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LETHAl WARNING 

EJECT.ION SEATS AND CANOPY JETTISON 
MECHANISMS 

1. Eiection seats and canopy iettison mechanisms are sources of potential danger 
to personnel and of damage to the aircraft: Serious iniury (possibly fatal) may 
result if any firing mechanis'!ls are inadvertently operated whilst the aircraft is on 
the ground. 

2 The following instructions are to be obeyed :-

R.N. Safety Precautions contained in A.P.(N.}140-Naval 
Aircraft Maintenance Manual. 

R.A.F. ALL PERSONNEL before entering the cockpit or 
cabin of an aircraft fitted with an ejection seat are to 
report to the N.C.O. immediately in charge of air
frame servicing who is to ensure· that all safety pins 
(or other safety .devices) are correctly positioned to 
render the seat and canopy jettison firing 
mechanisms safe. On completion of servicing, 
tradesmen are to report to the N.C.O. 

3. Full instructions for rendering the firing mechanisms safe are contained in 
the A.P.4288 and A.P.(N.) 1023 series, in Aircraft Servicing Schedules and in 
the A.D.S037 series . 

RESTRICTED 
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This leaf issued with A.L No. 43, August, (952 

NOTE TO READERS 

The subject of this publication may.: be affected by Admiralty Fleet 
Orders, Air Ministry Orders, or by "General Orders and Modifications" 
leaflets in this A.P., ii). the associated publica-Q.ons listed below, or even 
in some others. If possible Amendment Lists are issued to correct this 
publication accordingly, but it is not always practicable to do so. When 
an Order or leaflet contradic.ts any portion of this publication, .the Order or 
leaflet is to be taken as the overriding authorit:r. -

Each leaf bears the date of i,ssue and, when applicable,. the number of the 
Amendment List with which it was issued. New or amended technical 
information on new leaves which .a±e inserted when this publication is 
amended will be indicated by a vertical line in the margin. · This line 
merely denotes a change and is not a mark of emphasis. When a Section 
or C_hapter is issued in a completely revised form the line will not appear. 

* * * 
LIST OF ASSOCIATED PUBLICATIONS AND -AIR .DIAGRAMS 

Aero-engine ignition equipment 
· Aircraft hydraulic equipment-=--Lockheed ... 

Aircraft pneumatic equipment-Hymatic 
E.lectrical·equipment manual-general (airborne) 

. Fuel system components (general) for gas turbine aero-engines ... .-
Fuel system components (Lucas) for gas turbine aero-engines .. . 

Instrument manual-g~n~ral instruments ~ 

R.A.F. engineering and relevant aircraft Air Publications and 
Pilot's Notes 

Goblin 2 Aero-engine · 
Goblin 2 Servicing_information 

Goblin Mk. 2 Combustion chamber and burner 
Goblin Mk. 2 Fuel system (Sheet A) 
Goblin Mk. 2 Fuel system (Sheet 8) 
Go~lin Mk. 2 Rotor shaft assembly , · ' 

'RESTRICTED 

'A.P. 
1374 Series 
18038 
4303C 
1095A 

4282 
4282A 

1275A 

1464 Series 

A. D • 
4614 
4481 
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ON682 
ON680A 
ON6808 
ON675 
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._ ~- . LAYOUT OF 

A.P.4121 B & C GOBLIN Mk. 2. and 3. AERO-ENGINES 

"vOL. I 

· .. .. ' 

VOL2 
/ 

VOL. 3 
Schedule of opare parts 

VOL. 6 

-SECT. I 

Operation 

PART I 

(Leaflets) 

General ordero and 'modifications 

' 

PART 3 

Servidne 

PARJ: 5 

Depot ~epair 

_, 

\ 

~ SECT.2 

~escription .. 

·PART 2 

Servicine oche<fule 

(See relevant Aircraft A.P. 
~ Vol. 2, Part 2) - • 

PART:<~ 

Minor Repalro 

PART.6 

Sche,dule of Fi~ and cil!a!'ince_, 
.. ~ ' -- A 

'I 

• I 

PART2 
Major Repalro 

' -
' ' 
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This t,eaf Issued with A.L. ':'/O· 29, November, 1951 

··LIST 
'· . 
AND 

··. · .. 

OF PARTS 
SECTION.S 

PART 3 

SERVICING 

SECTIONS 

Installing and. removing
Chop. I Unpacking_ and installing 

2 _Removing, 

' 2 Startin_g and groun.d checking 
Chap. I Preparing for service 

2 Starting and checking 
3 Running defe~ 

3' Servicing / · 
Chap. I Routine servicing ~ ., 

2 Inspection (or damage after shock loading (nlllliiiJlftiJI!>f4 1'9 i..~l 

4 Preservation and ~torage 

PART 4 

MINOR REPAIRS 

SECTIONS 

I · Tool~ and equ~pment 

2 Replaceme~t, Adjus~ment and Rectification 
Chap. I General information 

2 Main rotating assembly 
3 Structural casings and accessory boxes 
4 Combustion chambers 
5 Exhaust system 
6 Ft!el system components 
7 Lubrication system components 
8 Ignition system • 
9 Miscei/aneous 

RESTRICTED 
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This leaf issued with A.L. No. 24, July, 1951 . A.P.-412/B & C, Vol. 2, Part 3 

' 

GOBLIN Mk. 2 AND 3 AERO-ENGINES 

LIST OF SECTIONS 

Note.-A list of <;hapters appears on the marker card for each section 

Section I Installing ~nd removing · 

Section 2 Starting and ground checking 

Section 3 Servicing 

Section 4 Preservation and storage 

RESTRICTED 
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This leaf Issued with A.L. No. 29, November, /951 

SECTION I 

INSTALLING AND REMOVING 

LIST OF C.HAPTERS 

A.P.-11218 & C, Vol. 2, Part 3 

Note.-A list of contents appears at the beginnine of each chapter 

Unpacking and installing 

2 Removing 

RESTRICTED 
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This leaf Issued with A.L. No. 24, July, 1951 A.P.4121B & C, Vol. 2, Part 3, Sect. I 

Chapter I 
UNPACKING AND INSTALLING 

Note.-This chapter applies to Goblin Mk. 2 and 3 aero-engines 

LIST OF CONTENTS 

General 
Slinging 
Unpacking ••• 
Blanks and transport spares 
Preparation of-engine 
Preparation of aircraft ••• 
Removing engine from transpot:t stand ••• 
Installing engine In air(rame 
Tail-pipe thermocouple 
Air-intakes ••• 
Tail-pipe fireguard 

-... 

Para. 
I 
4 
s 
8 
9 

IS 
31 
32 
38 
39 
43 

Cowl rails ••• 
Oil connections 
Fuel system connections 
Drains 
Conitols 
Air connections 

.... 

. Electrical connections 
Aircraft accessor!~ 
Checking_ the installation ••• 
Prevention of corrosion 

Para. 

44 

45 

.fa 
53 

63 

68 
. 74 

83 
84 
85 

LIST OF ILLU~TiiATIONS 

Engine in cylindrical metal container 
Wooden engine transit case 

Slinging the engine , •• 

General 

Fig. 

I 

2 

- 3.: • 

I. This chapter describes the installation of 
an engine as received by a unit. As personnel 
will normally be concerned with effecting a 
replacem~nt, this chapter apd Chapter 2 have 
been written to facilitate easy cross reference 
between the procedures either for install
ing or removing an engine. Reference must 
also be made to the relevant aircraft Air 
Publication for information regarding the 
fitting of engine-driven aircraft accessories. 

2. Due to possible va'riations between air
craft and between the equipment ins~alled in 
individual aircraft of the same type, the 
sequence given in the following paragraphs 
may require adjustment to suit the exigencies 
of local conditions, and the equipment and 
facilities available. The connections differ
ing between the two marks of engines have 
been identified accordingly, and it will be 
quite easy · to choose the connections 
applicable to a particular installation. · 

3. Where reference is specifically made to 

Goblin Mk. 2 installation connections (port) 
Goblin Mk. 2 Installation connections (starboard) 
Goblin Mk. 3 Installation connections which differ 

• ~ "· fHJm .those shown in fig, 4 and 5 ••• 

Fig. .. 
5 

6 

engines in Vampire .aircraft, the instructions 
do not _nece~arily apply to other install-
ations. ' 

Slinging 
4. A mobile crane capable of hoisting a 
weight of at least 25 cwt., the combined 
weight of the engine and the cylindrical metal 
container, is necessary. When installing in 
Vampire type aircraft, the crane boom must 
be capable of lifting the engine above the 
aircraft and of being extended over the engine 

· bay at the rear of the fuselage. The approved 
lifting slings must ~ways be used for hoisting 
the engine, an4 it must be ens~d that the 
shackles are ~ttached ~ur~ly to the front 
and rear ~ng eyes ap.d that tp.e sling eye is 
adjusted so that the engine balances correctly. 

Unpacking 
5. The engine will be received in· a metal 
packing and transit container (fig. 1), or in a 
wooden case (jig. 2), whilst the tail-pipe will 
be received separately in a wooden transit 
case. The cases are fitted with four slinging 

RE"STRICTED 
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Fig. I. Engine In cylindrical metal container 

rings fo~ lifting and the drum has four lifting 
eyes, two being attache9 to each end flange. 
Remove the bolts from the base of the wooden 
engine case or the fifty-two nuts and bolts 
from the' central longitudinal flange of the 
drum. Attach the four-piece chain sling to 

·the top of the container and lift off the top 
half of the drum or the shell of the wooden 
case. The engine will remain attached to the 
inside of the lower half of the drum or to the 
stand mounted on the base of the wooden 
case. The operation of removing the upper 

half of the drum or the shell of the wooden 
case should be carried out carefully to avoid 
damaging the engine. The engine log book, 
appropriate copies of the relevant issue or 
receipt vouchers and Forms 640 will be with 
the engine. 

6. Attach the sling (Stores Ref. 4Gf2872) to 
the eye on the top accessory box and by the 
special adapter plates to the eye on the tur
bine shroud. Adjust the eye on the beam so 
that the load will be evenly distributed 

RESTRICi"ED 
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A./'.412111 & C, Vol. 2, !'art 3, Sect. I, Chap. I (A.L.86) 

Fig. 2. Engine transit stand and packing case 

(fig. 3) and take up the slack in the sling. 
Remove the trunnion bush caps from each 
side and the rear of the engine . Lift the 
engine clear of the drum or case. Remove the 
two transverse rubber bushes and assemble 
the brass bushes of the transport stand. 
Gently lower the engine into the transport 
stand and secure the trunnion caps. 

7. Examine the engine externally for any 
damage that may ha ve occurred in transit or 
during unpacking. Such damage is likely to 
be confined to the projecting parts. Any 
damage or evidence of corrosion must be 
reported to the inspection authority . Care
fully check the engine and all loose 
components (which will be tied to the 

Description 

Blanking cover, supercharger or a lternator facing 
Blanking cover, generator facing . .. 
Blanking cover, vacuum pump facing 
Blanking cover, hydraulic pump facing 
Blanking cover, air compressor facin g 
Blanking cover, tachometer generator facing 
Protection tube, fireguard drain 
Flanged trunnion mounting 
Bolt, for trunnion 
Spring washer, for trunnion bolt 
Blanking cover, turbine disc 
Bla nking tube, accumulator drain 

engine or to the container) against the 
Checking Li st at the beginning of Volume 3, 
Pa rt I, of thi s Air Publication. A shortage 
of any components should be recorded in the 
log book, and the relevant issue or receipt 
vouchers and Forms 640 suitably endorsed. 

Blanks and transport spares 
8. It is advisable to leave blanks and aper
ture covers in position until immediately 
before the component is to be mounted on the 
engine, or the connection is to be made. This 
will reduce the likelihood of dust or other 
foreign matter entering the engine, particu
larly when operating in sandy localities. 
The following is a list of the blanks, etc. that 
will require removal at the appropriate stages. 

Part No. Qty. 
Goblin Mk. 2 Goblin Mk. 3 

17087 17087 I 
17087 17087 1 
17133 17133 I 
17133 17133 1 
17135 17135 I 
19138 19138 l 
71234 71234 I 
22860 22860 3 
N. ll 8 N. ll8 18 
AGS . I62E AGS.I62E 18 
70554 70554 I 
22 126 I 

(A . L.86, Jan. 59) 

RESTRICTED 
ll (c\l.ti<i) 
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Description 

Blanking cap, accumulator drain . . . 
Blanking cover, air-intake .. . 
Blanking plug, igniter plug boss . . . 
Blanking cap, overspeed governor fuel drain 
Blanking cap, overspeed governor oil drain 
Blanking cap, dump valve drain ... 
Blanking cap, combustion chamber drain 
Blanking cap, rear bearing drain . . . 
Blanking nut l . 1 
R. t J oil t 1ermometer pocket sleeve 1ve .. . 
Blanking cover, starter mounting face 
Blanking cap-nut, starter coupling union 
Blanking plug, fuel pump inlet connection 
Blanking cap, port fuel pump inlet connection 
Blanking cap, starboard fuel pump inlet connection 
Blanking nipple l. oil pressure gauge vacuum pump 
Union nut J and compressor oil connections 
Blanking plug, vacuum pump oil pipe 
Blanking plug I 
Blanking banjo bolt l . · . 
Bl k. t 1 a1r compressor od feed ptpe 

an mg nu 1 

VVasher j 
Blanking cap, barostat drain 
Blanking cap, burner pressure gauge connection 
Blanking plug I 
Outer sleeve ~cabin demisting air pipe 
Split pin j · 
Blanking cap, fuel tank pressurization connection 
Protection cap, cabin air pipe connection 
Blanking cover l 
Blanking cover 

Pprottectt!on plug l turbine disc cooling air pipes and 
ro ec ton cap 1 elbows 

Bolt ... ··· j 
~pur~ng. ~as he; . . 
Blanking cap, for barostat spill connection 

Blanking cap, barostat drain 

Blanking nut, tail-pipe thermocouple 
Blanking nut, tail-pipe thermocouple 
Blanking cap, barostat head connection 

Blanking cap, B.P.C. total head connection 

Blanking cap, P.L.V. drain 
Blank, Lucas fuel pump seal drains 

Blanking cap, starting valve 

Part No. Qty. 
Goblin Mk. 2 Goblin Mk. 3 

20620 
20638 
AGS.597A 
AGS.597B 
AGS.597B 
AGS.597B 
AGS .597A 

f810- 3D 
L AS.I55-1008 

21372 
N .663 
AGS.597H 

{ N.2102 
2510-15 
AGS.595B 

I AGS.595B 
j 6A1-3L 
I A16Y-LP 
LAGS.l60G 

AGS.597A 
AGS.597A 

I AGS.1140H 
~ AGS.904H 
LSP.9-C5 

AGS.597B 

172614 
72613 
AGS.595F 

i AGS.596F 
6A1-8E 

lA16Y-EP 
AGS.162D 
Z7070-175 
or GTS.55-6 
Z7067-45 
or GTS.55-5 
N.688 
16001A 
X7067-46 
or GTS.55- 2 

AGS.597B 

AGS.597B 

AGS.597B 
20620 
20638 

1 
2 
2 
I 
I 
I 

AGS.597B I 
AGS.597A I 
810-30/3 I 
AS.155-1008 I 
21372 I 
N.663 I 

AGS.597F 
AGS.595F 
N.2102 
2510- 15 
AGS.595B 
AGS.595B 
6A1-3L 
A16Y-LP 
AGS.l60G 

AGS.597A 

AGS.596F 
72614 
72613 
AGS.595F 
AGS.596F 
6A1-8E 
A16Y-EP 
AGS.162D 

I 
I 
1 
3 
3 
2 
I 
1 
1 
2 
1 
1 
1 
1 
I 
1 
1 
4 
4 
4 
4 
8 
8 
8 
1 

N.688 4 
16001A 3 

1 

X7067- 46 
or GTS.55-2 
AGS.597B 1. 
Z7067-46 2 
or GTS.55-2 
AGS.597B 
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Datum points · . . • • • Centrelineoffrontchaina~chmentisdatumpoi~tfromwhic_htheposition of the eye on th; bar IS "!easured_ • . Position of centre of gravity from datum point without tail-p1pe and (ireguard:-w1th accessories 14·93 In., Without accesso"':' 16•93 m. Position of centre of graVIty from datum point with tai/.pipe and (ireguard:-ith accessories 18-93 in., without accesso1ies 20·43 m. 

Fig. 3. Slinging the engine 

Preparation of engine 

9. It is advisable to carry out as much 
work as possible whilst the engine is on the 
transport stand, because at this stage all 
parts of the ·engine are accessible. Work 
must not be .carried out with the engine sus
pended from the crane. If the transport stand 
is unsuitable for certain operations, the 
engine must be transferred to a dismantling 
and assembly stand. 

10. Remove the blanking plates and fit the 
appropriate engine-driven accessories in 
accordance with the instructions given in 
Part 4, Sect. 2, Chap. 9. 

11. Remove the blanking plugs from No. 2 
and l4"·combustion chamber and screw the 
igniter plug into each combustion chamber. 
File the copper seating washer for each igniter 
plug until the hexagon fiat marked with an 
arrow is facing squarely upstream. 

12. · Check that the engine accessories are 
of the correct Mark number, and that the 
appropriate aircraft accessories have been fitted. 
13. Make a note of the starter terminals; if 
it is an old installation with the starter ter- · minals forward it. will be more convenient to 
connect up the starter after · the engine is partly install_ed in the aircraft. 
14. Fit any aircraft components which 
are convenient and practicable at this 
stage. For example, on Vampire aircraft with the appropriate accessories, the bracket 
for the generator-to-air-compressor cooling 
pipe can be attached to the two rear port 
studs of the top accessory box cover; 
the cooling pipe with its integral cooling cowl 
for the air compressor can be fitted in place 
between the generator and air compn!ssor and . the pipe can be secured to the bracket. In 
addition, if a Mk. 2 engine is being in
stalled, the barostat end of the total head pipe 
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complete with filter can be ·attached to the 

barostat using a worm-drive clip, and the pipe 

can be secured to two burner studs with the 

clips provided. With either mark of 

engine remove the H.P. cock lever' and 

re-position it so that when the cock is 

cl~sed the lever is horizontally forwards and 

when the cock is open the lever is vertically 

downwards. Another item :which may be 

fitted at this stage is the upper cowl 

rail, which is attached by means of stirrups and 

long bolts to the diffuser casing hollow bolts. 

On Mk. 3 engines the hot-and-cold air 

valve may be secured to the fro~t casing studs 

above the alternator. 

Preparation of aircraft 

IS. The following instructions apply speci

fically when the engine .is being installed in 

. Vampire aircraft. · · · 

16. Ensure that all work in the engine bay 

has been complet~d as most components, 

particularly the :Hying control cables, will be 

less accessible after the engine is in. 

17. Check that the ":B.oat~g" air-intake 

duct on each side is in place, lined-up with 

the wing intake ·and. secured With a rubber 

sealing ring and two worm-drive clips ~n the 

fuselage tank bay; it is advisable to arrange 

the worm-drive clip screws at the bottom 

whe:r:e they will~be more access~l?le'for future 

adjustments if necessary. 

18. Fit the rubber sealing rings around.the 

rear ends of the ":floating" du~ts and secure 

with one worm-drive clip each. Roll back the 

rear edge of each sealing ring over the worm-· 

drive clip and out of the way of the engine 

intake when installed. 

19. If the engine is being installed in a new. 

aircraft, in an aircraft which has been 

extensively repaired or in one which the· 

bearer arms are suspected of faulty . align

ment, check the alignment of the bearer arm 

. bolt holes and their r~lationship to the axis 

of the engine. Also check the relationship 

between the ends of the ":floating"_ ducts and 

the bearer arm pick-up points. If a large 

number of engines are being installed, it will 

be advantageous to make up a· dummy front 

ca.Sing for the latter check; this should con

sist of an unserviceable front casing fitted 

with four diffuser eye-holts so adjusted that 

the perpendicular distance between the air

intake to the eye-bolts is on the lowe.r limit. 

With this front casing a check of the align

ment of the complete air-intake system can 

be made (para. 39 to 42). 

20. After. removing the dummy front casing, 

check that the rudder balance table is clear 

pf the "floating" intake ducts. 

21. See that the cowling hooks are fitted 

with springs, and tie back the hooks to ensure 

that neither they nor their springs are 

dam~ged when the' engine is being installed. 

22. T.P,e cabin supercharger control rod must 

be tied up vertically to the cables above it, 

otherwise it will be trapped by the engine if 

it is allowed to hang down. For the same 

reason if is, advisable ·to place the pilot's 

throttle lever in the OPEN position and to 

wedge the lower end of the short control rod 

behind the electric cables beneath it. 

23. Fit the elbows which connect the cabin 

supercharger and the gun-heater muff to their 

appropriate leading-edge air-intake ducts; 

the port elbow is fitted with the cabin super

charger inl~t filter. 

24. Check that the inboard edge of the 

asbestos plate on the starter resistance is cut 

back at an angle. · If not, rectify with a 

rasp sufficiently to allow the dipstick to be 

removed when the engine is installed. 

25. Either remove the low pressure fuel 

filter.brackef struts and swing the filter <;>ut

wards, or remove the filter completely from 

the lower port bearer strut, otherwise the 

starter will foul it as the engine is being 

lowered into position. 

26. Check that all. connections on the fire

wall are blanked off. To prevent damage ·to 

the fire-switches it is recommended that the 

bracket on each side of_ the engine bay con

taining four fire switches should be removed. 

Remove also the pipe running along the 

bottom of each No. 1 rib, which conn~cts the 

· front and rear of the wing tanks. 

27. Remove all loose nuts, bolts, washers, 

pieces of locking wire, etc., from the ledge 

formed on each side of the engine bay by the 

lower :flange of No. 1 rib. Clean out the 

engine bay and ledges with compressed air. 

28 A check must be made of the turbine 

tip clearance·as described in Sect. 3, Chap. I, 

to ensure that no distortion has occurred as 

the result of rough handling during transit. 

This check may be made at. this sta:ge or after 

the engine has been installed. If checkea at 

this stage, however, it must be checked again , 
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after installation if rongh handling occurs 
during · installation, particularly if such 
handling heavily shock-loads the turbine 
shroud, 'for example, by the slipping of the 
lifting tackle. As rough handling during 
transit is more likely to . occur than during 
installation it 'is usually only necessary 
to make this check before installation. 

29. The tail-pipe clearance check which is 
also described in Sect. 3, Chap. 1, should be' 
combined with tl].e turbine tip clearance check. 
Assuming the result of the turbine tip and 
tail pipe clearance checks to be satisfactory, 
assemble the tail-pipe, with its drain at i:he 
lowest point, and secure it .with the forty
fiw nuts and bolts after smearing the 
threads with Whitmore's compound No. 5 
or anti-seize grease D.T.D. 392. 

30. If it is decided to leave the checks until 
after the engine is installed do not set it on a 
strip-and-assembly stand but proceed as 
follows. Remove the turbine cover and apply 
four pieces of plasticine to the turbine disc 
in order to commence the tail-pipe clearance 
check described in Sect. 3, Chap. 1. Assemble 
the tail-pipe, with its drain at the lowest 
point, and secure with four nuts and bolts 
evenly spaced near to the pieces of plasticine. 
This check will be concluded when the tail
pipe is removed to conduct the turbine tip 
'clearance check after installation of the 
engine. 

Removing eng!ne from transport stand 

31. Wheel the transport stand to aconvenie11t 
position near the aircraft. Attach the lifting 
sling (Stores Ref. 4G/2872) by its shackles to 
the front and rear lifting eyes; adjust the eye 
on top of the sling to a position suitable for 
lifting level an engine complete with tail-pipe. 
Just take the weight of the engine, remove the 
three trunnion bearer caps, raise the engine 
and wheel away the transport stand. Take 
care that the engine does not swing, as this 
might cause damage through contact with 
the stand. .Remove the two brass trunnion 
bearings and the three tnmnions; ·one 
beneath the engine and one each side. 

Installing engine in airframe 

32. The following instructions are applic
able to Vampire aircraft but can be 

A.P.4121B & C, Vol. 2, Part 3, Sect. I, 'Chap. J 
adapted to other installations. It is advis-· 
able to have five men, apart from the crane 
driver, available for the actual installation 
of the engine, although, of course, a crew of 
this size will not be necessary for the.subse- · 
quent operations. These men should be . 
stationed as follows:-one each side of the · 
engine beneath the fuselage, one each side of 
·the engine on the wings and one man at the 
rear of the en,gine to grasp the tail-pipe and 
guide the engine into the engine bay. Each 
man· shoUld be provided with ·an engine 
bearer- bolt' to the end of which has been 
screwed a locally-made bullet-shaped cap of 
the same diameter as t4e plain porti9n of the( 
bolt (introduced by Vampire Mod. 808). 
These caps will enable the mounting eyes on 
the front of the engine to be aligned with the 
bearer arm pick-up 'points as the bolts are' 
tapped lrome. Where Vampire Mod. 808 is 
not embodied, that is, where the bolts are not 
stepped, a bullet-shaped drift will be needed 
to align the· bolt-holes. 

33. Immediately before installing the engine, 
remove the air-intake covers. To mount the 
engine raise it above the fuselage and lower it 
very gently so that the diffuser casing passes 
through the cut out portion· of the flange of 
No. 1 rib on each side of the engine bay. The 
clearance is ·very small and ·the engine must 
be lowered very slowly,· whilst a constant 
watch must be kept to ensure that it does not 
foul anything in the engine bay. Care must 
also be taken to ensure that the engine is. not 
dropped below the level of the bearer pick-up 
points, otherwise .the engine air-intakes will 
damage the lower bearer struts, n~cessitating 
the removal of the engine. This damage can 
occur even after the top bolts are in position 
if the engine is allowed to "hinge" too low. 
These' points must be watched carefully by 
the two lower.men !llld there must be a !"apid 
system of communication between them and 
the crane driver, for damage .can be done if 
the engine is allowed to drop as little as half
an-inch. The lower man on the port ·side 
must also watch particularly that the starter· 
do~s not foul the bearer arm struts. 

34. Engage the top pick-up points first and 
insert the "bullets" or prepared bolts. Lower 
the engine slightly so that it hinges about the 
top pick-up points, when the bottom eye
bolts should slide easily between the lugs of 
the bottom pick-up points;· insert the 
two lower "bullets" or · prepared bolts. 
Thoroughly inspect the engine and engine 
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bay to ensure that nothing has been trapped 
or da.nlaged during the above operations. 

F' 
1' ·t.: 

35. Unscrew the "bullets" from the end of 
the bolts or if old..,type bolts are used tap out 
the "bullets" one at a time using the bolts so 
that they follow the "bullets" into the bolt-' 
holes. Assemble the special washers and the 
castellated nuts to the bolts. Split-pin the 
nuts and wire-lock the heads of the bolts to 
the pic}f-up lugs with 18 s.w.g. mild steel 
wire. · 

the floating duct. It is not necessary to 
investigate rearward-facing steps at these 
points; such steps are permissible on Vampire 
aircraft for the tolerances are so arranged 
that the maximum specified cannot be ex
ceeded, and in addition they are difficult to 
see from the front of the aircraft. With an 
inspection lamp placed below the . aircraft 
examine1 from 3;bove the engine, the gap 
~etween the floatmg duct and the engine air-

-m take. If the gap appears to be ·outside the .-. , 

36. After the engine is secured to its mount
ing in any type of aircraft, the tail-pipe to 
turbine disc clearance check must be com
pleted and the turbine tip clearance checked, 
if these operatipns have not previously been 
carried out. The latter check must be 
repeated if the engine has received any rough 
treatment during installing, particularly if 
the sling has slipped and shock-loaded the 
turbine shroud to which the rear lifting eye is 
attached. Remove the 'four nuts and bolts 
and take off the tail-pipe. Measure the thick
ness of the four pieces of plasticine, and 
complete the tail-pipe to turbine disc cle'arance · 
check described in Sect: 3, Chap. 1. In 
adqition. check the turbine tip cle¥anc~ also 
described in Sect. 3, Chap. 1. ·u these checks 
show that the engine is satisfactory, assemble 
the tail-pipe and secure it with the forty
five nuts and bolts after smearing the threads 
with ~itmore's compou~d No. 5, or anti
seize· grease D.T.D. 392. . Fit a propelling 
nozzle blanking cover. 

37. Remove the blanking caps from the rear 
end of the front half of the four turbine disc 
cooling pipes (supplied with the engine), 
and the blanks from each end of the loose rear 
halves. Also take off the blanking plates from 
the ends of the .t!).il-pipe support tubes, 
leaving the 'joint washer' in _pl~ce. Assemble. 
the· four loose pipes to the engine, attaching 
eacl~ by 'the union nut at the front en~ .and· 
by tpe two bolts and spring washers at the 
rear. Wire-lock the union nuts. 

· .. ; Tail-pipe therm<!couple 

38. Instr.uetions for :fitting the thermocouple 
to tl].e tail-pipe are_ given in Sect. 3, Chap. 1. 
Before fitting it remove the blanking plug, 

- and after fitting wire-lock the thermocouple 
to·the·blanking plug, a!fjacent to the thermo
couple,. with 22 s.w.g. stainless steel wire. 

Air-intakes 

39. Remove the air-intake blanking covers 
and, using a torch or inspection lamp, see that 
there is no forward-facing step at any point 
on the periphery of the joint at each end of 

limits:~o(JOG in., and 0~00 in., check with 1\1. &1 
feele):" gauges around the outside of the air
intake. Alternatively the gap .may be 
inspected by using a mirror securely attached 
to the_ end of a ~~mg . rod and che.cked, if 
necessary, with a feeler gauge made up of a 
piec~ of metal of suitable thickness securely 
attached to a rod. On no account place in 
the air-intake any material from which burrs 
or splinters can fall, and when checking the 
above gaps ensure that mirrors and feeler 
gauges are attached firmly to their rods. 

40. ~f the above requirements are not met 
it may be possible to rectify by sl~ckening off 
th,e worm-ill;ive clips securing the floating 
duct and ~djusting the position· of the duct 

i~ _its se~g rings. 

41. Roll back the·rubber s~aling rings over 
the engin~ air-intakes and feed the loqg · 
worm-drive ,clips around the intakes. Join 
:UP the two ends of each clip and adjust the 
clip so that it is situated between the beading 
on the ~dge of the rubber and that on the 
edge of the air-intake. Tighten the clip .. 

42. After all work has been completed see 
that nothing has been left in the air-intakes 
and replace the blanking covers immediately. 

rail-pipe fireguard . . 

43. The· instructions for assembling the fire
guard are conta,ined ·in Sect. ~. ChaP.. 1. 'it. 
should l>e note9- that the tti;t:bine disc. cooling 
pipes (para. 37), the ~ail-pipe .th~rmocoupl~ 
(para. '38) and the tail-pipe arain (para. 61) 
must be assembled before the fireguard; and 

· during. the assembly of the fireguard the gun
heater muff pipes must be attached (para: 69). 

Cowl rails . 

44. ,The upper and lower rails for the engine 
cowls,' in V aJ11pire aircraft, al:e ·secured to the 
engine by stirrups attached by long bolts to 
the hollow diffuser c.asing bolts. If not already 
fitted, these should be attached at this stage, 
for various pipes and the common dra:in box 
are built into the assemblies. For instructions 
for fitting and adjustment of the rails and 

. cowls see the relevant air~r?-ft Air Publication. 
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I 2 3 4 5 6 

17 16 15 14 13 12 11 10 9 

I OIL PRESSURE GAUGE CONNECTION 

2 OIL TEMPERATURE GAUGE THERf'!OMETER POCKET 

3 AIR COMPRESSOR MOUNTING (TRANSPARENT BLANK) 

4 CABIN ·SUPERCHARGER MOUNTJNG (TRANSPARENT 
BLANK) 

5 HIGH-PRESSURE FUEL FILTER 

A.P.41218 & C, Vol. 2, Part 3, Sect. I, Chap. I 

7 8 

9 BAROSTAT 
· 10 • VENT TO ATMOSPHERE 

11 BAROSTAT DRAIN 
12 FUEL INLET 
13 FUEL PUMP 
14 HIGH-PRESSURE FUEL CUT-OFF CONTROL • 
IS CONTROL Box· 

6 BURNER PRESSURE GAUGE CONNECTION 16 MINIMUM PRESSURE VALVE MOUNTING (BLANKilD OFF) 

7 IGNITER PLUG 17 THROTTLE CONTROL -

8 MOUNTING TRUNNION (3 SPACED AT SO DEG.) 18 BAROSTAT SPILL OR FUEL RETURN CONNECTION 

F'ig. 4. Goblin Mk. 2 installation co.,!lections (port) 
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2 3 . 4 5 

I JET PIPE TEMPERATURE THERMOCOUPLE (-4 OFF) 

~l REAR LIFTING EYE 

3 REAR BEARING TEMPERATURE GAUGE THERMOCOUPLE 
LEAD 

4 IGNITER PLUG 

5 FUEL PRESSURE CUT-OUT SWITCH (IF FITTED) 

6 FRONT LIFTING EYE 

7 GENERATOR MOUNTING (STANDARD BLANK) 

I TACHOMETER GENERATOR (TERMINALS) 

8 9 

I I I 
17 16 151413 12 

t VACUUM PUMP MOUNTING (STANDARD BLANK) 

10 HC?RIZONTAL DRIVE SHAFJ; HOUSING COVER 

11 AIR-INTAKES 

ll STARTER MOTOR,TERMINALS 

13 HYDRAULIC PUMP 

14 HYDRAULIC PUMP OUTLET 

IS HYDRAULIC PUMP INLET 
' 16 FUEL ACCUMULATOR 

17 OVERSPEED GOVERNOR 

Fig. 5. Goblin Mk. 2 Installation connections (starboard) 
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011 connections 

45.' These engines have self-contained oil 
systems with the oil contained in the sump 
and not in an aircraft tank. With the excep
tion of the drains, which are d~scribed in para. · 
53 to 62, there are therefore only two· oil 
connections. 

46. Remove the t m: B.S.P. blanking nippie 
from the forward-f~cir).g leg of the double 
banjo on the front of the. top accessory box 
cover, and, with a flexible pipe, connect it to 
the ·oil pressure transtilitter. Wire-lock the 
union nut. · ' 

47. Remove the i m. B.S.P. blanking nut 
from the oil thermometer pocket on the port 
side of the top accessory box cover. Insert 
the thermometer bulb and tighten and wire
lock tlie union nut. 

Fuel system connections 

48. Remove tlte one-inch B.S.P. blanking 
cap from the inlet of the Dowty fuel pump 
on Mk. 2 engines ·and connect up to 
the low pressure fuel filter. Wire-lock the 
union nuts. The L.P. filter will need to be 
fitted to the aircraft as it was removed before 
iristalling the engitle. For detailed instruc
tions, reference must be made to the aircraft 
Air Publication. 

49. Mk. 3 engines have an inl~t to 
each fuel pump, that for the starboard 
pump being accommodated on the port side 
at the end of a long flexible pipe. ~emove the 
blanking cap from the port pump inlet and 
the blankir).g plug 'from the starboard pump· 
inlet and connect them to the L.P. filter. 
Wire-lock the .union. nub?. 

