P
e S ———

N g

AERO ENGINE SCHOOL

N

e
—
—_—
i,
WESL

("I'L

CONTENTS

EMNGINE INSTALLATION

4

JET PIPE IMSTALLATION
PO

ONTROLS
FILLING OJL TANK
SLEEDING THE ENCINE AND
FUEL SYSTEMN
OMPREHEMNSIVE CHECK

PRE=-FPLIGHIT CHECK

M



ENCINE INSTALLATION

Genersl

Before sn engine is romoved or instslled, tae
rigging angle of the sircraft must be checked, tne procedure
being as follows : -
(1) Gein sccess to the undercerriage bay wherc two speced
§ inch dimmeter holes will be found drilled in tue inboard rib,
(2) Insert o § inoh dismeter steel rod in esch hole and
lay ecross them e streight edge.
(3) Using & Clynometer check the eiraraft rigging sngle
whioh, slthough nomolly is plus So, will very sccording to
surfece level, tyre preasure etc,
(&) This rigging sngle should be recorded ns when the
engine is instelled, the sum of the airoraft angle plus 2
degrees L5 minutes, becamss the true sireraft/engine lineerity.
0.8¢ if the piroraf't rigging sngle is found to be four degrees
17 minutes then the true angle would bo 7 degrees 02 minutes.
Inversely, if :the eiroraft rigging angle is 5 dogrees 4t minutes
then the true engine engle would be 8 degrees 26 minutes,
(5) When it is ncoessery to change an engine already
instelled, & simplified procedure would be to cheock the
engine sangle prior to removel, This enebles tne ncw engine
to be instelled in the originel position,
Preparstion of engine for installetion

The engine should be mounted in a mobile stend,
seourely fostened during trensport, and lined up bencath the
engine bay into which it is to be installed,

The prosenteccsese



(Notes the present type of engine winch
calls for the E.C.U. to be mounted in a high
mobile stand due to the length of winch cable
which does not provision for the aircraft
being on hydraulic jacks).

(1) Engage the hooks at the top of the winches with the attachment
points provided in the engine bay, The winches should be engaged with
the front hooks facing reayrwards, and the rear hooks facing forward,
milntthnﬂncﬁngmdofmﬂimhnmndrm 'away' fras the engine,
At this stage the front winches must be positioned in front of the air
intake casing,
(2) with a suitable mumber of personnel stationed at each winch
amamtharmtonctinawupadw, the E.C.U. may be lifted
from its stand by giving each winch a similtanecus mumber of turns, taking
special care that the ccmmon engine breather pipe and other engine attachments
do not foul the stand whilst lifting is in progresa. When the E.C.U. has
been raised high enough, the stand may be removed.
(3) _ When the stand has been removed the fixed trunnion bearing can
be assembled, the procedure for this being as follows : -
(a) Pit 2 +3 inch distance piece on the trunnion ensuring that
the bore radius is nearest to the engine.
(b)  Lubricate the trunnion and fit the phospher bronge
bearing.
(e) Fit spacing washerg, The Contractor supplies two 100
inch spacing washers, but additional shims may be required
to ensure that the bearing is being 'nipped’,
(d) Assemble the end plate, tab washer and belt to the threaded
portion of the trunniom, ensuring that the tab of the locking
washer has fully engaged with the hole provided in the trunnion.

With 8 ss5sassesss
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(e)  With a ¥ inch spanner tighten the camplete assembly
and turn back the locking tab in the usual manner.

(f£) Pit the free floating phosphorbrense bearing to the
trunnion on the opposite side of the engine, no
distance piece or spacing washers being required,

(NOTE: The fixed bearing when attached to the engine bay
gentre ridb is pesitioned on the port side of Nos.2
and L engines, and the Starboard side of Nos.1 and 3)

Installation of E.C.U.

At the call of the operator in charge of the E.C.U.
installation, each winch is given a similtancous number of turns,
and just before the E.C.U. enters the engine bay the front winches,
port side first, should be trought from the front of the air intake
casing and positioned behind the front mounting trunnions,

The E.C.Us is now brought into the engine bay in easy
stages, hal!orwmcrhmwm‘d,vbeinsgimmtheidn_chu
careful attention being paid to those items which are likely
to faul aircraft fittings.

