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1" trntroduction

1.1

t.z

l" 2.1

F1ying Control Re{uirernents

The Arrow Z aircraft wiU be equipped with a fully powered

flying control systern" This is the only practical way to coPe

with high surface loads resulting frorn stability and control-

lability requirernents .

With fu11y powered controls, the power required to'operate

the surfaces is derived frorn the engines; the pilot's effort

is only that required to overcorne the oPerating loads of the

surface coatrol actuator valves, the control lia.kage friction,

and the forces of the artificial feel systerns. The coatrol

systern rnay be described as irreversible. There is there-

fore, no feed-back of aerodynarnic forces to the pilot and

hence no natural feel of aircraft response tJrrough tb'e

controls "

System Considerations

Powered Controls

Hyd.raulic Ineans of transrnitting Power to the control surface

actuators has been chosen as the rnost suitable, and a sys-

tern pressure of 400O psi has been selected. in order to rneet

the high response requirernents and actuator size lirnitations

irnposed. by the aircraft perforrnance and configuration. To

achieve a degree of reliability cornparable to the highly
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d.eveloped. rnechanical systerns used in the past, the powered

control svstern is duplicated, the two systerns being ident.if ied

as riArr an.d trBrr respectively, and confined to the operation of

the ailerons " elevators and rudder " The aileron and elevator

parailel and ti"ifferential servos receive Power frorn th.e 'rBrr

systern only. The duplicati"on covers input po$rer to the purnp-

ing svstern, th.e purnps, the hydraulic circuits and the rarns of

each surface actuator. trt is arranged that adequate flying

-rt

t )?

control power is available i.n the ewent of the failure of one

engin.e or one hYdraulic svstern.

Ast.ra I Scanner Dr:rve

The !'A00 flving controls hydraulic svstern has a secondary

function in that it also supplies high Pressure fluid to power

the Astra I scanner dri'"-e hydraulic sub-systern'

1.3 Special De sign Features

certain innovation.s in the d"etail design o{ the }rydraulic cir-

cuits ensure proper fu.nctioning of the systern, with a rninirnurn

of rnaintenance. duri.ng operation under the rnost adverse

environrnental conditions ' Sorne of these innovations are

noled below.

Air-Less Crrcuit

The princrple of anItair-less circuitrt

a circuit in which the air rnclusion is

Cornpensators are used instead of the

has been adopted' i. e.

kept to a rninirnurn"

usua1 reservoirs ' In

l" 3.1
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the cornpensators stored fluid is kept

sure, there being ho direct contact of

constantly under pres-

the fluid with air.

r"3.2 High Fluid TemPerature

Drag considerations dictate the desirability of using the fuel

suppiy as a heat sink for di'ssipating heat generated by th'e

h.ydraulic systerns. Thj.s is precluded,under 1ow fuel con-

surnption conditions,by fuel ternperature lirnitations at

engine inlets. It isrthereforernecessary to utilize rarn air

cooling under these conditions. For efficient heat exchange

thehydrauliclluidrnustbeoperatedatashighaternperature

as is practicablerand 2750F. has been established as the

upper lirnit in order to perrnit the use of standard MIL-O-

5606 fluid and o{ sealing rnaterials and techniques which are

1" 3.3

i-n a satrsfactory state of developrnent'

LLne Fittings

To provide greater l.ine resrst'ance to fatigue' MS-type flare-

iess fittings, uP-rated to 4000 psi working pressure' have

L:een used in preferer:ce to the AN flared tyPe" This feature

parallels man.d"atory rPquirernents on all new designs in the

USAFandUSNandthereforecontributestostandardization..

(See Frg. Z. 8)"

FlexibIe Connections

Toavord.problernsn.orrnal]yassociatedwithth:.euseofflex-

rble l.oses and, in particular, those associated with the high

1.3"4
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NOTE:

operatrng ternperatures and pressures of thrs systern, flex-

ing steel lines hav'i: been used extensively wherever relative

rnotion h.as to be catered for"

Selection of Line Sizes

The line sizes selected for the hydraulic circuits are based

on fu1l f10w and full control effectiveness with a fluid tern-

. ^o-Deratu re oI u -E

This operatrng condition has been chosen as a satisfactory

comprornise between the system operational characteristics

an.d wergi:t and space - savrng considerations '

It was c.onsrdered irnpracticable to size the lines for full flow

and c or}trol eifectiveness at -550F because of the weight and

space penalties involwed, since fluid cooling is necessary

after a few rriinutes of operation to keep the systern ternper-

ature below Z50oF"

Iniorrnation on the Flying Control Actuators and Servos is

glven in Brochure ?Z/Systerns L5l2B enti.tled; TTDESCRIPTION

OF ARROW 2 FLYiNG CONTROL SYSTEMII.
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The design ci:iei rit es fo:: ,t-* fl .;in2 control i.ydraulic sVsteIf-I

are.

