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Section I 

TOOLS AND EQUIPMENT 
Note.-This chapter applies to Goblin Mk. 2 and 3 aero-englnes 

General 

Flight servicing Kit No. I 
Flight servicing Kit No. 2 

LIST OF CONTENTS 
Para. 

I Adapters .and blanks for flexible pipes 

LIST OF TABLES 

Table 
I Special tools 
2 

I,.IST OF ILLUSTRATIONS 

Fig. 

Para. 
2 

Table 
3 

Adapter for pipes te~minating in union nut I Cap-nut for blanking banjo type end fittings 
Fig. 
2 

GENERAL 
I. This section lists the servicing and dis
mantling and repair tools necessary to effect 
the operations described in Part 3 and 

Part 4, Section 2. Where necessary, specla.J. 
instructions for the use of these tools is 
given in the relevant chapters of the 
respective parts. 

Stores Ref. 

1L/138 
1L/1~9 
1L/14l 
1L/31 ·, 
IL/32 I 
1L/33 
1L/154 
1C/2229 
64KK/43 
1A/4106 
36FF/4054 
1A/4073 
64KK/1042 
64KK/816 
MKK/39 

64KK/130 
64KK/120 

64KK/1286 
36FF/123 

IB/4486 
184467 
184469 

Part No. 

T32109 
T32112 

T.2300-193 

T75482 
T72143 
170260 

T21401 
T70167 

T77382 
T70171 

T76803 

FLIGHT SERVICING KIT .No. I 
Table I 

Nomenclature 

Spanner, hi-hex ring, l in. X iJr in. Whit. 
Spanner, hi-hex ring, i in. X l in. Whit. 
Spanner, hi-hex ring, t in. X 1 in. Whit. 
Spanner, hi-hex ring, fin. X -A- in. Whit. 
Spanner, hi-hex ring, l in. X fa- in. Whit. 
Spanner, hi-hex ring, i in. X * in. Whit. 
Spanner, o.J.D.E. l in. X 1lr in. Whit. 

· Spanner, box, D.E.l in. X -f«- in. Whit. 
Spanner, box, D.E.lin. X 11r in. Whit. 
Bar, tommy, i in. dia. X 5 in. long 
Bar, tommy, i in. dia. X 9 in. long 
Fingers, mechanical 
'Tool, lockwire 
·Spanner, claw 
Spanner, claw 

Extractor, burner 
Block, vice 

Spanner, crowfoot 
·spanner, ring special 

Spanner, crowfoot 
Indicator, revolution, Type A } 
Gun lubricating universal 

. Nozzle assembly hydraulic, push on 

RESTRICTED 

- - -------~~---...__· 

Application 

General use 
General use 
General use 
General use ~, 

General use , • 1 
General use ; .•t) • 
General use 1 1 • ·;' 

General use 
General use 
Use with T21401 
Use with T32112 
General use 4 

General use 
Generator nuts . 
Starting valve nuts 
(Mk. 2only) 
Burner removal ~. 
Cab~ .supercharger 

clutch (Mk. 2 only) 
Starter motor nuts I 
Cabin supercharger 

clutch drive 
(Mk. 2only) 

Thenno couple nut 
Engine speed check 
(instniment section 
lock-:l;l:J?) 

{A.L 70, Sep. 54) 
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(0\ •• \J\);.. nr/t .5. 10v ) ,\a IS: \~.'V. FLIGHT SERVICING KIT No. 2 

Table 2 ~· 
!iC:H:t)!.i~ 

Stores Ref. Part No. Application 

tet~ill,!l':l·'=''eo t bt~o S. .::\M \",\\do;) o~ >.bl\<J.qo 1,;1;\qll!b lir\1-- ,,,.l,_,~i\ 

64KK/930 T72802 Spanner, ring, s.E. Fuel pump nut (Mk. 2 only) 
64KK/805 T71808 Gauge, pr~~~J'I''f 0 :::• -1° }F\r~l system checks 
·~4KK/8Iq . 1 TJ2.S03 ~-, , r..au.!Ye,. nr,e~sw;e, ";v 'Fuel system checks (starting valy(!) .._ 

- ., v$•\ (.{ 91';.)\ "OH\ \•J 1 ~i>\ii\J\!Pvuc ~\<;)J~U\Jt'\ • , • , .. , • 1.) 1:),\;J<; 

64KK/931 T73445 Pipe, isolating Fuel system checks (isolating governor) 
<!3JSAT '10 TZI..! (Mk. 2 only) ' 

T77497 Jig, measuring ::l\doT Burner protrusion ~qft.~K/1282 
64KK/891. T73360 WrencliooJ \oi:leq2 1 Combustionchaniber,r(whei}.~Mod,~o~:~20 

s: . .is embodied) (Mk~\2 oniyh.li"•~·' .11\'gtF\ 

64K~/798 T72179 Spanner, 0·525 in. A.F. Combustion chamber 
. 64KK/45 . T70802 Block, 1~ffiiiTA.flTaliJ.Jl "~<tdri1bbstion chamber, pip removal (Pre-
-~;~ · ;&H mod. 820) · 
64KKf37 ~>J.nini'!'f70451 o~no'Rm~l0i(au~e1m-qo) l Combustioltlin'ChiunlYer'pwbefore '<>'forming 

(Pre-mod. 820) 
. ' q llll(''M~~ 

f64K!l{/3S.rsaa~:;eT70452~/ .run-g,i-ga"*ge hs . Combustion chaml5et, after forming (Pre-
ai aloo:t !l85.£H lO tl?.U sdt 'IOl 2f!Oi?QU'I:t2~H -c:rh bifuo{l!i82oya ~d:t _E!T~iJ no1h •<': ( '1; r . I 
~Iq84:s-stqs1fr74Z4575151fo(>l!:tform~~vrg Jc:JsJ1t&hb'rt~ff8it?rrci11£&'b~P-l'fbpiP,P.illi'[' (Ptl!-

. .ahfiq ,vri:J!:J{{l'!s'I brr.s ~Jm6ff. ·s26y n5an::><:3~) ar,,)d . .;l:j"J tHH 

64KK/131 T70444 Gaugte •. .ffi.P;;tipe£iAA:::>iVfl~:.! C-qm.'QWJ.on chambers, checking during 
(3 off) ! sldsT assembly (Pre-mod. 820) 

64KKJ132--T7.Q445 --Gauge;-feeler,-special---€ombustion-chambers.-:-checking-during 
. - nob:oilqqA ___ _(3_g_ff) s,u,•bnomoi-1 ___ assembly_(P.re=nli)d:~S20} - ·--~-=--

64KK/4'!an I.s1oh'UJ54 .Jir~J11iH.g~l i9P.~\">A,tipgJrri1 x:.Hi-X~lil;JID~..:.qi.§C -r:!i. t\J! 
6C/152 .5an 1£-r5a~ .:H1Ilens;iti;iagnifying .iJ.o.i1 7.Drl-l3Ia"de1org:ck detection (instrumenesgction 

<'lGU {.s'J!jm() .HrlW .m I X .a.i i .-grri'r xsrf-id lotkaup)~ -- · . l H\Ji 

MKK/1032 lfn'!J17M13 .:t_irW"afl5eirer.~ meMm1nf.ni]cf-~e~-~peller-front casing cleaf.~nM 
64KK/92Iu 1£-IfTI~ll .:t_uU/ aflilt·· fertflteiJ..~rr~J xsrf-i-0 £·<3rrf1£g char er-(Mk. 2 onl ) ~~>1 : 

~dJ l£i:'!!l01u .trnv? .ru -af. ·" .!11 ~ ,~rrn :wrl-k~,Mh~U;ll'C g - Y. ..,r,,, 11 
64KK/9l2;JJ I.s:r:P_3?47 ~lw<kt YJ<;eii· >-. .nr ~ .:;uqAU;-Jfilter.q2 - -· +-~r\.J i 

. 64KK/208u !m--;r'7@62 Sp~er~r~plirle .rr?~ .rr.u .z'Ak·lfiltef.q?. eo.r~8T "~!~:.!£.~'}} 
64KKf?~?' !~·rof70~58 ~illif{ t,nci~.W< .n~ ~ .:r:a ,x~'b_ii!"lfrHBcr~ S:! IS:8T c._f-\)~~i!u 

~)JJ,,'i';;:i. sJ]tW"lcU "'l'~rrQ~ :.m f. X .n!D .w f ,vmm~~flt ··- (H)fkAI 
64~~fg-J2 riHw~~QP38 To~l,I@~g_N,<>IJ~ . .sib .rri j .'l?.<mtJPIJ!<t¥ S~-OO£t.T ]..(.(1~:-nae 
64KKf993 u fm;;,T.7~90 Guide !.s,:)tn.srb_:«t:mt:to)Jtb~ plung~~, --·'" B.\ot·\1~ r 
64KK122(fU !f>l'1'!J(l259 Spanner, tube ::)HF.f'Ii1luJt<c1me s.;"·':;~ S:f.O r :a £If.t;j 

T?jjg'IOJ.5'1'"'''~) • • . wsFJ 1Dfm.sqC: BHS:\1 au:, . ...x:•.H-8 
6~i.~.!l-ftf.J,, ;:tnhTZ~77 Drift, spec1al w.&x;q~Ha~qene oas:otT 8F:'·_N_:rna 
64KK/2~2[rro:.,: J170278 Drift, special Exhaust cone 
64Kiq32I'tJ'I ·erlf!Jf244 Bracket roller "Iotmudmaimisl7c~ne ro-t> f2T 

(~'1K_"1J}{}83f;,Jt)1Jarf· ~tirr'3~13 Extract~r <i~~effi~~l~~e hom12iT ' v.,..f\p! il.).t :.lJ H 0 
I :fbft7R~~m 1~Jl':?9~88 Tool, peening 1oohroNo,q~~~g, studs:;~P,\"\T 

64:_IfK/P-56.:tu=:: I1f!10989 Fh:ture, holding IJ.:bGq?. ?:\fiNozzle<.rlt:!g I\' IO\T 
64KK'/784• IhluTI0252 Tackle, lifting Nozzle ring . 