SO. The barostat spill return on Mk. 2 
engines is a f in. B.S.P. union situated on the 
front of the barostat. Remove the blanking 
cap, connect up the flexible pipe· and wire-
lock the union nut. · 

5 I. The total head pressure hose-pipe mu~t 
be connected to .the banjo union beneath the 
barostat on Mk. 2 en~es and a similar 
banjo on top of the B.P.C. in the case of the 
Mk. 3. As this connection has alreaP,y been 
made on Mk. 2 engines during preparation of 
the engine, the aircraft pipe must be con
nected to the filter by means of a rubber 
hose ·and two worm-drive clips, and the e'nd 
of the pipe must be attached by a clip to 

. one of No. 3 burner studs. On Vampire air-

A:P.-41 it B & C, Vol. 2, Part 3, Sect. I, Chap. I 

craft fitted with Mk. 2 engines the total head 
pipe is part of the top cowl rail assembly. . ' 
The total head pressure line is not complete 
until. the .-other end is connected· to ?- plain 
hose connection in the air supply pipe from 
the leading edge ·of the starboard wtng to the 
gun-heater muff around the tail-pipe. On Mk. 
3 engines, however, the total head ·union 
is connected to the filter at the bottom of the . 
fire-wall and this is, in turn, connected to a 
small pipe welded to the cabin supercharger 
or cold-air radiator inlet on t,he port side. 

· 52. Remove the blanking .cap from the l in. 
B.S.P. banjo connection on No_. 3 burner, and 
connect up the fuel pressure gauge pipe. · If 
no fuel pressure· gauge is fitted ensure that 
the u:iJ.ion,is correctly sealed with a blanking 
nipple. Wire-lock the union nut. 

~. Drains · · 

53.. OJ;J.."Vampire aircraft ·all drains at the 
front of the engine are connected by means of 
flexible pipeg, to a common drain box l5uilt 
into the bottom cowl rail. · 

·54. Remove the .t in. B.S.P. _blankirig .cap 
from the· rear bearing drain, sitqated on a 
bracket beneath the diffuser casing. Fit the 
pi~ 3:11d wire-~ock the union ·nut. · · · ' 

. ·. 
SS. Remqve the* in. B.S.P. blanking·caps 
from the unions beneath the pr~ssure limiting 
valve and the dump valve. Connect up the 
drain pipes· and wire-lock the union nuts. · 

56. Remove , the blanking· caps froin the 
Mk. 2 overspeed govelJlor fuel ~d oil drains. 
Connect the oil drain pipe to the i in. B.S.P. 
union beneath ·the governor cover and the 
fuel drain pipe to the l in. B.S.P. banjo.on 
the rear side of the governor. Wire-lock the 
union nuts .. 

57. Remove the· blanking caps from the 
i in. B.S.P. fuel drain unions on the flanges 
of the .Lucas {uel piunps on the Mk. 3. 
Connect up the flexible pipes a~d wire-~c;>ck 
the unions. · 

58. Unscrew the banjo bolt beneath the 
Mk. ·2 fuel accumulator, and remove the 
blanking sleeve. Connect up with a banjo and 
two sealing washers, and re-insert the banjo 
bolt. On Mk. 3 engines the connection 
is a plain l in. B.S.P. union situated on top of 
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2 
I FUEL PUMP ISOLATING SOLENOID 4 STARBOARD FU.EL PUMP INLET CONNECTION. 

2 BAROMETRIC PRESSURE CONTROL TOTAL HEAD 5 PORT FUEL PUMP INLET CONNECTION 

CONNECTION 6 PORT FUEL PUMP SEAL DRAIN 

3 STARBOARD FUEL Pl,IMP SEAL 'DRAIN 7 FUEL ACCUMULATOR DRAIN OR VENT 

Fig. 6. Gobl!n Mk. 3 Installation connections which differ from those shown In fig. o4 and 5 

the accumulator to which the drain should be. 

attached. 

59. Attach the air compressor drain pipe to 
the l in. B.S.P. union after removing the 
blanking cap. Tighten and wire-lock the 
union nut. · · 

60. Remove the 1 in. B.S.P. blanking cap 
from the connection on the drain -'valve 
beneath the combustion chamber. Attach 
the flexible drain pipe and wire-lock the union 
nut. 

61 .. The tail-pipe. drain stub-pipe must be 
attached to the union beneath the front end 

·· of the tail-pipe and the nut wire-locked. 
This union is inaccessible after the fireguard 
has been fitted. 

62. Remove the rubber protection tube 
from the f in. plain drain union beneath the 
front end of the fireguard, lower half. Push 
on the split stub-pipe and secure with a 
worm-drive clip. 

Controls 

63. After connecting up the following con
trols, they should be adjusted so that their 
travel is limited by the. stops in the engine 
and not by the aircraft stops. To achieve this 
the aircraft cables, rods· and stops only must 
be adjusted· so that the control levers in the 
cockpit "spring" at each end of their travel, 
due to slight stretching of the ·aircraft 
cables as the control levers. reach their 
stops. _The engine stops must on no accoimt 
be tampered with. 

64. The fork-end of the throttle control bell
crank lever is attached to the lower end of the 
tie-rod in the Vampire by a 2 B . .L\. bolt and 
castellated nut. The nut must be securely 
split-pinned. 

65. The H.P. cock lever is fitted with a ball
tyPe connection. To connect up the control 
rod unscrew the plug in the end of the socket, 
press down. the spring-loaded cap and push 
the socket on to the ball on the H.P. cock 
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lever. Screw in the plug until it nips the ball 
and then unscrew it sufficiently to line up one 
of the split pin holes with a slot in tl).e plug. 
Split pin the plug securely. 

66. The cabin supercharger clutch ~ontrol 
lever is similar to the H.P. cock control and 
is connected in the same manner. On 
Vampire aircraft ensure that the forward end 
of the control rod does not foul the cables on 
the firewall so limiting the travel of the cock. 
On aircraft not fitted with a cabin super
charger the control use(i to ·operate the hot
and-cold air. valve must be con~ected and 
adjusted for correct operation. 

67. The sump heating control.cock fitted to 
Mk. 3 engines is fitted with a ball-type 
coupling and is connected in the same 
manner as the high pressure cock. 

Air connections 

68. Not all of the following air tappings may 
be required in every installation. The trans
port blank must therefore be removed from 
the unused connections and correct flight 
blanks fitted, otherwise leakage of air from 
the diffuser will occur .. 

69. The gun-heater pipes are connected to 
flanges each side of the muff on the tail-pipe, 
the inlet from the starboard wing leading-edge 
intake to the starboard flange and the outlet 
to gun-bay to the port flange. A gasket is 
placed between each pipe elbow flange and 
the heater muff flanges and the elbow is held 
by four H.T. bolts and shakeproof washers. 
The pipes between the elbows and the gun 
bay and the intake cannot be installed until 
after the engine is in place. 

70. The fuel tank pressurization pipe must 
be connected to the! in. B.S.P. connections 
on the end of the pipe which protrudes 
between No. 11 and 12 combustion chambers. 
Wire-lock the union 

71. The windscreen de-mister pipe also pro
trudes between No. 11 and 12 combustion 
chambers; in this instance ft is a! in. B.S.P. 
connection. Remove the blanking cap and 
attach the de-mister pipe. Wire-lock the 
union. 

A.P.41218 & C, Vol. 2, Part 3, Sect. I, Chap. I 

72. The canopy seal air supply pipe is 
situated between No. 1 and 16 combustion 
chambers. It has a! in.,B.S.P. connection 
and can be connected up after removal of the 
blanking cap. Wire-lock the union. 

73. The cabin supercharger connection is a 
I! in. B.S.P. connection between No. 2 and 3 
combustion chambers and on Mk. 3 engines 
must be connected to the hot-and-cold 
air valve mounted above .the alternator. 
The valve is connected to the inlet to the 
cabin and to the cold-air radiator mounted on 
top o~ the port bear~r arm, the ra~at~r ~eing 
in turn connected to the cabm arr-inlet. 
When· this type of cabiti supercharging is 
employed the tappings mentioned in para. 
70 to 72 inclusive will not be fitted to the 
engine. Instead there are thre~ unions welded 
to the pipe between the engine a,ir tapping 
and the hot-and-cold air valve, two of these 
being used for fuel tank pressurizing .and the 
third for canopy sealing. · . 

rlectrical connections 

74. The tail-pipe thermocouple leads emerge 
from the fireguard at the top of the· ~rigine. 
There are no terminals on these leads, and in 
Vampire aircraft they should be connected 
to the rear terminal· block on No. 1 star-
board rib. · 

75. All engines are fitted. with rear bearing 
thermocouples although not every type of 
Vampire is fitted with the related instrument 
in the cockpit. Even where the thermo
couple is not needed for flight the terminal 
block is still fitted, and the thermocouple 
leads should be attached. The terminal block 
is just forward of the jet-pipe thermocouple 
terminal block on No. 1 starboard rib, and 
the rear bearing thermocouple leads are 
fitted with Chater-Lea type of terminals. 

76. The high tension .connection on each 
igniter plug in No. 2 and 14 combustion 
chambers has a 3 B.A. thread, the term
inal being secured with two 3 B.A. nuts, 
one serving as a lock-nut. On Vampire air
craft the two H.T. leads pass through two 
rigid pipe conduits attached to the upper 
cowl rail. The other ends of the leads are 
connected to the booster coils which are 
strapped one above and the other below 
the top strut of the starboard engine bearer 
arm. 
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77. The pressure switch (Mk. 2) has a 
two-pin . spcket into which may be screwed 
a suitable plug with extern,al .thread (Stores 
Ref. SX/6004). The switch is situated on the 
front Ca$ing just to starboard of the top 
accessocy box. 

•' 

78. Access· is gained to, the tachometer 
generator terminals by removing the terminal 
cover an~ the blanking cap from ·the union. 
Insert the cable, tighten the union nut and 
at~ach the leads to the appropriate terminal 
screws (red lead to terminal No. I, green to 
No. 2·, and blue to No. 3); replace the cover. 

79. The oil temperature gauge is connected 
by inserting the plug into the end of the bulk 
socket. Tighten and wire-lock the bakelite 
union nut. 

80. The isolating solenoid on the Lucas 
pump Mk. 3 is connected by removing the 
circular erid cover, connecting up the leads 
and replacing the cover. ' 

81. The starter terminals are protected by 
rubber shrouds, and these should be first 
pushe.d along their cables to. expose the spade 
terminals. Connect· up the cables to the 
appropriate leads; main series terminals on 
the side of the starter and shunt terminal on 
the back and secure the terminals with 
the 'spring washers and nuts. Pull back the 
terminal, shrouds so that the terminals, nuts 
and washers are ~ompletely enclosed. 

82. The electrical bonding of all non
metallic pipes, etc., must be carried out as 
instructed in the relevant aircraft Air Publi
cat~on. 

Aircraft accessories 
83. The engine-driven aircraft accessories 
are connected up to their services as described 
in the aircraft Air Publication. 

Checking the installation 
84. Having completed all installation work 
carefully check all connections for tightness 
and ensure that all lockings are securely 

· made.· Ensure tllat the transport blanks 
have been_ removed from all drains and the 
connections made. Examine all unused con
nections to ensure that they are correctly 
blanked. See that all flexible pipes, or rigid 
pipes having lqng runs between supports, are 
lash~d with waxed twine or Empire tape at 

. the poin~ where they cross other' rigid pipes, 
bearer arm members, etc., to prevent 
chafing. 

freventlon or' corrosion . 

85. When the complete installation has been 
passed as satiSfactory, a close scrutiny must 
be made for any damage done to the anti
corrosive protective coating. · Any such 
damage ~ust be rectified by applying lanolin 
resin protective D.T.D.663 with a suitable 
brush. At the same time all nuts; bolfs, or 
other parts fitted during installation must be 
cqated with lanolin resin protective whenever 
the surface is _exposed. 
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Chapter 2 

REMOViNG 
Note.-This chapter applies to Goblin Mk. 2 and 3 aero-engines 

LIST OF CONTENTS 

General 
Prevention of corrosion 
Preparing to remove th'e engine from air(rame 
Disconnections • •• . ·. 
Disconnections-temporary removal of engine ... 
Withdrawing the engine ... 
Setting on· transport stand 
Removal of accessories ... 

General 

Para. 
I 
3 

'4 
5 
9 

13 
17 
19 

I. The sequence of operations detailed in 
.Chap. 1 when making the installation con
nections ·can be applied equally well to 
removal, · by reversing the sequence and 
rea(Qng the word "connect" as "disconnect". 
·Similarly the list, giv~n in Chap. 1, para. 8, 
of blanks and transport spares to be removed 
dw;ing installation is the same as those that 
will requjre :fitting when an e~gine is removed. 

2. In some instances· the engine will be 
removed temporarily in order that some work 

. may be carried out, or an engine may be 
transferred from an unserviceable aircraft. 
In these circumstances not a5 much work will 
be involved as there would be if the engine was 
being removed for overhaul. In para. 8 to 11 
some of the differences are enumerated, when 
?n engine is being temporarily removed from 
a Vampire aircraft. 

Prevention of corrosion 
3·. If the engine is not being re~insta.iJ.ed 
immediately the engine and its fu~l system 
must be inhibited as described in Sect. 4, 
before any connections are broken. 

Preparing. to remove the engine from airframe 
4. In order to remove the engine from the 
airframe a port;able crane and lifting sling as 
specified in Chapter 1 will be req~ed. A 
transport stand must be available to receive 
the engine and a complete set of blanks and 
transport spares as listed in Chap. 1, para. 8, 
should be available. 

Blanks and transport spares 
·Completion of anti-corrosion treatment ••• 
Packing the engine 
Installing the engine in the cylindrical metal 

container 
Installing the engine in the wooden transit case ... 

· Installing the tail-pipe and fireguard in their 
wooden transit case: .. 

Dlsconnections . 

Para. 
20 
21 
22 

23 
24 

25 

5. Referenc~ should be made to para. 42 to 
. 83 pf Chapter 1, each paragraph being read in 
reverse order; i.e., read the words "connect · 
up" as "disconnect" and "remove the biank
ing cap" as ":fit the blanking cap", and 
reverse the sequence of OJ?&'ations. 

6. When disconnecting the fuel pump ·inlet 
pipes from. the L.P. :filter remove the :filter 
completely as it will obstruct the removal of 
the engine. 

7. As soon as the throttle is diSconnected 
the throttle needle should.be closed and wired 
in thiS position, because it is then less exposed 
and less like~y to become damaged. 

8. If the engine is to be placed on a trans
port stand after removal it will be necessary 
to remove the tail-pipe. However, it is 
inadvisaqle to . carry out any work on an 
engine which is swinging on a crane therefore 
it will be necessary to remove the four turbine 
disc cooling pipes from the tail-pipe and 
forty-five nuts and bolts securing the tan-' 
pipe. The tail-pipe. is left secured to the 
engine by fo-qr equidistant nuts and bolts so 
that it will be easier·for the man grasping the 
rear of the· engine to guide it out of the air
frame. 

Disconnectlons-Temporary removal of engine 
9. ·As expiained previously the paragraphs 
under this heading show how certain opera
tions may be omitted when an engine is being 
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AP 4121B & C V2 P3 Goblin 2 & 3 Servicing 19620901 OCR.pdf Page 26

removed temporarily, but the instructions 
contained in para. 5 to 7 inclusive will still be 
applicable. 

10. If it i~ more convenient flexible p1pes 
can be disconnected at the aircraft end 
instead of at the engine connections. Rigid 
pipes between the engine and aircraft, which 
are connected by a short hose at each end, 
should be disconnected at both ends because 
the short hose is not sufficiently flexible to 
keep the pipe clear of obstructions. An 
example of this is the cabin supercharger 
pipes and silencer. 

11. The top cowl support rail need not be 
removed from the engine, but it should be 
disconnected, at each end, from No. 1 ribs. 
The fire extinguisher pipes will have 'to be 
disconnected but the H.T. leads need be 
disconnected only from the booster coil. The 
complete total head pipe can be left in 
position after being. disconneCted from the 
heater muff .inlet pipe. · -

12. The bottom cowl rail must be removed 
completely otherwise it will prevent the 
engine being lifted out of the bay. Disconne!=t 
the fire' extinguisher pipes and drains; the 
other ends of these should be left connected 
to their components. 

Withdrawing the engine 

13. Ensure that all connections have been 
disconnected. Check also that all pipes, wir~s, 
control rods, etc., are securely stowed out of 
the way so that they will not foul as the 
engine is withdrawn; the instructions regard
ing these points contained in para. 16 
to 26 inclusive of Chap. 1 are also applicable· 
to removal of the engine. 

14. Attach the engine lifting sling to the 
lifting '{lyes- and just take the weight of the 
engine. . Station four men around the engine 
and one on the tail-pipe as for installation. 
Remove the engine bearer bolts, the lower 
bolts first. -

15. Make a final check that all connections 
have been broken and that nothing is liable 
to hinder the withdrawal of the engine. Care
fully move the engine backwards to the cut
out portion of the engine bay, and slowly 
raise the engine clear of airframe. Avoid 
letting the engine swing, otherwise damage 
will be caused through contact with the 
airframe parts. 

16. Lower the engine to within working 
height of the floor so that the engine can be 
prepared for the transport stand. All the 
following operations will not be necessary for 

_ engines which have been temporarily re
moved; it will depend on the type of work to 
be done on the engine. If work other than 
that prescrihed here is to be carried out and 
the transport stand is unsuitable for this 
work, on no account must anything be done 
whilst the engine is swinging on the crane. 
Under these circumstances the engine must 
be lowered into a ~trip-and-assem'\Jly.s~and. 

Setting· on transport .stand 

17. Before the engine can be transferred to 
the transport stand the' tail-pipe "must be· 
removed. Remove the four remaining bOlts 
and nuts securing the ·tail-,pipe; remove the 
latter and fit the turbine blanking cm·er, 
Part No. 70554. 

18. Secure with six bolts each the three 
flanged support trunnions to the recessed 
faces on each side and below the engine . 
A5semble a brass bearing bush to each of the 
:two side trunnions and lower the engine on to 
the transport stand. Secure the three 
bearing caps. 

Removal of accessories 

19. Remove the accessories and reverse the 
sequence of operations given under "Prepara
tion of en~ne" in Chap. I_, para. ~to I-t. 

Blanks and transport spares 

20. It is advisable to fit blanks and aper
ture covers immediately the relevant com
ponent is removed from the engine or a con
nection is broken, and· the airframe portion 
of the connection should be blanked off at the 
same time. If this ·policy is iollowed, the 
majority of blanks and transport spares will 
have been fitted, at this stage, but a careful 
check must be made to ensure that all items 
listed in Chap. I, para. 8, have been correctly 

. dealt with. · 

Completion of anti-corrosion treatment 

21. Carry out the remainder of the anti
corrosion treatment as specified in Sect. -!, 
If the engine is faulty and the impeller 
cannot be rutated inhibit the engine 
intern<J,lty as far as possible. 

Packing the engine 

22. When th~ engine is to be transported 
overseas it must be installed in the cylin
drical metal type of container illustrated in 
Chap. I. For horn!.' transport the <>nginc can 
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be installed in the wooden transit case, also 
illustrated in Chap, 1. The tail-pipe and fire~ 
guard should be packed in the wooden tail
pipe · transit case both for home and for 
overseas transport. 

IR$talling the engine in the cylindrical metal container 

23. Assemble the lifting tackle and hoist the 
engine clear of the transport stand. Attach 
the rubber bushes to the two transverse 
:flanged support trunnions then lower the 
engine ·into the bottom half of the metal drum 
ensuring that the bottom fianged support 
trunnion is entered in its bushed socket. 
Remove the lii'ting tackle. Suspend six linen 
bags each containing 1 lb. of silica-gel from 
approximately evenly spaced locations on the 
engine' and container. If the rubber sealing 
gasket is not securely affixed to the flange of 
the container lower half, clean the face and 
evenly coat it with a sealing compoUnd 
approved for this purpose, such as Bostik 
cement, then position it on the flange. Evenly 
coat the top face of the gasket with mineral 
jelly. Check that the four loose air feed pipes 
are blanked off with adhesive tape (Stores 
Ref. 32B/793) then securely tie the pipes to 
a convenient part of the engine. Ensure that 
the igniter plugs and other loose equipment 
specified in the engine checking list are 
packed in linen bags and tied to the engine. 
Insert a. humidity indicator card into the 
window in the container. Assemble the four
piece lifting chain, hoist the container top 
half and lower it over the bottom half until 

· the flanges abut. Secure the container halves 
with fifty-two nuts and bolts. Insert the log 
.book and any other relevant engine docu
ments into their tube and seal with the screw 
cap. 

A.P.412/B & C, Vol. 2, Part 3, Sect. /,Chap. 2 

Installing the engine in the wooden transit case 

24. Hoist the engine from the transport 
stand, ensure that the thre.e fianged support 
trunnions are secure, assemble rubber bushes 
to the transverse trunnions, then lower the 
engine on to the base stand of the case. 
Remove the lifting tackle. Secure the caps to 
the transverse trunnion bushes. Ensure that 
the air pipes, igniter plugs and other loose 
equipment specified in the ·engine checking 
list together with the log book and any other 
relevant engine documents are securely tied 
to a conv~nient part of the base stand. Hoist 
the lid of the transit case, lower it into posi
tion in the guides of the base and secure it 
with the nuts and bolts. 

Installing the tall-pipe and fireguiud in their 
wooden transit case 

25. Prepare the wooden tail-pipe and fire
guard transit case by removing the lid and 

. the straps of the two tail-pipe support 
diaphragms. Check that the felt is secure in 
the diaphragm grooves and lower the tail-pipe 
into the cradle formed by the diaphragms. 
Assemble the straps over the tail-pipe and 
secure them with nuts to the diaphragm. 
Cover the tail-pipe with a layer of grease
resisting paper (Stores Ref. 32Bf820 or 799}, 
then a layer of felt and another layer of 
grease-resisting paper. Place one-half of the 
fireguard over the tail-pipe then cover it with 
another layer of grease-resisting paper and 
felt followed by the other half of the .fire
guard. Secure the components by tying the 
webbing attached to the case. Screw the lid 
to the case. 
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SECTION 2 

STARTING AND GROUND CHECKING 

·LIST ·OF CHAPTERS 
Note-A list of contents appears at. the ~ginning of each chapter 

Preparing for service 

2 Starting and checking 

3 ~unning defects 
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Chapter I 

PREPARING FOR SERVICE 
Note-This chapter applies to Goblin Mk. 2 and 3 aero-engin~s 

LIST OF CONTENTS 

General 
Preliminary checks 
Priming the front and rear bearings 
Priming ~he starter gearbo~ 

General 

Para. 
I 
7 

·r6 
19 

I. The instructions contained in this chapter 
describe operations which must be carried out 
before an engine which is newly installed or 
which has been stored, is started for the first 
time. General precautions to be taken before 
starting and the procedure for starting an 

· engine, are detailed in Chapter 2. 

2. When more than one motoring cycle is 
necessary, time must be allowed for the starter 
motor to cool. It is permissible to carry out 
three cycles with a two-minute· interval 
between each, ~ollowed by a twenty-minute 
interval after the third cy~e._ ·The engine 
must have ceased rotation before a fresh 
motoring cycle .is attempted. 

. 3. Scrupulous cleanliness, and the proper 
use of the correct tools are important. The 
engine-driven fuel pumps are fuel lubricated 

' and to avoid damage the engine must not be 
rotated without fuel in the p~ps. The L.P. 
fuel cock must therefore be OPEN and the 
aircraft tank must contain :ftiel whenever the 
engine is motored over. 
4. Except when their removal is essential in 
·order to perform some particular operations, 
dust covers must be kept on the air-intakes 
and on the propelling nozzle; they must be 
refitted immediately such operations have 
been completed. · ' 1 

5. To obviate risk of the engine ·being 
started unintentionally, whilst ·work is in 
progress, ensure that the L.P. fuel cock lever, 
the H.P. fuel cut-off lever, and the starter 
(linked master) switches are in the OFF 
position except where they are required to be 
ON for specific checks. 
6. At the completion of preparation, ·ensure 
that no loose parts, tools, or rags are left 

Priming the 'fuel system 
De-inhibiting the fuel system 
Starting system checks 
Ground running checks 

···. 
Para, 

20 
23 
33 
39 

lying about the engine or cowling; particu
larly examine the air-intakes and duct's 
leading to the impeller. The subsequent 
ground run must be made with the cowling 

·open so that a thorough examination may be 
made for fuel leaks.. . , , 
Preliminary checks 

7. Make a thorough visual examination bf 
all external fittings and accessories to ensure 
that the engine is complete and has not been 
damaged whilst in transit or being installed. 
Ensure that the appropriate oil feeds are 
correctly connected to the r~levant acces
sories. · ' 
8. Examine the connections of each engine 
instrument both at the engine attachment and 
in the cockpit. Ensure that all thermocouple 
leads are properly supported and clear of the· 
.ep.gine. Check the· electric wiring to 
the starter motor, and to the fuel pump 
isolating valve on. the Mk. 3. C~eck the low 
tension wiring to. the high energy ignition 
units on the en~e. · 
9. . Examine the welding of all sheet metal 
work as thoroughly as possible without 
undertaking any dismantling. 
10. Check that all external bolts, nuts, 
screws, unions, etc., ·on the engine and its 
mounting structure are tight and properly 
locked. Check the airframe fittings and com:. 
ponents in the engine bay in accordance with 
any instructions given in the relevant aircraft 
Air Publication. 
11. Ensure that all pipes are correctly 
connected and that all unions are tight and 
securely locked, with the exception (Mk. 2 
only) of the fuel return {spill) pipe connection 
on the forward face of the barostat which 
should be left disconnected and blanked until 

' 
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the fuel system ·is primed and de~inhibited. 
Do not wire-lock the fuel supply pipe union 
nut at the pump inlet connection. Check that 
each burner is securely tightened, and ensure 
that the flexible pipe unions and adapters 
are separately locked by wire to the existing 
lockwire tabs. 

Note ••• 
Ensure that the blanking cap has been removed 
from the starting valve adjusting plug, and 
that the air vent in the end of the plug is free 
from obstruction. 

12. Examine all drain connections to ensure 
that they are clear and that all drain pipes 
have an uilinterrupted fall from the engine 
to the exit point. 

13. Check the level of the oil in the sump 
with the_ dip-stick and ~f necessary replenish 
to the correct level as described in Chapter 2. 

14. The H.P. fuel cut-off and the throttle 
must be checked to ensure that the direction 
of movement of the cockpit levers agrees with 
that of the relevant controls on the engine. 
It must also be ensured that the travel of the 
control valve plunger is limited by the slow
running stop in the control box on the engine 
and not by any stops in the airframe portion 
of the control system, and (except w:ttere the 
throttle switch 4as been deleted. by Vampire 
Mod. No. 921) that the pilot's throttle lever 
operates the throttle switch when the plunger 
is in the slow-running position. Also check 
that the control v.alve plunger can reach the 
MAXIMUM R.P.M. position {there is a positive 
stop in the control box on the engine) before 
the pilot's lever reaches the end of its travel. 
If any corrections are necessary, adjustment 
must be made to the airframe control system 
and not to the stops on the engine control box. 

IS. Mk .. 2 onlY: It is of particular im
portance, that whenever the H.P. cut-off valve 
control has been disconnect~d from the engine, 
or has been re-adjusted, the check specified 
in para. 40, Op. 3 must be carried out. 

. ' 
Priming the front a~d rear bearings 

16. Prior to installation, the engine may 
have been -standing in a vertical position 
which .would cause the oil to drain away from 
the front and rear bearings. The engine must 
not be started after installation until the 
bearings have been primed with oil; in the case 
of the rear bearing, priming must be continued 
'until a flow of oil is .observed from the rear 
bearing drain pipe. · Similarly, if the front 
or rear bearing oil supply has been dis
connected since ~he previous engine run the 

bearing(s) must be primed before the engine 
is next started. Priming can be carried out 
using a syringe such as T.72894 or test trolley 
T.78458. In either case the priming pipe must 
be fitted with an adapter simulating the pipe 
which has been disconnected or removed. 
It can be a long and tiresome process to 
prime the rear bearing with the aid of a 
syringe, especially when the weather is cold, 
even though the oil is thoroughly preheated. 
In such cases where test trolley T.78458, 
which embodies a heater, is not available, if a 
pump such as a Ki-gass priming pump is 
mounted vertically in a box, or a suitable 
stand, and a length of .pipe used to connect 
the priming pump outlet to tP,e rear bearing 
feed pipe, a 50 lb. weight may be placed on 
the plunger of the priming pump and the oil 
automatically forced into the bearing whilst 
other servicing operations are performed. If a 
spring-loaded hand-operated pump, such as 
those used to spray de-icing fluid on to 
aircraft windscreens, is used, even a 50 lb. 
weight will be unnecessary. 

17. To prime the front bearing proc.eed as 
follows. 
W Pre-mod. 1101 (Goblin Mk. 2) and pre

mod. 1109 (Goblin Mk: 3). Cut the 
locking wire and unscrew the banjo ~olt 
from the front bearing metering pumJ?.. 
Cut the locking wire and unscrew the Ca.p 
nut from the upper end of the front 
bearing metere<J.. oil pipe.. Remove the 
oil pipe and t~e ~banjo washers_. 
Mod. 1101 (Goblin Mk. 2) and Mod. 1109 
(Goblin Mk. 3). Cut the locking wire 
and remove the cap nut from the con
nector at the upper end of the front 
bearing metered oil pipe. Screw adapter, 
Part No. T770_97 Hr in. B.S.P. female to 
i in. B:S.P. male), onto the connector. 

(2) Connect a syrhlge, or one of the alter
.natives suggested in para. 1~, to the oil 
inlet connection bn the front casing 
(pre-mod. 1101 · or 1109), or to the 
adapter' (mod. _1101 or 1109). . 

(3) Gently force . about ! pint of clean 
filtered oil of the correct specification 
into the front bearing. 

(4) Pre-mod. 1101 (Goblin Mk. 2) and pre
.mod. 1109 (Goblin Mk. 3). Fill the 
disconnected oil pipe with oil, and, with 
as little delay as possible, to mimimize 
the loss of oil from the duct in the front 
casing, disconnect the syringe and refit 
the pipe. Wire-lock the banjo bolt and 
the cap nut. · 
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Mod. 1101 (Goblin Mk. 2 andl'v!od. 1109 
(Gobli1t Mk. 3). Disconnect the syringe 
and the adapter, and, with as little delay 
as possible, to minimize the loss of oil, 
refit the cap nut. Tighten and wire-lock 
the cap nut. 

18. To prime the rear bearing proceed as 
follows. 
Note ... 

Mod. 1101 (Goblin Mk. 2) and Mod. 1051 
(Goblin Mk. 3) introduce a two-way banjo on 
the metering pump, and where either of these 
modifications is embodied, the removal of the 
union nut and nipple plug from the ·banjo 
renders operation (I) unnecessary. 

(1} Goblin Mk. 2. Cut the locking wire. 
Unscrew the union nut which couples 
the rear bearing metered oil pipe to the 
banjo on the metering pump. Unscrew 
the banjo bolt from the metering pump. 
Remove the banjo and the two 
washers. Connect a length of :flexible 
hose to the open end of the rigid pipe. 

Goblin Mk. 3. Cut the locking wire: 
Unscrew the union nut which couples the 
front half of the metering pump to rear 
bearing pipe to the forward side of the 
bracket on the diffuser casing. Unscrew 
:the banjo bolt from the 'metering pump 
and remove the pipe and the two banjo 
washers. 

Note ••• 

In the case of the Goblin Mk. 2 it is 
permitted to connect a flexible hose to the 
end of the rigid pipe because the connection 
at the bracket on the diffuser casing 
is very inaccessible when the engine is 
installed in an aircraft. 

In both cases it is recommended that the 
banjo should be detached from the 
metering pump, instead of simply· dis
connecting the pipe from the banjo, as, 
where Bundy. piping is fitted (Mod. 765), 
the pipe enters the union and the banjo 
for an appreciable distance and, there
fore, if an attempt were made to withdraw 
the pipe from the banjo, whilst the latter 
remained attached to the metering pump, 
the pipe might be distorted seriously. 

(2) Cut the locking wire and disconnect the 
rear bearing drain pipe from the forward 
side of the bracket which is bolted to the 
lower portion of the diffuser casing. 

A.P.412/ B & C, Vol. 2, Part 3, Sect. 2, Chap. I (A.L.86) 

(3) Connect a syringe, or one of·the:alfer
natives suggested in para. 16, · fitted 
with a suitable adapter, to the oil feed 
connection (pre-mod. 1101 or 1051}, or 
to the banjo (mod. 1101 or 1051}. 

(4) Gently force clean filtered oil of the 
correct specification, through the oil feed 
pipe into the rear bearing, until a :flow 
is observed from the drain union. 50 to 
I 00 c. c. of oil should be sufficient. 
Over-priming, or priming at too rapid a 
rate, should be avoided, as the absen<;e 
of oil seals in·the rear bearing and the 
liberal clearances between the emergency 
bearing surfaces will permit oil to :flow 
into the centre casing and down the face 
of the turbine disc, rather than throug4 
the drain pipe. . . 

(5) Goblin Mk. 3, pre-mod. 1051. Fill witfl I 
oil the front half of the metering pump 
to rear bearing pipe. ·; 

(6) With as little delay as possible, to 
minimise the loss of oil from the meteririg · 
pump to rear bearing, oil pipes, dis
connect the syringe ahd ·reconnect the 
normal oil pipe (pre-mod. 1101 or 1051} I 
or refit the union nut and nipple plug 
(mod. 1101 or 1051). • 

(7) Reconnect the drainpipe. 
Note ••• 
If these pipes (Op. ·7 and 8) are of the 
Bundy type (Mod. 765 pre-mod.1051) the 
instructions given in Sect. 3, Chap. 1, 
para. 5A to 5D must be· adhered to strictly. 

(8) Correctly tighten and wire-lock the union 
nuts and the banjo b?lt. 

Priming the starter gearbox 

19. Prior to assembly to the engine, ensure 
that the starter gearbox is primed: with oil. 
A metering orifice is incorporated in the 
connection and priming will be facilitated if 
the oil is warmed. A !-pint of oil will be 
required if the gearbox has been drained. 
Unscrew the cap-nut which secures the :flexible· 
pipe to the banjo pillar in the gearbox casing 
and force the required quantity of oil to the 
correct specification into the gearbox with a 
suitable syringe. 

