizer leadias
edge reaches a positior {our degrees above the neuiral nosition to interrupt the
ground circuit to the nose-down clutch. If the {laps are full> retracted, one of

the nose-up limit switches actuates when the stabilizer leading edge reaches a
position eight degrees below the neutral position to interrupt the nose-up clutch
ground circuit. If the flaps are not fully retracted, the flap position relayv routes
the ground circuit of the nose=-up clutch circuit through the limit switch which
actuates when the stabilizer leading edge is 12.5 degrees below the neutral position.
The Mach trim compensator syvstem is connected to the electrical trim control
system at the clutch relays. When connected, the Mach trim system furnishes
power and a ground circuit for the motor clutch being operated. The Mach trim
system is disengaged when the autopilot is engaged, when the pilot energizes a
clutch relay, and when the pilot energizes one of the hydraulic 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 circuits to the electric
motor of the stabilizer actuator, and disconnects the autopilot and the Mach trim
compensator systems. 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 trim
disengage relay solenoids are normally deenergized.

The electromechanical drive unit is driven by a three-phase, 400-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 pilot'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 jackscrew. Only one clutch 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 compiete the electrical circuit. Ome switch provides a ground and the
other switch supplies 28 volts from the main D-C bus. These switches are spring-
loaded to the off position and are momentary in the "NOSE UDP" or "NOSE DOWXN™
positions. Trim correction signals also come from the autopilet and }Mach trim
compensator systems. These signals also energize the acluator extencd or retract
clutch. Since this is a slow rate unit as compared with the hydromechanical drive
unit, a more precise trim setting can be made {or .oacitudinal cuntrol.

The hvdromechanical drive unit Is powered by a Sydraulic —otdor using prassurs
from the No. 2 hydraulic svstem. a reduction gear drive, meshed to the mctor
cutnut gear, turcs the rotating nut which causes the jackscrew to move up or Jdown,
Max.mum rate of trim change is approximatelv five times faster than eleciro-
mechanical drive operation. The stabilizer can also be actuated manually for
ground maintenance by engaging drive devices to drive socks's located on either
gearbox. Speed and direction of motor rotation is controlled by means of the
hydraulic flow control valve, which is located at the horizontal stabilizer trim
actuator assembly.

The hydraulic flow control valve is attached to the horizontal stabilizer actuator

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 solenocid-operated hydraulic shutoff valve is a component of the
stabilizer actuator hydromechanical drive unit. This valve is normally energized
to the closed position by electrical power from 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 valve opera-
tion is routed through these normally closed directional control switches and also
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CONTROL N—1
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*~CONTROL
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the associated position limit switches. Rotation of the input quadrant in either
direction 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 hvdraulic
fluid upstream from the shutoff and modulating sections of the valve assembly.
The filter has a micronic filter element without a bypass feature. Should the filter
element become dirty or clogged, a red indicator button will extend about 1/4 inch.
The indicator button is located adjacent to the filter at the bottom of the flow con-
trol valve assembly.

The horizontal-stabilizer-trim limit switches are mounted on a bracket assembiy
which is attached to the vertical stabilizer. The limit switches are actuated by
cams which are mechanically linked to the horizontal stabilizer. Movement of the
stabilizer, up or down, rotates the cams; and the switch contacts wil! open when
travel limits are reached. Six limit switch assemblies are used. Three assem-
blies for the electro-hydraulic and manual-hydraulic trim control system and three
assemblies for the electrical trim control system. Each of the hvdraulic system
limit switch assemblies contains a switch for each of the hycdraulic trim control
systems. The limit switches are actuated at one of the wrim range limizs of aporos-
imately four-degrees nose-down regardless of wing flap positions, sizghi=degraes
nose-up if the flaps are fully retracted, or at 12.5~-degrees nose-up if the 205 are
not fully retracted. Limit switches associated with the slestro-hvdraulic irim con-
trol system, when actuated, interrupt the power circuit to the corresoonding controi

valve gotuator scignoid to stop stabilizer actuator operafion. Limds swijines az-
sociated with the manual-hvdraulic trim control system, "waes avtuaied, Jubbec:
power to the hydraulic shus “f ralve solenoid 10 clcze tha valve and s700 hovizantal
SraolliZer ALAnyr soabailug, it awinehle sacniit e v R 23 anien 2

S i L r:"-.'.e.", VReSIACTIETw i interenst g und LAreuiig witse woordEnunGing
oLOtur cuutenes 0 st aurizonts. stabilizer achuatar operation,

TL: dwrizorial staliiizer tric pusiction trassnint.s s mousted oL Lo anict swizen

bracket assembly and is mechanically linked to the limit switch eam bv a posi-
tioning arm and linkage rod.