. ,64KKZ7SU) S:. .:;J!f70186._. · Tackle, lifting ·, Turbine disc (Pre-mor1 .. 398) 
· &,f:Kkt'996':) c\m~~332 {Tackle lifting ·r· ·101;• :'c:·rurbfiig;d.fsc (Mod: ·N~. 1398) 

-.,i.)'li"i IJ!:J;:JC(?. "9ftigH{,...t. 1 J.-... .. J\1 ( .:IIO~j H!i 1 /~J ( ~ n '· .!!'"'"~ L)tl; 

~~U1~9 lm-Jmmt<:Jrt) Spanner, torqn~n::nirnr ~iflit!J)lrb_we1 9j.sc 
hf!J ;.\"1f'1 l ~o~14·~-'~~~~t9.!iQllb.-;(ttn·>?.PE "·I~~ .. nt:: · 

~Adapter i in. sq. socket Use with I~/156 IL/178 
X i in. sq. plug 

(R .qe2 .0\ .J.i-lj 
R~E ST RI GTE 0?1 -. 

01; r \ :,nn.a 
O~I\21.:.-H·o 

ae~rvnna 
t'S t\ ":[>ff!P. 

-, 

.\fj~~ ... :.~ f 
!~().J.-t-?. l 

c . 

• 
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. I "", A.P.4/2/8 & C, Vol. 2, Part 4, ~e~. (A.L.7Q)) 

SPECIAL TOOLS / . =~~ 
· . Table 3 .. ' .. 5· -; 

In addition to the tools available in the flight servic~ kits the tools listed ~-6J.ow :-::{:;£.. 
are necessary to facilitate certain minor repairs . .f .. ' ~-

Stores Ref. 

64KK/1135 
64Ki{/1136 

Part No. 

T73329 
T74138 

Nomenclature 

Plates, adapter 
Gears, dummy 

ADAPTERS AND BLANKS FOR FLEXIBLE PIPES 
2. The following adapters and blanks will be 
required when pressure testing flexible pipes, 
as described in Sect. 2, Chap. 10. During 
manufacture the materials and sections 

0·880 in. 

• +3Q' 0·800 in. 
6ft" 

Application. 

Centre housing 
Accessory boxes 

~ ... ~· "'Sr. 

should be chosen with the specified .t~t 
pressures in mind· and all undercuts '4P.d 
corners should be generously rad.iused. Joint 
surfaces must be smooth and free from tool 
marks. 

AGS IZ16·A 

I O•OIOin.HAX.RAD. ·005. . .. ..,.. 
J--O·I,Oin. 0·130 1nDIA. 

•·010· 500· 0·055 • ln.DIA. 0·200 1n.DIA. 

0·2o{010in.DIA. 

0·330°05in.DIA. 
SILVER SOLDER WITH MATERIAL TO 

·;.· CHAMFER 0·030in.x45• 

\· li 
0·300in. 

A 8 c 
(in.) (in.) (in.) 

0·715 -.·005 -a\ 0·405 + ·010 
0·820- ·005 * 0·545 + ·010 
1-oio - ·008- H 0·685 + ·010 
1·100- ·008 t 0·755 + ·010 
1·200- ·010 t 0·900 + ·010 

D 
(i!!.) 

iB.S.P. 
tB.S.P. 
J-B.S.P. 
tB.S.P. 
fB.S.P. 

Fig. I. Adapter for pipes terminating in union nut 
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,, 

A 
(in.) 

0·500- ·005 

B 
(in.) 

0·525 

c 
(in.) 

tB.S.P. 

Fig. 2. Cap-nut for blanking banjo type end fittings 
(use with banjo bolt ~nd washers) 

R·ESTRI CTE D 
P23965 460452/7156 11/54 1500 C & P Gp. 1 

c 
f 
c 

l 
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A.P.4121B & C, Vol. 2, Part 4 

SECTION 2 

REPLACEMENT, ADJUSTMENT, AND RECTIFICATION 

LIST OF CHAPTERS 
Note.-A list of contents appears at the beginning of each chapter 

General information •, 

2 Main rotating ass~mbly 

3 Structural casings and accessory boxes 

4 .Combustion chambers 

5 Exhaust S,:stem 

6 Fuel system components 

7 Lubrication system components 

8 Ignition system 

9 Miscellaneous ··. ··~ 

10 Flexible pipes 

(A.L. 63, Mar. "54) 
RESTRICTED 
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This leaf issued with A.l. No. 29, N~vember, 1951 A.P.41218 & C, Vol. 2, Part 4, Sect1 i 

Chapter I 

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

LIST OF CONTENTS 

Para. 
General I 

General 
I. The method of servicing the engine in 
accordance with the instructions contained 
in the Aircraft Servicing Schedule is des-. 
cribed in Part 3, Sect. 3, Chap. 1, but the 
instructions for carrying out any replacement, 
major adjustment, or rectification found 
necessary as a result of fault diagnosis or 
routine servicing are contained in this 
section. 

2. The chapters in this section contain 
instructions for repair by replacement, that 
is for remoVing and refitting those accessories, 
components, or parts, which are not dealt 
with in the above chapter, and which can be 
removed and refitted without the facilities 
of a complete repair depot. In addition, 
instructions are included for carrying out 
adjustments and. repairs to· accessories, 
components, or parts, which can be per
formed without complete r~conditioning of 
the engine or accessory. 

.3. Operations which require the removal of 
the engine from the airfra.me have not. been 

· excluded on this account and a workshop 
stand in which the engine can be rotated 
may be necessary to gain access to com
ponents on the underside of the engine. 
I~ctions for removing the engine from 
the airframe and for its subsequent re
ins~ation are contained in Part 3, Sect. 1. 

4. Wherever possible, the part number of 
new parts or consumable items that may be 
required at reassembly, is quoted to assist 
the tradesman to ensure that these essential 
renewals are available before operations are 
commenced. 

Anti-corrosion precautions ... 
Para. 

6 

S. The general information given in Part 3, 
Sect. 3, Chap. 1, para. 3 to 9, is equally 
applicable when carrying out the operations 
described in this section. When changing an 
engine-driven accessory on an engine which 
has completed a number of flying hours, 
thoroughly examine the splines within the 
drive in the engine and on the spindle of the 
accessory. Where applicable the splines !lt 
each end of any coupling, drive, or quill 
shaft should similarly be examined. There 
should not be any appreciable evidence of 
wear in the form of "stepping" on the flanks 
of the splines and reference should be made 
to the Fits, Clearances and Repair Tolerances 
contained in Part 6 of this volume, to 
ascertain the m~um wear permissible. 

Anti-corrosion precautions 

6. New or re-conditioned fuel system com
ponents, or an engine-driven accessory, 

· drawn from stores, will have received 
protective treatment, therefore, before :fitting 
these accessories to the engine, the necessary 
blanks must be removed ~d all surplus 
inhibiting oil drained off. When an accessory 
which has been removed is not being refitted 
to the engine immediately1 or is not being 
dismantled for reconditioning within a week, 
and will, therefore, remain in store or in 
transit for a period exceeding seven days, it 
must be protected against corrosion as des
cribed in Part 3, Sect. 4. If, when installed, 
engine-driven accessories are to remain un
connected to the aircraft services, their 
connections must be blanked off with air
tight caps immediately thev have been 
drained. • 

RESTRICTED 
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A.P.4121B & C, Vol. 2, Part 4, Sect. 2 (A.L.8S) 

Chapter 2 
MAIN ROTATING ASSEMBLY 

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

LIST OF CONTENTS 
Para . Para. 

4 
9 

Impe/ler vanes 
Turbine blades 

2 Removing the turbine disc 
3 Refitting the turbine disc 

LIST OF ILLUSTRATIONS 
Fig. 

Turbine disc securing bolts and nuts, and 
method of locking (Mod. No. 398) ... 1 

Turbine disc securing bolts and nuts, and 
method of locking (Pre-mod. 398) 2 

Removing the turbine disc with the 
combined extractor and lifting fixture. 
T74332 and (inset) sectional view of 

Fig. 

extractor bolts .. . 3 
Combined extractor and lifting .fixture 

T70186 arranged for lifting purposes 
and (inset) the extractor bolts being used 
to release the turbine disc from the hub 
m~ 4 

IN-SERVICE REPAIR SCHEMES 

Repair of damaged turbine blades 
Leaflet 
... D.l 

1. The limits of acceptable damage to the 
impeller vanes, and to the turbine blades, are 
given in Part 3, Sect. 3, Chap. 1. For the 
reasons stated in para. 2, there are no minor 
repairs, replacements, or rectification which 
can be carried out on the impeller in service, 
but turbine blade repairs are permissible 
within certain limits. 