Priming the fuel system _ 

20. The fuel system should be primed as far 
as the pump (or pumps) and on Mk. 3 engine 
the air bled out of the pump (or pumps) 
on each occasion that the low pressure· 
fuel filter, which is an airframe component, 
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is "removed £or cleaning or when the system 
has been disconnected for a servicing 
operation or when the L.P. fuel cock has been 

; switched OFF in an em~rgency whilst the 
engine was still running. 

i 21. With a newly ·installed engine or 
one that has been inhibited, complete priming 
of the fuel system will be carried out as part 
of the de-inhibiting procedure described in 
para. 23 to 32. Slacken the fuel s-qpply pipe 
union nut sufficient to allow the pipe to be 
eased back from the connection on the engine
driven fuel pump (or pumps) which are 
mounted on the bottom accessory box. 
Ensure that the H.P. fuel cut-off lever is in 
the CLOSED position; move the L.P. fuel cock 
lever to the ON position and switch ON the 
tank booster pump until fuel leaks con
tinuously from the connection (or connec
tions); then tighten and wire-lock the union 
nut (or nuts): The remainder of the system 

. will be primed automatically as the engine 
' starts. 

. . 
22. Should the engine fail to start due .to 
insufficient fuel in the ~ystem1 it will ~sually 
start satisfactorily at . the second attempt, 
but this must not be made until the rotating 
parts of the engine have come to rest and 

, any unburnt fuel dl;ained from the engine. 
With Mk. 3. engines it is necessary to bleed 
all the air out of the pump (or pumps) 
before the system is fully primed. ·This must 
be done to ensure :the satisfactory operation 
of the' overspeed governor mechanism 
mcorporated in the fuel pumps. The bleed 
valve of the starboard pump (dual pump 
installations) consists of a small piston, 
situated on the overspeed diaphragm cover. 
With the tank booster pump switched ON, 

use a thin rod or screwdriver to depress the 
valve; the valve must be depressed fully 
to ensure bleeding both sides of the 
diaphragm. The fuel flow "\\jll cease after 
a few seconds but bleeding must be continued 
until all the air has escaped. The port pump 
(single and dual pump installations) is bled 
through· a remote valve fitted to the. end of a 
pipe which is situated near the fuel accum
ulator. Depress the valve until fuel 
c;ommences to flow. 

De-inhibiting the fuel system 

23. With a newly installed engine the 
checks required in para. 7 to 15 must be 
carried out, and the front and rear bearings 
and the starter gearbox must be primed 
before the fuel system is de-inhibited. The 
interior of the engine will be automatically 

de-inhibited during the first normal start. 
Opportunity may be taken during the sim
ulated starts which the de-inhibiting process 
necessitates to check the ·operation of the 
igniter plugs and the starting cycle as 
described in para. 33 to 38. 

24. Slacken the fuel supply pipe union nuts 
and ease the pipes back from the fuel pump 
inlet connections, tl~en prime the fuel system 
as far as the fuel p~mps as described in 
para. 20 to 22. 

Mk. 2 

:is. Disconnect. :the , 'anti-hainmer pipe 
between the control box and the fuel pump at 
the pump inlet connection and fit blanks to 
both unions. ·Disconnect or remove the blank 
from the fuel return (spill) pipe connection on 
the forward face of the barostat and place a 
half-gallon container underneath ·to collect 
the fluid which will be ejected. 

! • l' { ~ J"- I ,• 

26. Short-circuit the fuel pressure switch by 
breaking the locking-wire and moving the 
auxiliary starting switch to the ON position. 
If a fuel pressure switch is not fitted, simply 
move the auxiliary_~tarting switch to. the oN 
position. . 

27. .Simulate a start in accordance with the 
starting drill detailed in Chapter 2, but with 
the throttle and the H.P. fuel cut-off levers 
in the CLOSED position: During the motoring 
over period, inhibiting fluid and fuel should 
be ejected from the barostat return con
nection. The operation of the igniter plugs 
and the starting cycle may be checked at the 
same time .. 

28. Remove the blank from the disconnected 
end of the ariti-hammer pipe and place the 
open end of the pipe into a suitable container 
to receiv.e the fu~l that will be expelled from 
the pipe during the next ~peration. 

29. Move the H.P. cut-off lever to the open 
position and simulate a second start in 
accordance with the recommended starting 
drill, but immediately the starting cycle has 
been initiated (starter ·button released) operi 
the throttle fully. The operation of the 
igniter plugs and the starting cycle may be 
rechecked if desired. Immediat~ly the engine 
has attained its maximum motoring speed 
(1600-1700 rev.fmin.}, move the H.P. fuel 
cut-off lever to the CLOSED position, when 
fuel should be expelled from the disconnected 
anti-hammer ·pipe. 
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30. When the results .of- these checks are 
satisfactory, return the auxiliary·, starting 
switch to the OFF'position. If a fuel pressure 
switch is fitted, wire-lock the auxiliary 
starting switch in the OFF position. Remov~ 
all blanks and connect the ;fuel pipes to their 
respective adapters; tighten and wire-lock the 
union nuts. · 

'+ 

Mk .. 3 

31. The auxiliary starting switch is normally 
wire-locked in the ·ON· position. l'Move the 
H.P. fuel cut-off lever to the OPEN position 
and close the throttle. Simulate a start in 
accordance with the' starting drill' detailed in 
Chapter 2, .but a.S soqn a.S't}le __ .st~'j~_injt~. 

' iated OPEN the throttle. 'This will .. cause 
the inhibiting fluid 'to be .. expelled _into . tp.e 
combustion chambers. The_qperation ,of :the. 
igniter plugs and the _sta~gg. cycl~ ;may" be 
checked at the same time. 

32. Simulate a second start in accordance 
with the recommended starting drill, but· 
with the throttle and the H.P. fuel cut-off 
levers in the CLOSED position to allow air to 
flow through the combustion chambers. 
The operation of the igniter plugs and the 
starting cycle r.nay be rechecked if desired. 

Starting system checks 

33. The starting system is described in 
Volume 1, Section 1, and a knowledge of the 
information contained in that section will 
assist in assessing the results obtained when 
checking the starting system. The check 
detailed in the following paragraphs is 
intended to check the operation of the 
electrical equipment; since the fuel pressure 
switch will be short-circuited or, where this 
switch is not fitted, the auxiliary starting 
switch will be closed, the operation of the 
automatic time switch will also be proved. 
This check can conveniently be combined 
with the simulated starts required for de
inhibiting the fuel system. 

34. Mk. 2 pre-mod. 984 and Mk. 3 pre-mod. 
830 only. Remove the two igniter plugs and 
examine them to ensure that they are clean 
and serviceable. Connect the plugs to their 
_respective H.T. leads and earth them firmly 
to the combustion chambers so that the 
electrodes can be seen. Ensure that the H.T. 
lead and terminal of the centre electrode are 
clear of any adjacent metal parts. 

A.P\41 i/13 ~ C, Vol._~. Part 3, S~ct.,·2, Chap. I-(~.L,8.6). 
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35. Move the ·H.P. fuel cut-off lever to the 
CLOSED· position to prevent the combustio~ 
chambers being flooded; in the case 9f the 
Mk. 2, shoii circuit the fuel pressure sWitch 
or switch ON the auxiliary starting switch, 
as described in para·. 26. Without touching 
either the H.P. fuel cut-off lever,· or the 
auxiliary starting switch, simulate a start 
in:.accbrdance with the starting drill detailed 
in, Chapter .. 2· and make the following 
observations of the times and rev.fmin. 
attained during the starting cycle. 
(-1) The time· in seconds • after release of the 

!.;-:starter button to commencement of 
_ :,J "'·acceleration- to -~'light-up" speed. 
(2) The tiine in seconds after release of the. 
J-' ·.staiter'bufton to automatic switch-off of 
s·.; the sta.'rtei"motor. . 

(3) . Tlie'1;mi.#ni,uni revfrnj.~ a,ttained d1,1ring 
' t~e -~o~otin~ period. . · · 

(4) ·The operation of the igniter plugs. 

36. If the starting system is functioning 
correctly the observed times and revfmin 
should be approximately:-
(!) 4 to 7 seconds. 
(2) 32 to 42 seconds. 
(3) 1,600 to 1,700 rev.fmin. 

37. Mk. 2 pre-mod. 984 and Mk. 3 pre-mod. 
830 only. When checking the igniter plugs the 
centre electrodes should glow for approxi- · 
mately !-inch of their length. Steady arcing 
should occur between the centre and earth 
electrodes. If the centre electrode does not 
glow, try the effect of changing over the 
primary leads to the relevant booster coil. In 
bright sunlight it may be necessary to shade 
the igniter plug before the glow can be seen. 
If it is considered that there is any risk of fire 
from the exposed arcing electrodes a suitably 
ventilated transparent shroud may be used 
to enclose the end of each igniter plug. If the 
performance. of the starting system is satis
factory, refit the igniter plugs and connect the 
respective H.T. leads. 

38. Mk. 2 Mod. No. 984 and Mk. 3 Mod. 
No. 830 only. To check the functioning of 
the high energy ignition equipment, do not 
remove any component but listen for the 
discharge at each igniter plug; the discharge 
should be clearly audible. 

Ground running checks 
39. After completion of the preparation and 
~becks described. in this chapter the engine is 
ready for gro~d tests. 

(A.L86, Jan. 59) 
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40. Start the engine as described in Chapter 
2, and carry out the ground running checks 
detailed in that chapter, but with the 
following additional checks. 
(1} Ensure that there are no leaks at any 

point in the h~brication or fuel systems. 
(2} Ensure that there are no air or gas leaks 

from the engine. 
(3) Mk. 2 only. Whenever the H.P. cut-off 

valve control has been disconnected from 
the engine, or has been readjusted, run 
the engine at 9,700 rev.fmin. with an 
observer watching the fuel drain on 
the control . box, and :move the H.P. 
cut-off valve control lever in the cQckpit 
towards the rear. Absolutely no dumping 
of fuel is to take place until the cockpit 
lever has been moved at least i in. past 
the spring gate tqwaids the CLOSED 
position. Where this requirement can
not be met, the angular setting of the 
lever on the H.P. cut-off valve in the 

'; 

control box on the engine and the lever 
on the layshaft (airframe part) must be 
checked in accordance ·with the 
instructions in the relevant aircraft Air 
Publication, and reset if necessary. 

41. Gas leaks will be indicated by smoke 
issuing from leaking joints or from under the 
fail pipe fireguard, but this should not be 
confused with the smoke which will inevitably 
issue from a newly installed or fully inhibited 
engine as the inhibitor is burnt off. If there 
is any. doubt the check should be repeated 
after the engine has done some running. 

42. Fit all cowling panels and, inspection 
doors and ensure that they· are securely 
attached, referring, if necessary to the relevant 
aircraft Air Publication for any special 
instructions. Ensure that there is an annular 
clearance between the engme cowling and the 
rear of the propelling .nozzle. 

RESTRICTED 

/ 

( 

-• 

(_ 



AP 4121B & C V2 P3 Goblin 2 & 3 Servicing 19620901 OCR.pdf Page 37

( 

I 

""·". 

( 

A.P.412/ B & C, Vol. 2, Part 3, Sect. 2 (A.L.80) ,. 

Chapter 2 

STARTING AND CHECKING 
Note.-This Chapter applies to Goblin Mk. 2 and 3 aero-engines 

LIST OF CONTENTS 
Para. 

Introduction ..• I 
General 2 
Oil/eve/ 5 

Starting the engine 7 
Starting drill 8 

Subsequent attempts to start 10 

Introduction 

I. This chapter contains instructions for 
starting the engine, making the required 
ground checks and stopping the engine, while 
the aircraft is in service. Reference should 
be made to Volume 1, Section 2 of this Air 
Publication for detailed information of 
the starting cycle and equipment.· The 
precautions given in the following paragraphs 
should be strictly observed during any period 
of ground running. 

General 

2. Before starting the engine ensure that:
(1) No personnel are within five yards of 

the air-intakes. 
(2) The ground immediately in front of 

the aircraft is free from scraps of paper, 
small stones and other light articles liable to 
be drawn into the air-intakes. 

(3) The aircraft is positioned so that the 
jet is not directed towards any building, 
vehicle, or other aircraft within a distance of 
50 yards; no inflammable material, however 
stored or contained, should be within 25 
yards. 

(4) The aircraft is headed as nearly as 
po~sible into ~d. 

(S) The aircraft is standing on concrete, 
or grass, not tarmac. · 

(6) Debris guards are fitted to the air
intakes .. 

3. Should personnel or motor transport 
vehicles pass close to the front of the aircraft 
whilst the engine is running at large throttle 
openings, the engine should be throttled back. 

4. Dust covers must be kept on the air
intakes and propelling nozzle whenever the 
engine is not running, and they should not 
~e removed until immediately before starting .. 

Para. 
Cold weather starting (Mk. 2 only) 11 

Failure to start ... 12 
Ground running check 13 

. Stopping the engine 14 

Free running check 16 

If a take-off is not contemplated, the air
intake covers should be replaced by wire ' 
mesh debris guards. 

Oil level 

5. The correct lubricating oil is specified in 
the Operating Limitations in Vol. 1, and 
clean oil of the correct specification only 
may be used. The capacity of the lubrica
tion system is 14! pints, but when filling a 
completely dry engine the initial quantity 
required will be only 12! pints. About 2! 
pints of this will fill the pockets in the top 
and bottom accessory boxes, the remainder 
filling the oil sump to capacity. After a short 
engine run to prime the lubrication system, 
the remaining 2 pints may be added, after 
checking the sump level as described in 
para. 6. Filling should be carried out with 
the dipstick removed, so that any trapped 
air can escape. The oil sump has a capacity 
of 10 pints. The minimum quantity of oil 
required in the sump for satisfactory opera- . 
tion is 5 pints, and operating the engine with 
less than this qu:p1tity in the sump is likely 
to affect the working pressure of the lubri
cation system. Overfilling must be avoided, 
as the bottom accel;isory box gears will be 
submerged and cause leakage. Such leakage 
may be into the air-intake, with consequent 
cabin air pollution and fire hazard. 

6. To check the oil level, release the knurled 
locking nut, which is immediately below the 
dipstick knob at the starboard front corner · 
of the sump, and unscrew and withdraw the 

' dipstick. Note the oil level registered on the 
graduated dipstick. 'Remove the oil filler cap 
from the top accessory box and, using clean 
oil of the correct specification, add only the 
required amount as determined from the 
dipstick. The added oil will take some time 
to percolate through to the oil sump and 
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I there is no need to recheck the sump level. 
Replace the filler cap and replace · and 
tighten the dipstick. · 

STARTING THE ENGINE 

7. Before starting an engine which is newly 
installed or which has been inhibited, or 
has had certain components removed for 
servicing operations, the appropriate proced
ure and checks described in Chapter 1 must 
be carried out. If the fuel system, or the front. 
or rear bearing oil supply line ha.S been dis
connected since the previous engine run, 
ensure that they ar~ primed as des9ribed in 
that chapter. Check the oil level and re
plenish if necessary. If the ambient tempera-

. ture is below the minimum specified for the 
oil in use, the oil should be warmed to at 
least this temperature before filling, or the 
engine should be heated with a ground heater 
unit until the oil temperature reaches this 
value. Remove the air-intake· and propelling 
nozzle covers, and, if an immediate take-off 
is not contemplated, replace the former by 
wire mesh debris guards. When ground 
running during times of low ambient temper
ature and high air moisture content, e.g. 
fog fl.t low temperature, ice may form on the 
wire mesh debris guards which are fitted over 
the air-intakes. This can result in air 
starvation and partial.collapsing of the air
intake ducting, particularly when the engine 
is running at large throttle openings. Under 
such atmospheric conditions a careful watch 
should be kept on the wire mesh debris 
guards during ground running, and if ice 
is seen t~ be forming on them, the engine 
should be stopped and the debris guards. 
removed. Before proceeding, ensure that 
there are no indications of collapsing of the 
air-intake ducting. . Ensure that no loose 
parts, tools, or rags are lying about the 
engine; particularly examine the air-intakes 
and dt~cts leading to the impeller. 

Starting drill 

8. The recommended starting procedure 
which should ~e closely adhered to is detailed 
in the following paragraphs. 
Note ••• 
It is most important that no attempt is made to 

.. re-start the engine until it has ceased rqtating, 
otherwise shock engagement of the starter dogs 
will occur and serious internal damage may 
result. 

temperature below the minimum spec
ified for the oil in use. 

(3) If a cold air unit is fitted, ensure that 
the cabin air control is in the OFF 

position. 
(4) Move the L.P. fuel cock lever to the ON 

position. . 
(5) Pull the throttle lever hard back 

against the slow-running stop, thus 
closing the throttle switch (if fitted) 
which completes the starting cir.cuit 
when the starter switch is ON. With Mk. 
3 engines also ensure that the fuel pump 
isolatin& switch is OFF. 

Note . 
· Mk. 2 only. In aircraft not fitted with a 

throttle switch, the throttle lever should be 
set approximately one inch from the 
slow-running position. This assists start
ing but the throttle must be returned to the 
slow-running position as. soon as idling 
speed is attained. 

(6) . With Mk. 2 engines ensure that 
the auxiliary starting switch 1s OFF. In 
·the case of Mk. 3 engines, the auxiliary 
starting switch (if fitted) is wire-locked 
in the ON position and must be ignored. 

(7) Move the master switch to FLIGHT. 

(8) Switch ON the tank booster pump. 
{9) Mk. 2 only. Open the H.P. fuel cut-off 

valve. 
(10) Mk. 3 only. Ensure that the H.P. fuel 

cut-off valve is closed. 
(11) Switch ON the starter switch. 
(12) Press the starter button for two seconds 

and release. 

{13) 

'{14) 

(15) 

(16) 

(17) 

Note ••• 
To prevent overheating and possible . 
burning-out of the slow engagement relay.._ 
the specified period of two seconds must 
not be exceeded. 

Mk. ·a only. Approximately 15 seconds 
·after pressing the starter button open 
the H.P. fuel cut-off valve. 
Mk. 2 only. Open the throttle lever 
approximately one- inch from the slow-
running position. . 
Mk. 2 only. Immediately 'light-up' is 
heard, or observed on the jet tempera-
ture gauge, switch ON the auxiliary 
starting switch. -
Mk. 2 only. Return the throttle lever 
to the slow-running position as soon as 
idling speed is attained. 
In cold weather, after the completion 
of a successful start, turn on any oil 
heater mechanism provided in the 
aircraft. 

(18) 
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<(19) Switch OFF the auxiliary starting switch 
if it has been used. 

·-9. During a normal start, 'light-up' occurs at 
approximately 700 to 900 r.p.m. about a 

.quarter of a minute after pressing the starter 
button. During the next 20 seconds approxi
mately, the starter motor assists the engine to 

..accelerate to between 1,600 and 1,700 r.p.m . 

. and self-sustained acceleration then brings 
the engine speed up to the normal idling 

-speed of 3,000 r. p.m,. It is important therefore, 
that the ground starter battery should not 
be disconnected until the ·engine has attained 

.a,t least 2,000 r.p.m. 

Note ••• 

. A pos.sible risk of fire may also be introduced 
if the starter battery is disconnected before the 

.engine has attained at least 2,000 r.p.m. 

. Subsequent attempts to start 

10. Following failure to start at the first 
. attempt, which may be indicated either by 
-failure to 'light-up' or by failure to accelerate 
.after 'light-up', proceed as follows:-

. (!) Close the H.P. fuel cut-off valve .fully 
to seal off the fuel entry port to the 
burner ring and to open the burner ring 
to drain through the dump valve (if 
fitted). This prevents the combustion 
chambers being flooded with fuel. 

·{2) Switch OFF the starter switch to prevent 
overheating of the slow-running resist
ance in the starting circuit. 

Switch OFF the auxiliary st_arting switch 
if it has been used. · 

Note I. .. 

Do not attempt to re-start until the engine 
has ceased rotating, the burner ring and 
the combustion. {;hambers have drained, 
and the resistances have cooled. In an 
emergency the drainage period may be 
shortened by depressing the tail of the 
aircraft, after which a further.attempt may 
be made immediately the engine has drained 
.and ceased rotating. After any failure to 
.start, particularly after failure to light up, 
consideration must be given to the fire risk 
incurred by the fuel drained on to the 

_ground beneath the aircraft. To minimize 
.the risk of a fire, it is advisable to move the 
aircraft to a new location before attempting 

.a further start. 

'· A.P.4T21 B 8. C, Vol. 2, Part 3, Sect. 2, Chap. 2 (A.L77} 

Note 2 ••• 
When more than . one motoring cycle is 
necessary time must be allowed between 
cycles for the starter motor to cool. It is 
permissible to carry out these cycles with a 
two-minute interval between each, followed 
by a twenty minute interval after the third 
cycle. 

(4) Mk. 2 only. Open the H.P. fuel cut-off 
valve. 

(5) Mk. 3 only, Ensure that the H.P. fuel 
cut-off valve is dosed. 

(6) Switch ON the starter switch. 
(7) Press the starter button for two secon.ds 

and release. 
Note ••• 
To prevent overheating and possible 
burning-out of the slow-engagement relay, 
the specified period of two seconds must 
not be exceeded . 

(8) Mk. 3 only. Approximately 15 seconds 
after pressing the starter button, open 
the H.P. fuel cut-off valve . 

(9) Continue as described in para. 8, sub-
para. 13 to 18 . 

Cold weather starting (Mk. 2 only) 
11. Difficulty may b~ experienced in start
ing at temperatures below minus 20 deg. C. 
When such conditions prevail, move the 
auxiliary starting switch to the ON position 
before commencing to start the engine. 
Failure to start 
12. Damage to the starter will occur from 
overheating if the maximum rest periods are 
not adhered to; a defect is probable if the 
engine fails to start after two attempts. and 
the cause should be investigated in accordance 
with the table of defects given in Chapter 3. 
A knowledge of the starting cycle and 
equipment described in Vol. 1, Sect. 2, will I 
assist in the elimination and rectification of 
starting troubles. 

Ground r~nning check 
13. All ground running should.be conducted 
with the cowlings open so that the leaks may 
be immediately detected and rectified. When 
ground running during times of low embient' 
temperature andhighairmoisturecontent, e.g. ! 
fog at low temperature, ice may form on thet~· 
wire mesh debris guards which are fitted over 
the air-intakes. This can result in air 
starvation and partial collapsing of the air
intake ducting, particularly when the engine 
is running at large throttle openings. Under 

RESTRICTED 
(A.L.77, Moy 56) 
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such atmospheric conditions, a careful watch 
should be kept on the wire mesh debris 
guards during_,ground running, ari_d if ice is 
seen to be formmg on them the· engme should 
be stopped and the debris guards remo_ve~. 
Before proceeding, ensure t~e~e are no ~dl
cations of collapsing of the arr-mtake ductmg. 
When the ambient air temperature is below 
that specified for the oil in use, any oil heater 

·mechanism provided in the aircraft should be 
. turned ON during ground rullfling; the oil 
•::., temperature should be frequently observed 

to ensure that th~ maximum temperature 
appropriate to the ~pecifi.cation· of oil used is 
not exceeded and tli.e 'heater adjusted accord
ingly. If excessive ;oil, temperatures are 
obtained when the heating is OFF the engine 
should be stopped and the cause investigated. 
(I) While running at 3,000 r.p.m., check that 

the oil temperature and pressure, and the 
--- jet pipe temperature are within the limits 

specified in the Operating LiJiritations. 
Mk. 3 only. Move the fuel. _pump 
isolating switch to the ON positiOn; a 
slight. increa.Se in r:p.m. may be notic~d. 
In the event of an r.p.m. loss occurnng 
an investigation into the operation of the 
pressure·limiting valve should be-made. 
Return the pump isolating switch to the 
OFF position. 

(2) Mk. 3 only. Increase the engine speed. 
~'- ~~ to4000 r.p.m. anq move the fuel:J?~P 

'isolating switch. to the, ON position. 
A rise of at least 1,000 :t.p.m. should be 

' observed. ·This is caused 'by the engine
driven fuel pump ~r(Starboard pump in 
the case of dual pump installations) now 
being controlled by its. relief valve setting 
instead of by the barometric pressure 
control. Return the switch to· the OFF 

position. · · . . 
(3) Increase the engine speed to maximum 

continuous r.p.m. and check .tempera
tures, note the oil pressure which should 
be normal at this speed.-

(4) Steadily open to full throttle and check 
the maximum governed speed of the 
engirie. Maintain this speed. long 
enough for the jet pipe temperature to 
stabilize and repeat the observations 
made at the maximum continuous 
condition. 

(5) Reduce the engine speed gradually to 
idling for about half a minute to allow 
the temperature conditions to stabilize 
then stop the engine. 

(6) Make a careful visual examination of the 
engine, looking particularly for evide1;1ce 
of gas, fuel . and oil leaks or blowmg 
joints. 

J 

Note I ••• 

It is not unusual, and quite permissible, 
for a small amount of oil to leak from 
the front bearing housing during ground 
running. This is due to. a depression 
which exists in the area of the front 
bearing housing, whilst the· aircraft is 
~tatic. The liberal clearance which exists 
between the swirl on the impeller pivot, 
and the white metal safety bearing, thus 
allows a small amount of oil to be drawn 
through. The condition · is completely 
reversed and oil leakage is prevented, when 
the aircraft has sufficient forward speed to 
pressurise the intake. Oi~ .leakage of the 
nature described above, may be recognisea 
either by a thin film of oil coating the im
peUer, or if closely examined after rundown, 
a trickle of oil may be seen from the front 
bearing housing ·.into .the front casing. 
!his must not be confused with the
Rockhard lacquer coating on the impeller, · 
as the resinous finish of the brownish. 
lacquer (not the blue-finish lacquer) gives 
.an impression, partic'l{,larly when an 
engine is new or newly overhauled; of a. 
thick film of oil. 

Note 2 ••• 

If lubricating oil is observed in the
exhaust cone or on the turbine blades, it 
must not be assumed immediately that an
oil leak has rievelopea at the rear bearing. 
It is a feature of ·the Goblin. engine that· 
a quantity of oil supplied to the rear 
bearing is afterwards lost .down the face
of the turbine disc rather than -esctfping· 
via the ·oil drain pipes. !f oil leakage· 
from the re'lr bearing appears to be· 
excessive, however, the following · shoulit. 
be checked - · .,: 11 • 

(1) Metered oil s'lf-pply. , 

(2) Engine run d.own timef.. . 

(~~, Extraneous noises during engine run
\W or run down suggestive of bearing 
~ fa~lure (not to be confusea with fuel'· 

pump noises). 

Note 3 • • • · 

Where oil pre.ssure, oil temperature, i:Jr· 
rear bearing temperature gauges are not 
fitted in the cockpit, and it is required. to· 
check these figures, it wilt be necessary to· 
connect suitable gauges to the appropriate· 
points on the engine. .If it is required to
check the delivery of the metering pumps, 
proceed as described in Part 4, 'Sect. 2,. 
Chap. 7. 

• 

. (. 
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Stopping the engine 

14 .. Throttle down to idling speed for about 
30 seconds to · stabilize the temperature 
conditions, and stop the engine as follows:-

(1) Close the H.P. fuel cut-off valve) and 
commence to time the run-down of the 
j.mpeller as described in para. 16. . 

(2) Whilst the engine is stopping, listen 
carefully for any unusual noises which, 
if detected, should be investigated 
iinmediately. 
Note I ••• 

Mk.-3 only. On engines embodying Mod. 
No. 700 or 731 a noise from the Lucas 
slipper-type fuel pump(s) may occur when 
the engine speed has dropped to approxi
mately 300 r.p.m. The cause of the noise 
which is usually of a few seconds duration, 
is however, not detrimental to the function
ing of the pump(s), and can be disregarded. 
Note 2 ••• 

If a tinkling noise is heard from the engine 
when the rotating assembly is turning 
slowly, it may be caused by movement of 
the turbine hub shaft lock-washer, which 
under this condition may be free to rock 
considerably. This roc_k is permissible, 
b'flt the sound may be amplified by the 
shape of the centre casing and be mistaken 
for an internal foul. If it is considered 
necessary to confirm that the loc_k-washer is 

. in fact responsible for the noise the engine 
must be removed from the aircraft, the tail 
pipe assembly removed, and the engine 
mounted in a stand with the air-intake 
uppermost. The impeller should then be 

A.P.4/2/B & C, Vol. 2, Port 3, Sect. 2, Chop. 2 (A.L.77) 

rotated and if the noise no longer persists, 
it may be safely attributed to movement of 
the lock-washer and the engine accepted as 
serviceable. 

(3) When the engine has come to rest, close 
the L.P. fuel cock. 

(4) Switch OFF the booster pump. 

(5) Move the master switch to GROUND. 

Note ••• 

The rotating assembly must come to rest 
before any ·attempt is made to restart the 
engine. During this time all residual fuel 
will drain from the burners and burner 
ring. 

15. Ensure that no residual fuel is burning I 
in the exhaust system; then refit the air
intake and propelling nozzle covers. Allow 
sufficient time for the oil to drain into the 
sump; check and if necessary replenish the 
oil level With the correct grade of oil. 

Free running check 

16. Check the free running of the engine by 
noting the time taken after closing the H.P. 
fuel cut-off valve for the main rotor to come 
to rest from idling speed. In still air, the 
rotor of the Mk. 2 should comeo<-to rest iiP., 
approximately two 'minutes; with the Mk. S' 
the time will be about 1 t minutes. With 
a new engine and full complement of engine
driven acessories the time to run down 
may be less, but if it is less than one minute 
a further check should be made with the 
aircraft accessories removed. 

RESTRICTED 
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Chapter 3 
(This chapter supersedes that issued with A.L.28) 

RUNNING DEFECTS 
Note.-This chapter applies to Goblin Mk. 2 and 3 aero-engines 

1. This chapter describes how to investi
gate defects readily and for this purpose the 
information is presented in the form of a 
defect investigation chart, which is designed 
to lead from the known symptom, column by 

. -column, to the remedial action with the 
minimum of work. 

2. If the eng4le is not functioning correctly 
the probable defect will be indicated by 
certain symptoms and these symptoms are 
the orily point from which any investigation 
can commence. The first step, therefore, is 
to locate. the observed symptom in the first 
{left-hand) column of the table. 

3. In practice it is found that more than one 
defect can produce the same symptoms, and, 
therefore, each probable defect with the 
method of investigation is listed in the 
columns headed 'Primary cause' and 'Primary 
investigation'. The probable defects are listed 
so that either the most probable are investi
gated first or the first investigations lead on 
to the others in a logical sequence. Therefore, 
the primary causes should be investigated in 
't4e order given. Once the primacy cause has 
been identified it is unnecessary to proceed 
with any further primary investigation and 
attention should be transferred to the next 
two col:umns and any secondary cause 
identified in a similar manner. In· each 
instance, the immediate remedial action is 
suggested in column six of the table. 

4. The actual method of rectifying defects 
is considered as coming within the category 
of servicing or mirior repair and where a 
section and chapter reference is given the 
essential information will be found within 
the chapter. Supporting information may 
also be found elsewhere in the publication, 

- in the Volume 1, or in the relevant 4ircraft 
Air Publication to which reference must be 
made. Where the method of rectifying 
the defect is self-evident, no entry has been 
made in the Air Publication reference 
column of the chart. 

5. An attempt has been made to list all 
known and possible defects whiCh may affect 

the running of the engine. It is impossible to 
forecast. the peculiar defects which may 
occur in individual engines, therefore this 
chapter is not intended to supersede the 
knowledge of an experienced operator, but 
to assist those who are unfamiliar with this , 
particular type of engine. It must not be 
assumed that all the defects listed are likely 
to occur; many of them may never be 
encountered. 
6. Leakages, illsufficient or incorrect grades 
of fuel or oil, faulty aircraft components (e.g. 
booster pump) and instruments, closed cocks 
and incorrect operating sequences have not 
been considered. 

7. A knowledge of ·the starting cycle and 
equipment as described in Vol. 1, Sect. 1,: 
will assist in the elimination and rectification 
of starting troubles. The method of checking 
the operation of the electrical starting equip
ment, particularly the automatic time switch, 
is described in Chapter 1 of this Section. 
When investigating electrical system faults, 
the cause of a blown fuse must be investi
gated and rectified before any further action 
is taken. 

8. In addition to the normal -tools, the 
following equipment should be available
when carrying out defect investigations:-

(!) 0-24v. voltmeter, H.T. testerandlamp 
and battery for insulation and continui,ty 
tests. 

(2) T72803, pressure gauge and pipe for 
connection to burner ring at No. 3 burner. 

(3) Tee-piece i-in. B.S.P. by !-in. B.S.P. 
by i-in. B.S.P. to connect pressure gauge into 
fuel accumulator line. , <~.; 

(4) T71808, pressure gauge and pipes for 
connection to Mk. 2fuel pump and control box. 

(5) Adapter T79254, to connect pressure 
gauge of T71808 into B.P.C. pressure line. 

(6) Isolating pipe T73445 for connection 
to Mk. 2 governor inlet and outlet pipes.· 

(7) Stroboscope adapter T73447 and 
equipment for accurate checking of engine 
speed. 

(A.L.77, May 56) 
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Defect 

1. NO LIGHT-UP AT 
STARTING 

Primary cause 

(1) Faulty or dis
charged aircraft 
batteries 

(2) (High energy 
ignition) Faulty 
surface discharge 
igniter plug 

(3) '(High energy 
ignition) Faulty 
ignite~ circuit 

(4) Inadequate 
fuel supply 

Primary investigation 

Check the aircraft 
' batteries and 

electric circuit · 

Fit two igniter 
plugs which are 
known to be 
serviceable and 
attempt another 
start 

Check igniter cable 
for continUity, 
insulation, and 
good contact at 
each end 

Fit 0-50 lb. per sq. 
in. gauge direct to 

- No. 3 burner with 
. short pipe. 
Conduct complete 
starting cycle. 
Momentary peak 
pressure of 19-24· 
lb. per sq. in. 
should be 
recorded 

N ote.-Engine 
speed should not 
exceed 3,000 r.p.m. 
whilst gauges are 
fitte4 to burner, 
and in the accu
mulator line 

RESTRI.CTE D 

Secondary cause 

..,. .... 

(a) 'Fault in L.T. • . 
supply to high energy 
condenser unit 

. 
(b) Faulty high 
energy condenser·. 
unit 

(a) Incorrect setting 
of throttle slow- · 
running position . 
Cannot occur if .. 
throttle lever is -·· 
opened one inch as~ 
specified in Mk. 2 1 
starting ~ \ 

(b) Faulty starting 
valve 

··-~ ;-."5 

. -. 

..... 
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Secondary Investigation 

£heck circuit for continuity 
and insulation 

Change condenser unit for 
one which is known to be 
serviceable 

This will affect idling speed 
and should have been . 
noticed before previous shut
down. Check controls. Screw 
in slow-running screw two 
complete turns and start 
engine 

Fit pressure gauge in 
accumulator line. During 
start opening pressure of 
starting valve should be 40 to 
45 lb. P.er sq. in. If nil or 
low pressure disconnect inlet 

. and investigate sticking valve 

A.P.412/B & C, Vol. 2, Part 3~ Sect. 2, Chap. 3 (A.L.77) 

Remedy 

Change the batteries for ones 
known to be fully charged and 
without fault, or correct the 
defect in the electric· circuit 

Renew defective ignition 
cable 

Rectify defect 

When idling adjust idling 
speed to correCt value. If no 
start, turn screw to original 
position and adjust when 
start is eventually made 

Renew or adjust starting 
valve 

RESTRICTED 

Refeft.i 

,. 1 • ;~ t ~ 

Aircraft A.P. and ' · 
A.P. 1095C 

Part 4, Sect. 2, Chap. 8 

, Part 4, Sect. 2, Chap .. 8 

Aircraft A.P. 