The horizontal stabilizer trim position indicater is mounted on the center insirument
panel. The indicator pointer shows the position of the horizontal stabilizer in de-
grees of travel from neutral.

When the autopilot is engaged, a relay will isolate the console dual trim switches

and the Mach trim compensator system from trim correction functions. Through
the energized contacts of the transfer relay, up or down signals from the autopilot

VOL V P=11



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 Mach trim compen-
sator. This assures the pilot of hydromechanical trim at all times.

8 VoL, V
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H
PRIMARY FLIGHT CONTROLS

AND TRIM SYSTEMS

GENERAL DESCRIPTION.

The primary flight control svstems consist of the ailerons, the rudder, the
eievamrs. and the associated power and control components of each. Theyv
are utilized for maintaining attitude and directional control of the aircraft.
The ailerons are controlled by turning the control wheel. The elevators are
controlled by fore and aft movement of the control column. The rudder is
controlled by pushing the rudder pedals, Two complete sets of controls are
provided, one for the pilot and one for the copilot, Either set can be used for
aircraft control. Output from the cockpit controls is transmitted to the flight
control power units through mechanical linkages and cables,

Two tvpes of control cables are used. Ome is aircraft flexible twisted-stecl-
wire cable. The other is Lockclad cable. Lockeclad is standard twisted-steel-
wire cable with aluminum tubing swaged around it. This tipe of casle has two
advantages. One is that the cable's coefficient of expansion is nesrer that of
the aircraft's fuselage than the standard steel-wire cable. With temperaturs
changes, the cables expand or contract by almost the same amount 2s the fuse-
lage. The other advantage is that Lockelad cabie is more rizid, There is iess
cable sag and fewer supports are needed for a given length o1 cabie.

Each fight control cablc svsten 425 (onsion rerulsioss o oompuensaie 1ar
changing temperstures. The reguiators are jceated ander e Sight teek, Zuch
regulator consists of two metal quadrants wrich are mounted on 2 commasa shal
and are connected together by a compression spring assembly. The regulator

takes in or lets out cahle as reguired to mainizin the desired tension in the a-
tached cables. A scale on each regulator is used to rig the cable tension in
relation to ambient temperature.

AILERONS

The ailerons are located on the rear beam of the outer wing sections and form
part of the trailing edges of the outer wing section. The ailerons, one on each
wing, are simultaneously deflected up or down; but they move in opposite direc-
tions to produce a rolling movement about the longitudinal axis of the aircraft.
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AILERCN CONTROL INSTALLATION

Each aileron is normally actuated by a power control unit wuici is contrelled
by the pilot's or copilet's control wheel and is powered by the No. 1 and No, 2
hyvdraulic systems. A servo tab is ninged to the center section of ecach aileron
rear beam and forms the trailing edge of the aileron in this area. The servo
tabs remain faired with the ailerons during normal power-on operation, Wnen
selected for operation, the servo tabs move up or down in response 1o control
wheel rotation. An electrical trim svstem positions the ailerun power contool
uniis' input svstem for longitudinal trim,

RUDDER

The rudder is hinged to the vertical stabilizer and is used to control the air-
craft about the yaw axis. The rudder is actuated by a power control unit which
is controiled by the pilot's or the copilot's rudder pedals and is powered bv the
Mo. 1 and No. 2 hydraulic svstems. Onperating pressure of the rudder power
control unit is changed as a function of airspeed. Reduced hydraulic pressure
is used during high speed flight, For low speed flight faster response of the
rudder is required; therefore, a higher pressure is used. An electrical trim
system positions the rudder power control unit's input system for directional
trim.
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ELEVATORS