Jith the E.C.Us aproximately half way into the bay
the front winches only are given 18 full turns in order that the
angle of the E.C,U. will became approximately parallel to that of
the aircraft, snd this can be checked by the use of a Clynometer,
At the same time it is necessary for one man to position himself
above the enginein order to observe that the E.C,U. bulkheads
are engaging correctly with those of the aireraft,

(Note: The figure of 18 turns .iven above is based on an aircraft
angle of 5°, for a greater or lesser angle the number of

tums must be proportienal)



The B.C.U. is now raised slightly above its correct pesition
and the fixed bearing trunnion housing swivelled into position to mate
up with the engine phospher bronze bearing. The bottam housing bolt
is now fitted, and the engine lowered until the fixed bearing is seated
in 4ts housing, With the aid of a toxch and mirror ensure that the
bearing is seating correctly.

The same procedure is now adoptsd for the I'ree floating
bearing, and after ensuring that both bearings have seated correctly,
the top halves of the bearing housings chould be balted into position,
(Note:  Experience has shown that by fitting the fixed bearing in

its housing first, themount of ens!.pn'mmormg is raduced

to & minimu)

The front link moy now be fitted, making muve that (a) the fange
of the floating bush is cutside the bracke®, and (%) thore ere an equal
mamber of threads visible either side of thas t Tuckle.

The four hoisting winches may now be removed,

Place a straight edge acras the front Zace of the air intake
casing, and with the use of a Clyncreter cheok the angle of the engine
and make such adjustments to the front link which pay be found necessary
in order to obtain tie required angles w5 describel in tls 'Cenoral’,

After the angle of ths engine Fas been pet, Sinally ensure that
the front link is in safely, the lock nuts tight, snd the turnbuckle wire-
locked and sealed, The rear trunnion bearing housings and mounting
tracket bolts should be checked for tightness and split-pinned.
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IISTALLATION OF JET FIFE

Using the approved web sling plece the jet pipe
in & mobile stend designed to cerry ths pipe on its
fore and ef't rollers, on which they ere free to ﬂidalinto
the jet pipe tunnel. The stend hes four retchet type adjusteble
Jocks whioh ore useo for verying the sngle of the jet pipe
to auit the sngle of the siroreft. !

After plauit;g the stend in position esso tha jet
pipe into tne tunnel, locsting the rollers on the guide
roils and pushing the jet pipe into e position epproximately
three inches from the end of the E,C.U,

It 48 to be noted thet tho top roller is olso
used on the outbosrd instelletions their use being to
countersct side thrust, whilat the centre rollers of all
Jet pipes must be 'proud' of the guide reils when in position,
their sole use being to fscilitate the fitting 'or removal
of the jet pipe, ' '

Remove the blenk from tha end of the E,C.U. and
then (o) disoconnect the exhaust cone shroud sa-uuri.ru wires
ond remove the top hslf of the snroud, (b)push the bellows
Joint assemblt towerds the front of the engine as far as possible,
(@) spply 'gqa.inn High Tempersture jointing compound to the |
jet pipe flange and elsc to thet of the ballows joiat flange.

With twoc men ot the nozzle end of ths jet pipe
and two others at the ettechment end, push the jot pipe
forwerd until there is full engagement with the exhsust

oone flange, end providing thet the 2.C.U./ siroraft

: 1inoarity sevenes



linearity hes beén set scourstely, no diffioulty should be
encountered,

Fit the two retaining ohannels and hold in position
by hend, pull the jet pipe rearwards where » movement of .4
fnohes must be cbserved; the effect of this movement will be to
‘nip' the retaining channela, }

After ensuring that this .4 inoh movemant ia poasitive
leave the jet pipe in the rear position, The bellows joint
can now be pushed back over the retaining chonnels to mate
up with the Jet pipe flonge ensuring thet the 3/16 inch dowel
in the bellows joint flange engages ocorrectly wito the hale
in the jet pipe rlnqga.. .

Pit the double menscle clamp and tighten the tensioning
belts sufficiently to hold the sssembly in position., The front
bellows uingl§ manscle clamp is pow fitted and ths tensioning
bolt tightened, It is now necessary to torque load both scts
of nlawpu,' this should be carried out using en eppropriate
torque spsnner sct at 80,1lbs,ins,, after which the bolta ers to
be wire locked.