To provicie an i.rreversible }:yd'raulic systern to rnove the con-

trol surfaces indivrduailv or in cornbination rneeting tir.e

folla.rrlng rnaximurn rate and hinge mornent requirements at

fLurd ternpe ratures down to OoF:

{.j Elewators - 60,000 Ib" - ft. at 40o/sec'

(u) Arleron s ' 25,000 lb" - ft' at 35o/sec'

(ci Rudder - 12,000 lb. - ft" at 40o/sec'

To pr:ovide adequate control power {or flight (with lirnited

:nanceLlverability) under the following conditions ;

(a) F1u:,ci ternperature as low as rninus ZOoF'

(b) A;yrrlmetri-c {ligh.t due ro single engine operation'

(c)Failureofoneofthedupli'cated.flyingeontr.ols,irycraulic..

sYstems '

Tc, restt:rct sYSt.e:il operating ternperatures to a rnaxirnurn of

Z5OoF (wrrh temperatures up to Z75oF. in local sections of the

crrcuitl by t}:e use of heat exchangers' to perrnit the use of

cr:rrentLy avail.able sealing techniques and MIL-O-5606

hvdraulic riuid.

Toproo,rdeahrghdegreeofsysternreliability,throughthe

use of purnp inlet pre s surization'to overcorne cavitation ten-

dencres at low ternperature and high altitude'

aA
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2.5 To provide a systern which will rneet the requirernents of

RCAr Specificatioh AIR 7 -4, which in turn calls for the

design requirernents of C.AP *79, rrManual of Aircraft Design

Requirernents for the Royal Canadiaa Air Forceil and

ARDCM 80-1, ilHandbook of Instructions for Aircraft
/'6

Designersrr.

6
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3. Description of Systern

3.I Sirnplified Schernatic

Fig. I.2 shows a sirnplified schematic of one of the flying

control hyd.raulic systerns " The prirnary flow path is indicated

by heavy lines, the solid. portion representing the pressure side

and dotted portion representing the return side of the closed

circuit" Second"ary paths are indicated by thin linesr4nd the

ground. Power unit is shown in phantorn lines

3. 1. I PrirnarY Flow Path

3. L.Z

variable delivery purnps supply filtered hydraulic fluid to the

flying control valves and actuators. Returning fluid passes

through a heat exchanger to a cornpensator and frorn there

enters the purnp. The systern is of the airlass ffie*.,ooith':*0..'

the cornpensator fulfilling the function of a pressurized

reservoir.

Secondary Flow Paths

The two principle secondary flow paths,as shown in Fig. l"z,

are as follows:

(1)Thepaththroughthepressurereliefvalveprotectsthe

systern frorn excessive riseg in pressure'

(Z) The path through the pressure reducing valve supplies

stand.by pressure to the compensator in case of failure

ofthenorrnalpressulesuPplyfrorntheUtilitySystern.
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3"2 Filtration

A11 pressure fluid flowing to the flying control actuators

Passesthroughaa0(US)Spml0micronfilter.Theaileron

and, rudd,er actuators, being rernote frorn this filter, are Pro-

vid.ed. with further protection for their valves by filters close

to the actuators" A11 return fluid passes through a filter

rnounted on the comPensator inlet' (See Fig' 2'0)'

3. 3 TernPerature Control

The purnp intet ternperature is rnaintained below Z30of by

the use of heat exchangers in the circuit upstrearn of the corn-

pensator. Energy losses in the hyd.raulic circuit, (principally

in the purnps and. control valves) are transferred, in part, to

the hydraulic f1uid, resulting in a rise in ternperature.