The elevators are located on the rear beam of the horizontal stabilizer on both
sides 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 aircraft. The elevators are hydraulically actuated by a power control unit
mounted between the elevator torque tube shafts in the bullet. During normal
operation, the actuators powered by the No. 1 and No. 2 hydraulic systems move
the elevators, If either one of the hydraulic systems becomes inoperable, the
elevators can be controlled with the remaining system; however, the No. 3 hy-
drualic system and the emergency actuator can be used with the remaining system
to provide dual hydraulic syvstem control. If both the No. 1 and No., 2 hydraulic
systems become inoperable, the elevators can be controlled with the No. 3 hyv-
draulic system and the emergency actuator.

AILERON CONTROL SYSTEM,

A pair of cables link each control wheel to a tension regulator input quadrant be-
low the flight deck. A pulley is splinaed to each control wheel hub and i5 ac-
cessible through a removable cover at the top of the control column., Bali-
terminal ends on the upper cable ends are installed in ball sockets in the pulleys

© CABLE TmETL
Fuwl FuSCLasl

ATLERON CONTROL SYSTEM
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servo and the aileron trim actuator also connect to the input quadrant. Input
motions from these control sources can rotate the input quadrant in either direc-
tion from neutral. Rotary motion of the input quadrant is transferred by push-pull
rods, bellcranks, and cables to displace the servo control valves in the power con-
trol units during normal power=-on operation and to operate the servo tabs during
power=-off operation.

Normal power-on operation of the ailerons does not provide a resisting force or
“feel" indication of the magnitude of the forces required to displace the ailerons
into the airstream. Without this "'feel" force there is a tendency to overcontrol

the aircraft and subject the aileron hinges and wing structure to greater forces

than are necessary.A double acting spring cartridge is connected to the input quad-
rant assembly to resist quadrant rotation. The resisting force of this spring pro-
vides an artificial “feel" force at the control wheels. The aileron trim actuator is
connected to the input quadrant through the "feel” spring linkage and is used 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 are released.

In each wing, a cable quadrant transfers motion from the input guadr-nr assembi-
through cables, which are supported and guided along the af: side of the wing s2or
heam, to a power controi unit inpu: catle quadrant, Ball-terminal 2ngs atzach e
cables to the wing cable guadrants anc to the power contro: unit inpur cable guudrants,
Adjustable mechanical stops are provided ar each input cable guadrant,

A power control unit is mounted on the afi side of the rear beam u: eacn ailercn

in each wing. The principal comnonents of the power contrai uail: are ss follows: Jun.
actuators. a tandem servs Sontroi valve, Lsave impul and fov o2 " LRag., 4, ov-
Yite shrind, 4 CEnLering Suvlig, AL AVERAGLED CORIPIL VSINE AL ANE a0l B
comracned within the ayaraulie maniold. The oower conmrsl units o Srasiienllv
actuate the ailerons in respcnse tc tnput control movements from :hz contiol wheels,
the autopilotr servomotor, or ¢ gilerag eieciric trin actuziuy. Inowood puwoar Lon=-
trol unit, one of the actuators is powered by the No. 1 hvdraulic svstem and the

cther actuator is powered by the No. 2 hydraulic system. During normal operation,
each actuator provides one-hall of the torce required to operate the aacihed ailaran.
However, either actuator is capable of providing the entire operaiirnys force if th:
hydraulic svstem to the other actuator fails. The left and right aileron power con-
trol units move simultaneously but in opposite directions.