Impeller vanes 
2. Damaged impeller vanes cannot normally 
be blended out· in situ. Owing to the high 
rotational speeds, the removal of even small 
amounts of metal from the impeller vane 
tips can cause severe out-of-balance forces, 
which can only be corrected if the extent and 
position of the out-of-balance is determined 
by dynamic balancing. Furthermore, the 
removal of the protective anodic film, which 
would occur if damaged areas were blended, 
creates a condition which is conducive to 
inter-crystalline corrosion, and coating the 
exposed areas with a chemical or lacquer 
compound does not provide effective pro
tection for any worthwhile period of running. 
Consequently, after any operations involving 
the removal of portions of the anodic film, 
the impeller must be vapour-blasted and 
re-anodised, which necessitates dismantling 
the engine. 

Turbine blades 
3. Turbine blade repairs which are accept
able in service are described in Leaflet D.1, 
at the end of this chapter. This leaflet also 
describes the method of correcting unbalance 
in a turbine disc assembly to which such 
repairs have been applied.· The removal of 
turbine blades is not permissible, and damage 
which cannot be repaired within the limits 
stated will necessitate the return of the engine 
to a repair depot. 

Removing the turbine disc 
·4. The removal of the turbine disc is 
necessary to gain access to the nozzle blades 
for the purpose of certain blade repairs 
described in Part 3, Sect. 3, Chap. 1, and for 
the removal of the nozzle ring assembly as 
described in Chap. 3. When Mod. No. 398 is 
embodied the turbine disc is secured to the 
hub shaft by ten bolts, eight of which utilize 
nuts behind the turbine disc rear face. The 
remaining two bolts are positioned 180 
degrees apart and are inserted from the 
opposite side, through the turbine disc to 
screw into threads in the hub shaft flange 
(fig. 1). On engines Pre-mod. 398 the turbine 
disc is secured to the hub shaft by eight bolts 
and nuts (fig. 2), and the remaining two 
equidistantly spaced holes are used only in 
conjunction with the extractor when remov
ing the turbine disc. 

RESTRICTED 
(A.L.8S, June 58) 
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SECTION A-A 

Fig. 1. Turbine disc securing bolts and nuts, and method of locking (Mod. No. 398) 

5. To remove the turbine disc "in the field" 
it will be necessary to remove the engine 
from the aircraft as described in Part 3, 
Sect. 1, Chap. 2, and the fireguard and tail 
pipe from the engine, as described in Part 3, 
Sect. 3, Chap. 1. The engine should then be 
mounted in the dismantling and assembly 
stand 4Q/3964, in a horizontal position. 
During initial build of the engine, the turbine 
disc and hub shaft are lightly etched to 
indicate their correct assembly position, but 
the marks are often difficult to identify on an 
~ngine that has been in service. Severe out
of-balance of the rotating assembly will be 
caused if the turbine disc is refitted 180 

degrees from its original posttlon. It is, 
therefore, essential to ensure that there are 
relative marks on each component before the 
disc is removed. Similarly, the nuts and bolts 
are numbered, and these must be checked 
before removal to ensure that they will be 
refitted in their original numerical positions. 

6. Engines with Mod. No. 398 embodied. 
Turn down the turbine disc nut and bolt tab
washers and, using a suitable ring spanner, 
remove the eight nuts and two tandem tab
washers; slacken the two bolts which secure 
the turbine disc to the hub shaft. Using the 
stand turning handle, rotate the engine to 

SECTION A-A 

Fig. 2. Turbine disc securing bolts and nuts, and method of locking (Pre-mod 398) 

RESTRICTED 
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This leaf issued with A.L. No. 52, April, /953 

Fig. 3. Removing the turbine disc with the 
combineCI extractor and lifting fixture T7433l 
and (inset) sectional view of extractor bolts 

the vertical positio:q with the turbine disc 
uppermost. Remove the two· turbfue disc 
bolts and the two triple tab-washers, fit the 
combined extractor and lifting fixture T74332 
(fig. 3) to the furbine·disc, then proceed .as 
follows. Swing the large 'C' latches clear of 
the outer extractor bolts, and turn the upper, 
smaller, hexagons to. engage the threads of 
the inner extractor bolts in the hub shaft 
until the upper, smaller, 'C' latches prevent 
further engagement of ·the bolt ~eads. 
Unscrew the inner bolts half a turn and swing 
the upper 'C' latches out of engagement . 
Using a suitable spanner on the lower, larger, 
hexagons, screw in the outer extractor bolts, 
applying half a turn to each alternately to 
remove the turbine disc. When the disc is 
released from the hub shaft, unscrew the 
inner bolts until they are clear of the liub 
shaft threads and unscrew the outer bolts 
sufficiently to enable the large 'C' latches to 
be swung into engagement with the extractor 
bolts which are then re-tightened to holJ the 
latches in position. 

7. Engines Pre-mod. 398. Turn down the 
turbine disc nut tab-washers and using a 
suitable ring spanner, remove ~he eight nuts 
and the four tandem tab-washers which 

. . A.P.41 21 B & C, Vol. 2, Part 4, Sect. 2, Chap. 2 
~ : . secure the turbine disc to the hub . shaft. 

Using the stand turniD.g handle, rotate the 
engine to the vertical position with the 
turbine disc uppermost. Fit the combined 
extractor and lifting fixture T70186 (fig. 4) 
to the turbine disc, then proceed as follows. 
Swing the 'C' latches clear of the 
extractor bolts and screw in the bolts_, 
applying half a turn to each alternately, to release· the turbine disc. . When the disc is 
released from the hub shaft, unscrew the 
extractor' bolts sufficiently to enable the $C' 
latches ~o be swung iJ?.to enga&ement with the 
extractor bolts, and then re-tighten the bolts 
to hold the latches in position. · 
8. Having released the turbine Cijsc from 
the hub shaft, connect the hook of the'lifting 
tackle to the lifting eye of the extracting 
fixture and lift the turbine disc clear of .tlie' 
engine_. The disc should then be transferred 
to the inspection stand T71198. Carefully 
examine the turbine disc bolt locking ·ring . 
for any damage sustained tl;lrough the bolt 
heads turning during the removal of the' 

Fig. 4. Combined extractor and lifting fixture 
T70186 arranged for lifting purposes and (inset) 
the extractor bolts being used to release the 

turbine disc from the hub shaft RESTRI"CTED 

- ---- ·--_____:,._~ of 
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turbine disc securing nuts. If the locking ring 

is damaged, the engine must be rejected as a 

replacement ring cannot. be fitted without 

dismantling the main shaft assembly, which 

would necessitate dynamic balancing of the 

rebUilt assembly. 

Refitting the turbine d_isc 

9. The turbine disc must be mounted on the 

hub shaft with the marks checked on these 

components during dismantling, aligned to 

correspond. Severe out-of-balance of the 

rotating assembly will be caused if the disc 

is refitted 180 degrees from its original 

position. Similarly, the eight nuts, and the 

two bolts (if fitted), must be refitted to 

their original positions. 

10. Engines with Mod. No. 398 embodied. To 

refit the turbine disc, rotate the engine on 

the stand trunnion . arms to the vertical 

position, with the· hub shaft uppermost. 

Pl~ce t)le combined extractor and lifting 

fixture (T74332) ·on the disc and, with -the 

small 'C' latches in position, screw the inner 

bolts through the bolt holes in the turbine 

disc. With the large 'C' latches also in 

engagement with their respective bolts, screw 

the outer bolts into the disc until the latches 

are nipped. Lift the disc on to its correct 

position on the hub shaft. Remove the 

extractor, position two new tandem tab

washers Part No. N3771, and two new triple 

tab-washers Part No. N3769 (Pr~-mod. 704) 

• I 

or N4507 (Mod. No. 704) as shown in fig. 1, 

and refit the eight turbine disc securing nuts 

and two bolts. Turn the engine to a hori

zontal position. Using a standard is in. 

B.S.F. socket and torquometer wrench TQ SOA 

(Stores Ref. 1Cf6447}, tighten -the nuts and 

bolts uniformly to ensure that the disc is 

pulled squarely on to the hub shaft, with a 

torque of 400 to 450 lb. in .. Bend up the tabs 

to lock the nuts. 

11. Engines Pre-mod. 398. To refit the 

turbine disc, rotate the engine to the vertical 

position with the hub shaft uppermost. Place 

the combined extractor and lifting fixture 

(T70186) on the turbine disc and with the 'C' 

latches in position screw the extractor bolts 

into the extractor bolt holes. Lift the disc on 

to its correct position on the hub shaft. 

Remove the extractor, fit four new tandem 

tab-washers· (Part No. N.1601) as shown in 

fig. 2, and refit the eight. securing nuts. Turn 

the engine to a horizontal position. Using a 

standard is in. B.S.F. socket and the torquo

meter wrench TQ SOA (Stores Ref. 1C/6447), 

tighten the nuts unifor:mly to ensure that the 

disc is pulled squarely on to the hub shaft, 

with a torque of 260 to 390 lb. in. Bend up 

the tabs to lock the nuts. 

12. The turbine shroud/turbine disc tip 

clearance must then be checked as described 

in Part 3, Sect. 3, Chap. 1. When the tail

pipe is assembled to th,e engine the tail-pipe 

turbine disc clearance, which is also described 

in that chapter, must .be checked. 