Part 4, Sect. 2, Chap. 8 

Part 4, Sect. 2, Chap. 6 

Part 4, Sect. 2, Chap. 6 

I 
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Defect 

1. NO LIGHT-UP AT 
STARTING--(contd.) 

Primary cause Primary invescication 

RE s·T RI C T E D 

Secondary cause 

(c) M_k. 2 only 
Faulty dump valve 

(d) Faulty 
accumulator 

(e) Mk. 2 only 
Faulty barostat or 
pump 

(f) Mk. 3 only 
Faulty ~.P.C. or 
pump/s 

(g) Faulty burners 

•• 

( 
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Secondary investigation 

This would be apparent during 
previous starts wh~n fuel 
would issue ·from valve 

Remove drain union or plug 
from accumulator. Insert a 
graduated rod. Observe that 
piston charges and discharges 
and that travel is 40 ± 1 mm. 

1st check. Fit pressure gauge 
T71808 between the pump 
and the. control box. During 
-starting cycle approx. 200 lb. 
per sq. in. should be recorded 

:2nd check. Repeat attempt 
to start. If still unsatisfactory 
pump is faulty 

lst check. Switch ON the 
isolating switch and attempt 
a further start 

'2nd check. Disconnect and 
blank off servo line to B.P.C. 
Start engine with isolating 
switch OFF 

3rd check. Conduct starts 
under conditions of singl~ 
pump check when faulty 
"pump can be determined .. 
If all other checks are satis
factory the burners are faulty 

Note.-Mk. 3 only. In ·the 
above investigation it has 
been assumed that it is im
probable that the two pumps, 
or one pump and the B.P.C., 
could fail together. If a light
up is still unobtainable this 
assumption is invalid and all 
three checks under (6) above 
-should be carried out 

A.PA/2/B & C, Vol. 2, Part 3, Sect. 2, Chap. 3 (A.L.76) 

Remedy 

Renew control box 

Renew accumulator 

If incorrect change the baro
stat. Otherwise the .com
ponents are satisfactory 

Clean carbon off burners. If 
this fails, renew the punip, 
and refit the original barostat 

If the start is now successful 
one pump or the B.P.C. is 
faulty; proceed with 2nd 
check. If the start is un
successful these components 
are satisfactory. Proceed with 7 

If start is now successful 
B.P.C. is faulty and should be 
changed. If unsuccessful one 
pump is faulty. Proceed with 
3rd check 

Change faulty p~p 

Renew all burners ensuring 
that correct ones are fitted to 
each combustion chamber 

RESTRI,CT.E Q 

Refer eo, 

Part 4, Sect. 2, Chap. 6 

Sect. 3, Chap. 1 and P t 4, 
Sect. 2, Chap. 6 

Part 4, Sect. 2, Chap. 6 

Part 4, Sect. 2, Chap. 

Part 4, Sect. 2, Chap. 

Part 4, Sect. '2, Chap .. 

. " 
Sect. 3, Chap. 1 

(A.L.76, Sept. 55) 
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Defect 

·" 1. NO LIGHT-UP AT 
STARTING-(contd.) 

2. FAILURE TO 
ACCELERATE 
AFTER LIGHT-UP 

1 
I 

'---------

Primary cause 

":1 

(4!) High engine 
speed causes 
cooling of igniter 
plug 

(1) Starter not 
receiving full 
voltage during 
final stage 

(2) Internal 
resistance in 
engine 

(3) Faulty 
starter 

Primary investigation 

Fit b~er pressure 
gauge (if not fitted) 
to No. 3 burner. 
Conduct normal 
start. G~uge 
should indicate 
an accumulator 
discharge at s~e 
time as engine 
commences to 
accelerate in final 
starting stage 

Check voltage 
across starter 
terminals during 
cranking cycle 
withH.P. cock shut. 
Volt~ge during 
final stage should 
not be less than 15 
volts 

This would 
probably have 
been revealed 
during the 
running-down check 
at previous 
shut-down 

If previous checks 
are satisfactory 
the starter may 
be defective 

RESTRI'CTE·D 

Secondary ,cause 

(a) Faulty electrical 
equipment is 
indicated if engine 
accelerates too soon 

(a) Uncharged or 
faulty aircraft. 
batteries 

(b) Long leads from 
battery truck 

(c) Faulty 
connections 

(d) Uncharged or 
faulty ground 
truck batteries 

(e) Faulty aircraft 
electrical starting 
equipment 

.c-· 

( 
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Secondary investigation 

Check starter panel with stop 
watch against time base in 
fig. 2, Vol. I, Sect.a 

• 
This will prevent operation 
of relays which bring in third 
stage. Check that voltage at 
relay terminals on starter 
panel is not less than 15 volts. 
An alternative check is to 
plug in the ground batteries 
to the aircraft test point (port 
side on Vampire) and attempt 
a further start. If the start is 
successful then the aircraft 
batteries are faulty 

These should not be more 
than 15 feet each way 

Examine condition and check 
continuity across terminals 

Check by drop test or by 
fully charged batteries 

If other checks are satisfactory 
the equipment is faulty 

A.PA/2/B ·& C, Vol. 2, Part 3, Sect. 2, Chap. 3 (A.L76) 

Remedy 

Renew defective component 

Recharge or change batteries 
Note.-If the engine is started 
in the manner described in 
this check, the aircraft should 
not be flown until the faulty 
batteries have been remedied 

Shorten cable 

Determine cause and rectify 

Recharge or change batteries 

Change defective component 

Change starter and recheck 

RESTRICTED 

Refer to 

Aircraft A.P. ·also Sect. 3, 
Chap. 1 of this RUblication Al., 
and Part 4 ft:P (09'SC:.., 

Sect. 2, Chap. 2 

Aircraft A.P. and A~P. 
1095C 

Aircraft A.P. and A.P. 
1095C 

Sect. 2, Chap. 2 

Part 4, Sect. 2, Chap. 9 

(A.L7 6, Sept. 55) 
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Defect 

2. FAILURE TO 
ACCELERATE 
AFTER LIGHT-UP 
-;-<contd.) 

3. FAULTY 
STARTING 

4. INCORRECT 
IDLING SPEED 
Note.-Idling speed 
varies ·slightly with 
~tmospheric 
conditions 

Primary cause 

(4) Inadequate 
fuel supply 
'Light-up' too late 
in cycle therefore 
engine receives too 
little starter assis
tance after light-up; 
low fuel pump 
delivery 

(I)" Faulty slow-
engagement 
equipment 

(1) Mk. 2 only 
Incorrect baro-
stat relief valve 
pressure 

(2) Mk. 3 only 
Incorrect B.P.C. 
setting 

(3) Faulty 
pressure 
limiting valve 

(4) Incorrect 
adjustment of 
throttle needle 

Primary investigation 

No slow engage.: 
ment period ~d 
starter is heard to 
engage with a loud 
clank: This 
indicates that the 
slow-engagement 
equipment is 
burnt out 

Connect up 
pressure gauge 
as stated in 1 (3) (e) 
Pressure at 
idling should be 
between 1,030 and 
1;090 lb. per sq. in. 

Insert pressure 
gauge in pressure 
line to B.P.C .. 
Pressure at idling 
should be between 
1,115 and 1,200 lb. 
per sq. in. 

Remove P.L.V., 
blank off ports in 
control box with 
suitable blanking 
plate. Start engine 
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Secondary investigation 

j 

\ 

A.PA/21 B & C, Vol. 2, Part 3, Sect. 2, Chap. 13 (A.L76) 

Remedy 

See 1 {3) in this table 

Renew slow-engagement 
equipment 

-- Renew barostat 

Renew B.P.C. 

Fit new pressure limiting 
valve 

Note.-No adjustments must 
be made before checking the 
P.L.V. 

RESTRICTED 
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Aircraft A.P. and A.P. 
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Part 4, Sect. 2, Chap. 6 

Part 4, Sect. 2, Chap. 6 
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Part 4, Sect. 2,· Chap. 6 
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c-· 
Defect Primary cause Primary investigation Secondary cause 

5. INCORRECT OIL ( 1) Insuffi.cien t Check level of oil 
PRESSURE oil in sump 

(2) High or low This will cause 
ambient either low or high 
temperature oil pressure 

respectively c 
(3) Faulty relief Remove pressure 
valve relief valve and 

examirie condition 
of valve and seat 

(4) Incorrectly set If other checks are 
relief valve satisfactory 

setting of valve is 
faulty 

6. INCORRECT JET (1) Faulty thermo- This is usually 
PIPE couple leads and evidenced by 
TEMPERATURE connections erratic tempera-

ture readings. • Remove leads and 
check for 
continuity and 
insulation 

(2) Faulty Fit new thermo-
thermocouple couple and 

recheck 

(3) Uneven Can sometimes be (a) Burners 

t burning checked by stand- assembled in wrong 
ing well clear of combustion 

f 
the engine and chambers 
inspecting the 
turbine blades 

j from the rear. Hot 
I and cold spots may 

~ ~ be visible. 

~· ··' :)~~ii~.f1:·: Note.-This check 
must be made 

I 
t_.,::. quickly and the 

engine shut down 
immediately after- • f wards 

l 
(b) Choked burner 
filters 
(c) Faulty burners 

(d) Cracked or 
burned combustion 
chambers 

( 
RESTRICTED 
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···-:· 

Secondary investigation 

Check combustion chamber 
numbers stamped on burners 

Remove and check 

Burners are faulty if defect 
persists 
If condition is not cured, 
combustion chambers may 
have been damaged by the 
excessive temperatures. 
Remove and examine for 

' cracks, bums, etc. 

A.P.4121~ & C, Vol. 2, Part 3, Sect. 2, Chap. 3 (A.L.76) 

Remedy 

Refill as necessary. Check 
again after running when oil 
temperature has settled do'Yll 
at 35-40 deg. C. 

Check again after running 
when oil temperature has 
settled down at 35-40 deg. C. 

Renew fault:? parts and re
adjust 

Readjust 

Fit new leads 

Refer to 

Sect. 2, Chap. 2 

Part 4, Sect. 2, Chap. 7 

Part 4, Sect. 2, Chap. 7 

Sect. 3, Chap. 1 

Sect. 3, Chap. 1 

Reassemble in correct chambers Sect. 3, Chap. 1 

Clean or renew as necessary 

Renew-all burners 

Renew combustion chambers 
as necessary 

RESTRICTED 
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i ,. 

Defect 

7. ENGINE 
VIBRATION 

8. LOW 
GOVERNED SPEED 

'----------- ----

Primary cause 

{1) Unstable 
combustion at 
starting due to 
over-rich mixtures 

(2) Contact between 
engine and airframe 
structure. This only 
occurs when the 
engine is running 
or when it is hot. 

(3) Engine faulty 

(l) Incorrect travel 
of throttle needle 
and H.P. cock 

Primary investigation 

This will die out 
as engine speed 
increases to 
. idling 

Carefully examine all likely points for 
evidence of rubbing or contact. Engines 
are frequently rejected, unnecessarily, 
because of vibration, subsequent 
examination revealing no engine defect. 
Contact between engine and air-frame 
components-indicated by rub marks- ' 
is most likely the real cause of vibra
tion. In Vampire aircraft, the most 
common points of contact are:-Rear 
bearing Bundy pipe, front half on 
cowling stiffener; rear half on cowling 
rail. Rear bearing metering pump, 
banjo bolt on cowling hinge. Front 
bearing metering pump, Bundy pipe 
union nut on cowling hinge stiffener. 
Gun heater pipe on lower starboard 
cowling. Gun heater pipe on No. 15 
combustion. chamber. Gun heater pipe 
on ·screen box of igniter plug in No. 14 
combustion chamber. Port and star
board gun heater pipes on former 
of rear engine-cowling cone. Cowling 
stirrup fastener on upper starboard 
gun heater pipe. Fire extinguisher pipe 
on diffuser casing-mainly on port side. 
Rear bearing cooling pipe, flange joint 
on lower port fuel line. Engine sump 
front starboard on B.P.C. total head 
connection. Cabin air-line from collector 
ring, on No. 2 combustion chamber. 
Fire extinguisher pipe, on generator. 
Diffuser casing on drain box in lower 
cowling rail. 

If vibration · 
persists or is 
encountered at 
other speeds, 
engine is faulty 

Check that the 
controls reach the 
stops on the engine 

RESTRICTED 
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A.PA/21 B & C, Vol. 2, Part 3, Sect. 2, Chop. 3 (A.L.76) 

Secondary investigation Remedy 

No action required 

Obtain clearance at . 
all points 

Reject engine and remove 
from airframe 

Adjust aircraft controls 
accordingly" 

RESTRICTED 
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Defect 

8. LOW 
GOVERNED SPEED 
-(contd.) 

Primary cause 

(2) Mk. 2 only 
Incorrect 
governor setting 

(3) Mk. 2 only 
Faulty pump 

(4) Mk. 3 only 
Faulty o:verspeed 
setting 

(5) Mk. ·3 only 
Faulty pump 

(6) Mk. 3 only 
Faulty B.P.C. 

Primary investigation Secondary cause 

Adjust, noting each (a) Faulty governor 
alteration mad~. If 
governor does not 
respond to adjust-
ment this may be 
caused by faulty 
governor or faulty 
barostat 

Note ••• 

If governor .is faulty, it will, of course, be 
the max. permissible r.p.m., therefore, care 
governor isolated to avoid exceeding max. 

If maximum speed 
is still unobtain
able the pump is 
faulty. Check as 
in 4 (1) but 
measure barostat 
spill flow at same 
time. This should 
be approximately 
160 g.p.h. 

If maximum speed 
is still unobtain
able a pump may be 
faulty. To deter
mine which pump 
is faulty conduct 
a single pump · 
check 

See 4 (1) 

(b) Faulty barostat 
relief valve setting 

RESTRICTED 
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A.P.4121 8 & C, Vol. 2, Part 3, Sect. 2, Chap. 3 (A.L.76) 

Secondary investigation 

To check whether governor or 
barostat is faulty, disconnect 
the inlet and outlet fuel pipes 
from the governor. Connect 
pipes together by means of 
the isolating pipe (T73445). 
Run engine to check if max. 
permissible r.p.m. can be 
obtained with the governor 
isolated 

Remedy 

If max. permissible r. p.m. is 
obtainable with governor iso
lated, change the governor 

possible to obtain a maximum r.p.m. exceeding 
must be taken whilst running engine with 
permissible r.p:m. 

Check setting as under 4 ( 1) Renew barostat 

Renew pump 

., 

Re-adjust 

Change faulty pump 

Renew B.P.C. 

RESTRICTED 
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Part 4, Sect. 2, Chap. 6 

Part 4, Sect. 2, Chap. «? 
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( This l&tl( Issued with A.L No. 29, November,- 1951 

SECTION 3 

SERVICING 

LIST OF CHAPTERS 

A.P.-41218 & C, Vol. 2, Part 3 

Note.-A list of contents appears 0t the beflnnlnf of each chapter 

Routine servicing 

1 Inspection for d~ma1e after shock loading (nee qqillntftfe) J:11., i:?l •· 

RESTRI_CTED 
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A.P.41 21 B & C, Vol. 2, Part 3, Sect. 3 (A.L.82) 

Chapter I 

ROUTINE SERVICING 

~~ Note.-This chapter applies to Goblin Mk. 2 and Mk. 3 aero-engines 

~- LIST OF CONTENTS 

•• Para. Para • _, 

General Examination 
Mk. 3 Mod. No. 786 or 820 only 67A 

Bundy type pipes, tightening union nuts SA Assembly 
Flexible type pipes ... SE Mk. 2 and Mk. 3 Pre-Mod. 786 or 820 68 

Burner feed pipes SF Assembly 

Air-intakes 10 Mk. 3 Mod. No. 786 or 820 only 72A 
Refitting to engine ... 73 

Lubrication Combustion chamber drain valve 76 
Oil sump 11 Junction pipe and support assembly 80 
Oil suction filter 12 Igniter plugs SI 
Oil pressure filter 16 High energy equipment SIA 
Oil pressure relief valve adjustment 20 Jet temperature thermocouple 82 
Metering pumps 21 
Priming front and rear bearings 22 Impel/er 

Assessment of damage as 
Fuel system Examination of damage 98 
Priming fuel system 23 Crack detection 102A I Control box and dump valve 24 Uninstaffed engines 102C 
Slow-running adjustment ... 25 lnstaffed engines 1020 
Pressure limiting valve 28' Exhaust conefturbine clearance,-:checking 
Overspeed governor (Mk. 2 only) ... 29 without removing the exhaust cone (pre-
Governor mechanism (Mk. 3 only) 32 mod. 212 only) 103 
Fuel accumulator 34 Removal of fireguard and examination of 
Starting valve 3S exhaust cone 104 
Burners 36 
Burner filters 40 Exhaust cone assembly 
High pressure fuel filter (Mk. 2 only) 41 Removing and dismantling ... 107 
Barostat_ or barometric pressure control 42 Examination Ill 

Diffuser casing Outer exhaust cone 112 
Propefling nozzle and venturi cuff 117 

Deflector assemblies (Mk. 3 only) ... 42A 
Inner cone 122 

Combustion chambers Support tubes and fairings 126 
Examination in situ 43• Reassembling and refitting 130 
Removal and dismantling ... 45 Exhaust cone/turbine disc clearance 139 

Dismantling (Mk. 2 and Mk. 3 Pre-Mod. 786 or 820) 49 Turbine 
Dismantling (Mk. 3 Mod. No. 786 or 820) 49A Turbine blades, examination 143 

Cleaning so Dismantling necessary for close examination of 
Examination the turbine and nozzle blades ... ... ... 144 

Mk. 2 and Mk. 3 Pre-Mod. 786 or 820 51 Turbine/shroud clearance check and adjustment 156 

( A.L.82, July 57) 
RESTRICTED 
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A.P.4121 B & C, Vol. 2, Part 3, Sect. 3, Chap. I (A.L.77) 

LIST OF ILLUSTR~TIONS 

Fig. 
Suggested tool. for holding open the drain valve 

(pre-Mod. 486} ... · I 
Removal of oil pressure filter (pre-Mod. 323} 2 
Suggested blanking plate for pressure limiting 

valve mounting face on control box ... ... 3 
Using tool T21401 to withdraw a burner... 4 
Goblin Mk. 2. Diagram of burner positions with 

reference to part numbers and flow numbers . . . S 
Goblin Mk. 3. Diagram of burner positions with 

reference to part and flow numbers 6 
Checking the burner protrusion 7 
The burner filter 8 
Removal of H.P. fuel filter 9 

.Combustion chamber and drain pipes 10 
Combustion chamber components (Mk. 2} 11 
Distortion of skin at locating pin boss-serviceable 

for a further servicing period ... 12 
Distortion of skin at locating pin boss-unservice-

able but repairable · 13 
Limits of locating pin boss elongation 14 
Locating pin boss elongation-example of accept-

able standard · IS 
Locating pin boss elongation-example of un-

serviceable standard which may be repaired .•• 16 
Cracks adjacent to locating pin boss-acceptable 

standard 17 
Cracks adjacent to locating pin boss-serviceable 

for a further servicing period after welding ... 18 
Splitting at rear end seam-serviceable after 

repair by welding ... ... ... 19 
Splitting at rear end seam-beyond repair 20 
Cracks in flame tube under the interconnect/rig 

stub flange-serviceable for a further servicing 
period 21 

Cracks in flame tube under the interconnecting 
stub flange-unserviceable but repairable ... 22 

Cracks at dilution windows-repairable ••. 23 
Cracks betWeen upper cooling holes, and cracks 

from interconnecting flange or igniter plug boss 
to cooling holes or dilution ports-unserviceable 
and beyond repoir 24 

. Cracks from dilution windows-repairable 25 
Weld failure at I st or 2nd row of dilution windows 

-beyond repair... 26 
Locating ring at rear end of outer casing showing 
permissible area for etching .•• 27 

Acceptance standards during examination of flame 
tubes (Hk. 3 only} ••• ••• ••• 27 A to 27G 

Checking the annular gaps at the rear of the com
bustion chamber 'using standard feeler gauges 
and the three tapered feeler gauges T70445 ••• 28 

Alternative method of checking annular gaps at 
the rear of the combustion chamber .••• 29 

Checking the clearance betwe'en .the locating pin 
bosses with slip gauges T70444 . ••• ... 30 · 

Mod. No. 786 or 820 type comb.ustion chamber 
(Mk. 3 only} .. , 

· Combustion chamber drain valve ... 
Usual position of cracks in junction pipe assembly 

30A 
31 
32 

. 32A I Mirror a1Jd lamp used when inspecting for cracks .•• 
M!!thod of using mirror and .lamp when inspecting 

for cracks at the web Joints ... ... ... . 328 

Typical examples' of'acceptable cracks in the web 
joints 

Circumferential crack in flange of junction pipe 
assembly-acceptable standard . • • • •• 

Crack in joint between the web and inner flange of 
;unction pipe assembly-acceptable standard ... 

Axial crack shown in fig. 32E as seen through entry 
port-acceptable standard 

Fig. 

32C I 
320 

32E 

32F 
Assessment and examination of damage to 

impeffer ..• 33-47A Al..~~ 
Tool for checking clearance between exhaust cone 

and turbine disc ..• 
Exhaust cone fireguard 
Checking ovality of the outer cone front flange also 

showing cramp in position to ~;orrect regular 
ovality ..• . •.• ... ... •.. ... 

Using wooden block and cramp to correct distortion 
and irregular ovality of outer cone front flange 

Dent accompanied by crack in heater muff 
Repairable split in the ~itch weld on heater muff 

flange 
Venturi cuff and propelling nozzle-showing 

typical damage ... 
Distortion between Ve!Jturi cuff rivets 
Venturi cuff and propelling nozzle showing gauge 

positions for checking ovality 
Inner .cone-repairable dents 
Inner cone-non-repairable cracking and buckling 
Girder and anvil for repair of inner cone 
Typical failures on large diaphragm 
Repairable damage to baffle plate stiffener 
Non-repairable aamage to baffle plate stiffener •.• 
Support tube indentation and fretting 
Fairing rejected for fatigue of the skin and welding 

failure 
Repairable damage to (airing where skin· is 

breaking away from outer plate 
Broken bolts in (airing 
Assembling the inner cone air tube 
Tightening the baffle securing nut ..• 
Checking the axial' clearance between the inner 

and outer cone front flanges 
Flexible conneCtion in air cooling pipe 
Measuring the exhaust conefturbine disc clearance 
Maximum extent of acceptable damage to nozzle 

blades 
Da.mage to nozzle blades-not acceptable 
Bowed nozzle blades which are acceptable 
Bowed nozzle, blades which are not' acceptable 

Acceptable curl at tip of turbine blade (refer also 
to fig. 75) 

Acceptable curl at tip of turbine blade (refer also 
to fig. 74} ..• .•. •.• .•. • .• 

Curl at tip oftur~ine blade-not acceptable (refer 
also to fig. 77) ... . . . .. • . .• . .. 

Curl at tip of turbine blade-not acceptable (refer 
also to fig. 76} ... .•. ... ... ... 

Acceptable damage to turbine blade ... 

48 
49 

so 

51 
52 

53 

54 
55 

56 
57 
58 
59 
60 
61 
62 
63 

64 

65 
66 
67 
68 

69 
70 
71 

72 
73 

73A I 
738 

74 

75 

76 

n 
78 

(A.L.77, May 56} 
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LIST OF ILLUSTRATIONS-contd. 

Fig. 

Acceptable tear ot tip of turbine blade ... 79 

rear at tip of turbine blade-not acceptable (refer 
also to fig. 81) ..• 80 

Tear at tip of turbine blade-not acceptable (refer 
also to fig. 80) . •• 81 

Acceptable brui~e in leading edge of turbine blade 82 

GENERAL 

I. This chapter describes the method of 
servicing the engine in accordance with the 
requirements of the Basic Servicing Schedule. 
Operations which are considered self-explana
tory have not been included. Instructions 
are given in respect of the removal, the dis
mantling and cleaning and, wherever possible 
the acceptance standards of permissible wear 
or damage of components and their subse
quent re-assembly. The Part No. of expend
able items which must be fitted at each 
assembly is also given. 

2. Running adjustments and the rectifica
tion of defects by the replacement of unit 
assemblies and, when applicable, the repair 
of defective components is described in 
Part 4. Reference should also be made to 
the relevant aircraft Air Publication for 
instructions regarding the removal of cowl
ings an.d airframe. components. 

3. Scrupulous cleanliness, the proper use 
of the correct tools, and attention to detail 
are essential. Anything loose ·left near the 

Bundy pipe 

-&in. 

!in. 

Thread 

! in. B.S.P. 

! in. B.S.P. 
or * in. by 26 T.P.I. 

air-intake may damage the engine, and a 
particle of foreign matter may cause failure 
of the fuel system. Except when their 
removal is essential to perform certain 

. operations, dust covers must be kept on the 
air-intakes and on the propelling nozzle; 
they must be refitted immediately such 
operations have been completed. 

4. To obviate risk of the engine being 
started unintentionally whilst work is in 
progress, ensure that the L.P. fuel cock lever, 
the H.P. fuel cut-off lever, and the starter 
(linked master) switches are in the OFF 

position, except when they are required to 
be ON for specific checks. 

Bruise in leading edge of turbine blade-not 
acceptable · 

Acceptable damage to turbine blade 

Acceptable damage to turbine blade 

Damage to turbine blade-not acceptable 

Measuring the turbine blade tip clearance 

Fig. 

83 
84 
85 
86 
87 

5. To ensure correct assembly, components 
should be checked for assembly markings 
before removal, unless .the design is such. that 
incorrect fitment is ,precluded. This is 
particulady important with parts which can 
be turned through 90 or 180 deg. All small 
parts, e.g. shims, packing pieces etc., should 
be 'labelled. and secured to their respective 
components. Copper and aluminium sealing 
washers should be reje1~ted if unserviceable. 
To prevent tearing of the counterbored faces 
of light alloy components, Mod. No. 755 
introduces plain washers to be fitted under 
spring washers in all applications. Longer 
studs are introduced when necessary to 
accommodate the extra thickness. During 
servicing and minor repair, the modification 
should be embodied in part by introducing a 
plain washer where one was not previously 
fitted, provided that full engagement of the 
nut is obtained, otherwise the plain washer 
should be omitted. TR 513 permits the spot
facing of light alloy components, during re
conditioning, to enable full engagement of the 
nut when Mod. No. 755 is embodied. 

Tighten 

Hand-tight plus one complete turn 

} 
Hand-tight plus one complete turn 
plus one sixth (60 deg.) of a turn. 

Bundy type pipes, tightening unio~ .. nu.ts 

SA. When tightening Bundy type union 
nuts, the nut must be tightened sufficiently 
to deform the olive so that slight but positive 
necking of the pipe is produced; Bundy pipes 
may be recognjzed by their characteristic 
bright silvery finish. Excessive tightening 
must, however, be avoided as· each time a 
particular pipe is fitted the nut will require 
just a little extra movement to ensure a leak
free connection, and it is the sum of these 
extra movements, plus the initial distortion, 
which dictates the life of the pipe assembly. 
The slight necking of the pipe is necessary to 
ensure a mechanical lock; friction pressure 
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of the olive on the pipe, although probably 
leak free, is not sufficient. For the foregoing 
reasons, whenever a pipe which is to be 
refitted is disturbed, it is most important 
that the 9live remains in the same position on 
the pipe; any lateral movement of the olive 
on the pipe will destroy the initial seal. 

SB. When fitting a new assembly, the union 
nuts should be tightened as shown in the 
above table. 
SC. When refitting a used assembly, the 
union nuts should be tightened hand-tight 
plus one sixth (60 deg.) of a turn regardless 
of the pipe size. A radial pencil line should be 
marked on the nut end to provide a datum 
of the nut movement: 
SD. It must be fully understood that no 
attempt must be made to continue tightening 
these nuts until appreciable resistance is 
felt. The check for sufficient tightening, 
having complied with the foregoing instruc
tions, is freedom from leaks on ground run. 
If it is necessary to tighten a union nut 
further to correct slight leakage, this must be 
done to the least possible extent that will 
cure the leak, tightening the nut a ~ew degrees 
at a time only. If excessive necking of the 
pipe or excessive distortion of the olive has 
orcurred, a new pipe assembly should befitted. 

A.P.4121B & C, Vol. 2, Part 3, Sect. 3, Chap. I (A.l.77) 

Flexible type pipes 

SE. At the specified periods, all flexible 
pipes should be examined in accordance with 
the instructions contained in Part 4, Sect. 2, 
Chap. 10. Pipes that are removed, or replace
ment pipes, should be flushed through with 
clean kerosine, preferably under pressure, 
before refitment to the engine. In particular 
it should be ensured that no foreign matter 
is present around the end fittings. After 
Rushing, oil ·pipes should be dried out with 
dry clean compressed air to avoid kerosine 
contamination of the lubricating oil. Flexible 
pipes must be pressure tested, before being 
fitted to an engine, as described in Part 4, 
Sect. 2, Chap. 10. Care must be taken when 
handling flexible pipes to avoid excessive 
bending, especially when one end only is 
disconnected. 

Burner feed pipes 

SF. Particular attention is drawn to the 
care necessary with burner feed pipes which 
tend to take up a permanent set after a short 
period of service. To avoid undue flexing 
each pipe should be refitted in its original 
position. Positional identification tags are 
attached to the pipes when Mod. No. 723 
is embodied. 

RESTRICTED 
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6 . . All· consumable parts such as split pi~s, 
locking washers, joint washers, etc., must be 
!-U:SIJu:;eu of without delay so that there is no 

of becoming mixed with new items 
used again, When components are 

;u1JLw ... u1L ·to remove or to separate due to the 
of jointing compound, or close 

fitting dowels or studs, tapping with a 
mallet around the periphery of the component 
should be sufficient to break the joint. In no 
circ~mstances should any form of wedge 
be mserted between mating faces in an 
endeavour to part them. 

7. ·All apertures and unions which are 
exposed after the removal of an assembly or 
component, should be blanked off immediately 
to prevent the entry of foreign matter, 
loose nuts or small tools. Metal or wood 
should be improvised in the absence . of 
approved blanking plates or plugs, and rubber 
~aps may be used for unions and pipe ends 
If metal ones are not available. Fabric in the 
form of cotton waste or rag must not be 
used as small particles might enter the· oil
ways or the fuel system .. 

8. Before assembly, joint faces must be 
cleaned and examined for burrs, nicks, or 
other damage which might prevent the faces 
seating properly or an oil-tight joint being 
obtained. Where applicable apply a thin 
even film of 'Wellseal' jointing compound 
to each joint face. To reduce risk of seizure, 
all screw threads which are subject to high 
temperatures, such as the bolts which secure 
the tail pipe to the turbine shroud, and the 
jet temperature thermocouple, should be 
coated with anti-seize grease (Stores Ref. 
34B/88). Ragosine L.M. paste is recom
mended for the set-bolts which secure the 
turbine disc air-cooling pipes to the exhaust 
cone and for the turbine disc nuts and bolts. 

9. At t:he completion of any servicing 
operation, ensure that loose parts, tools, or 
rags are not left lying about the engine or 
cowling; particularly examine the air-intakes 
and ducts leading to the impeller. Ground 
tests which are made subsequent to operations 
which have necessitated disturbing fuel or 
oil pipes, should be carried out with the 
cowling open so that a thorough examination 
may be made for leaks. Finally ensure that 
all cowling panels and inspection doors are 
correctly fitted .and securely attached, refer
ring, if necessary, to the relevant aircraft Air 
Publication. 

A.P.4121 B & C, Vol. 2, Part 3, Sect. 3, Chap. I (A.L. 66) 

. AIR-INTAKES 
10. Due to the fitment of the air-intake 
covers whenever the engine is not running, 
snow or ice seldom accumulates in or around 
the air.,intakes. In very severe conditions 
further precautions can be taken by stretching 
a tarpaulin over the leading edge of the main 
plane to completely cover the air-intake 
apertures. If, however; snow or ice has 
accumulated in the air-intakes, it must be 
entirely removed before flight; rag, or wood 
which may leave splinters which can be 
drawn into the engine when it is started 
must not be used for this purpose. 
Oil sump LUBRICATION 
11. The correct method of checking the oil 
level and filling the oil sump is described in 
Sect. 2, Chap. 2. When it is required to 
drain the oil sump, remove tlie ·filler cap 
from the top accessory box and the dip-stick 
from the sump to facilitate the entry of air 
and assist the escape of oil through the drain. 
Remove the drain plug fro:m the suction 
filter cover or, if Mod. 486 has not been 
incorporated, the suction filter cover itself, 
as described in the next paragraph and, by 
means of the projecting stem, force up the 
drain valve against its spring load. The 
contents of the sump can then drain into a 
suitable container. If a dra,in plug is not 
embodied a tool to hold the drain valve open 
can be made as indicated in fig. 1, and 
secured to two of the suction filter cover 
studs. When drainage is complete, refit the 
drain plug and washer, Part _No. A.G.S. 
568-B which should be renewed if necessary; 
or the suction filter cover, refill the sump 
with the correct grade of oil and refit the 
dip-stick and the filler cap. 

- ' ,8tft 
__ L_ 

'2 HOLES ~16 on.DIA 

Fig. I. Suggested tool for holding open the 
drain valve (pre-Mod. 486) 

( A.L.66, June, 54) 
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Oil suction filter 
12. When removing the suction filter cover, 
the nut on the extended portion of the cover 
which -encloses the drain valve should be 
removed last. Remove four of the plain 
2 B.A. nuts and the washers which secure 
the suction filter cover. Holding the cover 
in position so that the drain valve spring 
load does not cause the cover to tilt and jam 
on the studs, remove the fifth nut and 
washers. Remove the cover and the suction 
fllter element. 

13. Using a syringe thoroughly clean the 
suction fllter: element in clean kerosine. 
Move the syringe over the ~ntire area inside 
the gauze so that the kerosine is forced 
through every part; brush any sediment off 
the exterior and dry off the element with a 
compressed air jet. 

14. The element should be examined for 
damage which if slight may be repaired by 
so!dering. Ensure that the mating faces of 
the fllter cover and the sump are clean and 
undamaged. Examine the joint washer (Part 
No. 22343) and renew if necessary. 

15. Insert the suction fllter element into 
its housing in the sump, locating it in the 
recess at the inner end of the housing. Place 
the joint washer over the studs and refit the 
suction fllter cover, ensuring that the end of 
the drain valve stem and the fllter element 
locate correctly in their respective recesses 
in the cover. Hold the cover in position 
against the drain vlj].ve spring load .and 
secure the cover with the five plain nuts and 
the washers. 