The piston of each of the actuators is attached to a common bracket bolted tu the

aileron front beam. The (orward actuator cylinder ends are connected to the v
draulic manifold which forms the cylinder end. The tandem servo contro! valve.
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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 of the
aileron front beam, extension and retraction of the pistons rotates the aileron to
raise or lower the aileron trailing edge. Hydraulic snubber arrangements at hoth
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: calve
returns toward the neutral position. When the aileron reaches the position corre-
sponding to the preselected input position, the valve reaches the neutral position

to stop hydraulic flow to the actuators. This stops the aileron movement,

/

[ arLzroN|

POWER CONTROL UNIT, SERVO TAB, AND LINKAGE
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The centering spring linkage, connected to the opposite end of the servo control
valve from the input and feedback linkage, stores energy as the valve is displaced
from neutral. If the input linkage should fail, the centering spring linkage would
return the servo control valve and the aileron to the neutral positions. The
centering spring would prevent the power control unit from moving the aileron to
an extreme up or down position if the input linkage should fail,

A controlled leakage arrangement, of one gallon 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 syvstems are pres-
surized. This provides a continuous supply of warm fluid to the power control
unit, which is located in an unheated area, to prevent sluggish operation. A pis-
ton and oriiice at one end of the servo control valve provides hydraulic snubbing
and damping action to protect the valve and the system from excessively rapid
actuation,

A no-bypass type micronic filter is irstalled in the pressure inlet line of each
hvdraulic system in the aileron power control unit. A differential pressure 1ndi-
cator senses the pressure drop across the filter element and releases a "nup-up”
indicator button that protrudes when tha filter i3 obstrucied.

Two combination shutcif and bypass valves are installed in the hydraclic maniiold.
one downstream of each {ilter elemeiit. In tae nori:al or open positions. the valvea
direct system pressure to the servo control valve and to the rod side of the ac-
tuators. In the shutoff and byvpass positions. the valves hisck the hvdroulie nres-
sube piel lines ead oonnect bolh ends of tne acmaters (agether anc o retorn. T

nmeroannieest

ReSEiL vl e

e aStUNIOr ena s privides 2o luW Yesistincs pats for Luld nter-

change vhen the hvdrauiic systen: is denressurized. The valvss s2e conirolled by
the AILZRCN SYS switches on the pilots' overhead panel.

Two pressure operated switches, one for each the No.l and No. 2 hvédraalic svsiems,
are mounted on the hydraulic manifoid of each power control unit to sense line pres-
sures between the servo conirsl vaive and the shutoff and bipass valves, The switches
are actuated when hiyvdraulic pressure is low, This provides a ground to the as-
sociated AILERON SYS "POWER OFF" lights on the pilots' overhead panel and to

the AILERON SYS PWR lights on the annurciator panel which causes these in-

dicator lights to illuminate.
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PILOTS' COVERHEAD PANEL

During normal operation, hydraulle pressure is maiyizines on the rsc 5:".: ol e
power control unit actuators. Movement of the Servo ¢oatrol vaive DG ts IR2 Iaos
side of the actuators to sysicm pressure or to svsiem retura, Mloving the valve
for aji=ron down connects the face side of the azmuctirs wu ramuen wol Cilovs oo

airaads progsurized feiract side Ol the GEWIGIET: O PEoVE o Qo 2um o, 0o
the valve for alieron up direcis pressure (o the [aces Sidé OF i wdmators ajse 2o
necause of the difference in area the acmators extend ard move the ailerons uc.
When the valve is centered, the port to the face side JY the aotuatars s i 20n

and [luid is trapped.

A load limiting relief valve is installed in each actuator rod. If the aileron suriace
load is great enough to cause a pressure difierence of approximately 2, 300 P31
greater on the rod side than on the face side of the actuators, the valve opens and
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 aileron acruator
and system return which allows fluid to pass if differential pressure exceeds approxi-
mately 2,700 PSI. Anticavitation poppet valves installed in the manifoid prevent
cavitation of the actuators when thev 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 design and construction, forms the trailing
edge of the central section of each aileron. The servo tab provides manual aileron
capability in the event No. 1 and No. 2 hydraulic s:'stems fail, The servo tab is
mechanically linked to the aileron power control unit input system, but it is locked
out and does not deflect during normal power-on cperation. The left or right servo
tab may be selected to operate by the LH AILERON SY3 or RH AILERON SYS
switch on the pilots' overhead panel.