RES.TRI CTE D 

P22037 79994/2581 S/53 1300 c & p Gp. l 

------
·-~--.

,~ .·-. ~~- ·-----~-----
---
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A.P.4121B & C, Yo!. 2, Part 4, Sel?t. 2 ChftP.·. 2 (.i'f.:L:85),. · 

. ' LEAFLET D~t 
• I" -. - " 

REP AIR OF DAMAGED Tl)RBINE BLADES 

1. Tmbine blades which have . sustained damage ·heyond the limit~ detailed hi l:'art 3, Sect. 3, Chap. 1 may be repaired as describ~d in this Leaflet. These repairs, which are penpissible in service, involve the col):ection of resulting unbalance in· the ttirbine disc assembly, a~d this operation is also described. Damage which is in excess· of the' repairable limits will necessitate the r~turn ·of the eJigine · to a Repair Base. · · · 

.2. It is important to note that damage which is due to excessive operational temperatures cannot' be r~ctified oy ,tJ;te application of these instructions. Furthermore, it ·is not permissible to use these repair methods at reconditioning, as the existing repair scheme T.R.l64 must then be applied, and any blades which may have been rectified in service beyond the limits specified in T.R.164 must be renewed. 
. . 

3. It is preferable to remove the turbine disc assembly from the engine (see para. 4 of the foregoing chapter) before attempting any of the repairs detailed in this Leafl.e~. 

] 
' BEFORE 

4. Final acceptance of the balance of ·an engine, tq whlch any· of these repairs has been applied, will depend on engine run, and in some .cases on flight, to ascertain tha:t the . engine is sufficiently smooth, and . that the :rmpdmum jet. pipe t~mperature is within the limits. 

. Acceptance of .damage withQnt blending 
5. A'tur.bihe blade in.which damage is of a . smooth nature, j:e:'bniises,-and bent 'corners which are free from sharp indentations, or nicks, is acceptable without repair, prp:vided that such damage is Within the limits stated in 

l 

. para. ~. 8; and 12 .. 

Bent tip corners (fig. 1) 
6. A blade is acceptable if the corner of its tip is bent, . provided that the angle of bend does not exceed 90 deg., and that any nicks are smoothed out. It is not permissible to straighten a bent corner. 

\7. Where the corner is nicked severely, or is bent to an angle greater than 90 deg., the damaged portion of the blade may be filed off 

OUTER f 
1·0 in. THIRD 

~ MIDDLE 1·0 in. THIRD --+ INN~ 
0·6in. THIRD t 

FILLET 
REGION 

AFTER .. 
BLENDING BLENDING 

V.965,_ 
SEOION A-A t:==~ V.970G 

ENLARGED VIEW t • 

c (AL85) 

OF BLADE EDGE 
Fig. 1. ·, Limits of blend~ng on blade. . : 

tip,c;Qrner: . 
• .. 

: RESTRIC'rE.D 

¥ig.- 2. Permissible bruises in 
. . · · blade edge · 

(A.L.8S, Jrme 58) 

- ·- -- - -·- ------. _,_ __ -.-------------
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anti blended up to the limitations shown in 

fig. 1, so that the original blade section is 

restored. The removal of the maximum 

permissible amount fr<?m a n~mber of ~lades, 
huwever; :btay :result m an mcrease m fuel 

consumption, accompanied by a rise in jet 

pipe temperature, and, therefore, not more 

than one third of the tt'JU\l numwr of blades 

may be blended to the maximum permissible 
extent. 

Smuofb btbises ii:t blade edges 

8. Smooth bruises in the ~ge of a blade 

(fig. 2) fite aet!eptable unly ifl the middle, 
and t'Jutet thirtt, provided that fih.Y. such 

b'ntistl does not exceed a de_pth or 0·060 in. in 
the middle third, 0t 0·1 00 in. in the t'IUter 

third. Where major bruises exist, they may 

be blended into a smoother form, as described 

in the following paragraph, but the depth of 

atty bruise Which remains after such blending 

:must not ex"eed the limits stated nbove. 

htd~ntaticms ht bl~ edges 
9. A blade which has sustained impact 

damage to its edges, fig. ~. may be filed and 

blended, but the depth of blending must not 

exceed the limitations shown in the following 
table. 

Position on blade 
edge 

Tip 
1 in. from tip 

2 in. frolfi tip 

2·6 in. frotn tip 

Maximum depth of 
blending (in inches) 

(dimension X in fig. 3) 

0·060 
0·045 

tH>30 
().()20 

No damage whatever is permissible below ·

the 2·6 in. position! i.e.l in the fillet region of 

the b:tade. All blending must he carried out 

evenly and progr~sively between the specified 
positions, and, if necessary, the blade may be 

blended along its edge for the entire 2·6 in. 

10. Normally, impact damage occurs on the 

leading edge of a bladef but where damage is 

found on the trailing edge, this may also be 

blended, provided that the total reduction in 

I ,,,,_,,, __ ,,_, __________ ,,, ___ ._ __ ,, __ ·-----------------------

1 .,.!; ift. -·~::t:tjt::t:t$:li::t:·1::~::~~:·tt:t.~r=r:~:.:i::;;::it-1:---_i. 
' l·---··----··----··---------------------------------------------·------~-+-+~--~-~--;-~~~--+-+-+--~-+·1--:--~-·+-l··-~

-·~--r·-l 
ll·--·---·----~~·--·-··---~--···--·-----------~·--·~···---~--~~--t-+·t·-t··+~&-+··1-f·~~···t--i·--ri·-t·i:·