The rnaximum fluid ternperature at the inlet to the heat ex-

changers will be +25ooF, but localized heating up to *2?5oF

rnay occur. under these conditions the outlet ternperature

will not exceed 230of . These operating conditions have been

taken into consid.eration in the design of units, seale and in

selecting MIL-O-5606 as the hvdraulic fluid'

Ground Service Connections

Two ground service connections are provided' one on the

pressure sid'e aad the other on the return side of the systern'

This perrnits the systern to be operated' by an external source

3.4

8
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of power without operating the purnp or the compressor. The

low pressure servtce connection is also used as a filling point

for the systern" A filter in the return line of the rnain flow

path protects the putnps frorn any foreign rnatter which rnay be

introduced when filling the systern.

3.5 Systern 'Warrn Up Ti*"j--1I-8- 3. 1l

J. b

If the aircraft has been cold soaked on the ground, it will be

necessary to warrn up the hydraulic oil before take-off to

obtain ad.equate control power for flight. This is done by

rnanual rnoverrrents of the cockpit control during engine run-

ning. An approxirnate rneasure of the tirne required to warm

up to operating ternperature frorn cold soak ambient air

ternperatures o{ -20, -40 and -55otr'is given in tr.ig' 3' 1'

Astra I Scanner Drive Sub-Systern

PowerfortheAstralscannerdrivehydraulicsysternis

obtained frorn the flying controls hydraulic systern (ttArr)"

High pressure fLuid is taken from the supply line for the

rudder unit, at a point downstrearn of the rnain filter' The

fluid. is then passed through a stop valve, and a check valve'

intothehydraulicrnotorendofahydraulictransformer

unit"ThisunitispartoftheAstralhydraulicsysternand

is basically a 4000 psi hydraulic rnotor rnechanically driving

a I000 psi constant delivery purnp" A flow regulator is

installed in the rnotor to prevent the rernoval of rnore than

tvnti&flfrbry

9
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3. 5 gprn flow from the flying controls systern' An 80 cu' in'

accurnulator is trllt ;ointed into the 4000 psi supply line, down-

strearn of the check va1ve, to supply tl.e hydraulic rnotor

d,uringpeakflyingcontrolflowrequirernents.Thesolenoid

operated stop valve receives its electrical supply frorn the

main D.c. bus; there{ore on double eagine flarne-out t}ris

valvewillclose,preventingtherernovalofpowerfrornthe

flyingcontrolsystem.Thestopvalvecanalsobede.ener.

gized on the ground to prevent scanner systern operation

during testing of the flying control hydraulic systern'

LD

IC
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4" Description of Main ComPonents

4" 1 Compensator-(See.Figs - 2.0 and 2.1)

4.1.1 Prlrpose

The compensator is a variable volurne, air:less Pressure

vessel, d.esigned to keep the purnp inlet under Pressure at all

tirnes. It cornpensates for volurnetric changes in the flying

controls hydraulic systern dr:e to the therrnal expansion and

leakage" It also serves as an air separator. The 1<iw Pres-

sure filter, on the inlet of the compensator filters, return fluid

before it reaches the rnain cornpensator charnber.

4.1"2 Physical DescriPtion (See Fig. 2.0)

The cornpensator consists af aLarge bore cylinder o ol 475

cu. in. capacity, with a coaxial srnall bore cylinder rigidly

attached". A large diarneter piston with a hollow stern allows

the rnain cylind.er volurne above the piston to be pressurized

by systern reduced pressures which are irnposed on the

hollow stern area in the srnall cylinder '

4.1"3 Pressurization

There are two pressure connections .on the small cylinder

arranged so that either one will function in the event of

failure of the other. Reduced pressure at 1500 to I600 psi,

frorn the utility systern pressure control valve, provides the

norrnal rrreans of pressurizing the smalI cylinder through the

central stand pipe, In the bottom of the chamber is a floating

II
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piston, which is pressurized at. LZ50 psi frorn the flying

controls hydraulicrsystern Pressure control valve. On failure

of the norrnal pressure source, the alternative Pressure

forces the floating piston against the end of the hollow stern

to rnaintain pressurization in the low pressure charnber.

(The stand, pipe rnaintains the separation between the systerns. )

Relief Valve

A relief valve, d.esigned. to ,eli.',, e at 220 psi, is fitted in t]1e

i..'

dome at the top of the rnain charnber" should this valve open,

anyairtrappedinthedornewillbedischargedpriortodis-

charge of fluid.