A bellcrank and push-pull rod linkage connect the power control unit servo control
valve input linkage to the tab lockout mechanism. The tab 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 lockout mechanism, holds the servo tai
connecting rod attach point at the pivot of the tab lockout mechanism. \When "TAB
OPERABLE" is selected, an actuator powered by No. 3 hvdraulic system pressure
overcomes the spring cartridge and moves the attach poiat awayv from the tab lock-
out pivot providing a moment arm to transmit input motion to the servo tab,
’=-ﬂ-*r‘ —PIVOT PQINT
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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.

TRIM.

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 spring lever arm at the input quadrant. The trim actuator motor is
controlled by two AIL TRIM 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 drive the
ailerons to the new neutral position. A trim position transmitter is located on the
trim actuator and sends position information to the trim indicator on the pilots’
center instrument panel.
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RUDDER CONTROL SYSTE).

The rudder pedals are connected by push-pull rods and levers to cable tension
regulators under the flight deck floor. The pilot's and copilot's rudder pedals

are interconnected through mechanical linkage at the tension regulators. Mechan-
ical stops restrict the movement 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 tension 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. [nput
motions from these control sources can rotate the input guadrant in either direction
from neutral. Rotary motion of the input quadrant is transferred by push-pull rods
and belleranks to displace the servo control vaive in the power control unit.

Normal power-on operation of the rudder system does not provide a resisting
foree or feel” indication of the magnitude of forces required to displace the
rudder into the airstream. Without this "feel” [crce. there is a tendency to over-
control the aireraft and subject the rudder hinges and stabiiizer structure to
greater forces than are desired. A double acting spring cartridge is connected

to the irput quadrant assembly to resist quadrant rotation. The resisting forece of
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this spring provides an artificial "fee!” force at the rudder pedals. The rucder

trim actuator is connected to the input quadrant through the “"fee!” spring linkage

and is used to shift the neutral position of the input quadrant. This trims tae

rudder power control unit to provide directional trim. In additior o asrovidiag

“feel" the artificial "feel” spring returns the rudder syvstem to netural trim when

the rudder pedals are released.

A cual sush=-pul! rod and belldérack sysiem connecis e inpu: guadrant to the servo
conirol valve of the pwér control unit. The power controi unii is located 3t the
rudder torque tube voke. Components of the power control unit are as follows:

Jual balanced actuators, a tandem serva control valve, vaive input and “eedback
linkage, and hyvdraulie control components attached to or contained within the hyv=
draulic manifold. The piston of each actuator connects to the rudder torgue tube
through a voke on the torgue tube. The aCwuator pistons attach on opposite sices of L.e
torque tube and operate Logether %o position the rudder. Onme actuator retracts while the
other actuator extends. The power control unit actuates the rudder in response to
input control movements from the rudder pedals, the rudder trim actuator, and the
yaw damper servo motors. The yaw damper servo motors are mounted on the

power control unit and position the servo control valve independently of the input
linkage. In operation the yaw rate gvro senses when the aircrait begins to yaw and
sends an electrical signal to the yaw damper 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 yawing.

In the power control unit, one of the actuators is powered by No. 1 hydraulic sys-
tem pressure and 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 fails. 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 travel
before contacting the internal stops.

A controlled leakage arrangement, of one-half gallon 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 hvdraulic systems are pres-
surized. This provides a continuous supply of warm fluid to the power control unit,
which is located in an unheated area, to prevent sluggish operation. A piston and
orifice at one end of the servo valve provides a hydraulic snubbing and damping
action to protect the valve and the system from excessive!y rapid actuation.

A no-byvpass type micronic filter is instailed in the pressure inlet line of each hvdrau-
lic system in the rudder power control unit. A differentizl pressure indicator senses
the pressure drop across the filter element and releases a “pop-up' indicator huston
that protrudes when the filter is cbhstructed.

Two combnation shutoil and bvpass valves are insigllec a the hydpradic 2aniz Id,
one downstream of each fiiter element. In the normal or opea positions. itae valves
direct sy'stem pressure to the tandem servo control valve. In the shutclr and by-
Luss position the valves hiock the hvdraulic pressure blet lines and conaect ot
ends of the actuators together and to return, The interconnection of the actuator
ends provides a low resistance path for fuid interchange when the hydraulic syvstem
is depressurized. The valves are controlled by the RUDDER SYS switches on e
pilots' overhead panel.