-r--l 

\ 
'' 

~~~~----··---------------------··----------··----------··---------------.·--~~-·.+.~_-_+f_··_+1:·_~;:._-1~:._-~:_-_·r'~---!~---+.~_:~-!~'~t~~~:_--~--~+-+·1···r·-1 .J\ 

\(~·---------··------------------··------------------··----------------•··+++++-+··+-t·++-t--~~-j--t-t-t--[-·"[--j--:--1 
TOTAL REDUCTION OF I 1----·-----·---····---··--·-··--·-··----·-----·---·-·----------------··-·--.:l--i--~--;,--;,--;,--+-+-H--H-+-~-

-~d--H·+-i--{--:--i 
BLADE wnmt MUST NOT 1-----------------•-·-'"··»--··----··----··----·-----·---- 1·5 !""\ 

EXCEED THE STATED Jl -----·----··----··-·--··----··•---·-----------------------------------
--"- X LIMITATION 

1--;, __ ;,-.~--~--H--1--H---!--;H--+--}--PIH·-HH---H 

1 ~-~-·+--~-··~-+-:--:--:--+·+-+·+-+-+-+··~i-·++-1--r--1 

~ ....--• . a·o3o . -1-··~--~--~--~·-;·-·<--;,--·i··+··+·~~··•··l,·~·+·~-'or-~-··!-··H: 

I ---·----------·-----··---·------------------------------------- ~--!--i--i--i--·i--;,--;,---H-+-!~+··i·--+--iH--H--1:~ .... +-'--·Li--:f 

ll---------·---------·-----··----··--------------------------------1--i--i--~·-+-·~-+--~--~--l--l--i--i--l--;,--·+--:·-
:--:--i-3~-i--i 

. ~~---·-----·-----------------··-------------»-------··----------+++-+·-+-i·-+-r--r--i-+-1--i-··i--+-1--t--t-:i--
l--1~~t-1 

I 2-5 in. ·---1--<--;~--if-;,--~--~--:::--:-··H··+·H--+--!'--:H--H;--~-"III::\-t 

ll~; :~=~~· ---------------•-•------ 2-6 in.-
0·05 0·10 0-15 0-20 0·25 0-30 0'35 0·40 0-45 0·50 

NO DEFECT 
PERMISSIBLE EQUIVALENT WEIGHT LOSS IN GRAMMES 

E:=======::j v. 971 
I\ DIAGRAM A 

Fig. 3-. lJlt!ntling limits for imptl"tttku'l'ltlgi! i» blade edge ttnd 
diagram A for calculating weight loss 

.J.fESTRIC'I'ED 

"-..:..~--"---~--- ---- --------~ ---- ---- --- -- -

• 
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A.P.412lB & C, VCJI. 2, :P(IJ'I4, $ect, 2, Chap. h Lealfef l).l (;4J:,.ftS) tZ 
the blade width does not exceed the stated. 
limitation for dimension X at any point. 

11. Where isolated blades have sustained 
damage which caxm.ot be repaired within the 
limits shown in fig. 3, blending is permissible 
to the extent shown in fig. 4. It must be 

however, that such major 
applied to a m~mber of blades~ 

0•15in. 

-1 !-
\ J 
I 0·80 in. 

~~ 
1·00 in 

Fig. 4. Major blending limi(s 
in blade edge · 

may cause a. considerable increase jn ftull 
consumption, together with a rise ~ jet pipe temperatur.e, and, therefore, not m,Qre than 10 blades may be rectified in this way. 
Furthermore1 any blades which have b~;:en blended in this manner must be included as part of the permissible total number ofblades 
in which bent tip COTllert> have been filed off (refer to para. 7). 

Ind~ntations and bl'Dises in th~ cop.vex surf!Jc~ 
I~ntations and bruises in the convex 

of a twbine blade are acceptable 
lxnt'h.n,,t repair, provided that they are smooth 

,I.J.<WI.UIOi, and that their maximum depth 6oes 
e:xceed 0·080T, where T eq~ the, :hlc.leness of the blade section at ~ point of 

Where this type of damage is 
accompaJJucu by sharp nick$, etc., it will be 
found, generally, that a l.luild~lW of metal 
occurs around the edges of the indentation, 
or bruise. This metal must 'be filed off, and blended, and the sharp nicks must also be blended, within the Umits shown ip, fig, S. 
Normally, .damage of this nature is 4ifficult 

·i ·"'r.f~t'F 
•itdi 

BEFORE BLENDING 

~~ 
y MINIMUM RADIUS = 'Y 

AFTER BlENDING 
(Ma~·m~m Y"' O•Q~ of blade th~ness at PQinl of damage) 

Fig. 5. /)amagq to convex surface of blade 

to repair in the inner third of a blade whicq is 
in position on the turbine disc, but wqere such repair is possibl~, the blended are;t must not exceed the limits shown in fig. 6. 

Finish 
13. Ip, all bJending operation!l, the original 
curvature of th~ blade ed~~s must b~ restored. 

AREA 

Fig. 6. Limit.$ of blending in canvex 
3Urface of inner third of bf(JI}e 

All repairs must be car~fully finished and polished using Cloth 00, and all file marks 
must be re:Ql.Qved. 

.... Template for blend limitations . 
14, To facilitate the identifi.cation of repair., 
al;>le damage, ~ sitnpl~ tem.plat~~ fig. 7, may be ma.de up from. local sheet metal re11ourc~.; 

RESTRICTED 
(A.L.85, June 58) 

..,_ 
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Such .. a.. template may be used to check that 
damage to a blade is within the repairable 
limits, and also to check that the finished 
repair is within the acceptable limits. The 
use of _three templates is recommended, one 
each to meet tp.~ requirements of the limits of · 
repair shown in fig. 1, 3, and 4. 

ascertaining the weight loss, according to the 
nature of the repair which has been carried 
out. · · 

Unbalance due to minor blending . 
17. Where blades have been repaired within 
the limits indicated in fig. 3,_ reference ·must 
be made to diagram A i:ti that figure, which 
shows the relevant weight loss according to 
the length of blend. To use this diagram~ 
work from the blade. tip, and note the-point 
at which the blend commences. Follow the 
horizontal line across from this point to the 
position where it meets the curve, and read 

· · downwards to th~- equivalent weight loss. 
Repeat this procedure from the end of the 
blend .. The difference between the two read-

TEMPLATE ings obtained indicates the overall weight loss 
for the entire blend. Application of the 
diagram is shown in the following detailed 
examples:- · 

\. 

Fig. 7. Template for cliecking blade 

Effect of repair on balance of main . shaft 
assembly 
15. The rectification of turbine blade 
damage may cause unbalance in the main 
shaft ·assembly, and, aft.er ·all ~he"_necessary 
repairs have .. been carried QUt, 'additional 
b~ades, may have to be blended to f~duce the 
unbalarice.:to a minimum... . .. . . 

-~. : .,. .l~ ~-· - !\ . .. . -
.~I • 

16. The amount of metal removed' from a 
turbine blade produces a correspondjng un
balancing ~ffect. at. the balancing ring. This 

... unQ~lanc~ is referred to as weight l<;>ss, and 
... -- its varyin:g valu.es hav~ been calculfl,ted. · T,he 

folldW.in:g' paragraphs describe the method of 
. - - - . 
~ _.· ·~-~l:. -:.'- .... :..:.~ .. 

(1) A blend which commences at the blade tip, 
and is taken to the full permissible depth for a 
distance of 1 in. along the leading edge, will 
produce an unbalance of 0·25 gm. 

(2) A blend commencing 1 in. from the blade 
tip, and taken to the full permissible depth for 
a distance of 1 in. down the leading edge, will 
produce an unbalance of 0·20 gm. This 
figure is obtained by subtracting the weight 
loss reading at :the. 1 m: position (start of 
blend) from the reading at the 2·0 in. position 
(end of blend), i.e., 0·45 minus 0·25 gm. 

(3) . ·A. pl~nd_ along the_ entire 2·6 iri. of the 
leadipg · edge, · ~aken: to·. the full permissible 
d~ptJ;t. ·W:lll: pr<;>d~ce an unbalance of 0·55 gm. 

~ ·. ' ~· ~ 

Unbttl~n~e 'd~e to major blendi,ng 
18. Uri.balance due to blending within the 
Ihriits shown in fig.' t;:or 4, may :be. calculated 
by reference· to fig. ·s. Eac!J. of the squares 
marked A, and B, in fig. 8, represents a 
square of 0·1 ~.. and has an equivalent 
weight loss as indicated. 
extent- of the blend,· and. identiJfyirLg 
measurements with the ap]Jropnate 
B squares, the weight lo'ss due to •m•'llUJL.Uo 

can ·be calculated. The following exaLmJ>les 
shOw how this method of-assessing unbalance 
niay :be applied. '· · · 

.· . ··. :.. :. 

(1) A blade corner which h~s· been blended, 
within the limits shown in fig: 1, for a distance 
of 0·3. in. ;along the tip edge, and of 0·4 in. 
along the leading edge, will include 3·5 
squares marked A, and approximately 2 
squares D?-arke~ -B. .. Since each A square 
represents a wetght loss of 0·06 gm., and each 

• 

( 
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B square a weight loss of 0·12 gm., the total 
unbalance in this instance will amount to 
3·5 times 0·06 gm., plus twice 0·12 gm.': a 
total of 0·45 gm. 

All A and B squares are 0·1 in. square 

'·' 

WEIGHT LOSS 
Each A square ':' 0·06 gm. 
Each B square = 0·12 gm. 

Fig. ~:. Diagram for calculating weight 
loss due to major blending 

(2) The' leading edge of a blade which has 
been blended within the. limits shown in fig. 4, 
for a distance of 0·6 in., and to a depth of 
0·15 in., will include 5·5 squares marked A, 
and approximately 5 half-squares marked B. 
The unbalance, therefore, will amount to 5·5 
times 0·06 gm., plus 2·5 times 0·12 gm.: a 
total of 0·63 gm. 

19. A blade which has been blended to the 
full limit shown in fig. 1, will produce an 
unbalance of 0·75 gin. Similarly, a blade 
which has been blended to the full limit 
shown in fig. 4, will produce an unbalance of 
1·00 gm_~ 

Correction of nnbalanced conditions 
20. It will be understood that no appreciable 

· unbalance will result where two blades, which 
are situated approximately diametrically op
posite, have been blended by an equal 
amount. Similarly, a blade to which major 
blending has been applied, .may be balanced 
by two or three diametrically opposite blades 
in each ·of which only minor blending has 
been necessary. Therefore, when all the 
weight losses have been calculated, those 
blades which may be said to balance each 
other out, should be marked with chalk. 
The remaining blended blades (unmarked) 
will have a cumulative effect on the balance 
of the turbine disc as a whole, and to assess 
this effect it will be necessary to construct a 
related, simple diagram of force. 

21. Firstly, a diagram must be constructed 
show~ng the positions of the uruiiarked· 
blades on the disc, and from this figure a force 
diagram is built up. The upper draw;ing in 
fig. 9 sl).ows a typical diagram of a turbine 
disc in which blended blades A, B, C, and D 
are to be considered. When constructing 
such a diagram, the angular position of the 
blades .concerned may be obtained by, 