Bleed Valve

A rnanually operated. bleed valve is provided in the low Pressure

end of the cornpensator. In addition to provid,ing an air.bleed

forservicing,thisvalvealsoenablessurplusfluidtobedrawn

off if the compensator is over-fulI'

tr'unctioning of CornPensator (See Fig' 2' I)

Ast]lehydraulicsysterncoolsdown,itstotalvolurnedecreases,

reducing the systern return Pressure acting on the top of the

piston.(Seed.etail(b)rig.2,1)..Whenthepressurefallsto

thepointwherethebydraulicforceplusthesealfrictionis

insufficienttobalancethel500psipressurizationinthesrnall

cylinder, the piston will rise to re.establish pressure equilibriurn.

lr
4. 1.4

4. 1.5

4.

+.

r.6

r.6.

LZ
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4. 1"6.2 Volurne of systern Increasing (see detail (c) of Fig. z. Ll

4. 1.6.3

when the volurne crf the system increases, th.e pressure ia

the head of tl:.e coslPensator increases until it is sufficient

to overcorne the hydraulic force on the high pressure piston

area, plus the seal friction. The piston then moves down'

d"ischarging fluid, frorn the high pressure charnber at 17z0

psi. through the relief va1ve, until a Pressure balance is

rs-gstablished"

Failure of Norrnal Pres,sirriStion (!etw1- .reducing 
valve

a"d ."*rpensatorXsee detail (d) in Fig' 2' I)

\[Ihen the normal (utility systern) fluid Pressure fal1s to a

value less th.an 1250 psi, t}:.e stand-by system Pressure

rrloves the floating piston upwards, until it contacts the rirn

ofthehollowpistonrodandthusrestoresreturnlinepres-

surization" Due to higher seal friction and the reduced

ef{ective area of th.e srna11 cylind'er (bore area rninus the

centralsternarea),theeffectivepressurizationinthetop

charnber in this stand.-by condition is reduced to approxi-

mately ?5 psi. As th.e systern volurne increases' the Pres-

sure in the srna1l cylinder increases to I800 psi before fluid

is released through the relief valve'

Failure of Norrnal PrS"sg"i'atioo (With line frorn reducing
(e) of Fig. z. tl

pressure chamber,

t) (See detaiL

Pressure will be transrnitted to the low

frorn the stand-by system, th'rough the

4"L.6"4

column of fluid

I3



SECRE

ty,0 A/f,tglf f l/jt lrE,

isesue$shEI}F-

trapped. on tbe normal high pressure supply side of the

smaller piston. t

If the system return pressure increases and the resulting

pressure rise in the lower cylinder exceeds I720 psi, the

trapped. fluid will be discharged tbrough the utility relief

valve, permitting the floating piston to contact the hollow

piston stem. The compensator wil.l then operate in'the

manner described in paragraph 4' I" 6' 3 above'

Compensator Serviclng

Provid.i:rg the system is filLed correctly initially aad no

leakage occurs, the compensator will be completely ful1

only if the rnaxirnum system temperature is reached'" Foi

every rrrean fluid temperature within the design tempera-

ture range there is a corresponding piston position tJrat

in*icates a full system. A constant reading piston posi-

tion indicator, calibrated in degrees of ternperature' is

fitted to each comPensator to indicate the volume of the con-

tained'fluid..Comparisonoftheactualsystemtemperature

(determined within acceptable limits from a thermometer in

an insulated mor:nting on a hydraulic component in the air-

craft), with the piston indicator reading, gives the required

information on sYstem volurne'

lrd

4. t.7

L4
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4.2

4.2. L

4" 2.2

4.2. 3

{$eLs$ffi
Variable Deliverv Pump (See tr.ig . Z. Z & Z. 3)

Pump Drivg t

Each flying control hydraulic system incorporatee two iden-

tical pumps, one of which is driven through a geared drive

from the L.H. main engine, andthe other frorn tJ:e R.H. main

engine.