Oil pressure filter 
16. To remove the oil pressure filter, undo 
the six plain ! in. B.S.F. nuts securing the 
pressure filter cover, and remove the washers 
and the cover. Where Mod. No. 323 has been 
embodied, the pressure filter assembly will 
come away attached to the cove~. otherwise. 
the filter assembly is separate from the 
cover and, unless prevented, will tend to 
fall out immediately the cover is removed 
(fig. 2). To dismantle the pressure filter 
assembly if the fllter assembly is attached 
to the cover; press the top of the assembly 
downwards and turn it anti-clockwise relative 
to the· cover to release the bayonet fasten-

- ing. Separate the fllter assembly from the 
cover and dismantle it in the following 
order; bottom plate, first synthetic rubber 
washer, felt element, second synthetic rubber 
washer, top plate, and spring. Extract the 
circlip from the upper end of the gauze 

Fig .. 2. Removal of oil pressure filter 
(pre-Mod. 323) 

co:vered support tube and remove the seating 
washer, overload valve and spring. To 
dismantle the Pre-mod. 323 fllter assembly, 
press in the bottom end plate against the 
action of the spring, extract the retaining 
pin, and remove the detail parts as described 
already. 
17. Thoroughly wash the parts in clean 
kerosine; the gauze covered support tube 
should be cleaned as described for the 'suction 
fllter element. A new Tecalemit filter eiement 
must be fitted every 300 hours; cleaning of 
the element is not permitted. 
18. Examine the gauze surrounding the 
support tube for damage which if slight may 
be repaired by soldering.· Ensure that the 
solder . does not ·prevent the end plates 
passing freely over the support tube. Ensure 
that the joint faces of the filter cover and 
the sump are clean and undamaged.· Examine 
the fllter element Part No. 22772, the joint 
washer Part No. 22342 (Pre-mod. 323) or 
23444 (Mod. No. 323), and the two synthetic 
rubber sealing washers Part No. 22562 (or 
75061 when Mod. No. 867 is embodied) and 
renew if necessary. 
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19. Place the overload-valve spring, the 
overload valve, and the seating washer in 
the upper end of the gauze covered support 
tube. Secure with circlip Part No. 13587 (or 
16864 when Mod. No. 384 is embodied) which 
should be renewed if necessary. Check the 
overload valve for freedom to operate and 
ensure that the seating faces are clean. Place 
the parts over the support tube in the follow

order; filter spring, top end plate, first 
Y"''"LI"L"- rubber washer, felt element, second 

rubber washer, and bottom end 
Secure the filter assembly to the cover 

the bayonet fitting; Pre-mod. 323, depress 
bottom end plate against the action of the 

filter spring until the retaining pin can be 
inserted into the holes in the support tube. 
Centralize the pin, release the bottom' end 
plate, and ensure that the pin is correctly 
located in its· recess in the end plate. Place 
the joint washer over the studs and _refit the 
filter assembly and the cover; secure with 
the washers and plain nuts. When refitting 
filter elements Pre-mod. 323, it is important 
to ensure that the inner end is correctly 
located and is not crushed by tightening the 
nuts with the element trapped between the 
cover and the inner end of the casing. 

Oil pressure relief valve adjustment 

20. An oil pressure between 40-45 lb. per 
sq. in. should be obtained with the engine 
running at 9,700 for Mk. 2 and 10,250 r.p.m. 
for Mk. 3 engines at an oil temperature of 
40 deg. C. If adjustment is necessary reference 
should be made to Part 4, Sect. 2, Chap. 7. 

Metering pumps 

21. Instructions for r!')moving and refitting 
the.metering"pumps are contained in Part 4, 
Sect. 2, Chap. 7. If new metering pumps are 
fitted or it is suspected that the lubrication 
system is defective, it will be necessary to 
check the metering pumps delivery as 

-described ·in that chapter. 

I. Priming front and rear bearings . . 

'22. Instructions for priming the front and 
rear bearings are contained in Section 2, 
Chapter 1. For the rear bearing this can be 
facilitated by using. a pump, such as a 
Ki-gass priming pump, mounted vertically 
in a box or suitable stand, and a length of 
pipe used to connect the priming pump outlet 
to the rear bearing feed pipe. A 50 lb. weight 
can be placed on the plunger of the priming 
pump and the oil forced into the bearing 
automatically whilst other servicing opera
tions are performed. 
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FUEL SYSTEM 

Priming fuel system 

23. Whenever the fuel system has been dis
mantled for any reason, such as for cleaning 
the low pressure fuel filter, or any other 
servicing or repair operation, the fuel system 
must be primed as described in Section 2, 
Chapter 1 before any attempt is made to 
start the engine. 

Control box and dump valve 
24. The only servicing operation permitted, 
beyond· a peiiodic check of the nuts and 
unions for tightness, is for· the renewal of 
the control valve plunger seals as described 
in Part 4, Sect. 2, Chap. 6. 

Slow-running adjustment 

25. The slow-running stpp forms a positive 
stop limiting the distance which the control 
valve plunger (throttle ·needle) can travel 
towards the closed (idling) position. It is a 
set screw situated in the end of the control 

. valve plunger cover at the rear of the control 
box and provides the means of adjusting the 
slow-running (idling) speed. When a satis
factory setting has been obtained on the 
test bench, after initial manufacture or over
haul, the slow-running adjustment is wire
locked and sealed with. a lead seal by the 
inspection authority, and this adjustment 
should not normally require alteration. 

26. An increase in the slow-running speed 
may be due to a faulty pressure limiting 

4-HOLES NQ 11 DRILL 
Fig. 3. Suggested blanking plate for pressure 
limiting valve mounting face on control box. 
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valve. To check this, remove the suspected 
valve and blank off the mounting face on the 
control box (fig. 3). If the slow-running 
speed is then normal, the valve is fautty and 
must be exchanged for a seryiceable unit, 
as described in Part 4, Sect. 2, Chap. 6. On 
Mk. 3 engines it will be necessary to reprime 
the fuel pumps after the valve has been 
refitted. 

27. Recheck the slow-running speed after 
fitting the replacement unit. Re-adjustment 
of the slow-running stop to compensate for 
leakage past the pressure limiting valve is 
NOT permitted. 

Pressure limiting valve 

28. No servicing of the pressure limiting 
valve without subsequent rig testi~g is 
permitted, therefore, routine servicing is 
confined to a periodic check that the nuts 
and unions are tight and that there are no· 
signs of fuel leakage at the joint face between 
the valve and the control box or at any other 
point. Instructions for removing and refitting 
the valve are contained in Part 4, Sect. 2, 
Chap. 6. 

Overspee~ governor (Goblin Mk. 2 only) 

29. The servicing of the overspeed governor 
is confined to a periodic check of the nuts and 
unions for tightness. Instructions for 
removing and refitting the overspeed governor 
are con~ained in Part 4, Sect. 2, Chap. 6. 

30. Deviations of gov~rned speed from the 
nominal value can occur through changes in 
ambient atmospheric temperature and pres
sure, and apparent deviations may occur 
because the aircraft instruments are less 
accurate tha~ the stroboscope used for speed 
settings on the test bench. If attention is paid 

to deviations occuring in the first case, too 
frequent adjustment will be made to the 
overspeed governor in order to contend with 
day to day atmospheric changes, and in the 
second case, the speed will be adjusted to an 
incorrect setting. · 

31. Variations between plus 50 and minus 
100 r.p.m. of the nominal speed may be ~ 
ignored" unless they are habituctl, in which \.. 
case the overspeed governor should be reset 
to allow for different operating conditions. 
Variations beyond these tolerances must be 
investigated on the lines indicated in Section 2, 
Chapter 3, and adjusted if necessary according 
to the instructions contained in Part 4, Sect. 
2, Chap. 6, but it is recommended that the 
aircraft instruments are checked before any 
adjustments to the overspeed governor are 
made. 

Governor mechanism (Goblin Mk. 3 only) 
32. The overspeed governor mechanism of · ;~:; ·: 
the Mk. 3 is integral with the.fuel pump(s). 
The general .remarks given in para. 30 are 
equally applicable and variations beyond the 
tolerance given should be investigated as 
detailed in Section 2, Chapter 3. Instructions 
for adjusting the governor mechanism are 
given in Part 4, Sect. 2, Chap. 6. 
33. Where a pair of fuel pumps is employed 
it is customary to set one governor to control • 
at an engine speed 50 r.p.m. higher than the 
other. It is important to remember t_his 
difference in governor setting as the higher 
engine speed may in certain circumstances 
be obtained with full throttle whenever the 
fuel pump isolating switch is switched on. 
When, for example, the ambient tempera-
ture is above 8 deg. C at sea level either pump 
alone is capable of supplying sufficient fuel 
to enable the engine to attain maximum 
r.p.m. and therefore in these circumstances 
the higher engine speed will be obtained. 
Fuel accumulator 
34. Servicing of the .fuel accumulator is 

. confined to a periodic check of the nuts and 
unions for · tightness.· Instructions for re
moving, refitting, and checking the function
ing of the fuel accumulator are contained in 
Part 4, Sect. 2, Chap. 6. 
Starting valve 
35.· The servicing of the starting valve is· 
confined to a periodic che'ck of the nuts and 

Fig. 4. Using tool T21401 to withdraw 
a burner 

(_ 
RESTRICTED 



AP 4121B & C V2 P3 Goblin 2 & 3 Servicing 19620901 OCR.pdf Page 69

( 

( 

unions for tightness. Instructions for the 
removal, refitting, and the checking and 
adjustment of the starting valve setting are 
contained in Part 4, Sect. 2, Chap. 6. 

Burners 
36. Burners, combustion chambers, etc., 
are numbered in. e._ ~~9Sf:Wise direction with 
No. 1 combustio~atfhe-top when the engin~ 
is viewed from the front. The number of 
the combustion chamber is stamped on the 
diffuser casing adjacent to the burner holder 
bosses. The corresponding number is also 
marked on the outboard edge of the adjusting 
shim, and on the outboard edge of the 
burner flange. It should be noted that No. 
15 and 16 burners are on either end of the 
burner ring, the break in the ring occurring 
hetween the branch pipes for these two 
burners. As the flow characteristics vary 
from burner: to burner, and are governed by 
the atomiser and the dimensions of the 
burner holder, the burners and their com
ponents must always be fitted in the appro
priate combustion chamber which, in addition 
must always itself be fitted, in the marked 
position. Throughout all operations on the 
burners, absolute cleanliness is essential. 

37. Each of the sixteen burners is removed 
in the same.manner. Unscrew the union nut 
and disconnect the flexible pipe from the 
burner, care being ~aken _ not to bend or 
distort the run of the pipe from its natural 

G;.~l 
166A 

I \ ...... ___ .. ./ 
16 

Fig. 5. Goblin Mk. 2. Diagram of burner 
positions with reference to part numbers and 

flow numbers 
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'set'. Remove the three ! in. B.S.F. plain 
nuts (two on Mk. 3 engines) and sprip_g 
washers and the locking tab from the burner 
flange. Screw the tool T21401 (fig. 4) on to 
the inlet union of the burner and draw the 
burner out of the combustion chamber; in 
the case of a Goblin Mk. 3 take care to 
maintain the original alignment of the burner 
as it is withdrawn and do not let its inner 
end drop and foul the deflector vanes. 
Remove the adjusting shim or shims from 
the face on the diffuser casing and tie it to 
its individual burner. Plac~ a dust cap on 
the inlet union and one of the special rubber 
protecting caps over the orifice end of the 
burner. Place the qurner in the transport 
box (Part No. T70460} to protect it from 
accidental damage and discard the joint 
washer. If the burners are not being refitted 
to the engine immediately, or if they will 
remain in store for a period exceeding seven 
days, they should be protected against -
corrosion. On removal from the engine, 
drain the burner of fuel, flush through with 
clean oil (Stores Ref. 34A/33) and blank off 
all orifices with air-tight blanks. 

38. Carefully examine the complete burner 
assembly and remove any accumulation of 
carbon from the shroud end face taking 
great care not to scratch or damage the 
burner nor to block any of the openings in 
it. Ensure that the air gap is completely 
free of carbon. High jet temperatures can be 

Fig. 6. Goblin Mk. 3. Diagram of burner 
positions with reference to part and flow'numbers 
(when Mod. No. 786 or 820 is embodied, No. 8- position 

should be read as 72197) , 

(A.L66, June, 54) ":-. 
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DISTANCE GAUGE 

T77497, 

Fig. 7. Checking the burner protrusion 

due to an atomiser, sleeve, and shroud 
being loose, causing the 'fuel to air ratio in 
that particular combustion chamber to be
incorrect. If -these parts are loose, the whole 
burner must be changed fc;>r a serviceable 
burner of equal calibration to the references 
given in fig. 5 and 6. The shroud, which 
secures the .sleeve and the atomiser, is 
locked by a lock nut which is itself locked by 
a copper washer peened into a groove in the 
lock nut. Correct locking of this assembly is 
vital to the safety of the engine. Wear is 
permitted locally on the outside diameter of 
the burner shroud at the swirler bore 
location to the extent of 0·010 in. maximum 
depth. The minimum dimension measured 
across the diameter of ·the burner shroud 
where the maximum depth of wear occurs is 
0·783 in. 

' 
39. When fitted in the engine, the burner 
must protrude 0·15-0·20 in. beyond the 
swirl vanes in the combustion chamber. The 
checking fixture, T77497, should be used to 
ascertain the thickness of shimming that is 
required to ensure the correct relationship 
between the burner shroud and . the swirl 
vanes. Whilst reading the following instruc
tions, reference should be made to fig. 7. 
Place the head of the distance gauge against 
the burner face on the diffuser casing and 
adjust the caliper bar until its foot contacts 
the rear face of the swirl vanes in the corn-

bustion chamber. 1Jsing the distance gauge, 
set the sliding block of the fixture and secure 
it in position with the thumb screw. Place 
the appropriate burner, with two new joint 
washers (Part No. 20099 Mk. 2 or 22709 
Mk. 3), in the fixture, and set the gauge 
plate to the rear face in contact with the 
gauge datum face, select the required number 

Fig. 8. The burner filter 

of shims (Part No. 21134 Mk. 2 or 20824 
Mk. 3) to take up the gap between the 
burner flange and the fixture. Insert the 
burner through its particular boss on the 
diffuser casing and secure it wjth the three 
(two, Goblin 3) plain nuts and spring washers; 
do not omit the locking tab. Reconnect the 
flexible fuel pipe to the burner, tighten the 
union nut and wire-lock it to the locking tab. 
Burner filters 

40. The burner filters (jig. 8) must be care
fully handled as damage to the filter may 
have the same effect as an accumulation of 
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dirt. To remove one of the burner filters for 
examination or cleaning, unscrew the union 
nut and disconnect the flexible fuel pipe 
from the burner. Using a suitable b.ox 
spanner, remove the fuel inlet adapter and 
the joint washer; and the banjo connection 
for a fuel pressure gauge in the case of No. 3 
burner. Unscrew the filter and draw it out 
of the burner. Gently clean the filter by 
syringing it with kerosine on the inside and 
blow away any sediment with a jet of corn
pressed air. Carefully examine the filter for 
signs of fracture, the presence of foreign 
matter and distortion at the filter ends. 
Examine the screwdriver slots and the threads 
for damage. Screw the filter back into the 
burner and tighten with the special screw
driver. When reassembling No. 3 burner, refit 
the pressure gauge banjo connection with a 
joint washer on either side to the special 
long inlet adapter. Screw the inlet adapter 
into the burner and tighten securely. Re
connect the flexible fuel pipe and tighten 
and wire-lock the union nut. 

High pressure fuel filter (Goblin Mk 2 only) 

41. No cleaning of the Auto-Klean Lo-Loss 
felt filter element is permissible. If the 
element is unserviceable, a new or recondi
tioned element (Part No. Lf559AA/2} should 
be fitted and the .unserviceable element 
returned through the appropriate channels 
for reconditioning. To remove the element 
from the H.P. fuel filter, disconnect the filter 
to barostat pipe at the union adjacent to the 
filter. Remove the six nuts and washers 
which secure the filter bowl to the filter body, 
and pull the bowl off the studs. Extract the 
split pin and remove the slotted nut, spring, 
plain washer and rubber washer from the 
support rod which secures the filter element 
to the filter body, and withdraw the element. 
Before fitting the serviceable element, ensure 
that the mating surfaces of the filter bowl 
and filter body are clean and undamaged, 
and that the synthetic rubber seals are 
serviceable and are correctly positioned. 
If either of the seals, filter element-to-body 
seal Part No. MPA 30466 and filter bowl-to
body seal MPA 27776 or the rubber washer 
Part No. MPA 30308 is unserviceable, a new 
one should be fitted. Ensure that all parts 
are clean and serviceable and reassemble by 
reversing the dismantling instructions; use a 
new split pin (Part No. AGS 784/50) to lock 
the slotted nut. 

41A. When fitting new or replacement 
filter assemblies, the filter and filter to 
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Fig. 9. Removal of H.P. fuel filter 

barostat pipe should be flushed through as 
follows. Disconnect the . filter to barostat 
pipe at the barostat end. Simulate a start 
in accordance with the normal starting drill 
but with the throttle and the H .P. fuel cut-off 
valve levers in the CLOSED position. A 
suitable container must be positioned to 
receive the fuel which will be discharged 
from the open pipe connection. Re-connect 
the filter to barostat pipe and carry out a 
normal ground run, during which a check 
should be made for fuel leaks. 

Barostat or barometric pressure control 

42. No servicing or adjustment of the 
barostat or barometric pressure control, other 
than a periodic check that the nuts and unions 
are tight, is permissible. If the unit appears 
to be defective it must be changed for a 
serviceable unit as described in Part 4, Sect. 2, 
Chap. 6. 

DIFFUSER CASING 

Deflector assembly (Goblin Mk. 3 only) 

42A. A broken deflector vane or similar 
damage may necessitate the replacement of 
the deflector assembly concerned and, where 
this occurs in a diffuser casing which does not 
embody Mod. 923 (interchangeable deflector 
assemblies), it will be necessary to fit a Mod. 
923 deflector assembly. Vol. 6, Part 2, 
Sect. E, contains instructions for carrying 
out such a repair at an overhaul base, but 
the following procedure should be adopted 
"in service". 

(1) Measure the thickness of t he diffuser 
casing between the deflector assembly 
mounting face and the floor of the 
diffuser passage at the upstream (inner) 
edge of the deflector assembly pocket. 

(A.L.77, Nay 56) 
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(2) Blend the floor of the deflector assembly 
at the upstream edge so that the 
dimension from the mounting face of 
the deflector assembly to its floor edge 
corresponds with . the dimension 
previously obtained. The maximum step 
allowed against the gas flow is 0·010 in. 
and the profile of the floor is to be 
blended smooth from the new edge. 
This blending must be continued into 
the side radii of the floor to reduce the 
step which will also occur against the 
gas flow in this area. 

(3) · Where the blending operation has 
removed the anodic film, a surface 
treatment of Ercalene or cold-setting 
Rockhard lacquer (see Note to this para) 
must be applied to the affected area of 
the deflector assembly before fitting to 
the diffuser casing. 

(4) Record the repair in the engine record 
card. 

Note ... 
The cold-setting Rockhard lacq~ter may be 
applied as follows. Thoroughly clean 
the affected area with 73 NLAVGAS 
industrial methylated spirits , or benzene. 
Mix thoroughly eq~tal volumes of Gittings 
and Hill lacquer 115j16 and 115j17, 
add 15 p er cent of thinners 375/455 and 
again mix thoroughly. This mixtu1'e will 
provide a good brushing consistency with a 
final 1'esin thickness of approximately 
0·015 to 0·020 in. It should be noted that 
the pot-life of this mixture is about five 
hours. With a brush, apply one coat of 
lacquer to the affected area and allow to 
dry in air at room temp erature f or at 
least three hmt.rs before handling. 

COMBUSTION CHAMBERS 
Examination in situ 
43. At the specified periods, the combustion 
chamber must be examined externally, with
out being removed from the engine, as 
thoroughly as possible. Although this 
examination should cover the whole of the 
outer casing, experience has shown that 
cracking may be divided into three main 
categories. 

(I) Longitudinal cracks in the front end 
of the rear outer casing which are associated 
with the welded joints attaching the outer 
interconnecting sleeves or the locating pin 
bosses. 

(2) Longitudinal cracks in the centre of the 
rear outer casing, originating and terminating 
in the sheet metal, being in no way affected 
by the welded joints. 

(3) Longitudinal and Circumferent ial 
cracks originating at the rear ring attach
ment weld. 
Draw marks may be evident as straight 
or slightly helical lines, resembling 'scriber 
lines' , which may be from ~ in. long to the 
whole length of the casing. These marks may 
be ignored even though they tend to become 
more discernible after running, as no split has 
ever been found either to originate from a 
draw mark or to follow their characteristic 
straight or slightly helical line. 

44. Splitting may occur on the inboard side 
of the rear outer casing, and sirice splits in this 
position can be neither seen nor felt on an 
installed engine, operators are recommended 
when inspecting combustion chambers in 
situ, to take care not only to examine by 
sight and feel but also by running the engine 
at approximately cruising r.p.m . and feeling 
by hand around the· outer casing of each 
combustion chamber for air leaks. Whilst 
the engine is running, check the joint ring 
between the front and rear outer casings. A 
split joint ring can be detected by the air 
blowing from the split when the engine is 
running at about 3,000 r.p.m. Any defect 
discovered will necessitate the removal of the 
defective combustion chamber and the fit
ment of a serviceable one; if it is only the 
joint ring which is defective, a new joint ring 
(Part No. 17890) may be. fitted by following 
the instructions contained in the next para
graphs. 
Inter-connectors 

44A. Flashing of the fire warning light in 
the cockpit may be due to gas leakage from 
a combustion chamber inter-connector, the 
stream of hot gas impinging on the adjacent 
fire warning point. The inter-connectors 
should be dismantled and decarbonised, and 
assembled with new sealing rings. In no 
circumstances should inter-connectors be 

Fig. 10. Combustion chamber and drain pipes 
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rotated in an attempt to remedy this defect; 
this practice causes weakening and collapse 
of the inter-connector inner tubes, which 
may ultimately result in damage to the 
turbine. 

Removal and dismantling 

45. Combustion chambers, burners etc., are 
numbered as described in paragraph 36 and 
it is most important to ensure that the com
ponents from each assembly are kept in sets 
so ,that upon reassembly, flame tubes and 
scoop and colander assemblies are refitted in 
their original outer casings. When com
bustion chambers are removed, they should 
be marked with their position number to 
ensure that they are refitted in their original 
positions. 

46. All sixteen combustion chambers are 
not identical, the front outer casing of the 
even numbered combustion chambers are 
shorter than those of the odd numbered ones. 
\ iVith the rear outer casings the reverse is 
true so that the overall length of all com
bustion chambers is the same. This ensures 
that the centre flanges of adjacent com
bustion chambers are clear of each other 
when in position on the engine. Combustion 
chambers No. 8, 9 and 10, which are the 
lowest three when on the engine, are each 

A.P.41 21 B & C, Vol. 2, Part 3, Sect. 3, Chap. I (A.L.77) 

fitted with a ferrule for the at tachment of 
the combustion chamber drain pipe and valve. 
Ko. 2 and 14 each have a screwed adapter to 
accommodate an igniter plug. No. 5 com
bustion chamber , on Mlc 3 engines, is fitted 
with a screwed adapter to provide t he pressure 
t apping from t he compressor delivery to the 
air-fuel ratio control. 

47. Commence by removing the burners as 
described· in paragraph :17. As combustion 
chambers No. 5 and 13 are situated at wing 
level, these cannot be removed until the 
adjacent combustion chamber either above 
or below has been removed first. Before 
commencing to remove the three lowest 
combustion chambers, unscrew the three 
banjo bolts and t ake off the drain pipe and 
drain valve (fig. 1 0). It is advisable to refit 
t emporarily t he six copper washers and the 
three banj o bolts. From this point the 
removal of each combustion chamber is 
identical except that the first t o be removed 
will require the disconnection of two sets of 
inter-connectors. Detach the ignition leads 
from the igniter plugs in No. 2 and 14 com
bustion chamber. On Mk. 3 engines fitted 
with an air-fuel ratio cont rol, disconnect 
the rigid pipe from No. 5 combustion chamber 
to the air-fuel ratio control. 

(This chapter contined on next leaf) 
(A.L.77, May 56) 
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P,N,tNITER PLUG 
RING """ qro 

...... 
iNTERCONNECTING 

ELBOW 

Fig. 11. Combustion chamber components (Mk. 2, and Mk. 3 Pre-mod. 786 or 820) 

48. Remove the six nuts and bolts from the 
flange of the spherical connections; when 
Mod. No. 827 is embodied it will be necessary 
to cut the two pieces of locking wire which 
prevent rotation of the spherical connections, 
and to remove the two lock-wire tabs. Re
move the four outer bolts and spring washers 
(also plain washers when Mod. No. 595 is 
embodied) securing the combustion chamber 
to the diffuser casing. Loosen the two inner 
bolts securing the combustion chamber to 
the diffuser casing, and tap the front outer 
casing of the combustion chamber lightly 
with a mallet to 'break' the joint with the 
diffuser casing. Slide the front of the com
bustion chamber off the diffuser casing and 
the two inner bolts (the securing holes are 
slotted for this purpose) and at the same time 
ease the rear end of the combustion chamber 
out of the junction pipe. 

Dismantling (Mk. 2, and Mk. 3 Pre-mod. 786 or 820) 
49. As each combustion chamber (fig. 11) is 
dismantled, its principal components should 
be kept in a set to avoid the interchange of 
components between the individual com
bustion chambers. Two of the combustion 
chambers are fitted with an igniter plug, 
and this with its seating washer, should 
be removed first as described in para. 81. 
Carefully ease the spherical connection 
complete with its seal ring from the outer 
inter-connecting sleeve on the outer casing 
of the combustion chamber, and gently pull 
the inner interconnecting tube from the inter
connecting stub on the flame tube; repeat 
these operations to remove the second inter
connector. Remove the sixteen nuts and 
shakeproof washers (or spring washers when 
Mod. No. 627 is embodied) and the lockwire 
t abs and bolts which fasten the front and rear 

(A.L.66, June, 54) 
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Fig. 12. Distortion of skin at locating pin boss
serviceable for a further servicing period 

outer casings together. Lift off the four 
flange stiffening segments and separate the 
two outer casings. Unscrew the three 
locating pins which retain the flame tube in 
the rear outer casing, remove the washers, 
and draw the flame tube out of the outer 
casing. Separate the flame tube from the 
colander assembly, and remove the two 

Fig. 13. Distortion of skin at locating pin boss
unserviceable but repairable 

Fig. 14. Limits of locating pin boss elongation 

Fig. 15. Locating pin boss elongation-example 
of acceptable standard 

Fig. 16. Locating pin boss elongation- example 
of unserviceable standard which may be repaired 
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/ 
I sealing rings from the rear of the rear outer 

casmg. 

Dismantling (Mk. 3 Mod. No. 786 or 820 only) 

49A. As each combustion chamber is dis
mantled, its principal components (fig. 30B) 
should be kept in a set to avoid the inter
change of components between individual 
combustion chambers. Two of the com
bustion chambers are fitted with an igniter 
plug, and this with its seating washer should 
be removed first . Ease the spherical con
nection complete with its seal ring from the 
outer interconnecting sleeve on the outer 
casing of the combustion chamber and 
gently pull the inner interconnecting tube 
out of the interconnecting stub on the flame 
tube; repeat these operations to remove the 
second interconnector. Remove the sixteen 
nuts and shakeproof washers (or spring 
washers when Mod. No. 627 is embodied) 
and the lockwire t abs and bolts which 
secure the front and rear outer casings 
together. Lift off the four flange stiffening 
segments and separate the two outer casings. 
Using wrench T73360, unscrew the locating 
pin which retains the flame tube in the rear 
outer casing and draw the flame tube out of 
the outer casing. Remove the two sealing 
rings from the rear of the rea: outer casing. 

Cleaning 

50. Carbon should be removed from the 
combustion chamber components by heating 
for twenty minutes to half an hour in an air 
circulating constant t emperature furnace at 
550 deg. C. Alternatively, combustion 
chamber components may be decarbonised 
by steeping the components for about 1 t 
hours at 70 deg. C in a solution comprising 
7 per cent caustic soda, 0·1-0·5 per cent 
liquid soap, and water to 100 per cent. 

Examination 
Mk. 2, and Mk. 3 Pre-mod. 786 or 820 

51. A defective joint ring between the 
front and rear outer casings, damaged bolts, 
locating pins, inner interconnecting tubes, 
spherical connections, and sealing rings may 
be replaced by serviceable parts. If any 
other component is rejected , the checks 
specified in para. 68 and 69 must be made 
when fitting the new or serviceable replace
ment components. Examine the flame tube 
internally and externally for signs of cracking, 
distortion or opening of welded seams. Pay 
particular attention to the periphery of all 

A.P.4121 B & C, Vol. 2, Part 3, Sect. 3, Chap. I (A.L. 66) 

Fig. 17. Cracks adjacent to locating pin boss
acceptable standard 

Fig. 18. Cracks adjacent to locating pin boss
serviceable for a further servicing period 

after welding 

(A.L.66, June, 54) 
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52. The following paragraphs indicate the 
extent of 'wear' which may be found after a 
period of running and give some guidance in 
classifying 'serviceability' upon routine exam
ination by defining the extent of 'wear' and 
damage, cracking and distortion which may be 
endured by a flame tube without the risk of 
impairing its performance or reliability for a 
further period of service in an engine. It is, 
of course, only possible to indicate quite 
broadly the points to be inspected and the 
defects likely to be encountered. Each case 
must be considered in the light of the partic
ular circumstances including the period of 
unexpired life, and the final decision as to the 
serviceability of each component must rest 
on the experience and knowledge of personnel 
who are familiar with gas turbine engines of 
this type. 

52A. Blueing of a flame tube may be 
apparent during its early life before settling 
to a familiar dark grey colour. Flame tubes 
which are discoloured through blueing may 
be regarded as serviceable provided there are 
no signs of failure through cracking or 
buckling. 

53. Buckling and distortion of the skin is 
generally confined to that section of the 
flame tube to which the locating pin bosses 
are fitted. As a result of the temperature in 
the combustion chamber during running, the 
flame tube expands lengthwise and the 
resultant loads are resisted by the locating 
pins. It will be appreciated, therefore, that 
if the load is not equally distributed between 
all three locating pins, distortion of the skin 
in this area will almost certainly result. The 
tendency for one locating pin to take the 
load causes a form of local distortion imme
diately adjacent to the locating pin bosses. 
Flame tubes not buckled at this section in 
excess of that shown in fig. 12, may be 
regarded as serviceable for a further servicing 
period. If the flame tube is distorted to the 
extent shown in fig. 13, the distortion may be 
removed as described in Leaflet F.7 (TR96) 
contained in Vol. 6, Part 2. 

Locating pin boss elongation 

54. This will exist to some extent in all 
flame tubes after a period of running. 
Provided it does not exceed the limits 

Fig. 19. Splitting at rear end seam-serviceable 
after repair by welding 

illustrated at fig. 14 and 15, the flame tube 
may be considered serviceable. Fig. 16 
illustrates an unserviceable flame tube which 
can be repaired in accordance with Leaflet F . 7 
(TR96) contained in Vol. 6, Part 2. 

Cracks adjacent to the locating pin boss weld 

SS. Such cracks frequently accompany the 
buckling described in paragraph 53. Further 

Fig. 20. Splitting at rear end seam-beyond 
repair 
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cases will be found where cracking has 
occurred with no buckling. F ig. 17 illustrates 
this type of defect, and providing the crack 
is less than i in. long the flame tube may be 
considered serviceable. If the crack is greater 
than i in. but not exceeding 1 t in. in length, 

Fig; 21. Cracks in flame tube under the inter
connecting stub flange-serviceable for a further 

servicing period 

Fig. 22. Cracks in flame tube under the inter
connecting stub flange- unserviceable but 

repairable 

A.P.4121 B & C, Vol. 2, Part 3, Sect. 3, Chap. I (A.L. 66) 

Fig. 23. Cracks at dilution windows
repairable 

the flame tube may be salvaged as described 
in Part 4, Sect. 2, Chap. 4, after which a 
further servicing period can be permitted. 
Fig. 18 illustrates a repairable crack of this 
nature. 

Rear end seam splitting 

56. This defect may be repaired as described 
in Part 4, Sect. 2, Chap. 4. The splitting 
may occur at the seam or parallel to and 
about i in. from it ; a repairable failure is 
illustrated in fig . 19. Where the crack forks 
into the surrounding skin as illustrated in 
fig. 20, repair by welding is not recommended 
and the flame tube should be rejected. 

Pip wear 

57. Experience has shown that, providing 
the flame tube pip dimensions are satisfactory 
at the commencement of its life and that the 
specified clearance exists between the flame 
tube and the outer casing joint ring, the pips 
may be expected to endure 150 hours 
running. Re-pipping will, therefore, normally 
be carried out prior to completion of the life 
of the component. Salvage by re-pipping is 
described in Part 4, Sect. 2, Chap. 4. 

Interconnecting stub flange 

58. After periods of running to t he order of 
150 hours (Mk. 2) 100 hours (Mk. 3), small 
radial cracks may develop in t he flame tube 
under the interconnecting stub flange. These 

RESTRICTED 
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Fig. 24. Cracks between upper cooling holes, 
and cracks from interconnecting flange or igniter 
plug boss to cooling holes or dilution ports-

unserviceable and beyond repair 

Fig. 25. Cracks from dilution windows
repairable 

Fig. 26. Weld failure at 1st or 2nd row of 
dilution windows- beyond repair 

cracks may be disregarded providing they do 
not penetrate the weld and, if numerous, are 
not closer than t in. apart. An acceptable 
flame tube having this type of failure is 
illustrated in fig. 21 and is considered service
able for a further servicing period. F ig. 22 
illustrates a flame tube which may be repaired 
as described in Leaflet F .3 (TR170) contained 
in Part 4, Sect. 2, Chap. 4. 

Cracking between the dilution ports 

59. Should cracking occur between the 
holes of the first and second row of dilution 
ports of the type illustrated in fig. 23, the 
flame tube may be repaired as described in 
Part 4, Sect. 2, Chap. 4. 

60. All flame tubes which have developed 
cracks between the upper cooling holes and 
cracks from the interconnecting stub flange 
or the igniter plug boss to the cooling holes, 
or the dilution ports of the type illustrated in 
fig. 24, should be regarded as unserviceable 
and rejected as beyond economical repair. 

61. All flame tubes which display cracks 
from the dilution windows into the flame 
tube skin as in fig. 25, may be repaired as 
described in Part 4, Sect. 2, Chap. · 4. 

62. Fig. 26 illustrates failure of the welded 
flange at the first or second row of dilution 
windows and this type of defect renders the 
flame tube beyond economical repair. 