Two pressure operated switches, one for the No. 1 and one for the No. 2 hydraulie
systems, are mounted on the hydraulic manifold of each 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 associated RUDDER SYS "POWER OFF" lights on the pilots' over-
head panel and to the RUDDER SYS PWR lights on the annunciator panel which causes
these indicator lights to illuminate,
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Above 160 knots computed air speed, the pressure to the power control unit actu-
ators is limited to 900 PSL Below 160 knots computed air speed, pressure to the
actuators is allowed to reach 2,450 PSI. Load limiting relief valves inside the
power control unit changes the units maximum operating pressure in response to
an electrical signal from the central air data computer (CADC). A load limiting
relief valve is connected between each side of each actuator and the applicable
system's return line. A solenoid-operated pilot valve is provided for each of
these load limiting relief valves. When deenergized, the pilot valves direct
system pressure to the piston ends of the load limiting relief valves; this assists
the springs and causes a higher pressure to be required to unseat the valves,
Above 160 knots computed air speed, the pilot valve solenoids are energized by
the CADC to close off system pressure to the relief valve pistons which allows
the valves to open at the lower pressure,

A pressure switch for each hydraulic system is located in the manifold and will
sense the pressure between the load limiting solenocid pilot valves and the load
limiting relief valve pistons. The pressure switches control a HI PRESS light on
the pilots' overhead panel for each system and a RUD OVERPRESS light on the an-
nunciator panel. Anyvtime pressure at the load limiting relief valve pistons exceeds
1,630 PSI, the HI PRESS light for that svstem will illuminzate, The RUD OVZIR-
PRESS lll:;ht will illuminate if the pressure at the logd imiting relic! valve pistons
recaches 1,030 PSIL and the aireralt i3 alyive Lo KNols compuiod o8 siee il

A RUDDLR HI PRZSS OVERRIDE switeh on tiie pilots' overhead panel provides

contrel of the load=limiting relief valve's shuwsi-valve solenoids, Whon the IUDDEER
HI PRESS OVERRIDE switch is plased to "NORMAL," the CTADC has contzol cfthe

Iond=1ingitine welief valvets piiot valved. Whca the svieh iz alacel = "OUTDOE
g AT enly e wit Dy gopaemndng Do B aeome 1) St o o MU RO Ll A

Cheratee Urnion sredstive,

i

i m et

Rudder trim is accomplished b+ positivninz the ruedder power fcontrsl unat's inpur

svstemn., The rudder trim actuatur is astached 1o circercft structure and to tie
artificial feel spring lever arm at tite input quadrant, The toin: actuator :noicr

is controlled by the two RUD TRIM switches on the center console, The trim ac-
tuator changes the neutral position of the input svstem by moving the artificial feel
spring. This displaces the servo conirol valve of the power control unit wiach
drives the rudder to the new neutral position. A trim position transmitter is
located on the trim actuator and sends position information to the trim indicator
on the pilots' center instrument panel.
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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. Mechanical stops
restrict the movement of the control columns to the amount necessary to provide
full travel under design limit operating loads. The gcontrol columns-are equipped
with bobweights which in conjunction with the artificial feel spring provides a slight
forward column movement at positive "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 consists of two large cable quad-
rants for attaching the cable system from the tension regulators and a third smaller
cable quadrant for connecting the autopilot servo motor 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 elevator 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 quadranis. One
end of the feel spring attaches to aircraft structure and the other ernd 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 by an electric Q"
actuator also mounted between the input quadrants. This "Q'" system actuator is

an electric motor=-driven fackscrew controlled bv the CADC. The actuator moves the
point of the "Q" spring atiscihment on the cuadran toward and away {rom thc cexter.
This adjusts the length of the input lever arm througn which the "g" spring {orce is
applied to the elevator input system, varving the artificial “'feel" load into tne con=-
trol system as a function of airspeed. The input system neutral position will be
ckanged slightly as the position of the spring atiach point is changed. 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 will be induced into the elevator svstem. As
airspeed decreases the spring attach point will be moved toward 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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PUSHRODS TO IDLER BELLCRANK

ARTIFICIAL FEEL
ACTUATOR

TRACK

L
PILOT'S INPUT

ARTIFICIAL
FEEL SPRING

ELEVATCR INPUT QUADRANT

lever fits into the notch on the cam. The cam is moved as the "Q" actuaior changes
the position of the "Q" spring attach point on the input guadrant so that the neutral
detent will encompass the induced input.