Cheok thet the jot pipe is still free to move,
and that the fore and sft rollers ere resting oa the guide
roils, The originel .4 inch movement will now only beoccme
offeotive when jet pipe cxpension or contraction tekes plaoce
under engine running conditions, but & certain smount of free
movement of the ballows joint can be felt,

Refit the exhaust cone shroud ensuring that the
correct ssouring wires sre in their appropriate positions,
the longest wire being placed in tne front chaanel,

Fit a bhnk.to the jet pipe nozzle #nd connect the
flexible fuel drein pipe to the sdeptor provided on the
bellows joint and wire-loock,
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FILING OIL TANK

The oll tenk is pressure filled fram a mobile
tenk pump unit,

Disconnect the svery self sealing coupling of
the scevenge oil return pipe whica passes through No.3 vane
of the oir intuke cesing, Connect & self sealing coupling
with & suiteble length of hose attached to drain the
overflow oil into the mobile tank unit,

Disconnect the avery self sealing coupling between
the suction side of the mein oil pump and oil tank, Connect
the self scaling coupling incorporated in the mobile tank
unit to the self sealing coupling of tho oil tank and f£ill the
tonk by operating the mobile tonk pump,.

When oil coumences to flow through the overflow pipe,
cesso pumping, rumove the two slave self sesling couplings
and connect the couplings between the scsvenge oil return pipe
also between the suction side of the oil punp and oil tenk



The system must be bled before engine start after

installation, or whenever the system has been disconnected in

any way, or if the L.P. cocks have been inadvertently closed

before engine censes to rotate, and must be carried ocut in the
following manner.,

1.

2.

The main fuel filter bleed valve is situated at the top

of the main fuel filter housing, remove the locking

wire and screw ocut the bleed union ane camplete turn.
Attach a suitable rubber hose pipe to the bleed union

to drain fuel awny from the engine.

Switch on the main fuel tank booster pumps to "marnual",
Yurm the H.P, and L.P, Compressors all the time that
bleeding is in progress until bubble free fuel flows,
Screw in the bleed valve one complete turn, take care

not to erush the nipple.

The main fuel pump tleed valve is situnted above the |
HePeCs governor adjustment and consists of a spring

loaded nop-return valve, Remove locking wire and

blanking eoap and connecot the special bleed pipe connection.
Switch on main fuel tank booster p.ml until bubble free
fuel flows from the connection. Kemove bleed pipe,

refit blanking cap and wire lock.

The blanking plug on the underside of the L.P.0. governor
is used as a bleed connection. Remove the locking wire
and blanking plug and connect o suitable drain pipe. Switeh
an fuel tank bocster pumps and turn the L.P. and H.P. oam—
pressars until bubble free fuel is flowing, Switch off L.P.
cocks then tank pumps after bleeding operation is camplete,
Remove drain pipe and refit blanking plug and wire lock.



1.

3.

5.
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10.

h\ginemdmminguhuﬁdbamtﬂntodtonm
tonddtmmthmuwdthhﬂh&ndr.
Pmummdmm”mtthnjatefmahawrﬂ-

tmmreﬂwﬁmn,h:ﬂdﬁng& u'oﬁu-nimm

Remove all int-aka, outlet, and all breather blanks, eto.,
ﬁmu&;mmunuunqmmmtmw_l
Mhnhmmmd.

Inmcthntthmmnomouohdnts, paper eto., in
th.mlinfrcnt of the mircraft,

asset 45 Tateks tumels for suspoct rivets eto,
also air brake access pa.nel BOTEWS.

Keep a check on campreasor blade cleanlinsss.

Keep a check on cempressor or turbine blades, for any
signs of cracks, or nisks eto.,

Check that sone 2A ool ecter $anks are drained,

Check that the airoraft fuel system has not been
httmdmtonuﬁfywmirlo,mqmwudn
have not been operated, bleed the engine fed by that particular
fuel tank group., If in doubt at any time, re~bleed all
engines.

If for any reason the engine bay access doors are
to be left open for checks during engine runs, check that

all jury struts are in position.

11. Check that sesese



11. Check that all aircraft starting checks have been
made, i.e. brakes on, chocks in position, ete., ete.,

12. Initial run or whenever an engine or jet pipe has been
replaced. :

(n)  Carry cut ocne motoring cycle, to check mluﬁﬁll,

0il Press and H.P. cock. _
. (b) Carry cut two deliberate false starts to check the
bellows seal.

(e) Carry out one motoring cycle.