Outer casings 

63. The flame tube pips will tend to wear 
indentations in the machined ring. The usual 
method of salvaging the flame tube outer 
casing, when the latter has been subject to 
excessive pip wear, is to repip the flame tube 
between the original pips as described in Part 
4, Sect. 2, Chap. 4. On reassembly the new 
pips on the flame tube will bear against the 
bore of the outer casing between the points of 
previous wear. Where the outer casing has 
become worn due to repipping at the pres
cribed positions, the outer casing can be 
salvaged as described in Vol. 6, Part 2, Sect. 
F. If it is required to mark the outer casing 
to provide a record of inspections, etching on 
the locating ring at the rear end, as illustrated 
in fig . 27, is recommended. Etching else
where on the casing is not permissible. 

64. The scoop and colander assembly (dome 
head) will usually be completely serviceable 
after normal decarbonising. Normal wear in 
the locating pin sleeves, which are welded to 
the scoop and colander assembly, may be 
ignored, but where the assembly has been in 
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ETCHING PERMISSIBLE ON 
LOCATING RING ONLY. 

Fig. 27. Locating ring at rear end of outer 
casing showing permissible area for etching 

service for a considerable number of hours 
and the wear exceeds the permissible worn 
dimensions specified in the Schedule of Fits, 
Clearances and Repair Tolerances, reducing 
the thickness of the sleeve metal appreciably, 
the assembly should be rejected and new 
sleeves fitted as described in Vol. 6, Part 2. 

65. The locating pins will wear on the 
shank and possibly be burnt at the end. New 
locating pins should always be fitted if there 
isj the slightest doubt about their service
ability. 

A.P.4121 B & C, Vol. 2, Part 3, Sect. 3, Chap. I (A.L72) 

66. The interconnecting tubes may be dis
torted during removal or may be burnt at 
the spherical end. If the original parts are 
in any way unserviceable, new parts should 
be fitted. 

67. The spherical connections, the seal rings, 
the 2 B.A. bolts and the plain nuts will 
normally be serviceable. 

Examination 
Mk. 3, Mod. No. 786 or 820 only 

67 A. A defective joint ring between the 
front and rear outer casings, damaged inner 
interconnecting tubes, spherical connections, 
sealing rings and locating pins may be re
placed by serviceable parts. The flame tube 
should be thoroughly examined internally 
and externally for evidence of distortion, 
cracking, or opening of the welded seams. 
Particular attention should be given to the 
periphery of all air holes, sleeves, stubs, and 
bosses. ming a Scttfacc plate and Id8at"ltiRg 
em:c, check the flaugt!!s ef the front ol]tQ~ 
ett:~mg and tits itttnge at i!hs frg:at 9£ th: I'88:r 
~H!:t8I' 88:Eltli~ EM dis tor tie\!.. A &.. 8' 1 

678. The following paragraphs indicate the 
extent of wear which may be found after 
a period of running and give guidance in 
classifying serviceability during routine ex
amination by defining the extent of damage, 
distortion, cracking, and general wear which 
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Fig. 278. Distortion and buckling on flame tube- not acceptable 

may be endured in a flame tube without 
its performance or reliability being impaired 
during a further period of service in an 
engine. It is only possible to indicate quite 
broadly the points to be inspected and the 
defects likely to be encountered. Each case 
must be considered in the light of the particu
lar circumstances, hours run, etc., and the 
final decision as to the serviceability of each 
component must rest on the experience and 
knowledge of personnel with the particular 
type of engine. 

Distortion 

67C. Distortion of flame tubes (fig. 27 A and 
27 B)is generally the result of operation in 
excess of the permitted limitations and will 
be found to occur slightly downstream of 
the triangular air dilution ports. Slight dis
tortion covering an area of approximat~ly 

Blueing 

670. Blueing of a flame tube may be ap
parent during its early life before settling 
to a familiar dark grey colour. Flame tubes 
which are discoloured through blueing may 
be regarded as serviceable provided there 
are no signs of failure through cracking or 
buckling in excess of that specified in 
paragraph 67C. 

Interconnecting stub flange (fig. 27C) 

67E. The acceptable limits for cracks in the 
interconnecting stub flange given in para. 58 
for the Mk. 2 type combustion chamber are 
equally applicable to this type. 

Spot welding in flutes 

67F. Failure of the spot welding which 
secures the fluted portion of the flame tube 
rear section to the centre section can be 
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Fig. 27C. Cracking of interconnecting stub 
flange-acceptable 

A.P.4121B & C, Vol. 2, Part 3, Sect. 3, Chap. I (A.L72) 

Locating pads and support pads 

67G. The four locating pads on the front 
of the flame tube and their mating support 
pads in the front casing should be checked 
for security and excessive wear. At recon
ditioning the total wear on any pair of mating 
pads must not permit a greater radial clear
ance than that specified in the Schedule of 
Fits and Clearances and Repair Tolerances. 

Blueing of rear outer air casings 

67H. This condition will occur when the 
engine is operated in excess of t he permitted 
limitations and is generally confined to the 
rear third of the casing. Provided that the 
discolouration is not accompanied by dis
tortion the casing is satisfactory for continued 
operation (fig. 27F and fig. 27G). 
Assembly 
Mk. 2, and Mk. 3 Pre-mod. 786 or 820 

68. The clearance between each pip and the 
outer casing should be within the limits 
0·003/0·0I5 in., but if the pips have been 

· reformed, as described in Part 4, Sect. 2, 
Chap. 4, the clearance must be within the 
"clearance new" limits tabulated below:-

Pre-Mod. No. Mod. No. 
Joint ring 

salvaged to Mk. 3 
226 226 TR49 engines 

0·005 0·004 0·006t 0 0·004 
O·OI2t in. 0·01 It in. O·OI2t m. 0·01 It in. 

·'· Where the flame tube has been repipped, the 
Fig. 270, Failure of spot welding in flutes-acceptable diameter over the new pips will have been 

checked with ring gauge T.70452 and :the pip 
clearance can be assumed to be :correct. 
Insert the flame tube into its individual rear 
outer casing and temporarily position it by 

Fig. 27E. 

C (AL72) 

Failure of spot welding in flutes
not acceptable 

inserting the three locating pins. Stand the 
sub-assembly rear end uppermost and check 
that the annular gap is within the limits 
0·020/0·042 in. Insert the three tapered feeler 
gauges T.70445 into the annular space 
between the flame tube and the outer casing 
(fig. 28) at three equidistant positions 
between the flame tube pips. Each of the 
three tapered feeler gauges must be inserted 
to an equal depth, so that the flame tube is 
concentric with the outer casing. From the 
graduations on the tapered feeler gauges, 
check that the annular gap is within the 
limits stated. If difficulty is experienced in 
centralising the flame tube in the outer casing 
by the method just described, the following 
alternative method may be employed. Having 
temporarily positioned the flame tube in the 
outer casing by inserting the lo.cating pins, 
stand the sub-assembly rear end uppermost 
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Fig. 27F. Typical example of large area of blueing and a slight brownish area. No distortion 
of the casing has occurred-acceptable for further service 

Fig. 27G. Example of severe blueing and distortion of an outer . casing-not acceptable 

and insert a 0·010 in. feeler (six slips of 33 
s.w.G. steel with one end bent at right-angles 
will serve the purpose) between each of the 

. six pips and the outer casing (fig. 29). With 
the flame tube thus centralized in the outer 
casing, use the tapered feeler gauges T70445 
to check that the annular gap between the 
flame tube and the outer casing is within the 
limits. If the flame tube has not been re
pipped, the clearance between the pips and 
the out,er casing must be checked with stan
dard feeler gauges. During this check the 
taper feeler gauges must be left in position 
to ensure that the flame tube is concentric 
with the outer casing. 

69. Remove the three locating pins and sepa
rate the flame tube from its rear outer casing. 

Push the individual scoop and colander assem
bly over the front end of the flame tube ensur
ing that the locating pin holes are aligned. Re
insert the flame tube complete with its scoop 
and colander assembly into its individual rear 
outer casing and retain the components in 
position by fitting the three locating pins; 
place a new plain washer (Part No. NI483) 
on each locating pin. Tighten the locating 
pins evenly. When reassembling No. 2 or 14 
combustion chamber ensure that the igniter 
plug holes in the flame tube and in the outer 
casing are in line and concentric. Recheck 
the flame tube pip clearance as described in 
paragraph 68. The gap between the two 
bosses surrounding each locating pin must also 
be checked by inserting the three slip gauges 
T70444 into the gaps between the locating 
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Fig. 28. Checking the annular gaps at the rear 
of the combustion chamber using standard feeler 
gauges and the three tapered feeler gauges T70445 

pin bosses so that the forked end of each 
gauge embraces one of the locating pins 
(fig. 30) . All three gaps must be checked 
simultaneously with the three gauges; if the 
gaps were checked individually, the flame 
tube could be displaced on the other two 
locating pins and an incorrect dimension 
measured. The assembly is satisfactory if 
all three gauges can be inserted at the same 
time. If the slip gauges will not 
enter it is permissible to file the 
pin bosses until the correct clear
ance is obtained. 

A.P.4/2/B & C, Vol. 2, Part3, Sect. 3, Chap. I (A.L.77) 

Fig. 29. Alternative method of checking annular 
gaps at the rear of the combustion chamber 

ments on the rear casing flange, and clamp 
the two casings together with the sixteen 
bolts, shakeproof washers (or spring washers 
when Mod. No. 627 is embodied) and nuts; 
do not omit the three lock-wire tabs; The 
bolts must be inserted from the front and 
with the spring washers under the nuts. A 
lock-wire tab should be assembled under the 
nut adjacent to each of the three locating 

T70444 

70. Position a new joint ring 
(Part No. 17890) on the large 
flange of the correct front outer 
casing, and assemble the front 
casing to its individual rear casing, 
positioning the two components 
with the dowel in the front casing. 
Position the four stiffening seg-

LOCATING PIN 
0 

E(AL77) 

Fig. 30. Checking the clearance between the locating pin 
bosses with slip gauges T70444 

(A.L.77, May 56) 
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pins and, when Mod. No. 827 is embodied, 
under the nut adjacent to each of the two 
outer interconnecting sleeves; when Mod. 
No. 627 has been embodied a thinner nut is 
used at these positions. A lockwire tab 
should also be assembled under the nut 
adjacent to the drain pipe banjo bolt of 
combustion chambers No. 8 and 10. On even 
numbered combustion chambers, two of the 
bolts are shorter than the others and must be 
fitted at the points where the combustion 
chamber flar..ge will overlap the flanges of the 
two adjacent odd numbered combustion 
chambers when they are in position on the 
engine that is, they should be fitted in the 
fifth hole each side of the dowel in the front 
outer casing; when Mod. No. 627 has been 
embodied, a thinner nut is fitted to these 
two bolts. 

Note . .. 

Unless a complete set of flame tubes to Mod. 
No. 646 standard is available, i.e., the modifica
tion is to be embodied in part only, it is essential that 
combustion chambers with flame tubes to Pre-mod. 
standard (snouted type) are fitted to No. 2, 3 
and 4 positions. It is also essential that 
combustion chambers No. 4, 5, 6, 12, 13 and 14 
are fitted with a rear outer casing to l'vlod. 
No. 302 standard. Vol. 2, Part 1, Leaflets 
No. N5 and N2 of this Air Publication refer. 

71. Check the tightness of the locating pins 
and wire-lock them to the locking tabs. 

lOCATING PIN 

Assemble the two sealing rings in the groove 
at the rear of the outer casing and check that 
there is clearance between the rings and the 
grooves. When reassembling combustion 
chambers No. 8, 9 or 10, temporarily screw the 
drain pipe banjo bolt, complete with its two 
sealing washers, into the tapped drain hole 
in the outer casing. 

72. Fit one seal ring to each spherical 
connection and check the ring for freedom in 
its groove. Assemble one inner inter
connecting tube to each spherical connection. 
Carefully push the spherical end of an inner 
inter-connecting tube, complete with its 
spherical connection, into the two inter
connecting stubs in each flame tube, ensuring 
that the seal ring on the spherical connection 
enters the flange at the end of the outer 
inter-connecting sleeve correctly. 

Assembly 

Mk. 3 Mod. No. 786 or 820 only 

72A. Before assembling each combustion 
chamber, the four locating pads on the front 
of the flame tube and the mating support 
pads in the related front outer casing should 
be checked for security. 

728. Insert the flame tube into its correct 
rear outer casing and position with the 
locating pin; a new washer (Part No. 76450) 

FLAM[ TUBE 

RE CASING 

NG STJ ENING SEGMENT INNER INTERCONNECTING TUBE 

Fig. lOA. Mod. No. 786 or 820 type combustion chambers (Mk. 3 only) ( . 
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Fig. 31. Combustion chamber drain valve 

should be assembled with the pin. Tighten 
the locating pin using wrench T73360. Stand 
the assembly front end uppermost and 
centralise the flame tube in the outer casing. 
Position a new joint ring (Part No. 17890) on 
the large flange of the front outer casing and 
assemble to the rear outer casing, aligning 
the .components with the dowel in the front 
casing. Place the four stiffening segments 
on the rear casing flange and clamp the two 
casings together with the sixteen bolts and 
shakeproof washers (or spring washers when 
Mod. No. 627 is embodied) and the nuts; 
do not omit the lockwire t abs. The bolts 
must be inserted from the front with the 
spring washers under the nuts. A lockwire 
tab should be assembled under the nut 
adjacent to the locating pin and, when Mod. 
No. 827 is embodied, under the nut adjacent 
to each of the two outer inter-connecting 
sleeves. Mod. No. 627 introduces a thinner 
nut at these positions. A lockwire tab should 
also be assembled under the nut adjacent to 
the drain pipe banjo bolt of combustion 
chambers No. 8 and 10. On even numbered 
combustion chambers two of the bolts are 
shorter than the others and must be fitted 
where the combustion chamber flange will 
overlap the flanges of the two adjacent odd 
numbered combustion chambers when they 
are in position on the engine, that is in the fifth 
hole each side of the dowel in the front outer 
casing. Mod. No. 627 introduces a thinner 
nut to these two bolts. 

72C. Check t~etightness of the locating pin 
and wire-lock the , pin to the lockwire tab, 
with the wire arr~riged to give a straight pull 
between the pi,n-' and the lockwire tab ; if 
necessary the tab should be moved to a more 
convenient bolt. The remainder of the 
reassembly operations are identical to those 
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described for the Mk. 2 type combustion 
chamber. 
Refitting to engine 

73. If all sixteen combustion chambers have 
been removed, it will probably be found 
most convenient to commence by refitting 
No. 5 and 13 which are situated at wing level 
when the engine IS in an aircraft and which 
cannot be refitted after the adjacent com
bustion chambers above and below have both 
been refitted. Remove the blanking plate 
from the appropriate combustion chamber 
port in the diffuser casing. Place a new joint 
washer (Part No. 15302) on the face, and 
loosely screw the two inner set-bolts complete 
with plain and spring washers into the mner 
two of the holes tapped in the diffuser casing. 

74. Smear the sealing rings at the rear end 
of the combustion chamber with graphite 
and oil and, gently compressing the sealing 
rings, slide the rear end of the combustion 
chamber into the junction pipe and its front 
end into position on the diffuser casing; 
ensure that the washers on the two inner 
bolts do not become trapped under the flange 
at the front of the combustion chamber. Put 
a spring washer and a plain washer on eac~ of 
the remaining four bolts and screw them mto 
the diffuser casing through the holes in the 
combustion chamber flange. Tighten the six 
bolts progressively and evenly. Check that 
the flange of the combustion chamber has 
bedded correctly on the diffuser casing and 
that there are no gaps between the mating 
faces into which a 0·001 t in. feeler gauge can 
be inserted. 
75. When all sixteen combustion chambers 
have been refitted check that there is 
adequate clearance between the flanges of 
adjacent outer casing, and that the numbered 

Fig. 32. 

USUAL POSITION 
OF CRACKS 

Usual position of cracks in junction 
pipe assembly 
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Fig. 32A-Mirror ~and lamp used when inspecting for cracks 

sequence is correct. Refit the igniter plugs in 
No. 2 and 14 combustion· chambers as 
described in para. 81 and reconnect the H.T. 
leads. Bolt the flanges of adjacent spherical 
connections together with the six 2 B.A. bolts 
and plain nuts. When Mod. No. 827 is em
bodied, a lockwire tab should be assembled _ 
under one of the bolt heads and under one of 
the nuts. To minimise the possibility of gas 
leakage at the interconnectors, particular 
attention should be paid to the alignment of 
the combustion chambers. Correct alignment 
can be established visually, and by checking 
each inter-connector spherical connection for 
freedom of movement laterally about its 
axis. Advantage should be taken of the 
clearance between the holes in the combustion 
chamber casing front flange and the retaining 
bolts to align adjacent inter-connector <>leeves 
and obtain the best possible fit of the spherical 
connector sealing rings. The spherical con
nections must then be wire-locked to the two 
lockwite tabs on the combustion chamber 
outer casing flanges in a manner that will 
prevent rotation of the spherical connections 
in either direction. Refit the combustion 
chamber drain as described in para. 79. 

COMBUSTION CHAMBER DRAIN VALVE 

76. To remove the combustion chamber 
drain valve for cleaning or examination, 
having disconnected the drain pipe from the 
outlet union on the drain valve, break the 
locking wire and remove the three banjo 
bolts which connect the drain pipe and valve 
assembly to the three lowest combustion 
chambers. Remove the assembly and tem
porarily refit the six copper washers and the 
three banjo bolts. To dismantle the drain 
valve (fig. 31) , unlock the four lock washers, 
and remove the _ two 2 B. A. plain nuts and 
bolts. Separate the valve seating, plate valve, 
and spring from the valve body which is 
brazed to the right-hand drain pipe. 
Thoroughly wash all these parts in clean 

kerosine. Examine the plate valve for flat
ness; apply a thin film of marking blue and 
check the contact area with the valve seating. 
If necessary, lightly lap the two parts together. 
Thoroughly wash the parts to remove any 
traces of lapping medium and dry with a jet 
of compressed air. Ensure that the spring and 
other parts are serviceable, and that all pipes 
andpassages are clear. 

77. Put the plate valve in the recess in the 
valve body and balance the spring on the 
valve. Place the valve seating qver this 
sub-assembly so that the spring enters the 
recess in the valve seating. Hold the valve 

Fig. 328-Method of using mirror and lamps when 
inspecting for cracks at the web joint 
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Fig. 32C-Typical exam pi~ of acceptable cracks in the web joints 

seatmg and body together against the action 
of the spring and secure them with the two 
bolts, nuts and four new lock washers (Part 
No. AGS 194/2). ·Lock both nuts and both 
bolt heads. 

78 • . When the necessary equipment is 
available, the drain valve should be pressure 
tested. The fluid to be used for this purpose 
is aviation kerosine (Stores Ref. No. 34A /179) 
and the kerosine must pass through a fabric 
or fine mesh gauze filter before being allowed 
to enter the valve. The supply pressure for 
testing must be capable of variation between 
zero and 40 lb. per sq. in. Blank off one inlet 
to the drain valve and connect the other to 
the pressure line. Apply a gradually increasing 
pressure to the drain valve until the valve 

closes; a small seepage of kerosirie may still 
come from the outlet. The pressure at which 
the valve closes must not be greater than 
30 lb. per sq. in. After the valve has closed, 
increase the pressure to 40 lb. per sq. in. and 
maintain this pressure. Examine the joints 
and ensure that no leakage occurs. Using a 
graduated vessel, measure the seepage past 
the valve. The amount should not exceed 
2 cc. per minute with the inlet pressure 
maintained at 40 lb. per sq. in. Gradually 
reduce the pressure to zero and observe the 
pressure at which the valve opens; this 
should not be greater than 3 lb. per sq. in. 

79. Refit the combustion chamber drain as 
follows. Loosely assemble the double banjo 
with one of the banjo bolts and two washers 
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Fig. 320. Circumferential crack in flange of 
junction pipe assembly-acceptable standard 

(Part No. 1305/12) to the drain tapping in 
No. 9 combustion chamber. Similarly 
assemble the left-hand drain pipe to the 
drain tapping in No. 10 combustion chamber 
and loosely connect it to the double banjo, 
already fitted to No. 9 combustion chamber, 
by means of its union nut. In the same 
manner, assemble the drain valve and the 
right-hand pipe to No. 8 combustion chamber 
and to the second arm of the double banjo. 
Align the pipes, tighten and wire-lock the 

Fig. 32E. Crack in joiht betwe~n the web and 
inner flange of junction pipe assembly

acceptable standard 

union nuts and the three banjo bolts, and 
reconnect the drain pipe to the outlet union. ( -. 

JUNCTION PIPE AND SUPPORT ASSEMBLY 

80. Examination of the junction pipe 
assembly in situ must include a thorough 
external and internal check for obvious or 
suspected evidence of damage, mainly in 
the form of cracking at the welded joints and 
from the bolt holes in the flange to which the 
nozzle shroud is bolted. Single cracks from 
bolt holes in both inner and outer flanges to 
the flange edge · are acceptable for further 
service without repair. Whenever the com
bustion chambers are removed, opportunity 
should be taken to carry out a more detailed 
examination of the junction pipe, especially 
at the web joints and the inner and outer 
flanges as shoWii in fig. 32. A method of 
carrying out this check at the more in
accessible locations is by means of a mirror 
and suitable illumination on the end of a rod 
similar to that shown in fig. 32A. Its use 
when inspecting the web joint is illustrated 
in fig. 32B. Typical examples of acceptable 
cracks which were photographed into a 
mirror are shown in fig. 32C; similar circum
ferential and axial cracks which are also 
acceptable are shown in fig. 32D, 32E and 
32F. Experience of the type of cracks 
illustrated has shown that gas leakage will 
not normally occur, and that the engine may 
therdore be considered serviceable for a 
further period between inspections. If in 
doubt regarding these cracks, a further guide 
is to place an electric torch on the outside 

Fig. 32F. Axial crack shown in fig. 328 as seen 
through entry port-acceptable standard ( 

~l. . 
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11f tli,· ;~ ~~~·t nl>h· c l<l~ ,· \•l til<· crack, ·rl ;u·,·:t :uH I 
\·i,·\1· \]u· II!Sid.c <lf t lll' :lSSC illhJv thr<11tglJ 1 i ll' 
Jl<lZlk hL!clt-s ; 1f th.L· c r;tc k 11n dl'r JII~Jl<·<·tton 

sllli\1-~ s1gns o f <!Jll'lling IIJ' ;ul<i li gh t c;u1 li<· 
, ,.,_.n tlml11gil 11 . tlu : <·ngin,~ Jll ii,.;l. lw rr· j~:ct<:cl. 

80A. If t lt,· <:r;tc h :trc IJ<:\'I) tlf l tltL' li111it s 
gt\ .<' 11 111 t h : fon·gcnng j>ar;tgr:tplh. tll(' 
Jlt nc t i<J tl pi]'e ;tssemhh· ma1· lie r,·nwn:d for 
r<:)'<tir ill' repJacemcnt. : LS r)csc ri !Jcc\ in !'ar t 
-1 . s,·ct. ~ - Ut:tp . :l. 

IGNITER PLUGS 

(Mk. 2 Pre-mod. No. 984 and Mk. 3 Pre-mod. 830) 

81. .\ ~ in. Whitworth ring spanner s lwul• l 
he used when rem oving or refi tti ilt; the 
igniter p lugs a nd care should be taken to 
avo id damaging the upper sleeve. Do not 
d ism a ntle t he igniter p lugs unnecessarily 
he t ween overhaub. 1\erno\·c sm a ll deposits 
of carbon 11·hich m a y be found adl te ring t o 
tile per iphery of the ign ite r p lug ba rrel. 
Check the igni ter plug for correct gap and 
test for correct a rc ing by earth ing t he plug 
body t o a combustion c ha m ber and opera ting 
the booster coil test switch in the a ircraft 
cockpit; do not ho ld t h is switc h in the ON 

posit ion for m ore t ha n 20 seconds at a time. 
\\ 'l tcn check ing the ig nite r plugs the centre 
electrod e shou ld be seen to g low for a pproxi
ma tely± in. o f it s leng th. Steady arcing shou ld 
occur between the centre electrode a nd the 
ear th . If the centre electrode does not g low, 
try the effect o i changing over the primary 
lead s to the re levant boos ter coil. In bright 
sunli o; h t i t may b e necessary to shade the 
ignite r p lug be fore the g low can be seen. If 
it is considered that t here is any risk o f f1rl: 
from t he exposed arcing electrodes. a su ita ble 
ve iJ tilated t ransparent shroud m a_y be impro
vised to enclose the end of each igniter plug 
during t his c heck. fns truc tio ns for over
hauling a nd testing t hese ig n iter p lugs a re 
contained in A.P.-1:20:2. When r ef1tting t he 
ig ni ter plugs, the t l1read of t he p lug body 
should be lig htly sm eared w it h g raph ite 
grease p rior to r efitt ing a nd care should be 
ta ken that t he correct exten11 l seating 
washer whic h is supplied with each new 
igniter p lug, is fitted between the shoulder 
on the plug body and the com b us t ion 
chamber. When the ig nite r p lug is fully 
tightened in t he combustio n chamber, the 
fia t m arked with a n a rrow on the bodv o f t he 
plug must face forwards, t hat is , u pstream. 
If necessary an ex t ernal seating washer 
shou ld be filed or selected to g ive this con
dition . T h is c heck is unnecessary with late r 
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type ig nitt:r pl1t.;_;~ :t' fo tir ;ur-cool ing holes 
;u·,. p ro \·tdl'd in i !11· h"'h-. To nh,·i:tt<
j,"'"':ning ()f I i ll' ',. 11! r, · ,.],·et r<Hi<- . t1\·" 
Sjl<llllli'J' ,; ,; )wl!ld '" ' l l ~< ·d \o l <'<JII IIi'Ct t ill' 1\.T. 

J,·;td to t h,· ig ttill'r Jdttg . t lw lm1·cr oi t llf· 
t 11·o lock nuts lwit tg J,, .J<J "·li tl,;t t iglit:<·t ting the 
tup nut to tlt c· !,·;u !. 

HIGH ENERGY IGNITION EQUIPMENT 

(Mk. 2 M od. No . 984 and M k. 3 Mod. No. 830) 

81 A. lnstnict.ion,.; f"r r<·t!l<li' IJJg :uJcl rc titting 
the high l:Jl L·rg\· ignit inn ,. , JiliJ'ITICill :tn: 
contained 111 l'an -+. -.;,·c i. ~ . Ch:tp. ~- hnt 
rc fr rcncc slwul~l a lso IJ ,. m :u),· to .\. Jl. l:i7-+E 
and .-\.l'-J :l7-tC for ittrlilC'r information 011 
t he tes ting :u1d r l')>;1ir of this equipm ent. 

81 B. T u check lltL: fun c tio tJi tJ_g uf the systun , 
s11·itc lt o n the ig ni tio n in th L· cockpit \l· l!c n tlte 
d isc harge at each. ig nitc ·r plug ,.;ho u lcl he: 
c il'ark a udibl e . -'\ ltcrn ;tti\·,·k. tl11·ir func tion 
ing C<tn be ohscn·,?d h1· ~igh t i ttg up the 
exhaus t cone. 

WARNING 
The energy stored in the capacitor con, 
under certain circumsta nces. be of a 
lethal nature. No servicing should be 
attempted until at least one minute has 
elapsed after disconnecting the L. T. 
supply cable from the input plug on the 
condenser unit. 
If the L. T. supply cable is re-connected, 
to check the circuit and igniter plug 
operation ensure that personnel ore 
clear of the equ ipment before ener
gising the unit. 

JET TEMPERATURE THERMOCOUPLE 

82. To rem ove the je t temperature therm o
couple , disconnect the thermocouple cable 
from the terminal b lock on ~o . I star ~)Oard 
wing rih , rem ove the· t o p h:d i o i the cxh~wst 
cone ti rcgu:trd as clcsc rihccl in Jl<tragrap h I U-t 
a nclu nscre 11· t he union rlllt 11·hich sccur('S th e 
t hermocou p lc to tilL' C.'\ ha ust conl'. Card u I I v 
unclip t he therm ocouple cab le from i ns id~ 
the lower ha lf of the ftreguard and rem ove t he 
t hermocouple complete wit h its cab le . 

83. The je t temperature thermocouple a nd 
its cable sho uld be carefully e xa mined for 
s ig ns of v isible damage or fretting of the cable. 

84. W hen refitting the jet tem perature 
thermocou ple. the threads shou ld be treated 
with a n t i-seize grc:LS(' n .T.D.:l92 (Stores R ef. 
:l-+13:~~) to prevent ,.;ciwrc. R elit t he 
li rc·guard a,; dcscri I Jccl in par:t. I OG. 

(A.L.ll, May 56) 
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IMPELLER 

Assessm ent of da m age 

85. .\ 1 tile· ~jlt 'C ii"H·<I l'<"lh Jd:-- 11 1,· Il lljlt' ll c· r 
11111:'1 lw t; it-: Jllt ·d illlli t" .\illl l iJw•l : 1~ tll"r"u.c:·ld\· 
: 1 ~ jHh~ildc· ll·itii '>l ll rt· nJ"'·il l.t.: 11 fnnn th e· 
<' ll,l; lll t' . T lw illlj >t·lkr ,;lioldd !,. · ,· J..:~ J lt ·d 11·it\J 
kc· rosi nL·, or ,t;:J~IIliJJ c· (k :ttlt-<1 ''r IJilk:~r\,·<1 ) . or 
11·\J ik ~piri l, rco.;arrlk~,; of 11 lt,·l !J< ·r 11 ha ,; IH·c· JJ 
;uJ ocl iset! unh· 11r li:t~ ht ..-11 :til"tli~,-d :tn<l 
c:oa tcd 11itil l{.,c:kli:trd L~t·qtJI·r. :IJHI rii L' ll 
11 ip,·d OI T I" li;..:lith II"Jt!J tc· JllJl(l!';Jn· ntst 
prc1 cnLtti,·e 1':\ I (~ t orv . .; 1{\'1. :;-J J) '.''i:27) or 
,,·it! J c lean L" ngiJll' oil. to c· JJ:'t lrt· pro tec ti on 
against COIT<hion : tr ic!J\.,rl'lli vl,·Ill' mtt st JJot 
lw used for ck a ning ti lt:' com.pont·nt. 

86. Damage to im pcllc:r ,·;uH·.:; c:uJIJot , 
JJOrma lly, be blended 011t 111. situ . 011·ing to 
tile hig h rotati1·v ,;peecb , til e rclllt ll·a \ of ,.,.e11 
.;mal l a mounts of metal from tlw impcl lcr 
,-;uw t ips can e<tu ;-;e ~en.:re out-uf-balance 
forces, which can onh· be corr,·cted 1f til e 
t'\ten t and position of the out-of-ba lance is 
dete-rm ined h1· ch·nam ic l>alanci ng. This 
Jlt'CL'Ssitates rc,-mo, ·al o f t !Jc iinpc-1 \cr' from the 
~~ ngin c . Furthermore. c\cept tu til L~ lim ited 
t'\ t ent ment iom·cl in par:t. 97 . t il e removal o( 
tile protectin· anod ic him create~ a cond ition 
11·hich is coiiduci,·L' to inter-cn·,;t;tllint.: corro
sion : COat ing the c·\pOSl'cl a reas ll" ith Cl c!J c:mi
ca\ or lacquer compoun d does not prc11·ick 
cffcct i1·e protc:ct ion for an y '' ort l111 hi le 
period o( run ni ng. Con,;cquent k . :dter a n1· 
operations which ill\·oh·e the remo1·;tl of po r
t ions of the a noclic him , the irn Jw lkr must he· 
, ·apour blas ted and rc-anodi~cd. 

87. T he follo11 ing p:tragr<tphs ami il lustra
t ion,; (Jig. :n to -+7 /nclusiz·c) arc int L·JHiecl a~ a 
guide in assessing acceptable li1n ib o f damage 
to impeller van e~ 11·h ich may hai"L: occurred 
as t he resul t of impact 11·itl1 fo reign matter 
;me! cle:;cri be, as far as possible, tlw nature of 
the damage as it 11·ou ld bc \·icwed throug h t he: 
aircraft ai r-in take du ch. 

88. The illustra tion,;, 11 h ic!J art· fu ll ~ i zt ·, 

ca n serve on ly a,;; a g ui de since in practi ce no 
t11·o indentation,; 11·ill be ident ical. Accept
ance or rejection of the engi ne: will, thcrdorc· , 
rest on a correct compari;-;on o f t he acuta l 
damage 11·itl 1 that ~ lio 11· n in the ill us trations , 
and 11·il l depend to a n .: ry large L':\ten t upo n 
t he L'\perienct· of tilL· pL·rson condtic·t ing tlw 
t'.\amin at ion. 

89. The t'\tcnt o( <tcn·pLth!t· daJJlil,t;t· rq n t· 
~<· JJ l:' <l 11·id L' IJing o( t lit' liini h Jl i"c·l in11~h· pcr
mittt·d. till' n ·Lt \ a t ion j,..ill _t; Ill<t <k Jlll,;s ihlt· 
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iHiill t'.\ JH"r i, ·n· ·,. i11 tilt· <>jJt·r:tlJ on of Jl ll jWllt-r 
\\·itll < L lJll;! _~~-cl , -; til t · lt · ;ttliil.~ t·ci _L!\' ~ . 

90. TIJ,· !Ji,t;ll J'IIL llllllli ll ~]H'l'd o( th i ~ ClJ ill 
JlOll l' llt i~ :w•·•lll ij" tJJil'tl J,,. liigli ~lrt ·~~, , ~ and 
illl\" iJJt t·JTiijll ilJ JI ill till' SllrfaCL' lini~ !J COll 
,; ti tlltt·S ;ul : U \ ' il in II!Ii c!J t!Jt':'t ' .~lrc·~~L-~ c;u1 
c:onct·nt rat t' . thi~ 1.~ p:t rt ic ul ctrk ~c , 111 l ilt· 
sktdnl ilrt·:t . 111 li_!.( . :n. tile nw rt· rapid tl1 ,; 
cktngt· of coJJtOJir t !Jc· grl'a t\' r 11 ill lw ! !J,·. 
IL-JJ<il'nc\· for st r, · ~ -' conn·n tration. 

91. \\'l ien· til t' llllpacL ha~ cau ~~-d t ilt· 
ma tt·ri:d to spr('ac\ ~" rliat it protrude~ <Li>on: 
t!Je COll l'e.\ faCt' of ti lL' \" cll ll', t !Jc COn ~equen L 

interruption in airfio11· 11·ill re,;;u\t in th t; 
formctt ion of a black oily depo,;it 11· irh cn :ry 
appearan CL' of a crack runn ing at righ t-angle,; 
to the leading edge. Th is dcpo:;it mu~t lw 
removed , using a cloth pad ~oakL·d in a n 
appro, ·cd cll'ani11g fluid (sec pa ra. 85) 
sccnrcly attached to a length of rod a nd t il L· 
area re-examined fo r ev idence of crack ing. 