reference· to Table 1 and fig. 10, but any one 
of these blades may be identified· as the 
datum blade. 

22. To ·assess the cumulative effect of 
unbalanced blades, such as the four blades 
shown in fig. 9, proceed as follows:-
(1) Sele~ting any one of the blades as a 

datum (blade A in the upper diagram in 
fig~ .9), construcit a diagram with this 
blade at T.D.C., and mark in the 
weight loss caused by blending .. Draw a 
vertical line from the blade to the 
centre of the disc, point X. . 

BLA'OE A 
Weoght loss~ 0·9 gm. 

BLADE B 
Weight loss= O·B gm. 

BLADE C 
Weight loss- 0·2 gm. 

BLADE 0 
Weogho loss• 0·8 gm 

POSITIONAL DI{'GRAM OF BLENDED BLADES 

b 

d 

0 FORCE DIAGRAM OF BLENDED BLADES 

JTig. 9. Diagram for calculating unbalance 
in turbine disc assembly 

RESTRICTED 
(A.L.85, June 58) 
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TABLE.l 

Angular Position of Turbine Blades (~-~ 

Blade No. Degrees Minutes Blade No. Degrees Minutes 

Datum Zero 

1 4 20 42 182 00 

2 8 40 43 186 20 

:? 13 00 44 190 40 

4 17 20 45 195 00 

5 21 40 46 199 20 
(~ 6 26 00 47 203 40 
~ 

7 30 20 48 208 00 

8 34 40 49 212 20 

9 39 00 50 216 40 

10 43 20 51 221 00 

ll 47 ·40 52 225 20 

12 52 00 53 229 40 

13 56 20 54 234 00 

14 60 40 55 238 20 

15 65 00 56 242 40 

16 69 20 57 247 00 • 17 73 40 58 251 20 
18 78 00 59 255 40 

19 82 20 60 260 00 

20 86 40 61 264 20 
21 91 00 62 268 40 

[, 22 95 20 63 273 00 

23 99 40 64 277 20 
24 104 00 65 281 40 

25 108 20 66 286 00 

26' 112 40 67 290 20 

27 117 00 68 294 40 

28 121 20 69 "299 00 

29 125 40 70 303 20 
30 130 00 71 307 40 

31 l34 20 72 312 00 

32 138 40 73 316 20 -:~ 

.l 33 143 00 74 320 40 •. : 
34 147 20 75 325 00 

35 151 40 76 329 20 
36 156 00 77 333 40 
37 160 20 78 338 00 

38 164 40 79 342 20 

39 169 00 80 346 40 
40 173 20 81 351 00 

41 177 40 82 355 20 
(. 

RESTRICTED 
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74 
73 

65r-....;:::::~ 
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62 '-=::::==\C. 
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75 

77 
76 

80 81 
78 79 

19 

~~___,20 

·:.:Jii::=--...21 

d===22 
<:::-'F=::--123 

<:::11'=::::::---.J 24 
~-=:::::--.125 

REAR FACE OF 
TURBINE DISC 

Fig. 10. Diagram showing numbering of turbine blades 

(2) Mark on the diagram the positions of 
the remaining blended blades (B, C, 
and D), and their respective weight 
losses. 

(3) Refer to the lower diagram in fig. 9 and, 
using a convenient scale, draw a line oa 
parallel to the line AX, whose length is 
equal in magnitude to the weight loss 
caused by the blending of blade A. 

(4) 

(5) 

(6) 

(7) 

Proceed clockwise around the disc to 
blade B, and draw a line ab, which is 
equal in magnitude and direction to the 
weight loss caused by the blending of 
blade B. 
Proceed to blade C, and draw a line be, 
equal in magnitude and direction to the 
weight loss of blade C. 
Continue to blade D, and draw a line cd, 
equal in magnitude and direction to 
the weight loss of blade D. 
Join the points o and d. 

(8) On the upper diagram, mark a line PE, 
which passes through the centre of the 
disc, and which forms an angle with the 
datum line AX equal to the angle aod. 

(9) The length of the line od represents the 
total magnitude of the unbalance in 
the turbine disc caused by the blending 
of blades A, B, C, and D. Therefore, 
the disc is light at point E by this 
amount. Point P, being diametrically 
opposite to point E, indicates the 
position on the disc where· balancing 
corrections must be made to the 
blades. 

(1 0) Where the total amount of unbalance 
·is less than 1 gm., no further work is 
necessary. If, however, the unbalance 
is greater than this figure, one or two 
blades at point P must be blended by 
an amount which is sufficient to reduce 
the unbalance to below 1 gm. 

(A.L.BS, June 58) 
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Chapter 3 
(This chapter supersedes that issued wth A.L. No. 57 and 61) 

STRUCTURAL CASINGS AND ACCESSORY BOXES 
Note.-This chapter applies to Goblin Mk. 2 and 3 aero-eneines 

LIST OF CONTENTS 
Para. Para. 

Top accessory box ... 
Bottom accessory box 
Centre ~ousing 
Nozzle ring assembly 
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Turbine shroud ring adjustment 

Changing damaged nozzle blades ••• 

List of tools and consumable parts 

3S 

36 

41 
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Internal nut securing the bottom accessory box I Modification of a scrap nozzle shroud for use when 
Extracting the overspeed governor drive housing fitting new nozzle blades ••• ••• • •• 7 

(Mk. 2) ... 2 Detaching a ring segment from the blade lugs ... 8 
Nozzle ring assembly (Mk. 3) 3 Drilling off the heads of the blade pips ... 9 

Nozzle ring assembly dismantled 4 
Ring segment removed and two new blades fitted 10 
Nozzle ring fitted to the scrap nozzle and turbine Using locally-made tool to check the alignment of shrouds for peening the pips of the new blades 11 the nozzle ring assembly • •• • .. • •• 5 Nozzle ring clamped to the shrouds by two 'G' 

Turbihe shroud ring adjustment 6 clamps when peening the pips of new blades 12 

LIST OF TABLES 

List of consumable parts 
List of tools ••• 

I. This chapter contains instructj.ons for 
removing and refitting the structural casings 
and accessory boxes and will in due course 
include instructions for carrying out minor 
repairs to the components. The general 
information contained in Chapter 1 of this 
section should be referred to as necessary. 

Top accessory box 
Removal 
2. To remove the top accessory box, it will 
first be necessary to remove the engine
driven accessories in accordance with the 
instructions contained in Chapter 9, then 
proceed as follows. Mk. 2 only, disconnect the 
electrical connections on the oil temperature 
gauge resistance bulb in the thermometer 
pocket on the port side of the accessory box, 
and disconnect the oil pressure gauge pipe 
from the double banjo union on the top of the 
accessory box. Remove the banjo bolt from 
the top end of the oil supply pipe to the top 
accessory box from the starboard side of the 
accessory box cover, and the cap-nut at the 

Table 
I 
2 

bottom end. Remove the pipe and sealing 
washers. Remove the two split pins; nuts 
and plain washers, and detach the lifting 
eye. ·Remove the nuts, plain and spring 
washers from the two long front casing studs, 
one each side of the tachometer drive, then 
the seven nuts, plain and spring washers from 
the accessory box flange, easing the box off 
the studs as necessary to facilitate removal of 
the nuts. Lift the accessory box off the engine 
ensuring that the top vertical drive shaft, 
which may come away with the accessory 
box, does not fall out. 

Refrtting 

3. The joint washer (Part No. 23586), mu5t 
be renewed if there is any doubt with regard 
to its serviceability. Place the joint washer 
in position, . and insert the vertical drive 
shaft in the centre housing top verti<fal 
drive. Lower the top accessory box into 
position, turning t,p.e impeller as necessary 
to facilitate engagement of the drive shaft 
splines. Refit the nine plain and spring 
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Fig. I. Internal nut securing the bottom 
accessory box 

washers and the plain nuts; owing to the 
limited clearance, these nuts must be 
tightened progressively ·to avoid binding on 
the casting. Assemble the lifting eye to the 
rear pair of long studs and secure it with the 
two castellated nuts, washers, and new split 
pins. Refit the oil supply p~pe t~. ~ts <:?.n
nections o:p. the starboard side of the accessory 
box. Mk. 2 only, connect the leads to the oil 
temperature gauge bulb on the port side, and 

. connect the oil pressure gauge pipe to the 
dop.ble banjo miion on the top of the 
accessory box. Refit the engine-driven 
accesso~ies, as described in Chapter 9. 

·Bottom accessory box 
Removal 
.4. To remove the bottom accessory box, -it 
will first be necessary to remove the engine
driven accessories and the starter, as des
cribed in Chapter 9. Remove the fuel pump 
or pumps with the adapter(s), and in the case 
of Mk. 2 engines, the control box, dump valve 
and the pressure limiting valve as a unit, the 
overspeedgovernor, and the fuel accumulator, 
or Mk. 3 only,_the contrpl box and pressure 
limiting valve as a unit, and the barometric 
pressure .control (Pre-mod. 700 only), in 
'accordance \vith the instructions contained in 
Chapter 6. Remove the oil sump,·as described 
in Chapter 7. Before the bottom accessory 
box can be removed, it will be necessary to 
remove .the overspeed governor unit drive 
housing, or in the case of Mk. 3 engines, the 
starboard fuel pump drive housing, to gain 

access to an internal nut, indicated by the 
arrow in fig. 1, which secures the bottom 
accessory box to a stud on the front casing. 

5. Remove the two countersunk screws 
which hold the drive housing flange. Mk. 2, 
using the extractor (T73913) withdraw the 
housing as shown in fig. 2. Mk. 3, using a 
soft drift inserted through the port drive 
housing, tap- off the starboard housing. 
Bend back the tab of the locking washer, and 
remove the internal nut from the front casing 
stud. Remove the remaining thirteen nuts, 
plain and spring washers, easing the accessory 
box down as necessary to remove the nuts 
completely. Remove the bottom accessory 
box and the vertisal drive shaft: 

Refitting 

6. The ·joint washer (Pt. No. 23587) fitted 
between the bottom accessory box and the 
front casing, must be renewed if there is any 
doubt with regard to its serviceability. It 
will be found· most convenient to insert the 
bottom accessory box drive shaft into the 
splines in the accessory box. Turn the 
impeller whilst pushing the accessory box 
into ·position to facilitate engagement 6f the 