These cycles will be carried out in accardance with the
instructions given later in these notes, but must always be
ocarried out betore nd:ﬁngmgl.no. If only jet pipe has been
replaced, check on bellows seal only.

Ensure that s.eeceee
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BEnsure that the safety pins (2 off) are fitted to the
ejector seat. '

Ensure that the D/V windows are locked

Ensure that the canopy is locked

Ensure that the four off Teddington gath valves are in

the closed position.

Check that all anti-dcing switches are in the closed position.
Check that the fuel tank pressurisation and nitrogen switches
are in the closed positiotn, '

Check that the parking trake is in the 'ON' position, and
that you have hydraulie pressure.

Check that your throttles are in the H.P. c¢losed position.
Check that your autamatic starting panel, ignition and
mster switches are switched 'OFF'.

‘Pull cut your main control conacle, wihch houses the fuel

system controls, flying controls ete.,

Gheck that your L.P. cocks are in the 'OFF': positdon

Check that your fuel system is set to manual; that all your
pulscmeter pumps are switched off; that ycur transf'er cocks
from No.1 to No.7 tanks are clised; that your cross feed
cocks are closed; that your flying controls are out of
operation; that your air brakes are closed.

Check each fuel group for fuel contents = i.e., the total
reading against individual tenk contents, and record the
readings.



1he
15.

16,
17
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Check that your generators are out of operation,
Ensure that your electrical ground supply for 112 and 28V
is in operation, and that all elnatricll services :l'c;r the
ground runs are in operation, Donotludthath,
1.8+ keep on ground supply.
h}m that L.P.W, doll's eyes show 1& Pressure,
Ensure that your intercam is in operation and that you are
fully in touch with the pu.:nd orevie
(a) Select No,1 tank -‘G' in Rod_m with control at mamual,
(b) Open No.1 L.B. cock; your i.;é;v. d0l1's eye should change
to normal, | ‘ .
(o) Opanthamnfnod.ooukM‘l'bozm, and open
Noe2 LaPs onﬁl:; your LeFP.W. aon'.; eys should change
to normel, .
(@) Open port te ntnrl';aa.rd cross feed cock and open Noe3 L.F.
cock; your L.P.W, doll's eye =sbould change to norwel. |
(e) Open the cross feed cocks fram 3 %o k graups, and open
Noeh LoP, cock; your L.P.W. doll's eye should change
to normal. i.e, with only ome pump in operation you have
checked &=
1. LP.W, d03l's eyes
11, L.P. cocks '
iii, Cross feed cocks
(£) Now alm all cross feed cockss
(g) sSwitch each fuel group to '"AUTO'

(h) Switch on all fuel pumps

- You are NOW cesesee



(1) You are now in the following position 1=

i. "l.P. Cocks 'ON'

ii, H.P. Cocks 'CLOSED'
i44, PFuel aystem set for ground runs
iv, All L.P.W. doll's eyes at normal

and are in a position to elther oycle or start whichever
engine is required, by the appropriate selection on the
automatioc starting panel,

HOTGRING CYCIE
Flug into ground starter unit
Starting master switch 'ON'
Set engine selector switeh to appropriate engine
Igniter isclating switch to 'OFF'
Check that throttle is at 'H.P. cock shut' position.
Press starter button (this will hold in for 30 seconds)
Check that your oll pressure rises to ap;u*o:d.ﬁate].v
30 possi. You will not observe any L.P.C.
ReP.M. as the starter motor only drives the H.P.C.,
also you should never, with the ignition isclation 'OFF"
be able to light the engine. One word of warning, never
during deliberate false starts or motoring cycles,

inadvertantly operate the relight buttons, mounted in
the top of each throttle contraol lever.

ma ‘ LA E R R E
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DELIEERATE PALSE START:

Make a leakage check of the outer come unit bellows

joint in the following manner § =

With the engine cold, carry out two deliberate false

starts consecutively and check for leakage fram the cone clamp

of the bellows joint, If leadage exceeds 0.5 c.c. per second, fit

a new strap and bolt sssembly and repeat the test.

CAUTION 3 The strap bolts must never be retightened
after the initial tightening to 80 1bs.ins,torque.

1e
2e
Se
.
S

Starting master switch 'ON'

Set engine selector switeh to appropriate engine.