Pump Lllet Pressure

The inlet pressure to each purnp is mairxtained at a norninal

value of 90 psi by the compensator. The pumps will operate

satisfactorily with any inlet pressure from 30 to I30 pei,

and wilL withstand intermittent operation with inlet pressure

down to 2 psi absolute"

Delivery Rate

The pumps are of the variable displacemeat type, with inte-

gral outlet pressure sensing unit which varies the dellvery

rate to meet tJre system demands as refl"ected in preesure

drop. This unit is set to rnaintain a norni:ral 4000 psi outlet

pressure. 4r'silable delivery rate varies directly as the

engi-ne speed, reaching a maximum of approximately 20 (US)

Bpm, per purnp , at 3Z5A rpm (equirafent to full engine rprn).

The purnps will withetand an overspeed up to 3900 rpm in the

event of engine malfr:nction.

Pump Inlet Connection

The s'ystem return is connected to the pump through a qqick

4.2. 4

15
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4.2.5

4.2,6

disconnect self-sealing coupling. This prevents loss of sys-

tern fluid, and rniryirnizes the possibility of air inclusion in

the systern when the purnp is rernoved for servicing.

Prrnp Delive ry Manifold

The outputs frorn the two purnps in each systern are united

in a rnanifold, which incorporate's a check valve in each in1et,

In the event of one pump failure, the check valve in the

respective rnanifold. inlet will prevent the reverse flow of

fluid through the inoperative purrp. The check valves also

prevent reverse flow through both purnps during operation

of the ground servicing unit"

Rrrnp Case Drain

A purnp case drain line frorn each purnp is connected to the

systern return line upstrearn of the heat exchangers. This

drain lin-e provides for disposal of the internal leakage frorn

the purnp, thus providing the necessary lubrication and

cooling of the purnp rnechanisrn. This port also serves for

case filling after puffrp installation, as it is located at the

highest point in the casing to prevent entraprnent of air.

Filters

Filter - BowI Type, High Pressure, 40 (US)GPM (See Fig. Z. 6)

Purpose

4.3

4.3.1

4.3. 1.1

High pressure 40 (US) gprn filters

side of the systern, downstrearn of

are

the

located

noT'"

in.the pressure

and ground

I6
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4.3.L"2

4.3" L.3

servicing coupi.ing. These filters protect the flying control

valves and actuatois and the autornatic flight comrnand

(paraIleI) servos. They are the rnaster high pressure filters

and are designed to provide filtration down to I0 rnicron size"

SeIf -Sealing Provisions

The filter bowl and elernent can be rernoved without completely

depressurizing tlae systern, provided pressure on the trigh

pressure side is reduced to the norrnal return pressure (approx.

90 psi). W'hen the bowl is being rernoved., internal valves in

the filter h.ead rnove to positions which prevent loss of any

appreciable arnount of fluid and the consequent entry of air

into the systern lines.

Relief Yalve Operation

Ttre relief valve is set for 50 t5 psi cracking pressure dif-

ferential across thefilter elernent, Shou1d excessive clogging

of the elernent cause the pressure drop to exceed this valve

it will be bypassed.

In norrnal conditions, i. e. when the clogging does not exceed

a certain aIlowable value (equivalent to blocking of.f. 25% of.

the filter el.ernent area), the filter is designed to work without

by-passing in the following conditions:

(1) at rated flow at all ternperatures above OoF,

(2) at 5OTo of the rated flow at all ternperatures above -20otr',

l7

,vnoli$ry
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(3) at 7 " 5% of. rated flow at all temperatures above -5508 .

-it
4. 3. L " 4 Filter Element t

The 40 gpm filter elements used in the flying controls systern

filters are of the cleanable, re-usable type"

4.3. Z Filter - BowI Type, Low Pressure, 40 (US) GPM (See Fie.Z.6l

This filter is rnstalled in the return side of the system, mainly

to protect the pumps. It is placed upstream of the compensator

to ensure a positive pressure at the pump inlet. It is rnounted.

on the inLet of the compensator to filter particles of 10 microns

and larger frorn the fluid. returning from relief valvesr pump

case drains, actuators, and ground servicing connection, thus

protecting the purnps and the compensator. The low pressure

' {ilters axe equipped with self-ssal'ing valves and relief valves,

to provide the same operating and servicing facilities as

specified for the high pressure fj.lters in paragrap}.. 4.3.l.Z

and 4.3. I.3 above. This filter will use the same element of

40 (US) gprn capacity developed for the high pressure filter.