92. I t i-; important to differentiate between 
damage of an acceptable standard 11· hich has 
resu ltL·d in ~mooth l\ · f-l o11·ing contour,; on the 
lead ing L~dge and that 11·hich cau~e,; a ~har p 

notch cl'fcc t 11 !Jich "·oulcl ,;en·e as a poin t for 
,;e,·cre ,.;t rc,;s concent ration on the su rface of 
the , -,uw . 

93. ['ig . :q illustrates damage 11·hich is in 
the na ture of a b ruise a nd 11·hich is o f an 
acceptable standard; little penet ration ha,; 
resulted and there is no in terruption o n the 
,-ane surfaces. l' ig . 35 and :36 illus tratt
e\amplcs of acceptable damage as seen 
througl1 the port air-intake, and fig. :~7 
indicates the appearance of t he damage illus
trated in fi g. :36 11·hcn seen t h rough the s tar-
board air-i~take . ' 

94. Ty pical o f the damage fa ll ing 11·i t hin tltc 
category o( smooth inden tation,; i:; that 
s!Jolm in ftg. :m, :39, a nd -tO. l n thc:;e photo
graphs it 11·ill be noted t hat the indentat i01t 
is appro\ imately 0· 12:) in. deep and smooth ly 
radiused in contour. The displacement o f 
materi a l d ue to the impact is clear!\" seen in 
fig. :m, and is acceptable provided that a 
careful e\amination d isclose-; no cracking 
,;uch as ,;ho11·n in ftg . -t-l. 

95. Fig. -ll and -12 represent t he ma :-;i mum 
e\ tent o f clamagc 11·h i eh can he accepted 
11· ithin one inch of t he ,·ane tip. Damage of 
t hi s t1·pe " ·ill not hL· smooth hu t mtht be frel' 
from cracks. Fig . -J: l i,; t1·pical of the damag <' 
cau~c·d h1· ~ktrp- t·<igL'd ohjc-ch and alt hottg h 
tile· n"tt:h t·llect i,; not , ·L·n· ~L· ,·cn·. tlw 

(A.L.BI, June 57) 
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Fig. 33. The shaded area on the leading edge represents the 
critical area of the impeller vane. In this area only damage of 

a smoothly flowing contour is permitted; the surrounds 
must be free from cracks. 

Fig. 34. Little penetration has resulted and there is no 
interruption on the vane surfaces. The type of damage 

is in the nature of a bruise and is of an acceptabl e 
standard . 
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Fig. 35. Damage of an acceptable standard, viewed through 
port intake 

Fig. 36. Damage of an acceptable standard, viewed through 
port intake 
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Fig. 37. Damage shown in fig. 36; viewed through starboard 
intake 

Fig. 38. Impact has resulted in damage of a smoothly flowing 
contou r and represents the maximum extent of damage wh ich 

is acceptable at any position on the leadi ng ed ge. View 
through port intake 
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Fig. 39. Damage in fig. 38 as seen through starboard Intake, 
enables the depth of the damage to be established 

Fig. 40. Enlarged view of the dama1e shown In fig. 38 and 39. 
The smooth nature of the surface of the indentation is clearly 
seen and the extent of the interruption on both convex and 
concave sides of the vane, which is free from cracks, is 

emphasised. TI:Je small indentation is of an acceptable 
standard. Magnification :< Jt 
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Fig. 41. This example represents the maximum extent of 
damage which can be accepted within 1·0 in. of the vane tip. 

Damage of this type is not smooth but must be free from cracks. 

• 
Fig. 42. Damage illustrated in fig . 41 , viewed through the 

port air-intake 
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Fig. 43. This is typical of the damage caused by sharp-edged 
objects. Whilst this notch is not very severe the spreading over 
the convex face has resulted in the formation of a crack 
(indicated by arrow). Damage of this type is not acceptable at 

any position on the vane. 

;;~~* ~:. ',\,_ 'VJ~ 

Fig. 44. Damage In fig. 43 viewed through starboard Intake. 
The nature of the interruption to the cor. vex face is c learly seen 
and the crack occurs at the boundary of the extrusion . T he need 
for inspection through both intakes is clea riy indic:tted in this 
defect. 
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r:ig . 45 . A further example of damage which has resulted in a 
notch e ffec t and is not acceptable in a ny part of the leading 
edge other tha n within the last inc h at the tip. In thi s 
particular case the r e is littl e e vide nce of d a mage whe n vi e w e d 
through the st a rbo:trd intake. 

• 
Fig. 46. Enlarged view of damage shown in fig . 45 in which the 
notch effec t is c lear ly seen. T he rapid c hange in con tour caused 
by impac t with a s harp edged object occu rs at th e po in t 
ind icated by t h e arrow. M agni fi cati o n 5. 

• 
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•;Jll'l';tclil lg o\· c· r il l•' <<>Ill<' .\!';,,·,. 
l~;t,; n·suJL\-rJ Ill i il<· i' <JIIILlll<>ll 
,r :t c r<~ c k ;~t tiJ<· i'" int 
l!ll li c; tll'd '"·" Ill\ ' ;UT<>\\'. 
cb: n:tg<: ol' rl,i ,; t1 1". i,; 11<~1 
.LCt:('j'Lthlc ;Ji :LII\. JHJ,I[ ion <>11 
tk• l·;uJC. J:i ,:_::. -1-1 iJli hl l<Jl t·, 
tlw cL un:tgc siJI>\1'11 in !i ,t.: . -l:l "' 
SL'l'll timJilgh t il L' :iLLli ><J<Lrrl 
:Lil·-illLLJ..:\', tli< · ll;ttur c• of tilt' 
intcnupt ion to tlw L"Oiil'l·.\ 
Ltcc is clcark sillJII'Il ;uHI tl](' 
n:tc k occurs :tt the huuncL1 n 
oi' the c:drusio11 as inrli ctted 
h1· the ;uTo\1·. T hese ti\'Cl 

i(lu.,;tratio ns c lcarh· iJJd ictk 
t he need for ('\;uniJJ;ttio:J 
throug h hoth ;1 ir-i 11 Ltkvs. 

AP 4 I 2 I B & C. Vol. 2. Port 3. Sect. 3. Chap. I (A.1_.82) 

96. lt 1s iillportant ,,·it!J 
rq.;;trd to th e 1wtc h l'ill·ct. ti~: tt. 
the i:lcle:ILtti on c;u 1 l> c quit<· 
sLn:tll ;u1cl n· t l'nrm ;t 11\Jckus 
for st ress concentration. J>;Lr 
ticuLLrk in th;t t sc·ction of th,· 
kading. edge inclicttl'cl ,,,. lig. 
:~3 . T he di sti nct ion i>ctwccJI 
smoot h and notc hc·cl I!Jdcnt;t
tion~ i,; clc; trl\· SCe ll ill· CO ill 
lW·ing lig. :>t;, :m, and~{) with 
lit.: . .f .'i <tncl .f(). I n th ese Ltttc·r 
illu st rat ions, th e damage cl e
p ic tccl has been caused hv a 
::: ha rp-edged object resu lti11g 
in someth ing iike ;1 ' ·\···_ 

sh; q>L'rl inclenLttion, allCI unlc,;,; 
SJ>cc ili c dh- st; Lt ccl othcTII·isc in 
these instructions, mu st resul t 
111 the rej ec tion of thL· 
impcll c r. 

97. Impact cbmagl· of tile 
type under consicler;ttion 11ill 
ine1·itably result in ;1 loss 

Fig. 47. Thi s is a typical foo·m of notch effe ct in wh ich the s t r e ss 
concentration has resulted in a crack. Wh ilst failures of this 
na tu r e do not norm a lly r e ach this stage dur ing a single fli g ht 
it e mphasises th e ne ed of care ful and fre qu e nt examination for 
cracks in the reg ion of all damaged areas. 

o f protect ion against co rros\Un normalk 
aflorclecl hy th e anoclic lilm ;u1cl tilL· r:tt 1· of 
co rrosion attack 11·ill clcpcncl upnn t!](' Co \1-
ditions u nd er 11·hich the aircr;tft i~ OJ>crating. 
In general thi s loss o f J>rokction C< Lil lw 
rlisrcg;trclccl if th<' a i1-c r;t ft is i11 Cllllt inU<!lh 
OJ >c· r;ttion or th e eng illC' !J;ts Jl()t mm,· t!J:L il ~ .'i 
hollh r\lll llill,L: time lwfon· ill<' c·nrl ()f ih 
sc·n·ice life. I f I"IJC l'll_t.:illl' i~ lik,·h- 1<> lw 
~t;uJrl i n.t.: icl!t· for a ])('riod of ~~-,·,·;] ,];,, - ~ " r 
mon· till' il ll] ll' lkr 1·;u11' I'd!.;··~ ~lltlitld lw 
~J>LL\·1 · d or J>ain ll-d 11·it h il11' l l'llll'" r"r' l i! >l 
Jll"l'\'l'IIL\til·l' J'.\: - J (:-;l.,l<',; J\ ..f. :q J; .'i~/ 1 . 

Exa mination of damage 

98. Usi n,Q :t st rong light. each 1·ane should 
he placed in th e huttorn I'L'rtical po~ iti o n and 
c., <tminecl incle pcncl cnth· through th e por t 
<lllcl starhoarcl ;tir-inLtk c ducts. To enable 
nc11· cLun;tgL~ to he rl';tclih· assessed a reco rd 
shon lcl he lllacll' of the rLuna.t.:e found at e; tch 
•·"unin:t tion . .\ critictl L'\:ll ll;i ,:Lll"i i J•rd,·r
;Li,J\· using ;u1 intros L: llJ >e ,;li>LIIcl h· l'i LITi c·d 
oUt ;Lt till' SJlL'Ciii L·d ]'L'riocl. 

99. L\:u!li!J;t t ioll lhrouc_:h the JHlrt ;ur 
iiiLtk<· duct 11·ill sl1m1· th e cLun:tgl'll .tn·:t 
lollkill ,L: din·dh· ;tt rlw ], ·:~ diLl,L: ccl.t.:l' and 11·ill 

(A.L.82. July 57) 
R ESTR I CTED 
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i ll.J i, · :~t, tJ,,. :Lii 11 r1· "r t l1 1· tlL iJI'ri:tl "J1r1·:t< lii!:: 
\\·]l l< 'il i1 .1 ~ '" ·<'I! JT<·d lllll ],·r llll jl!Ld (jig . :)1 , :;_; _ 
:lli , :;;-;, 1:..'. 1:{ .tii-.1 -l:'i ) . 

100. lt h]>•·c1J"ll il triJ ilC: Ii Lil \' sLLri>odrd :~il· · 
itli:tk·· dtli'[ \I·J J] .:~· il · ,, :1. 1·ic11· Oil tiJ(• C<>ll \·1·.\ 
,.; trk ilf tl1 •· 1 :!I I<' :u1d <' ILl ilk t he appr<J.\iill:tl• 
rl<·jll it ,,f l iw d. U IL I,~ <· (IJ Jw !LSSl'SSL'ri (jig . ;;7_ 
:; ~1. -11. ··1·1 .flrd -17). l: i_:.: . -17 sl to11·,; :t t\'] >il :11 
f1mn "" llllt<·il ~-n·, · r:t 111 "· ltic lt t he s t r~.·ss co11· 
l'<'lil r:tltllll I~:LS r•·.sttlt\'( 1 in :t cr: tc k. 1-':til ltr<·c> 
of il1is ILtiJJr,· do not llurtn :d h · re:L<: Ii t l1i.s 
.sl:1;..:<· <im it l!-;' :t s i n.~ ] (' ll i;.:ltt, i>J Jt the cond ition 
<'IIIJlli:tsis, ·,.; tit <' ll<'l'd of c: trcfu l e . .\<tmin:tt iun 
for cr:tcks 111 tit•· region of a ll d :un:tgcd a rc: t,;. 

10 1. l it e Jtornu l ab r:ts ii ·L: pitting which ,,·i ll 
lie fotJJtd o11 tli(' im pc llcr 1·a ncs af ter cn·n a 
k w I tou rs run nin,:..o; n1a1· li<' ig nored; normctl 
:th r:ts il'l· l' it t ir1g :tppca rs :b :t light c1·cn sand
!J b stcd clkct . 

102. \\ .l t\'11 C.\:tm ir1ing the im pcllcr t he rc:tr 
face of the itll] Wil er p in ,t flange is cu t h:tck 
wit h tlt L< cllec t , tli:1t when t he pi1·ot is fulh
homc in t he impeller, thc·rc· is a ::;pace s ligh t h · 
more t h:tn ,;11 in . wide an d J in . deep, bet11·ccn 
t he edge o f t he pivot fl ange a nd the impcll cr 
hub. Therefore, tlw gap, 11·hich is used for 
too ling purposl.<S du ring manufacture a nd 
recond iti oning, is in tent iona l a nd does not 
ind icate t hat the pi vo t has mo1·ed a way from 
t he irnpell cr. 

Crack detection 

I 02A. It is rccommcnclcd t hat impellers 
s ltoulcl be subjected to t he Ardrox dye 
penet ran t crack detection p rocess at eaclt 
Primary Star or Main Check 2 se r vicing 
period; t his p rocess ca n be applied to un
installed eng ines (11/.clhod 1), para. 102C, or to 
insta ll ed c·ng inl'S ('method 2), para. l 0'.2 D . 
S hould any damage, ho ,,·c ,·er, be obsen ·cd 
d uri ng a " bet 11 Cen tlig ll ts" inspect ion , a more 
detailed e.\am ination of t ltc affected a rea 
m ust be carried out, a nd, if a n1· clouh t exish 
as to t he serv iceabil ity oi t lte i'mpcller, crack 
detection in accordance ,,·itlt mcthod2 should 
he appli ~.:d . The process in,·oh ·es t he thorough 
cleaning of the i m pcllcr , and t he application 
of a reel coloured pcnc:rrant fl uid , wltich 
creeps in to a ll surface \·oicb, such as cracks, 
etc. 1 ~ .\ CL:ss penet rant i,; t hen removed from 
t he sur f: tcc o f t he it npclln, and t he defect i ~ 
dcvclop ~;c l i)y the a pplicat ion o f a spray of fine 
11hi te JIC)\\'t ler in a so ll·~;n t . Crack,; , and o t li t:r 
flaws, 11·ill h,; sho11·11. u p a ,; irreg ul a r red li ttcs, 
or as :t sc:ri •. :s of red dob. on a ,,.lt ite b:tck
g rOJ tnd . Sucl1 dd~.:cb ,,·ill lw ohsn\·ccl rcad ih
if t·hcv t:\ist· 01 1 tlw Jll :tin surf:tC<:S nf tlr.t: 
impc ll;:r hackpl: ttL: :md vane:,; , htrl ,,·ill he mon: 

d ti{J,·Itli l<> lo<::til: :tl i ll< ' ro•>h :u t.! <llll··r , . .]_!.;• , 
.. t i lw 1 :t lt< ·S , :ttld :tl ilw l'•·ri]d "· r·\ of ti t<· 
i•:t• ·kplal, il~ . .f7.\. l·:,·c r\ · cif"1·i ~·ll<>tli .! J,,. 
l!l:t•l<- l iJ ·· JJ-' ttrc tlt;t( tlJt:S<: cl il'i'tu lil :tr, ·:t-' ,1 1' 
li ••l •·'CL]l<· ' \:ll lll ll:Li lill l. \\' 11<:11 ,·it lt<T IIJ<·l\i'"J 
•d tJ; ,· j>J'• ... ·,·~,.; IS Jwi 11g !Ljij!]J,·,J. :t JJ , ],·:tllll l!.; 
:ut,] ~pr:t\.li l .~ ,.; ],.,,J!r] l1< : 1::t.rr i, ·• l •Jll l tltr•>lt.:.clr 
lit,· sl:tr J;,,:tr.! :Lir-in t: r.k1· i11 il " · l" ]' l,·lt -lt: tii.i 
;tr. ·:t hct11•···n tl11 : ~~ :u1d 1'.2 , ,·cl<>rk l'"' il il' i., . 
:ut.! lliS]'<' Ci iiJi l slrlllilrl J , ~., ,·:rrTt1 ·d 1JI Il t ltrll tl gl , 
]111\ i1 <tlr·l ll l:i.k i:S, II Sing :Ut t: .\ l<' ii<k.J ill 'J'< 'I 'l i1111 
i:unp :u t.! tntrro r. 011 ,.;otJJ< · ( .olditt Jlll]'L'lkr -' 
11 hiclr ktl" 11ot lic1·n lrc:tlt:rl 11 ith 1\.(Jckktrd 
l:tcq un, lll :Hks Jlla\· lie sn:Jt 11· lriclr n·,.;cmhk 
Jll: ncil littco runnit tg fro111 t l1c itnpclkr IJt!h 
doll'!l tir e root o ( t he , .,utcs, t liL::iL: marks 1n:t1 
he tliouglit to he cracks hut it is lll tl ikL:h· 1lr :;t 
thcv 11·il l lJL: cottlirn ll:cl as cr<tcks ,,.],en ci;L·ckvd 
il1· tire ,.\rd ro.\ Process. T hese m;trL ,; ;trc· d tt c· 
l\J til e cktlk con lt: rtt in tilL' 11·:ti'L:r h:t tl r. 111 
11·luc li til L' im p,; llcrs arc ,,·as il e<i :t ftc r ;uw 
clising, lt:itl'lllg a t icl c rnark . Such ma rks 
:i l10ulcl ]l,. c.\am incd carefu ll y lo p r,·n·m 
u tmccco;~an· repetit ion of til e ,\ rclmx l ' rt>cvs,;. 

102B. T ile follo11 ing tools and rnat L, rials 
,,·il l he req uired : 

Des cr iption Stores 

.-\ R ]) 1~0 :\ ~l% -- 1' I 'en et ran t 

.-\ RU RO :\ ~l9G-D I Develope r 

.·\RD JW:\. 99G -SL Flaw 
Detection l( tt 

\ \'hit c Spi ri t 

Uninsta lled engines (method I ) 

rcf.:!rc ncc 

.f .\ J'.2:ll0 

-L\2:il 9 

.f.\'2::!20 

:i-+Dj 2.fG 

102C. Duri ng each of the follo,, ing oper
ations, the im pcllcr should be gent ly rotated 
to ensure t hat all accessible surfaces arc dcait 
11·i tlt. ProcL:cd as follows:-
( I ) Thoroug hly clean the im pcl lcr, using 

clean rag soaked in 11·h itc spiri t, ancl 
make certain that all t races of con
tammat ion arc removed. 

('.2) using clean rag, o r a jet of com pressed 
<tir , thoroug hl y dry the im pc llcr. 

(:i) using a brush, or the sp ra y \1 hich is 
issued in the crack detection k it , apply 
Anh·o . .\ 99(-J- l' Penetrant to t he impelkr. 
.'\ ilo''. t he penetrant to rema in for a 
minimum period of 20 min. 

(.f) L:sc a rag soa kL·d in 11·hitc s pi r it to rcmoq: 
all lil: ndrant from tire surface o f the 
im pcJ I,·r. It i,: mo,;t importan t t hat this 
olH:ra tion s lr\Ji il rl lw carrit:d ou t t ltorottglt-
11·, oll i<· J'\I ' i ~c ']lltri"trs ind icat ion,; 11·ill be 
gi , ·L:Il 11 lt<: JL the Jl<<x t: op1:rat ion is appli ed. 

RESTRICTE D 
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(5) By means of the spray apparatus which 
is contained in the kit, apply Ardrox 
996-D1 Developer to the impeller; this 
should be allowed to stand for 5 to 10 min. 

(6) Using a suitable means of illumination 
carefully and thoroughly inspect the 
impeller for defects. 

(7) Repeat Op. 1 and 2 to remove the 
developer. i 

Installed engines (method 2) 

I 02D. When applying this method, the 
aircraft should be positioned within easy 
reach of a compressed air supply which is 
capable of delivering pressure up to 60 lb. per 
sq. in., and of a source of electricity for the 
operation of a hand lamp placed in the 
starboard air-intake. To ensure that all 
accessible surfaces of the impeller ate treated, 
it will be necessary for an assistant to rotate 
the engine by exerting slight pressure on the 
impeller vanes, with the aid of a suitable 
wooden lever inserted through the port 
air-intake. To guard against a possible fire 
risk, due to the presence of unevaporated 
white spirit used for the final cleaning. of the 
impeller, it is recommended that no attempt 
be made to start the engine for at least t hr. 
after completion of the impeller check. To 
apply this method, proceed as follows:-

(1) Attach the Ardrox 996 Venturi spray 
unit to the special 6 ft. 9 in. spray gun, 
connect the gun to the compressed air 
supply, and spray the impeller with 
white spirit at a pressure of about 60 lb. 
per sq. in. The white spirit should be 
supplied from a one-gallon tin standing 
on the wing of the aircraft. 

(2) Thoroughly brush the impeller with the 
nylon brush, making sure that all 
accessible surfaces are cleaned. 

(3) Respray the impeller with white spirit. 

(4) Disconnect the supply of white spirit, 
and use the spray gun to thoroughly dry 
the impeller with compressed air. 
Ensure that all surfaces of the impeller 
are dried completely. 

(5) Attach the penetrant spray tin to the 
gun, and, using a reduced air pressure 
of between 25 and 30 lb. per sq. in., 
thoroughly spray all accessible surfaces 
of the impeller with Ardrox 996-P 
Penetrant. Allow the penetrant to 
remain for a minimum period of 20 min. 

(6) Re-attach the venturi spray unit to the 
gun, and spray the impeller with white 

spirit at a pressure of about 60 lb. per 
sq. in. to remove all penetrant from the 
impeller surfaces. 

(7) Thoroughly dry the impeller with 
compressed aiF. 

(8) Attach the developer spray tin to the 
gun, and, using a reduced air pressure 
of between 25 and 30 lb. per sq. in., 
apply a thin, even film of Ardrox 996-
D1 developer to all accessible surfaces of 
the impeller; over-application must be 
avoided, or fine cracks may be masked. 
Allow the deve~oper to stand for 5 to 
10 min. 

(9) Using a suitable means of illumination, 
and an extension mirror, carefully and 
thoroughly inspect the impeller for 
defects. 

(10) Repeat Op. 1, 2, 3, and 4 to remove the 
developer. 

EXHAUST CONEiTURBINE CLEARANCE, CHECKING WITH· 
OUT REMOVING THE EXHAUST CONE (Pre.mod. 212 only) 

I 03. The clearance between the inner cone 
baffle and the turbine disc at the smallest 
point must not be less than 0·18 in. To check 
this clearance without removir.g the exhaust 
cone from the engine,· make up a tool as 

Fig. 48. Tool for checking clearance between 
exhaust cone and turbine disc · 

shown in fig. 48 and carefully push it up the 
exhaust cone. If the bent-over end of the 
tool will slip between the inner cone and the 
turbine disc it may be assumed that the 
clearance is satisfactory. The check should be 
repeated at eight points around the circum
ference of the inner cone; the fairings make 
excellent guides for this purpose. This check 
is primarily intended to prove that the baffle 
at the front of the inner cone has not become 
detached. 
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( REMOVAL OF FIREGUARD AND EXAMINATION OF 
EXHAUST CONE 

I 04. In order to examine the exhaust cone in 
situ, remove the fireguard (jig. 49) as follows. 
Remove the three ! in. B.S.F. bolts securing 
the fire extinguisher coil support brackets to 
the top half of the fireguard or, if Mod. 497 
and Vampire Mod. No. 844 have been em
bodied, remove the fireguard extensions by 
releasing the two DZUS fasteners on each 
extension. Remove the i in. B.S.F. bolt 
securing the gun heater support bracket 
at the starboard side, of the top half of the 
fireguard. If the thermocouple is at the pre
Mod. 404 position, disconnect the thermo
couple cable from the clips at the outer 
starboard side of the fireguard top half. 
Slacken off the six 2 B.A. plain nuts on the 
pinch bolts which clamp the two halves of 
the fireguard together until the pinch bolt 
washer is released from the clip on the fire
guard and the pinch bolt can be swung clear. 
(Mk. 3 only). Remove the locking pins and 
release the six latch clips which clamp the two 

A.P.4121 B & C, Vol. 2, Part 3, Sect. 3, Chap. I (A.L.82) 

halves of the fireguard together; when Mod. 
No. 857 is embodied the two rear fasteners 
are of the Mk. 2 type. Carefully lift the top 
half of the fireguard clear of the engine. 
Unclip the thermocouple leads from inside 
the lower half of the fireguard. Remove the 
bolts securing the gun heater pipe con
nections to the exhaust cone heater muff. 
Lower the bottom half of the fireguard 
from the engine. 

I OS. Examine the exhaust cone and turbine 
shroud mating flange for cracks. Cracking 
from all bolt holes to the periphery of 
the flange is permissible, but cracking 
from hole to hole is not permissible. 
Thoroughly examine the outer cone for 
cracks, paying particular attention to the 
point at which it is welded to the flange. 
Examine all welded seams for soundness or 
indications of gas leaks. Examine for gas 
leaks along the periphery of the outer cone 
flange/turbine shroud joint. If there are 
any gaps between the mating faces of these 

(continued overlean 

(A.L.82, July 57) 
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flanges into which feeler gauges 
can be inserted, the exhaust cone 
or the turbine shroud must be re
placed by a serviceable compo
nent according to which flange is 
distorted. Use an electric light to 
ascertain that the rear (trailing) 
edge of each of the fairings inside 
the exhaust cone are not cracked 
or split open; later production ex
haust cones have fairings made 
from one piece and there is no like
lihood of separation. Ensure that 
the extension flange, which carries 
the propelling nozzle at the rear of 
the outer cone- has not broken 
away. Check the security of the 
inner cone by grasping the apex of 
the cone and shaking it. Buckling 
and dents up to the depth of i 
in. may be ignored during oper
ation providing a careful examin
ation for cracks is made. All 
buckles and dents in the inner 
and outer cones are to be re
moved by using a rubber mallet '" 
to restore the original shape. 
Where buckling is apparent on 
the inner cone adjacent to the 
fairings in line with the support tubes, a 
periodic check of the clearance between the 
inner cone baffle and the turbine disc should 
be made as described in para. 103. 

I I 06. When refitting the exhaust cone fire
guard it is important to ensure that the rear 
end of the fireguard fits snugly round the 
nozzle extension ring and that the front end 
fits snugly round the fireguard support ring 
which is carried by the nozzle shroud ring 
bolts. It is also important that the edges of 
the two halves of the fireguard and of the air 
heater pipe housing apertures align and close 
up evenly. Position the bottom half of the 
fireguard over the exhaust cone guiding the 
stiffened edges of the hot-air pipe cut-outs 
into the corresponding grooves in the frames 
of the hot-air housing. Secure the gun heater 
pipe coimections to the exhaust cone heater 
muff. Clip the thermocouple lead to the inside 
of the lower half of the exhaust cone fireguard. 
Lower the top half of the fireguard over the 
exhaust cone (Mk. 2 only) . Swing the pinch 
bolts into position over the hooks and 
progressively tighten the nuts to draw the 
two halves of the fireguard evenly together. 
(Mk. 3 only). Locate each of the six latch 
bolts, on the fireguard bottom half, in the 
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LAGGING 

---- FAciJ~ER 

Fig. 49. Exhaust cone fireguard 

FASTENER 
LINK 

FIREGUARD 
LOWER HALF 

HOT-AIR 
PIPE HOUSING 

FASTENER 
LINK 

hook on the top half of the fireguard and 
draw the two halves of the fireguard together 
evenly by depressing the six latch clips; 
when Mod. No. 857 is embodied, the two rear 
fasteners are of the Mk. 2 type. Insert and 
tighten up the t in. B.S.F. bolts securing the 

· gun heater pipe support bracket, at the 
starboard side of the top half of the fire
guard. If Mod. 404 has not been embodied, 
secure the thermocouple lead in the two clips 
at the outer starboard side of the fireguard 
top half. The fireguard should normally 
form a close fit around the propelling nozzle. 
Local gaps only up to 0·006 in., measured by 
feeler gauges, are permitted, except on Mk. 2 

' engines fitted with a 16k in. propelling 
nozzle (Mod. No. 936); when the lnconal 
packing strip on the fireguard has been 
changed to steel (Mod. No. 968), 0·012 in. is 
permissible. 

106A. When Mod. No. 903, which intro
duces a baffle in the inside of the fireguard 
lower half is embodied, it is possible for the 
baffle to foul No. 9 combustion chamber, 
which if permitted can result in a grave 
fire hazard. Therefore, when fitting a modi
fied fireguard, check that there is at least fs
in. gap between the top edge of the baffle 

(A.L.66, June, 54) 
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I and the outer casing of No. 9 combustion 

:.
; chamber. If the clearance is less than this, 

it is permissible to file not more than 0·1 in. 
off the baffle plate immediately adjacent to 
the combustion chamber. 

EXHAUST CONE ASSEMBLY 
Removing and dismantling 

I I 07. With the exhaust cone fireg uard 
removed, break the locking wire on the four 
flexible joints in the cooling pipes and 
unscrew the gland nuts. Remove the forty
five is in. nuts and bolts which secure the 

I exhaust cone to the turbine shroud . When 
Mod. No. 911 is embodied the nuts and bolt 
heads are locked with double tab-washers. 

I Carefully remove the exhaust cone, easing the 
rear portions of the air cooling pipes away 
from the pipes attached to the forward 
portion of the engine. 

I 08. Due to the heat to which the exhaust 
cone assembly is subjected during running, all 
nuts, bolts, and studs should be soaked in 
penetrating oil for a minimum period of two 

hours before dismantling and rotated slowly 
during removal, otherwise they are liable to 
fracture and shear. Should this occur it mav 
be difficult to remove the sheared portion. -

109. Commence dismantling the tail pipe 
assembly with the front end mounted on the 
wooden base T.71200. Remove the thirty 
nuts and bolts and lift off the propelling 
nozzle. 

110. Reverse the tail pipe so that it stands 
on its rear end. Remove the split pin and 
unscrew the large nut in the centre on the 
inner cone baffle using the box spanner 
T.70259. Release the tab-washers and 
remove the twelve bolts securing the baffle to 
the inner cone and lift off the baffle. Mark 
each of the eight fairings with a chalked 
number and chalk the corresponding number 
on the inner and outer cones adjacent to the 
position of the respective fairings. Break 
the locking wire and remove the four cap-nuts 
and washers from the ends of the two rear 
support tubes. Drive out the support tubes 

Fig. 50. Checking ovality of the outer cone front flange also showing cramp in position to 
correct regular ovality 

RESTRICTED 



AP 4121B & C V2 P3 Goblin 2 & 3 Servicing 19620901 OCR.pdf Page 109

( 

with the brass-ended drift T.70277. Remove 
the bolts and spring washers from the four 
air-pipe adapters fitted to the ends of the 
front support tubes. Take off the adapters 
and drive out the two support tubes with the 
brass-ended drift T. 70278. As the second 
of the two tubes is removed, the large air 
tube will be released and should be taken out. 
Lift out the inner cone. Break the locking
wire and remove the three set-screws and 
spring washers securing each of the eight 
support tube fairings and take out the fair
ings, four from the front end and four from 
the rear. Break the locking-wire and un
screw the blanking plugs and nuts, and one 
thermocouple from the outer cone. 

Examination 
Ill. The following paragraphs and illus
trations provide a general guide to show the 
repair which may be carried out on the tail 
pipe assembly and the propelling nozzle. 
Experience has shown that only on rare 
occasions need parts of the assembly be 
rejected and then usually because of fatigue 
or distortion. Welding repairs should prefer
ably be carried out by the argon-arc process. 
When this method is used the finished weld is 
cleaned with a rotary wire brush and only 
blended where stated. Repair Leaflets are 
normally contained in Vol. 6, Part 2, of this 
Air Publication, but certain repairs which 
permit the use of oxy-acetylene welding or 
which do not require special equipment are 
contained in Part 4, Sect. 2, Chap. 5. 

Outer exhaust cone 

112. All dents, buckles and skin distortion 
can be removed by normal sheet metal repair 
methods. Care must be taken that metal is 
not made which cannot subsequently be lost. 

113. Front and rear flanges. Some degree of 
ovality and distortion can be expected on the 
front and rear flanges. Fig. 50 shows the 
method of checking distortion and ovality of 
the front end flange and also the method of 
removing uniform ovality by the use of a 
single clamp. The exhaust cone is rotated on 
rollers and the flange checked with a large 
height gauge. The ovality measured at the 
inner and outer diameter of the flange must 
not exceed a total of 0·050 in. Distortion and 
irregular ovality of the flanges are removed 
by the use of a shaped block and clamps as 

I shown in fig. 51. Cracking of the exhaust cone 
front flange is permissible from all bolt holes 
to the periphery of the flange. Cracking 
from hole. to hole is not permissible. 

A.P.4121 B & C, Vol . 2, Part 3, Sect. 3, Chap. I (A.L. 66) 

Fig. 51. Using wooden block and cramp to 
correct distortion and irregular ovality of 

outer cone front flange 

Fig. 52. Dent accompanied by crack in heater muff 

Fig.,53. Repairable split in the stitch weld on 
heater muff flange 

(A.L.66, June, 54) 
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I 14. Gun heater muff. The most common 
failures on the outer exhaust cone assembly 
occur on the gun heater muff, and generally 
occur as severe dents caused by thermal 
expansion and contraction. These dents will 
often be accompanied by a small crack, as 
shown in fig. 52, which may be repaired by 
welding. Even though a crack is not present 
the dent should be welded, as cracks will 
otherwise develop with subsequent opera
tions. Damage may often extend to the 
stitch weld on the flange of the heater muff 
and can be repaired as described in the 
relevant Repair Leaflet. Fig. 53 illustrates a 
repairable crack of this nature. Where 
damage is severe and extends across the 
stitch weld it will be necessary to weld a 
patch over the weak point and to extend the 
patch to the exhaust cone skin. 

115. Oil heater muff. Damage rarely occurs 
to the oil heater muff, but repairs similar to 
those described for the gun heater muff will 
apply. 

116. Thermocouple adapters and support 
tube bushes. Damage to support tube bushes 
and thermocouple adapters will occasionally 
be found. Thermocouple adapters which 
have sheared due to the cap-nut becoming 
seized can be rectified by grinding the 
adapter back until the base is approximately 
0·020 in. thick and a new adapter welded to 
this base. Failure of the support tube bush 
is caused by seizure of a cap-nut causing the 
internal thread to strip. This necessitates 
replacing the existing bush by a new one, pre
ferably using the argon-arc welding process. 

Propelling nozzle and venturi cuff 

117. Dents and distortion are the most 
common form of damage to the propelling 
nozzle and venturi cuff. Fig. 54 shows a 
typical example of damage due to the ex
posed position of the assembly which can be 
rectified by normal sheet metal repair 
methods. 

118. Distortion between rivets. Distortion 
will be found between the spacers adjoining 
the nozzle and cuff, as shown in fig. 55. This 
can be removed by the use of wooden wedges, 
care being taken that the rivets or spacers are 
not loosened during the operations. 

119. Ovality. To check the ovality of the 
propelling nozzle assembly, two gauges 

Fig. 54. Venturi cuff and propelling nozzle
. showing typical damage 

ltOZZLE 

Fig. 55. 

r; 

DISTANCE PIECES 
AND RIVETS 

DISTORTION 
BETWEEN RIVETS 

Distortion between venturi cuff rivets 

,... 