A potentiometer geared o the Q' acTtuator motor provices an e.2Ciric sizzal pro-
portional to the quantity of Q" spring force being put into the input svsiem. This
signal is compared to an electrical signal {rom one CADC and £ a difference exists,
the motor is driven in the direction which will vliminate the difference, A second
potentiometer, gaged to the motor controlling potentiometer, produces a signal which
is compared in a signal comparator to a signal from the cther CADC. A difference
in these signals will cause the signal comparator to complete an electrical circuit

to the elevator artificial feel malfunetion relay. Electrically energized, the elevator
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 maliunction occurs during flight the actuator may be either left at the position
the malfunction occurred, or the ELEVATOR ARTIFICIAL FEEL switch on the pilots'
overhead panel may be moved to the"MID-Q POS" This will cause the actuator to
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drive the spring attach point to an intermediate position. No other selection can

be made during flight, but with touchdown relay No. 2 in the ground position, the
circuit can be completed to the "Q'" actuator motor through the ELEVATOR
ARTIFICIAL FEEL switch in the "RESET" position, This will bypass the malfunction
relay and drive the "Q'" actuator to the position of the controlling CADC.

The elevator power control unit is mointed in the horizontal stabilizer between the
inboard ends of the elevator torque tubes. The unit hydraulically actuates the
elevators in response to input control movements from the control columns or from
the autopilot servo motor. Dual output rods transmit elevator control commands
from the input quadrant assembly to an idler bellerank. The belleranks are pivot
mounted to the power control unit's output lever and are connected at une end to the
idler bellcrank and at the other end to the power control unit's servo control valves.
The actuators of the power control unit attach to the output lever. Actuator drive is
transmitted from the output lever to the elevators by a separate push-pull rod to a
horn on each elevator torque tube. At the same time, the output lever motion oper-
ates the servo control valve linkage in the direction that tends to neutralize the
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servo control valves, The power control unit has three actuators. Each actuator
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
coritrol is assured 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 flow 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) manifold and a tandem servo
control valve with dual hydraulic control components which connect the No. 1 hydraulic
system to one actuator and the No. 2 hydraulic system te the other actuator. The
main manifold forms the forward end of the actuating cylinders and is attached by
pivots to the forward section of the power control unit frame. The upper actuator,
- used for backup and emergency operation of the elevators, is connected by flexiile
hose to a separate hydraulic (emergency) manifold which is mounted on the main
- manifold, The emergency manifold has its own servo control valve with internal
" and attached hvdrauiic components, similar to those of the main manifeld, whisl
. controls hvdraulic flow from the No. 2 hyvdraulic s sten. tc tae emergency asiLuial,
Three no-bypass iype micronic filters, two mounied on the main k: drauwiic maniiold
: and one mcunted on the emergency manifold. protec: the power contrel wnit, e
_filter is installed in the pressure inlet line of each Hu'r:i“auli:: svstem, upsiream of
tne shutoff and bypass valve, to nl:e' .-11 E.u, efteliag the L. A C/leren:i
n-es ure indicctor sunses the pressure droy ey 58 tos Sllor alid S dEer D L
" indicator buttcn which protrudes from tie maniiole Golsing ane mdizaies LAl
the filter is obstructed,
Three combination shutoff and bypass valves, two it thedouw svaraw iz mon.: .
and one on the _emergency hydraulic manifold, are included in the power conirol unit.
The two=gosition, electric motor-driven 1..'.':11&5 extend into the pressur inle; iines
of the respective manifolds. In the normal or’ open positions, the valves purt hv=
draulic pressure to the associated servo control valves. In the emergency or shut-
off and bypass position, each shutoff and bypass vaive ports fluid from cne side of
the actuator piston to the other side of the piston through the svstem return line and
also shuts off the pressure supply line. The interconnection of the cyvlinder eads
provides a low resistance path for fluid interchange when the hydraulic svstem 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 "NORM". position; and-they are eﬁe'i-'gi“f"_éd closed
when the applicable switch is placed to "OFF" or YEMER." The emergency, or
No. 3 hydraulic system, valve is energized to open when either or both ELEVA-
TOR SYS 2 switches are placed in the "EMER" position. The valve is energized
to close when both the ELEVATOR SYS 1"and ELEVATOR SYS 2 control S-W'Itche.ﬁ
are placed in the "OFF" or "NORM'" -pocsi-tiuns = o e