splines on the vertical shaft with those in the 
centre housing. Assemble the thirteen plain 
and spring washers, screw on, and progressively 
tighten the nuts. Using a new tab-washer 
(Part No. N1383), assemble, tighten, and 
lock the internal nut. Apply a· thin film of 
jointing compound to the flange of the 
drive housing, refit the housing, and secure it 
with the two countersunk screws. Refit the 
oil sump, the fuel system compo~ents, and 

,( 
~s. 

Fig. 2. Extracting the overspeed governor 
drive housing (Mk. 2) 
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( 
the engip.e-driven accessories in accordance 
with tne instructions contained in the 
relevant Chapters of this section. 

Centre housing 
Removal 
7. Before the centre housing can be 
removed, it will be necessary to remove the 
oil sump and the bottom accessory box, 
which should be treated as one unit, and the 
top accessory box as decribed in para. 2 to 
5. Ensure that both vertical drive shafts 
have been removed before proceeding with 
further dismantling. The rear flange of the 
centre housing is a close fit in the front 
casing aperture, ~d to avoid difficulty, the 
instructions relating to its withdrawal must 
be carefully followed. 

8. Remove the ten nuts, spring washers, 
and plain washers, from the centre housing 
cover plate, and remove the cover plate. 
The Klingerit joint washer should be dis
carded. Remove the two countersunk 
screws from the centre housing front flange, 
and free the centre housing assembly by 
tapping it with a soft metal drift entered 
through the top accessory box vertical drive 
shaft aperture. When the rear flange of the 
centre housing is free from its aperture in 
the front casing, turn the housing in a clock
wise direction, about its vertical axis, as 
viewed from the top accessory box location, 
at the same time drawing the housing 
forward until a point is reached at which the 
centre housing will readily withdraw from 
the aperture in the front casing. 

Note ••• 

It is important that during the withdrawal 
operations, the vertical axis. of the centre 
housing must be kept upright and not tilted 
in any direction; force must not be used. 

~efittin~ 

·9. ·It will be found that the centre housing 
will enter easily into the aperture in the 
.front casing if given the correct angle of 
approach; this must be found experimentally 
by rotatiD.g the housing about its vertical 
axis. Apply a thin film of "Wellseal" 
jointing compound to the front flange of the 
centre housing. Ensure that the accessory 

· drive shaft is right back in the splines of the 
pivot shaft. Manceuvre the housing into the 
front casing, and engage the accessory drive 
shaft splines. When the centre housing has 
oeen refitted, mount the two alignment 
adapter plates (T73329), complete with 

A.P.4121B & C, Vol. 2; Part 4, Sect. 2, Chap. 3 (A.L.78) 

dummy gears (T74138), in place of the top 
and bottom accessory boxes. Check the 
alignment by inserting the top and bottom 
vertical drive shafts. The alignment is 
satisfactory if, when each vertical drive shaft 
is lifted, it is free to drop back into position 
under its own weight. Remove the alignment 
adapters, and refit the accessory boxes, and 
the components and accessories, in accor
dance with the instructions given in para. 2 
to 6. A new joint washer (Part No. 19152) 
should be fitted to the centre housing cover 
plate. 

Note... . 

Prior to the introduction of Mod. 548, the 
dowel hole in the face of the centre housing 
front flange was reamed to final size (0·2500/ 
0·2505 in.) on assembly, which meant that the 
centre housing was not interchangeable. Where 
Mod. 548 has been embodied, the dowel hole in 
the centre housing front flange is reamed to 
final size (0·2530/0·2535 in.) during machining 
of the centre housing, which allows inter
changeability between engines of the same 
mark, and also between Mk. 2 and Mk. 3 
engines. Therefore, to enable an unmodified 
centre housing to be fitted to an engine other 
than the engine from which it was removed, 
Mod. -548 must be embodied by reaming the 
dowel hole in the centre housing front flange 
to the larger dimension. 

Nozzle ring assembly 

I 0. Any nozzle blade which is damaged or 
bowed beyond the limits given in Part 3, 
Sect. 3, Chap. 1, must be replaced by a new 
blade. Instructions for renewing nozzle 
blades "in service", having removed the 
complete nozzle ring and blades from the 
nozzle ring assembly, are given in para. 36 to 
40. 

Removal 

11. To renew damaged nozzle blades or to 
change the complete nozzle· ring and bla~es, 
it will be necessary to remove the nozzle nng 
assembly, which consists of the nozzle ring 
and shroud, the junction pipe assembly and 
the support cylinder (fig. 3 and 4). To carry 
out the following operations, the engine must 
be removed from the aircraft and mounted in 
the dismantling and assembling stand 
4Q/3964. 

12. Remove the combustion chambers as 
described in Part 3, Sect. 3, Chap. 1, and 
remove the turbine disc as described in 
Chapter 2. 

(A.L.78, June 56) 
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I SUPPORT CYLINDER 8 PACKING PLATE 

2 JUNCTION PIPE ASSEMBLY 9 "!iNSULATII~G:.PI9\TE SUPPORT RII)IG 

3 LIFriNG EYE 10 INSULATING WASHER , .. 

4 NOZZLE SHROUD 11 NOZZLE RING ; 

5 FIREGUARD SUPPORT RING 12 DIAPHRAGM 

6 TURBINE SHROUD 13 NOZZLE SHROUD STRUTS 

7 INSULATING PLATE 14 NOZZLE RING COOLING PIPES 

Fig.·3. Nozzle ring assembly (Mk. 3) 

13. With the engine vertical and the hub 
shaft uppermost, remove the twenty-eight 
insulating . plate retaining bolts and the 
fourteen double tab-washers. Remove the 
thirty-two bolts and plain washers from the 

. :flange at the jun,ction of th~ support: cylinder 
and the centre casing. Mk. 3 only. Break the 
locking wire on the six flexible joints in the 
·nozzle ring cooling pipes and unscre:w the 
gland nuts. Assemble the lifting tacJt!.e 
T70252 by attaching the bridge pieces with 
two pairs of bolts to the turbine shroud 
:flange, and lift the complete assembly clear 
of the engine. If a rear bearing thermocouple 
is fitted, it will be necessary to ease the 
thermocouple lead clear of the support 
cylinder whilst the assembly is being lifted 
off. Lower the nozzle ring assembly on to a 
bench and remove the lifting tackle. 

Dismantling 

14. With the nozzle ring assembly 
positioned on a bench with. the rear end 
uppermost, remove the ·forty-five nuts and 
bolts which secure the turbine shroud to the 
nozzle shroud, and remove the turbine shroud, 
the two ·halves of the fireguard support ring, 
and the lifting eye. Where Mod. No. 987 has 
.not been embodied, one of the lifting-eye 
bolts is a dowel bolt and ·is a close fi.t in the 
bracket and in the turbine shroud. 

IS. Mk. 2 only. Turn back the tab-washers 
and unscrew the thirty nuts and bolts which 
secure the diaphragm and support cylinder; 
twenty of these bolts also hold the ten 
retaining plates for the insulatmg plate. 
Remove the retaining plates, insulating 
plate, an_d the packing plate and insulating 
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washer on the inner flange of the insulating 
plate. 

16. Mk. 3 only. Rotate the insulating plate 
so that it is free of the securing claws and 
lift it off the assembly; remove the packing 
plate and insulating washer from the inner 

I TURBINE SHROUD 
l INSULATING PLATE (Mk. 3) 
3 INSULATING-PLATE RETAINING PLATES (Mk. 2) 
4 INSULATING-PLATE SUPPORT RING {Mk. 3) 
5 INSULATING PLATE (Mk. 2) 
6 NOZZLE RING 
7 NOZZLE SHROUD 
8 FIREGUARD SUPPORT RING 
9 JUNCTION PIPE ASSEMBLY 

10 DIAPHRAGM 
11 NOZZLE SHROUD STRUTS AND EYEBOLTS 
ll SUPPORT CYLINDER 

Fig. 4. Nozzle ring assembly dismantled 

A.P.4121 B & C, Vol. 2, Part 4, Sect. 2, Chap. 3 (A.L.78) 

flange of the insulating plate. Turn back the 
tab-washers and unscrew the thirty nuts and 
bolts which secure the diaphragm and support 
cylinder. Twelve of the nuts, which are 
located inside the insulating plate support 
ring, also secure the rear portions of the six 
nozzle-ring cooling pipes, which should be 
removed as they are released. Remove the 
insulating plate support ring. 

17. The remaining dismantling operations 
are the same for Mk. 2 and Mk. 3 engines. 
Reverse the assembly, and remove the split 
pins and shackle pins which hold each end of 
the sixteen nozzle shroud struts. Remove the 
struts and the support cylinder with its bolt 
locking ring; the latter cannot be removed 
from the support cylinder. Tie the nozzle 
shroud stt;Its and pins together. 

18. Tap out the diaphragm plate from the 
assembly. Turn back the tabs of the double 
tab-washers and unscrew the forty-eight nuts 
which secure the junction pipe assembly to 
the nozzle ring. Lift out the nozzle ring from 
the nozzle shroud. 

Reassembly 

19. Before assembling the nozzle ring 
assembly, examine all components for 
damage. If the nozzle shroud, turbine shroud, 
or junction pipe assembly are damaged 
beyond the acceptable limits given in Part 3, 
Sect. 3, Chap. 1, they may be changed for 
serviceable components, but the support 
cylinder must not be changed. If the turbine 
shroud has become distorted remedial action 
as described in para. 35 should be taken. All 
screw threads should be coated with Ragosine 
L.M. grease, Spec. D.T.D. 900/4424, to reduce 
risk of seizure and to facilitate dismantling 

·at a later date. 

20. Lower the nozzle ring into the nozzle 
shroud, .aligning the offset hole in the inner 
flange of the nozzle ring with the chiselled 
line marked TOP on the nozzle shroud. Coat 
the studs on the inner flange with anti-seize 
grease and assemble the twenty-four double 
tab-washers and forty-eight nuts to secure 
the junction pipe assembly to the nozzle ring. 
Tighten and lock the nuts. 

21. Mk. 2 only. Assemble the insulating 