.=:_P:_Q~iilQt:COf-_ G~O§( _N;f v VENTURI 
CUFF 

.P.QS~~~QE _G~l!.Q(~-? 

NOZZLE 1---1 

~ ~ 

Fig. 56. Venturi cuff and propelling nozzle 
showing gauge pos.itions for checking ovality 
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121. Replacement of rivets. Where any of 
the spacers between the propelling nozzle and 
the venturi cuff are loose an inspection 
should be made in order to ensure that the 
rivets have not become worn by vibration. 
If this is found to be the case the worn rivets 
should be removed and replaced. 

121 A. If it is necessary to change a damaged 
propelling nozzle for a serviceable nozzle, 
reference must be made to the information 
contained in Part 4, Sect. 2, Chap. 5. 

Inner cone 

122. Dents and buckles to skin. The removal 
of dents and buckles, various types of which 
are shown in fig. 57 and 58, can be carried out 
with the use of normal sheet metal tools. The 
removal of dents from the rear end of the 
inner con ~ will require a special anvil, shaped 
to fit the cone behind the small diaphragm, 
welded to a standard "H" section beam. or 
girder; the beam is then solidly mounted on 
a suitable stand as illustrated in fig. 59. 

123. Cracking of support tube holes. The sup
port tube holes and reinforcing flanges should 
be examined. If cracks are found they 
should be welded, preferably bv the argon
arc process, provided the cracks do not exceed 
t in. length. 

124. Large and sm~ll diaphragms. The large 
and small diaphragms will dso need careful 
examination, the most common point of 
failure being cracks at the head of the "key
hole" slot and the spot welding parting from 
the inner cone, as indicated in fig. 60. The 
cracks at the "key-hole" slot can be welded 
in accordance with Repair Leaflet G.7 con
tained in Vol. 6, Part 2. Parting of the 
diaphragm from the skin may be repaired 
in the following manner. The number of 
spot welds on each section between the 
"key-hole" slots of the large diaphragm is 
increased to six and the size of the spot weld 
is increased to -fs in. diameter. The small 
diaphragm is re-spot welded but retains four 
spot welds and the i in. diameter spots. This 
in effect consists of embodying, or partially 
embodying, Mod. No. 444. 

125. Baffle plate and stiffeners. Failures on 
the baffle plate will occur at the stiffeners as 
shown in fig. 61, and will need a number of 
small weld repairs. If the fracture occurs 
right across a stiffener it is no longer service
able and should be replaced. Completely 
fractured stiffeners are shown in fig. 62. 
When Mod. No. 444 is embodied in the later 
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Fig. 65. Repairable damage to fairing where skin 
is breaking away from outer plate 

Fig. 66. Broken bolts in fairing 

type of baffle plate, the stiffeners are deleted. 
Care must be taken when removing the baffle 
from the inner cone as the bolts are easily 
sheared in the flange. 

Support tubes and fairings 
126. Bent support tubes. In the majority 
of cases. support tubes will be found slightly 
bent. The bends should be straightened with 
a rubber mallet, the tube being placed 
between two blocks of wood, and checked 
with V ~blocks and a surface table. 

127. Indentation and fretting. As the support 
tubes are floating they should als0 be 
examined for indentation and fretting, caused 
by the fairings. The maximum permissible 
depth of fretting is 0·010 in. and if within this 
limit the sharp edges can be removed by 

(A.L.66, June, 54) 
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blending. If the fretting exceeds this limit 
the tube should be repaired by argon-arc 
welding as described in the relevant Repair 
Leaflet. An example of this type of damage 
is shown in Fig. 63. 

128. Cracks and distortion to fairings. The 
fairings can be repaired by welding, using the 
argon-arc process. Fig. 64 sh?ws an example 
of fatigue failure of both skm and weldmg 
which is beyond repair. Repairs are confined 
to the rectification of weld failure at the 
formers and to small cracks on the corner 
joints as shown in fig. 65. The skin should be 
pressed back into position an~ welded as 
described in the relevant Repair Leaflet, to 
the cone and case. 

129. Bolts sheared in fairings. The broken 
ends of bolts which may have sheared during 
dismantling of fairings, as shown in fig . 66, 
can often be removed if treated to a further 
application of penetrating oil. 

Reassembling and refitting 

130. Most of the assembly operations are 
carried out with the outer cone standing on a 
wooden board on the floor, first with the rear 
end downwards and then the front flange as 
required. All screw threads should be coated 
with anti-seize grease ZX-13 (Stores Ref. 
34B/88) to reduce risk of seizure and to 
facilitate dismantling at a later date. 

131. Ensure that the front and rear fairings 
are free from dents, and that the threads of 
the three bolt holes in each of the eight 
fairings are clean. Ensure that the four 
support tubes are free from burrs. Loosely 
assemble each of the four front and four rear 
fairings to the outer cone, according to the 
chalk marks made during dismantling, with 
plain washers and three t in. B.S . F. bolts. 
Slide the two large support tubes through the 
fairings at the front of the outer cone and the 
two small tubes through the fairings a the 
rear of the outer cone. Align the fairings 
with the support tubes and tighten the fairing 
securing bolts. Wire-lock the bolts together 
with 22 s.w.G. stainless steel wire. Adjust 
the protrusion at each end of the support 
tubes; if necessary filing one end of each to 
obtain the correct protrusion. The front 
support tubes should not project more than 
0·29 in. and the rear tubes not more than 
0·15 in. Mark the outer cone and each 
support tube with chalk to identify the 
correct assembly relationship, then remove 
the support tubes from the outer cone. 

132. Before assembling the inner cone, 
ensure that each support tube slides freely 
in the bushes and, if necessary, mark the 
inner cone with chalk to facilitate assembly. 
Apply a thin film of anti-seize grease to each 
support tube. Position the inner cone inside 
the outer cone, then slide one of the front 

Fig. 67. Assembling the inner cone air tube 
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Fig. 57. Inner cone-repairable dents 

manufactured from fiat stock 2 in. x i in. 
should be made to the following dimensions:-

Nominal size of 
Propelling Nozzle 

16 in. 
16 -~ in. 
16± in. 
16jt in . 
16i in. 
I6 i in. 

Gauge I 

16·560 in. 
16·685 in. 
16·810 in. 
16·935 in. 
17·060 in. 
17·185 in. 

Gauge 2 

15·960 in. 
16·085 in. 
16·210 in. 
16·335 in. 
16·460 in. 
16·585 in. 

A.P.4121 B & C, Vol . 2, Part 3, Sect . 3, Chap. I (A.L. 66) 

Fig. 58. Inner cone-non-repairable cracking 
and buckling 

Note ... 

If there is any doubt with regard to the nominal 
size of the propelling nozzle reference to Part 4, 
Sect. 2, Chap. 5, will enable the nominal 
diameter to be established. 

120. Fig. 56 shows the position in which 
these gauges are used. A tolerance of minus 
0·040 in. is permissible and ovality can be 
removed by the use of wooden formers and 
cramps in a manner similar to that employed 
for the outer exhaust cone. 

(A.L.66, June, 54) 

RESTRICTED 



AP 4121B & C V2 P3 Goblin 2 & 3 Servicing 19620901 OCR.pdf Page 114

Fig. 59. Girder and anvil for repair of inner cone 

Fig. 60. Typical failures on large diaphragm 

Fig. 61. Repairable damage to baffle plate stiffener 

Fig. 62. Non-repairable damage to baffle 
plate stiffener 

Fig. 63. Support tube indentation and fretting 

Fig. 64. Fairing rejected for fatigue of the skin 
and welding failure 
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I REAR SECTION OF AIR COOLING PIPE 
2 FLEXIBLE JOINT 

the support tube ends are free from burrs. 
Place a copper washer on each rear support 
tube cap-nut, apply anti-seize compound to 
the threads and screw the four cap-nuts into 
the tail pipe over the ends of the support 
tubes. Place a copper joint washer on each 
front air supply boss and secure each supply 
pipe to the tail pipe with two bolts and single 
spring washers. Screw the four large and 
four small thermo-couple boss blanking 
nuts to their bosses and wire-lock them in 
pairs. 

3 WASHER 
4 FRONT SECTION OF AIR COOLING PIPE 

Fig. 70. Flexible connection in air cooling pipe 

A- Piasticine without indentation, before assembly of exhaust cone 
B- Piasticine with indentation, after assembly of exhaust cone 

Fig. 71. Measuring the tail pipe/turbine disc clearance 
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Fig. 68. Tightening the baffle securing nut 

support tubes through the outer cone and 
fairing until it enters into the bush of the 
inner cone. Similarly slide one of the rear 
support tubes through the outer cone and 
fairing into the bush of the inner cone. Enter 
the remaining front and rear support tubes 
into their inner cone bushes. Using a soft drift, 
progressively tap each support tube through 
the inner cone and the opposite fairings of the 
outer cone. Withdraw each front support 
tube a little over half-way from the assembly, 
support the air tube in position in the inner 
cone (jig. 67) and, using the special drift, 
lightly tap the support tubes back through 
the air tube and the outer cone. 

Fig. 69. Checking the axial clearance between 
the inner and outer cone front flanges 

A.PA/21 B & C, Vol. 2, Part 3, Sect. 3, Chap. I (A.L. 66) 

133. Ensure that the baffle is free from burrs 
and that the securing nut and set-bolt threads 
are undamaged. Place the inner cone baffle 
on the shoulder at the threaded end of the 
inner cone air tube and lightly screw the 
baffle securing nut on to the air tube. Using 
new tab-washers, screw in and tighten the 
twelve t in. B .S.F. set bolts to secure the 
baffle to the flange of the inner cone. Using 
spanner T70259, tighten the baffle securing 
nut (jig. 68) and lock with a 1\ in. split pin. 
Screw in each set-bolt securely with one of 
the fiats positioned tangentially; bend one 
tab of the tab-washer over the fiat of the bolt 
head and the other leg down the inner edge 
of the baffle securing ring to lock each bolt. 

134. The following checks must be made to 
ensure concentricity of the inner cone in the 
outer cone which should be within the limits 
stated in the Schedule of Fits, Clearances and 
Repair Tolerances, otherwise it will be neces
sary to select another inner cone. Set the 
assembly horizontally on a surface t . 
with the front and rear flanges resting on 
roller brackets T71244; it will be necessary 
to place packing under the rear roller bracket 
until the outer cone front flange face is 
<>quare to the surface table. Set the stylus of 
a dial test indicator on the surface of the 
inner cone at a distance two inches from the 
apex, then rotate the exhaust cone assembly I 
about its horizontal axis. Ensure that the 
front flange face of the outer cone remains 
square to the surface table and take con
tinuous readings of the dial test indicator to 
check that the eccentricity of the inner cone 
is within the limits. Set the stylus of the dial 
test indicator to the outside surface of the 
forward end of the inner cone, rotate the 
cone and take continuous readings of the 
dial test indicator to check that the eccen
tricity of the forward end of the inner cone is 
within the limits. 

135. Using feeler gauges, check that~e 
clearance between each fairing and the i 
cone is within the limits. Stand the assem 
rear end downwards on a wooden base 
board, place a straight edge across the front 
flange of the outer cone and using a slip 
gauge and feeler gauges, check that the gap 
between the straight edge and the flange of 
the inner cone is 0·22 to 0·28 in. (jig. 69) 

136. Before assembling the support tube 
cap-nuts, air supply pipes and thermocouple 
nuts, ensure that all threads are free and that 
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137. Coat the threads of the thirty t in. 
B.S.F. bolts with anti-seize grease and 
secure the propelling nozzle and venturi cuff 
assembly to the rear flange of the outer cone. 
The bolts should be inserted from the front 
of the exhaust cone flange. Check that the 
dimensions of the nozzle are within the 
limits. 

138. Before a new or reconditioned exhaust 
cone is fitted to an engine, the clearance 
between the baffie at the front of the inner 
cone and the turbine disc must be checked as 
described in para. 139. Apply anti-seize 
grease to the forty-five is in. bolts and ensure 
that the gland nut, gland nut washer, and 
flexible joint are correctly positioned on the · 
four air cooling pipes attached to the forward 
portion of the engine (fig. 70). Position the 
exhaust cone at the rear of the engine, care
fully enter the four air cooling pipes into their 
connections in the rear section of each air 
cooling pipe, which is attached to the exhaust 
cone. Fasten the exhaust cone to the turbine 
shroud with the bolts and nuts; when Mod. 
No. 911 is embodied the nuts and bolt heads 
are locked with forty-two double tab
washers (Part No. N5128) and two triple 
tab-washers (Part No. N7982). Tighten and 
wire-lock the four gland nuts. Refit the 
fireguard. 

Exhaust cone/turbine disc clearance 
139. Before a new or reconditioned exhaust 
cone is fitted to an engine the clearance 
between the baffie at the front of the inner 
cone and the turbine disc must be checked 
as follows. 

140. Affix four strips of plasticine equi
distantly around the outer rim of the rear 
of the turbine disc, as indicated in fig. 71, 
avoiding those positions where portions of 
the balancing rim have been removed. Each 
strip should be approximately tin. wide and 
t in. thick, which is slightly thicker than the 
maximum permissible clearance between the 
disc and inner cone. The strips should be 
positioned to cover the 'fir-tree' roots of the 
turbine blades, and should radiate inwards 
towards the centre of the turbine disc for 
about two inches. Cover the surface of the 
plasticine with french chalk or oil so that it 
does not adhere later to the baffie at the front 
end of the inner cone. Inset 'A' on fig. 71 
shows the appearance of the plasticine at 
this stage. 

A.P.4121B & C, Vol. 2, Part 3, Sect. 3, Chap. 1 (A .L.SS) 

141. Secure the exhaust cone to the turbine 
shroud by three or four of the bolts and nuts. 
The correct assembly of the air cooling pipes, 
coming from the front of the engine to the 
rear sections on the exhaust cone, can be 
checked at the same time. 

142. Remove the exhaust cone and measure 
the thickness of the plasticine at the position 
corresponding to the clearance between the 
tail pipe baffie and the turbine disc. This 
should be not less than 0·18 in. Inset 'B' in 
fig. 71 shows the appearance of the plasticine 
after the exhaust cone has been fitted and re
moved. Clean off all traces of plasticine. 

TURBINE 

Turbine blades, examination 
143. The turbine blades can be examined 
to a limited extent only, with the aid of a 
portable spot light up the exhaust cone, whilst 
the exhaust cone is attached to the engine. 
The nozzle (static) blades can only be. seen 
under these conditions, through the spaces 
between the turbine blades, and can, therefore 
only be examined very superficially. Any 
indications of damage observed will necessi
tate dismantling the engine to the extent 
indicated in the following paragraph. 

Dismantling necessary for close examination 
of the turbine and nozzle blades 
144. To examine the turbine blades, the 
fireguard and exhaust cone must be removed 
as described previously. Since under these 
conditions, the nozzle (static) blades can be 
examined only between the turbine blades, 
opportunity must always be taken to examine 
them more thoroughly whenever the com
bustion chambers are removed. For a still 
more detailed examination of the blades, the 
turbine disc can be removed as described in 
Part 4, Sect. 2, Chap. 2. 

145. The blades should be examined 
thoroughly for signs of damage or looseness, 
and the following paragraphs and illustrations 
(fig. 72 to 86) are intended as a guide in deter
mining, by visual inspection, the maximum 
damage which may be tolerated on the nozzle 
and turbine blades for continued operation. 
This guide is intended for field use and does 
not supersede approved repair schemes. 
Where damage to turbine blades is in excess of 
that indicated, reference should be made to 
Part 4, Sect. 2, Chap. 2, Leaflet D.l, which 

(A.L.SS, June 58) 
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describes the limits of repair which are accept
able in service, and the method of correcting 
unbalance in a turbine disc assembly to which 
such repairs have been applied. 

Fig. 72. Maximum extent of acceptable 
damage to nozzle blades 

146. ln general, it will be found that the 
damage is confined to the trailing edges of 
the nozzle blades and the leading edges of 
the turbine blades. In assessing the standard 

Fig. 73. Damage to nozzle 
blades-not acceptable 

Fig. 73A. Bowed nozzle blades which are acceptable 
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Fig. 74. Acceptable curl 
at tip of turbine blade 
(refer also to fig. 75) 

A.P.4121B & C, Vol. 2, Part 3, Sect. 3, Chap. I (A.L. 77) 

Fig. 738. Bowed nozzle ·blades which are not acceptable 

Fig. 75. Acceptable curl 
at tip of turbine blade 
(refer also to fig. 74) 

Fig. 76. Curl at tip of 
turbine blade-not 

acceptable (refer also 
to fig. 77) 
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Fig. 78. Acceptable 
damage to turbine 

blade 

Fig. 79. Acceptable 
tear at tip of turbine 

blade 

of acceptance, consideration must be given 
to the general condition of the assembly as a 
whQle and whilst quite severe damage is 
acceptable on isolated blades, some increase 
of operation temperature can be expected if 
the majority of the blades are severely 
damaged and subsequent turbine deteriora
tion will consequently be more rapid. 
Blades of the three-pin type (pre-mod. 
No. 828) should be checked for sheared pins. 
Damage of the type depicted in the illustra
tions is the result of the passage of foreign 
matter through the engine and it is, therefore, 
essential that an examination of the engine 
air-intake ducts and flame tubes is made 
when turbine damage is observed. 

147. Fig. 72 shows examples of the 
maximum extent of damage which is accept
able to the nozzle blades for continued 
operation, whilst fig. 73 shows damage which 
is not acceptable. Cracks in the trailing edge 
may be blended out provided that they do 
not exceed l in. length. If the cracks are 
beyond these limits, the blade must be 
rejected. Cracks extending to a depth of 

~f in. are acceptable in the leading edge of 
the nozzle blades. 

Fig. 80. Tear at tip 
of turbine blade-not 
acceptable (refer also 

to fig. 81) 

Fig. 81. Tear at tip 
of turbine blade-not 
acceptable (refer also 

to fig. 80) · 

148. Surface damage is generally confined 
to the camber surface in the form shown on 
the second blade from the left in fig. 72 and . 
is acceptable if its depth does not exceed one 
third the thickness of the blade, but sharp 
edges should be blended smooth. If it is 
necessary to resort to blending, the turbine 
disc can be removed as described in Part 4, 
Sect. 2, Chap. 2, but care must be taken to 
ensure that it is correctly refitted otherwise 
the balance of the rotating assembly will be 
seriously upset. 

148A. Fig. 73A shows examples of the 
maximum extent of bowing whic}L is 
acceptable in the nozzle blades for continued 
operation, whilst fig. 73B shows bowing 
which is not acceptable. If a straight edge 
exactly the length of a blade is held against 
the concave face of the leading edge of the 
blade, and the bow, when checked with 
feelers, does not exceed 0·035 in., the blade is 
acceptable for continued operation. Simi
larly, if . the bow of the trailing edge, when 
checked in the same way, does not exceed 
0·100 in., the blade is acceptable for con
tinued operation. If the bow exceeds either 
of these limits, the blade must be rejected. 
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1488. Any nozzle blade which is damaged or 
bowed beyond the permissible limits may be 
replaced by a new blade. Reference should 
be made to Part 4, Sect. 2, Chap. 3 for 
instructions for removing the nozzle ring 
assembly from the engine and renewing 
damaged blades. 

149. In assessing damage to the turbine 
blades, the following points must be carefully 
considered:-

(!) Position and depth of the damage 
along the length of the blade. 

(2) The shape and size of the damage. 
(3) The nature of the damage, i.e., crack, 

tear or bruise. 

150. In positioning the damage, the blade 
is, for convenience, considered in three 
sections, ·i.e., the outer, middle and inner 
third. In the outer third, damage to a depth 
of 0·050 in, is acceptable, and in the middle 
third to a depth of 0·030 in. No damage of 
any kind is acceptable in the inner third. 

Fig. 82. Acceptable bruise Fig. 83. Bruise in leading 151. The extent of acceptable curl at the 
in leading edge of turbine edge of turbine blade-not blade tip may be seen by comparing fig. 74 

blade acceptable and 75 (acceptable) and fig. 76 and 77 (not 

Fig. 84. Acceptable 
damage to turbine 

blade 

Fig. 85. Acceptable 
damage to turbine 

blade 
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acceptable). Other acceptable damage is 
limited to smooth bruises, but small tears at 
the tips are also acceptable. Cracks of any 
kind, and bruises with a sharp lip or change 
of section must be rejected. These points 
are illustrated by the comparison of fig. 79 
(acceptable tear) and fig. 80 and 81 (not 
acceptable), and fig. 82 (acceptable bruise) 
and fig. 83 (not acceptable). 

152. The removal of any blade, nozzle or 
turbine, renders it unserviceable and it must 
be replaced by a new blade. As it would 
necessitate the rotating assembly being 
dynamically rebalanced, replacement of tur
bine blades in the field is not permissible. 

153. Sometimes turbine blades will be found 
to be slack in the turbine disc Provided this 
does not permit more than 0·030 in. blade 
movement at its tip in a circumferenti3l 
direction or more than 0·010 in. fore and aft 
movement (axially) at its root, the slackness 
will be taken up by thermal expansion 
when the engine is running. Slackness in 
excess of these amounts justifies rejection of 
the engine. 

154. Cracking of the nozzle shroud and 
turbine shroud flanges from the bolt holes to 
the periphery of the flange may be observed 
when examining the turbine. Cracking is 
permissible from all bolt holes to the 
periphery of the front and rear flanges 
of both the turbone shroud and the 
nozzle shroud. Cracking is also permissible 
from all bolt holes to the periphery of the 
front tail pipe flange. Cracking from hole to 
hole is not permissible. One or two cracks 
in either shroud which extend into, or occur 
in, the bore in a longitudinal direction, must 
not exceed a maximum length of i in. from 
the flange face of the turbine shroud, and 
! in. from the rear face of the nozzle shroud. 

155. There is a tendency for the nuts 
securing tlte eye-bolts of the nozzle shroud 
struts to slacken off, due to the bedding down 
of the eye-bolt shims after a certain period of 
engine running. At the intervals specified in 
the Servicing Schedule, the security of the six
teen eye-bolt nuts should be checked. Where 
Mod. No. 519 has been embodied, these 
sixteen nuts are locked with tab-washers 
(Part No. Nl459). 

Turbine/shroud clearance check and adjustment 

156. At the intervals specified in the .air
craft Servicing Schedule, or upon receipt of a 
new or reconditioned engine as a check against 
rough handling in transit, the turbine blade 
tip clearance should be checked. 

Fig. 87. Measuring the turbine blade tip 
clearance 

157. Insert feeler gauges into the gap 
between the turbine disc blade tips and the 
turbine shroud (fig. 87) and rotate the disc 
to find the blade which gives the smallest 
clearance; mark that blade with chalk. 
Insert feeler gauges between the marked 
blade and the turbine shroud at sixteen 
points, each one in line with a combustion 
chamber, measure the total feeler thickness 
with a micrometer and check that the blade 
tip clearance is nowhere less than the 
minimum specified in para. 161. If the 
clearance is less than this minimum at any 
point the shroud may be either distorted, or 
eccentric to the turbine disc. Distortion of 
the shroud may be rectified as described in 
Part 4, Sect 2, Chap. 3, whilst eccentricity 
may be corrected by taking advantage of 
the clearance in the turbine shroud bolt holes. 
Before attempting to adjust the position of 
the turbine shroud, the sixteen clearances, 
which were measured, should be written 
down on a 'clock face' diagram so that the 
position may be considered and the direction 
in which the turbine shroud must be moved 
ascertained. Slacken each of the bolts 
fastening the turbine shroud to the nozzle 
shroud, and gently ease the turbine shroud 
until the clearance is as near equal as possible 
at all sixteen points and is nowhere less than. 
the minimum stated. 

158. If sufficient blade clearance cannot be 
obtained, even after replacement of the dowel 
bolt by a standard bolt Part No. N.8242 
(mod. 987), remove the turbine shroud, and 
measure the bore at eight equidistant 
positions to ascertain the mean diameter. 
Where this mean is less than the minimum 
drawing dimension of 27·680 in. the shroud 
has shrunk and must be replaced by a new 
one. When the mean diameter of the original 
shroud is correct, the low clearance must be 
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indicative of blade stretch or rear end 
settlement and the engine must therefore be 
rejected. 

159. If after fitment of a new turbine 
shroud, the clearance specified in the para. 
161 still cannot be obtained, then both 
shroud shrinkage and. blade stretch are 
present and the engine must therefore be 
rejected and returned to a repair depot. 

160. When satisfactory conditions have 
been attained, retighten the bolts and nuts, 
and recheck the clearance at all sixteen points 

A.P.412/B & C, Vol. 2, Part 3, Sect. 3, 'chap. I (A.L.77) 

to ensure that the turbine shroud has not 
been displaced whilst tightening the bolts. 

161. The minimum turbine blade tip 
clearance for a new, or reconditioned, engine 
is specified in the Schedule of Fits, Clearances, 
and Repair Tolerances (Vol. 2, Part 6), to 
which reference must be made when checking 
the clearance during installation of a new or 
reconditioned engine. Blade creep and a 
certain amount of shroud distortion will 
reduce this clearance during the running life 
of the engine and, therefore, a reduced 
minimum clearance of 0·055 in. is permitted 
in these circumstances. 
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F.S./1 A.P.4121B & C, Vol. 2, Part 3, Sect. 3, Chap: 2, 

A.L.89, Mar. 62, 

Chapter 2 
(Completely revised) 

INSPECTION FOR DAMAGE AFTER SHOCK LOADING 
Note.-This chapter applies to Goblin Mk 2 and 3 aero-engines 

LIST OF CONTENTS 

General 

GENERAL 

Para. 

1 

1. This chapter describes the necessary 
examination of l;lJl engine which has been 
shock loaded as the result of a crash landing. 
To provide a correct assessment of the 
damage sustained and at the same time avoid 
unnecessary work the checks should be made 
in the order given in the following para
graphs. 

INSPECTION OF ENGINE 
2. Remove the engine from the airframe, as 
described in Sect. 1, Chap. 2, and transfer it 
to the dismantling and · assembly stand 
W.D.6400. Remove the exhaust cone 
assembly as described in Chapter 1 and make 
a thorough visual examination of the whole 
engine for external damage. Particular 
attention should be given to the mounting 
flanges of the oil sump and the bottom 
accessory box for indications of fracture when 
there is evidence of _impact between these 
components and the aircraft cowling. The 
engine must be rejected if distortion or cracks 
are confirmed. 

3. Check the freedom of the mainshaft 
assembly. Spin the main shaft as fast as 
possible by hand, listening for any unusual 
noises during the time taken for the mainshaft 
assembly to cease rotating;·observe that there 
is a slight tendency for the assembly to swing 
back as rotation ceases. Noises from some 
of the accessories, in particular the fuel 
pump(s) and air compressor, will be audible 
during the run down; if in doubt these 
accessories should be removed. 

Inspection of engine 
Para. 

2 

4. If the oil sump and the bottom accessory 
box flanges are undamaged, carefully examine 
the sump floor for signs of collapse and 
cracking in the region of the metering pumps. 
The examination will be facilitated if the 
engine is rotated in the stand until the under
side of the sump is vertical or facing slightly 
upwards. Remove all dirt, oil and loose 
paint, and paint the floor with a solution of 
25 to 30 per cent lard oil or other suitable oil, 
in kerosine heated to 80 deg. C. Wipe off 
the excess oil, coat the oil sump with chalK 
and examine for cracks. If necessary, 
remove the damaged oil sump and fit a 
serviceable assembly, as described in Part 4, 
Sect. 2, Chap. 7. 

5. Examine the engine mounting eyes and 
the immediate surrounding area of the 
diffuser casing for cracks or distortion. 
Remove the paint from the areas concerned 
and apply a solution of 25 to 30 per cent lard 
oil in kerosine heated to 80 deg. C. Wipe 
away excess oil and coat with chalk. Examine 
for cracks; if satisfactory, remove the oil and 
chalk, and repaint. 

Note ••• 
Where the materials are available, Met-L
chek dye and developer may be used 
instead of oil and chalk. If this alternative 
is employed, particular care must be taken 
that the suppliers' instructions are strictly 
adhered to and the dye thoroughly 
removed by washing after use. 

6. Check the turbine blade/turbine shroud 
clearance as described in Chapter 1. Refit the 
exhaust cone assembly. 
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7. Install the engine in the airframe, as 
described in Section 1, Chapter 1. Start the 
engine and carry out all normal ground 
running checks, particular attention being 
given to · possible fuel, oil, or gas leakage. 
Using a slave recording instrument and com
pensating leads where necessary, check the 
rear bearing temperature. Run the engine 
up to a maximum permissible r.p.m. and 
maintain this speed for approximately 5 
minutes; the rear bearing temperature must 
not exceed 90 deg. C. (Mk. 2) or 110 deg. C. 
(Mk. 3). Check the time taken for the engine 
to run-down during stopping as described in 
Section 2, Chapter 2. 

8. The slave recording equipment required 
for checking the rear bearing temperature 
should be assembled as follows. Connect a 

Mk. 1 engine cylinder indicator, Ref. No. 
6A/1305, to the terminal block mounted on 
starboard wing rib No. 1, in the engine bay, 
using a compensating lead type A, Ref. No. 
6A/841. It is essential that correct polarity is 
maintained throughout; the copper lead is 
identified by a RED or GREEN coloured sleeve, 
and the constantan by a BLUE sleeve. The 
copper lead must be connected to the positive 
terminal of the indicator. The shunt, which 
will be found fitted to the indicator as 
supplied, must be removed for the purpose 
of this test, and should be refitted after the 
test has been completed. 

9. Provided that the results of all the fore
going examinations and checks are satis
factory, the engine may be considered to be 
serviceable. 

• 

( 
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a measuring jig T73414. The procedure is 
detailed in the D:ext twd paragraph~. 

7. The following instructions should be read 
in conjunction with fig. 3 to which the sub
para. letters ref~r:-
(a). The clearance between the impeller vanes 

and the front casing must not be less 
than 0·054 in. (Mk. 2), or 0·064 in. 
(Mk. 3), when measured wi,th the main 
a;xis of the engine vertical, air-intakes 
downwards, so that the thrust bearing 
end float is fully taken up in the forward 
position. 

(b) During initial manufacture, the unions 
are machined when in position in the 
front casing, to lP1 effective length of 
0·878/0·882 in.; and the actual dimension 
is stamped on the front casing adjacent 

:to each union. In these instructions, it 
has been assumed that the unions have 
been machined, in position, to ' the 
maximum effectiv~ length, i.e., 0·882 iri. 
The method of correcting the observed 
readings for shorter unions is contained 
in para. 8. 

(c) The npminallength of the longer setting 
pin (item 6 of T73414) is 0·965 in. There 
is a tolerance of ± 0·00 1 in. on this 
length and t4e actual length is marke9. 
on the pin. It is, however, considered 
unnecessary to take this manufacturing 
tolerance into account. 

(d) Insert the 'longer setting pin into the 
measuring -jig· T73414. Slacken the 
clamping screw to permit the· indicator 
to be slid to and fro as required. By alter
ing the position of the dial test indicator 
in the jig, set the indicator to read PLUS 
0·029 in. (Mk .. 2), or 0·019 in.·(Mk. 3):as 
applicable, theri retighten the clamping 
screw .. Final adjustment of the setting 
will be made in the usual way by turning 
the bezel of the indicator. When this has 
been done," a zero reading Will correspond .to the minimum perm.).ssible clearance. . . 

(er Prepare three lead-tipped plugs T73411, 
as described in sub-para..- (f). 
Note .•• 
The lead tip, which can be manufactured 
locally, consists of a 1 in. length of '3\ in. 
diameter lead and is secured in the body of 
the plug by a -h i~. diameter· silver steel 
pin: the. ends of this pin must be below the 
surface of the plug. To renew the lead tip, 

•· 
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knock out the silver steel pin, insert a dew. 
length of lead, drill fhrough tke existing 
holes using a .iz in. drill, and refit the 
silv~>r steel pin. ' '· 

(f) Using the cutting jig T73413, ~rim. tl:l~ 
three lead-tipped plugs .until, when ea"ch 
is inserted in the measuring jig, a reading 
of 0·005 in. is observed on the dial test 
indicator. This represents the mruo
mum effective union length, PLus the 
minimum permissible clearance, PLUS 
0·005 in: 

(g) liisert the three trimmed lead-tipped 
plugs into the uniops in the front casj.ng. 
Secure them with the &pecial cap nuts 
T73412. Rotate the impeller by harid. 
Remove the lead-tipped plugs. 

(h) Recheck the lead-tipped plugs in the 
measuring jig. If a reading below zerq 
is observed on the dial test indicator, the 
Clearance is below the perniissible mini
mum; but if n.ecessary, correCt the· 
observed reading for any variation in. the -. 
effective length of the union, as described · 
in para. 8. 

8. If the effective length of the union is less 
than 0·882 in. (i on Fig. 3), i.e., if 878, 879, ~ 
880, or 881 is stamped on" the front casing 
adjacent to the union, the difference petween 
that number and 882 (thousandths of an 
inch) must be ADDED to any reading observ.ed.,~ · 
on tl_le dial test indicator. · ·.~·-

9. Return the engine to the· horizontal 
position in the stand. Check the turbine 
blade/turbine spxoud clearance as described 
in Chapter 1. Refit the exhaust cone 
assembly. 

I 0. In~ tall the engine in the airframe, as 
described in Section 1, Chapter 1. Start the 
engine and carry out all normal ground 
running checks, particular atteution being ,· 
given to possible fuel, oil, or ·gas leakage; -
Using a slave recording instrument and com
pensating- leads where necessary, check the 
rear bearing temperature. Run the engine 
up to a maximum permissible· r.p.m. and 
maintain this speed for approximately 5 
minutes;· the rear bearing temperature must 
not exceed 90 deg. C. (Mk. 2) or llO deg. C. 
{Mk. 3). Check the time taken for the engine 
to run-down during stopping as described in 
Section 2, Chapter 2. 

11. The slave recording equipment required J... 
for checking the rear bearing temperat~~~ .. '~'; 
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consists of temperature recording instl1l!D-ent 

(Stores Ref. 6AJ197 or 6A/1305) together with 

co~pensating leads de Havilland assembly 

Part No. 15N/461, 15NJ463 and 12N/309A. 

A.P.4099J, Vol. 3, Part 1, pages 172 and 178 

refer to the first two assemblies and page 215 

to the later assembly. Terminal. blocks 

(Stores Ref. 5CJ430) are used to connect the 

three leads: When connecting these leads, 

and making the connection at the instrument 

head and to the rear bearing terminal block 

• 

on the starboard wing root, it is important 

that 'positive' to 'positive' connections, 

correctly tightened, are made throughout the 

circuit. When available, 10ft. compensatirig 

_ lead type A (Stores Ref. 6A/841} should be 

used in place of the le~d ~sembly. 

12. Provided that the results of all the fore

going examinations and checks are satis

factory, the engine may be considered to be 

serviceable. 
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