4.3.3 Filter - decondarv High Pressure {See Fig. Z.5l

4. 3. 3. I furpos e in System

Due to the long lines separating the main 40 (US) gp.m, high

pressure filter from the rudder and aileron actuators, addi-

tional filtration protection is provided near these units, by

rneans of iadividual filter assemblies of 4 and 7 (US) gpm

nominal capacity, respectively. After the initial cleansing

l8
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of the system, it is anticipated that these filters will require

infrequent servicidg, as the main filter, which id rnore readily

accessible, wilr retain most of the contaminants.

4.3.3" 2 Filter Element

tyn,sttAi\rff

1rf
The filter elements are rnade from the same material as the

main 40 gpm high pressure filter erements and are designed.

to provide protection frorn particres down to l0 microns. They

will be re-usable after cleaning

By-Pass Relief Valve

Each filter assembly incorporates a by-pass rerief valve, so

that undue restriction of flow through the filter elernent udll

result in flow being by-paesed around the elernent. The relief

valve is set to open when the pressure drop across the element

exceeds50t5psi.

Pressure Control Valve iSee Fig. 2.4)

The three valves described below have been combined. into one

unit to sirnplify piping, conserve space and reduce the number

of motrnting points. This unit is termed the pressure control

valve 
"

System Pressure Relief Valve

The pres sure relief valve is set to craek at a rnaxirnurr

pressure differential of 437a psi which, with the normal pres-

sure of 90 psi in the return side of the systern, gives an

actual pressure of 4450 psi" The valve provides full flow

4" 3. 3.3

4.4

4.4. L

I9
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relief at a pressure of 4750 psi.

Pre s sure ReducinEi Ya1ve

The pressure reducing valve reduces normal

to a norninal value of 1250 psi for ernergency

of the flying contrbls system cornpensator.

Service Relief Valve

systern pressure

pressurization

A service relief valve is provided to permit relief flow of

fluid frorn the high pressure sid.e of the cornpensator when

fluid is forced into the low pressure side" It is set to crack

at a pressure differential of 1800 psi.

Accurnulator - 25 Cubic Inch, Floating Piston Type (SeeFig.2.7)

Purpose in Systern

Whenever the control valve of an actuator is rnoved frorn its

neutral position there is a dernand for high pressure fluid"

The accurnulator with its nitrogen charge can supply this

dernand rnornentarily faster than the purnp, thus giving quicker

control response. The accurnulator will be recharged by the

pump when the dernand has been rnet. It also provid"es darnp-

ing for pressure surges and pulsations caused by rapid valve

operation. Tests have proven that a 25 cu. in. accurnulator

is adequate to perforrn both these functions.

Switch - Hydraulic Presqure (See tr'ig. Z.LZI

General Description

The switch bod.y has a hydraulic port at one end and aa

za
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electrical connection at the other. Inside the case a pressure-

sensitive rnechanidrn actuates a snap-actiorr type electrical

switch, which has a wide range between snap and reset. A

warning light glows in the cockpit when systern pressure falis

too low and actuates this pressure switch.

P_ressure Settings

The switch contacts close as the systern pressure falls to

1000 psi and open when the system pressure rises to 3000 psi

or trigher" In norrnal flight rrlanoeuvres, the cockpit warning

light sh.ould not glow, even rnornentarily, unless systern

failure occurs.

Heat Exchanger (Figs. 2.LO and 2. Il)

Heat Source

The high powered purnps and actuators generate large quan-

tities of heat in the hydraulic fluid which is circulating through

thern" Little heat can be transferred to the surrounding air

because of the high arnbient ternperatures which rnay be en-

countered. Therefore, a h.eat sink ie required to keep the

fluid ternperature from exceeding 2?5oF" The fluid ternper-

ature at the purnp inlets rnust not exceed 23OoI', in order

that sufficient cooling capacity is available for the rninirnurn

fluid flow case.

Heat Sinks4"7 .2

The principal heat sink is the oil to air heat exchanger. The

)1
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cooling air is bled off of the engine intake and is vented. over-

board after passin$ through the h.eat exchanger. A second.ary

heat sink is the oil to fuel heat exchanger, d.ownstream of the

oil to air one, which transfers the residual heat load into the

fuel being delivered to th.e engines.
,>?