Check that igniter isclation switch is 'Gﬁ"

Throttle open to 'H.P.Cock cpen' gate

Press ctutcrhxttm(!ﬁaﬂ.uhnldinfo;rjom)

6, Close H.P. cock when starter panel button throws out.,

Repeat 'Motoring Cycle' and 'Deliberate False Start' on all engines.

NaBo

After three successive operations of the starter,
the starter motor mast be allowed to ccol off for
fifteen minutes, before another start is made, also
on initial engine runs, when these false starts
M,mbm-mm&m,mmtﬂam
panel buzz bar in the power bay does not overheat
and melt,

Check that all surplus fuel has been drained fram the

engine, and jet pipe tunnel end ocaps, eto.

Bl cunll o P o



Motoring Cyele -4 = i i o
Repeat motoring cycle on each engine.

Warning

6
T

STARTING THE ENGINES
Starting master switch 'on' ‘
Set engine selector switch to .w-uu engine.
Imiter‘_isohtim gwitch to 'on'
Throttle open to 'H.P. Cock open' gate :
Press starter button (this will kold in for 30 seoands)
or until overspeed relay operates,) Engine should
‘nm‘ within four to six seconds and:ﬁ.ml]y

.run at ground idling speed.

Repeat operations L. 5. 6, and 7 on other- engines.

Starter master svitch 'off’ '

Open throttls gradually to flight idling i.P.H-

Notes If, on starting, 600° C, jet pipe temperature
is cbtained and temperature continues to rise,
return throttle to 'H.P. Cock shut' s
immediately and tum storter master switch to
YOFF'. H‘lm engine haa come to reat, check for
trouble and when ready repest nomml starting

If the engine does not start, the next attempt to start

must not be made until a MOTORING CYCLE has been carried

out, the engine cleared of unburnt fuel and checks have

been cerried out,

When the ssssases
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When the installation of the engine has been completed,

carry out the first engine run in the following manner : =

1e

Check that the ground idling speed is satisfactory.

2.  Open up gradually to the flight idling position and
again check the engine speed,

3e Open up to the maximmn continuous r.p.m. rating and run
the engine at this condition for threé minutes (minimm),
check the engine speed, cil and fuel pressures, and jet

. pipe temperature.

ke Open up to the take~off rating for 10 seconds and chedk

the engine speed and jet pipe ‘empcruture.
HORMAL PROCETURE FOR STOFPING ENGTNE

1. Close throttle to "H.P, Cock shut'™ position,

2. Vhen H.F. compressor has 'oeued to rotate close L.P.,
cocks and switch off tank pumps.

3 Discornect ground batteries

Le Check fuel tank contents, etec,, eto. )

INSPECTION
Fuel System

1.

Inspect the pipe lines and fuel system units for leakage,
security and condition, and all unions for security
and lecking,

L]
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2.  Check that all fuel drain cutlets are uncbstructed (This
can normally be seen bty the discharge of fuel from the
dreins during engine 'run-down')

0il System )

1. Remove, inspect and clean the cil sump scavenge filter,
Replace the filter and lock securely.

2.  Make visudl check for evidence of oil leakage.

5.  Remove, inspect and clean the suxiliary oil
scavenge pump filters. Replace and secure the
filters.

le Check the cil level of the engine oil tank, top up
to replace oil lost when the filter is removed.

Engine
f.  COheck the security and condition of all extemal nuts
and components,
2, Inspect the turbine centre mounting drum for general

condition and signs of gas leakage, and check, as

far as possible the security of all bolts, nuts,

clemps, etc.
3 Check the H,T. lead/igniter plug comnections for security
Examine all turbine casing, exhaust duct and jet pipe flanges

- 3

for gas leakage, general condition and security of all nuts
and bolts.

S5,  Check the jet pipe thermoocuples for cendition of
insulation and security.

Examine the cveeee
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6. Examine the engine mountings for cracks and check
their security.
Engine Bay Deoors

1. Clean sll sections of the engine bay doors and check
for oracks, damage and loose rivets,

2, Check the engine bay door locking eguipment for security
and condition.

Examine the throttle control for condition and check
it for freedom of cperation.

1s Check that the starter leads are connected to the
starter securely and are serviceable.

2, Examine all instruments and thermocouple leads
for condition of the insulation and check their
security.
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ITHER PARTICULARS OF ELECTRICAL SYSTEM SEE B 77034
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