it

Two pressure-operated switches, one each for the Hc 1 and No. 2 h's draulic sys-
tems, are mounted on the main hydraulic mamIJld toc sense line pressure between
the associated shutoff and bypass valve and the tandem servo control valve. The
switches are actuated when hydraulic pressure-istew: This provides a ground to the
associated ELEVATOR SYS "POWER OFF" lights on the pilots' overhead panel and
to the associated ELEV SYS PWR lights on the annunciator panel causing these in-
dication lights to illuminate. & il

A pressure-operated switch is mounted on the emergency hvdraulic manifold to
sense line pressure between the No. 3 hydraulic system shutoil and bypass valve
and the servo control valve, The switch actuates when the shutedf and bvpass valve
admits No.- 3 system-pressure to the servo contral valve ard provides a ground
connection for thé EMER PWR ON lizht on the pilots'. over hea" r:.mel This 2auses
the light to illuminate. When either the ELEVATOR SYS 1 or ZLEVATCR ::-.1
coatrdi switch is im the "EMER" pusmon ant the pressure fronm e No, 2 hydr
system is low, the emergency pressure switch actuatss to tha low orassure po
sitiom. This provides a ground connection to the ELEV EMER PWR Iight op th=
ann.ntiator panel and causes the lizhr to illuminate,

A pressure reliel valve is connected between the supp.. lae 1o euca end of zach
actuator. and the associated system return line. JSix:pressure reijelv alves are
used, four are located in the main hyrdraulicsanifold ond . i thie emergency
manifcld. The pressure relief valves relleve vxcessive pressure oo v the aoiusiors
to prevent air loads on the elevator surfaces from developing excessive loads on the
horizontal stabilizer and elevator structire.

Six anticavitation check valves gre .installed in the hydraulic manifolds, two for
eac:h actuator hydraulic circuit. The hydraulic line to each end of each actuator
5 connected to its associated return line,  The check’ valves open tc preven:
caﬂtaxmn in the antuatmg évlinders while | cycling the elevators with the shutoff

and bypass valves open and with the hydraulic svstems depressurized.
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Both the main and emergency hydraulic, manifolds conmn a servo control valve to
direct and modulate the hydraulic flow to and from e actuatofs‘in response to
control movements. . The tandem main servo cuntrol vdlve intefconnects hydraulic
passageways in the main hydraulic manifold to prancf.’-:- presslh'e and return lines

of the No. 1 hydraulic system to one of me‘lnwar actua‘mrs and the pressure'!m:'l
return lines of the No. 2 hydraulic sys:em to the other [ower actuator. The emer-
gency servo control valve interconnects passagewnys ‘inn the emergenc} manifoid

to connect pressure and return lines of the No. 3 hydraulid“system to 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
returns the servo control valves toward the neutral position., When the elevators
reach the position preselected by the control movements, the servo control valves
reach the neutral position to stop further hydraulic flow and elevator movement.
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The main servo cuntrol valve hns a ane ﬂlm:;{nrminu:te controlled leakage '

feature at each hydraulic sy!tem.,seﬂtim of the valve. This permits flow thréugh R
the power control unit when the *-ralve Iﬁp u‘: :}le nﬂutral position and the hydraalic

systems are pressurized. It plso prnvides a contfnuorus supply of warm fluid

to the power control unit, located in the unheated empehnage to prevent sluggish -

operation. A piston and orif,:lcg n.t;ra.ngement at one end of the main servo control
valve pru\ridas h}d;;auhc snuhbmg and da[nping ac'tiun
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