Oil-to-Air Heat Exchanger

Thrs i eat exch.anger has a relief walve by-pass which opens at

low ternperatures and allows the fluid to by-pass the rnain

exchar:rger passages" This occurs when the high viscosity due

to lovz ternperature causes a pressure drop through the heat

trarsler surJac'es in excess of l0 psi. For cold starting, the

iow fiow circuLation tlarough ti:.e rnain exchanger passages and

the l:igl: fiow circ.ulation through the by-pass passages rapidly

heats t.]:e whole exchanger, to provide full heat exchange

capacity when the systern fluid ternperature has risen to 275oF

4.7"3

4.7.4

at the heat exchanger inlet"

Oil -to-FueI Heat Exchanger

The oii-to-fue1 heat exchanger

inq load that cannof be handled

exr, h.an ge r 
"

serves to carry the extra cool-

by the prirnary oi1-to-air heat

Thrs exchanger has a by-pass relief walve which., for low

fetnperature operation. will perrnit tl:e rnain. part of the flow

to short- circuit the orl-to-fueI heat tran,sfer surfaces if the

Z2
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pressure drop through thern is in excess of approxirnately

3 psi

A special feature of this valve is a therrnostatic elernent

which is sensitive to fluid outlet ternperature. At rnaxirnurn

ternperature the by-pass valve closes, forcing the rnain flow

through the heat transfer area. Thus the secoadary heat

exchanger shares the load. with the oil-to-air heat exchanger

when the latter is overloaded.

Expansio,l_Couplings (Fig . Z. 9)

Expansion couplings have been incorporated where necessary

on long straight runs in hydraulic lines, to relieve stresses

due to structural flexing or therrnal expansion and contraction.

A systern of internal passages and carefully dirnensioned pres-

sure areas ensure that each unit is hydraulically balanced for

any degree of expansion.

4.8
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5. Ground Servicing (See Fig. I.Z)

5. I Requirernents-Gdneral

,2

Equiprnent rnust be attached to the external disconnect coup-

lings of the aircraft hydraulic systerns to perforrn tJ:.e

following servicing tasks :

1. Fii.ling of the flying control and utility hydraulic systerns.

Z" Refilling the cornpensators after they have beere bled of

anv entrapped air.

3. Operation of any one of the systerns for checkout or

troubleshooting without running the engines.

5"?, Ground Servicing Equiprnent Requirernents

The following fwo units will be required to perform the ser-

vicing tasks listed above:

i. A rnobile hydraulic power unit, cornplete witJr rnotor

driven purnpr reservoir, pressure gauges and hose con-

nection.s to couple to the aircraft systerns. This equip-

rnent is to recharge the accurnulator and. to power each

hydraulic systern when the engines are shut down.

2. A hand purnp with h.ose connections and self-sealing

coupl.i-ngs, adapted for ternporary support on the air-

craft or on the ground servicing unit. This is required

for filling the cornpensators in any of the three aircraft

systerns.

Z4
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Due to the fact tha/rnost self-searing couplings cannot be

attached or detached while pressure rernains in the systern,

it is necessary to relieve all pressure prior to disconnecting.

The ernergency braking and cornpensator -pressuriziag

accurnulator of 200 cu. in. capacity, being isolated by a

check valve in the pressure control valve, is unaffected.

when the utility systern pressure is releaeed,

Protection of the Aircraft Hydraulic systerns (see Fig . l"zl

Filter s

To prevent the introduction of foreign rnaterial into the

hydraulic fluid during connecting and disconnecting self-

sealing couplings, no fluid is perrnitted to enter the rnain

systern cornponents (valves, compensators and purnps) with-

out first passing through the rnain high pressure or the rnain

low pressure filter. High pressure fluid frorn the ground

servicing unit enters the rnain line upstrearn of the purnps

and their check valves, and then passes through the rnain

high pressure filter.

Filling Connection Location

To fil1 the systern, fluid. is purnped. in through the systern

return self-sealing coupling at the inlet to the filter attached

to the compensator, hence the ad"ded. fluid is filtered before

Disconnect self -sealing couplings and, Accumulators

5.4. Z
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it reaches the cornpensator. An additional filter upstrearn

of the l^-an,1 piirnp frovides furt'her protection for the ai.rc.raft

IiTdrau j.rc s y.sterns.
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