washer, insulating plate and packing plate 
to the loose flange of the diaphragm in that 
order. These are assembled so that the two 
countersunk holes in the loose flange are 
blanked off and the parts held t.ogether by 
slave bolts. Check with feeler gauges that 
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there is a clearance between the outer edges 
of the diaphragm and insulating plate. 

22. Mk. 3 only. Assemble the insulating 
washer to the loose flange of the diaphragm 
so that the two countersunk holes in the loose 
flange are blanked off, and secure it in position 
with two slave bolts. 

23. Lay the support cylinder with its rear 
flange uppermost on a low table. Place the 
diaphragm, curved side downwards, on the 
support cylinder flange and align the offset 
holes. Reverse the nozzle and junction pipe 
assembly and lay it on the diaphragm, again 
aligning the offset holes. Apply anti-seize 
grease to the threads of the thirty bolts, and 
secure the support cylinder and diaphragm to 
the inner flange of the nozzle ring with the 
bolts, nuts and tab-washers. 

24. Mk. 2 only.· Ensure that the four 
stiffening segments are assembled under the 
bolt heads on the support cylinder flange and 
that the insulating-plate retaining plates are 
located under twenty of the nuts. Square-up 
the retaining plates before tightening the 
nuts. The thirty nuts are locked by fifteen 

double tab-washers each of which locks two 
nuts. The tab-washer for the offset bolt is 
therefore shorter than the others and should 
be assembled first. Similarly, as this bolt is 
not used for the insulating-plate retaining 
plates, the retaining plates each side of the 
offset bolt should be assembled first. 

25. Mk. 3 only. Ensure that the four stiffen
ing segments are assembled under the bolt 
heads on the support cylinder flange and that 
the insulating-plate support ring is located 
under the nuts. Twelve of these nuts and 
bolts also secure the rear portions of the six 
nozzle-ring cooling pipes which should be 
refitted at this stage. Remove the slave bolts 
from the diaphragm inner flange and position 
the insulating plate in the insulating-plate 
support ring, rotating it sufficiently to engage 
the claws. Align the holes in the inner flange 
of the insulating plate with those in the 
diaphragm and assemble the packing plate 
to the flange, again aligning the holes. 
Refit the slave bolts. 

Refitting 

26. Assemble the lifting tackle T70252 by 
attaching the bridge pieces with two pairs of 

Fig. 5. Using locally-made tool to check the alignment of the nozzle ring assembly 

Note .. . 

{ ..... . . 

• 

When Mod. No. 398 is embodied the turbine disc securing bolts are shorter and, therefore, the two locating tubes should ( 

be 3·25 in. length. 
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bolts to the nozzle shroud flange and hoist the 
nozzle ring assembly into position over the 
engine. Remove the slave bolts from the 
diaphragm and insulating plate inner flange; 

·align the holes in the flange with the offset 
holes in the rear bearing housing rear flange, 
and carefully lower the nozzle ring assembly 
on to the rear bearing housing flange. When 
the assembly is being lowered over the rear 
bearing, the rear bearing thermocouple lead 
(if fitted) must be threaded through the slot. 
in the support cylinder. 

27. Assemble two combustion chambers in 
diametrically opposite positions by sliding 
each into a nozzle junction pipe and bolting 
the front casing flange to the diffuser rear 
cover. Adjust the nozzle ring assembly to 
obtain freedom of the combustion chamber 
sealing rings. Apply anti-seize grease to the 
threads of the twenty-eight bolts, and secure 
the nozzle ring assembly to the rear bearing 
housing flange with the bolts and double 
tab-washers, using the special tab-washer for 
the offset holes. Tighten the bolts evenly to 
prevent distortion, but do not lock them. 
Remove the two combustion chambers. 
Apply anti-seize grease to the threads of the 
thirty-two bolts, and secure the support 

·cylinder to the centre casing with the bolts 
and plain washers. 

28. The alignment of the nozzle ring 
assembly must now be checked, for which 
purpose a tool similar to that shown being 
used in fig. 5 will be necessary. Assemble the 
tool to the hub shaft bolts and secure it with 
two nuts. Clamp a dial test indicator to the 
arm of the tool and locate the stylus on the 
rear flange of the nozzle shroud. Rotate the 
mainshaft and check the alignment which 
should be within 0·040 in. If the correct 
alignment is not obtained the support 
cylinder bolts must be slacketied and the 
position of the nozzle ring assembly adjusted 
accordingly. The support cylinder bolts must 
be tightened before the alignment is checked 
again. When the alignment is satisfactory, 
remove the tool from the hub shaft. 

29. Lower the turbine disc on to the hub 
shaft as described in Chapter 2, and secure 
it with two nuts; the nuts must be tightened 
sufficiently to locate the turbine disc o'n the 
hub shaft, but it is not necessary to torque
load them. Check with feeler gauges that ihe 
axial clearance between the edge of the inner 
nozzle ring and the leading edge of the 
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turbine blades is within the limits of 0·25 to 
0·35 in., measured at each of four positions. 

30. Remove the two nuts which secure the 
turbine disc to the hub shaft, and lift off the 
turbine disc as described in Chapter 2. Check 
the tightness of the rear bearing housing 
flange bolts and bend up the locking tabs. 
Assemble the turbine disc to the hub shaft 
as described in Chapter 2. 

31. Apply anti-seize grease to the threads 
of the forty-five bolts and assemble the 
turbine shroud, the lifting eye, and the two 
·halves of the fireguard support ring to the 
nozzle shroud. Pre-mod. 987 one of the bolts 
was a dowel bolt and was a close fit in the 
shrouds and the lifting eye. Where Mod. 
No. 987 has been embodied, the dowel bolt 
is replaced by a standard bolt (Part No. 
N.8242) and the hole in the shroud flanges 
and in the lifting eye are opened out to g 
inch. Where Mod. No. 987 has not been 
embodied, to facilitate ass~mbly and to 
simplify adjust~ent of the ~u~bine s~ro.udf 
turbine blade hp clearance, 1t IS permissible 
to open the hole in th~ ~urbine s~r~md only 
to a clearance size, retammg the ongmal bolt. 

32. If a new pre-mod. 987 turbine shroud is· 
fitted, the undersize dowel-bolt hole in the 
turbine shroud should be opened up to a 
standard clearance hole. 

33. Assemble a nozzle shroud strut to each 
of the sixteen nozzle shroud eyebolts with a 
shackle pin, and connect the lower e~d of 
each strut to the support cylinder with a 
shackle pin. Check the pins for freedom and 
if necessary adjust the shims fitted to the 
eyebolts to obtain this. Secure the s~ackle 
pins with split pins. Mk. 3 only. Screw m the 
gland nut and connect t~e two s~ctioD:s of 
each of the six nozzle rmg coolmg pipes; 
wire-lock the joints. 

34. Refit the combustion chambers as 
described in Part 3, Sect. 3, Chap. 1. 

Turbine shroud ring adjustment 
35. If the turbine shroud has become 
distorted and the tip clearance cannot be 
obtained by adjustment as described in Part 
3, Sect. 3, Chap. 1, an attempt should be 
made to restore circularity by the use of a 
cramp as shown in fig. 6. Ovality of the 
shroud may be corrected "in service" .by 
slackening all but a few of the bolts fastenmg 
the turbine shroud to· the nozzle shroud, 

(A.L.78, June 56) 
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Fig. 6. · Turbine shroud ring adjustment 

tightening a cramp across the shroud until it 
is once more circular, and retightening the 
bolts. When the turbine shroud is removed 
from the engine the cramp may be used with 
a shaped block, as illustrated in fig. 6, to 
correct local distortion. Frequent dimension
al checks should be carried out during this 
operation until it is considered that the 

X 

maximum restoration has been effected. 
When assembling the trued turbine shroud to 
the nozzle shroud, a further turbine blade tip 
clearance check should be made before finally 
tightening the securing bolts. When satis
factory conditions have been attained, tight
en the securing nuts and re-check the blade 
t;p clearance to ensure that the turbine 

MODIFY BOLTS A,B & C AS FOLLOWS:
REMOVE NUTS,SHORTEN SHANKS, 
RECESS SHROUD AND WELD AS 
SHOWN AT ARROW IN SECTION X-X 
FILE OFF FLUSH. 

Fig.-7. Modification of a scrap nozzle shroud for use when fitting new nozzle blades 
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closely resemble the peened lugs of the exist
ing blades. On completion of satisfactory 
peening, remove the modified turbine and 
nozzle shrouds. It may be necessary to tight
en tlie peening of the outer segment on to the 
blades; this must be done carefully to avoid 
cracking, and the segment must be supported. 

ring, metal must be filed off until they 
conform to the line of the existing blades, so 
that the new blades do not become jammed 
under the turbine shroud and cause distortion 
when the latter is fitted. 

List of tools and consumable parts 
40. If the lugs of the new blades project 
beyond the segment ring when the latter has 
been tightened, the excess metal must be 
filed off before the assembly is refitted to the 
engine. Similarly, if the trailing edges of the 
tips of the blades project beyond the segment 

41. Table 1 lists the consumable parts and 
Table 2 ihe tools which are required to change 
the complete nozzle ring assembly. The 
actual tools and spare items which will be 
needed will depend upon the particular 
component being replaced. 

Ref. No. Part No. 

36KK/4938 N.1458 
36KK/390 N.1603 
36KK/5030 N.2967 
"36KK/453~ N.3730 
36KK/4532 N.3733 
36KK/4530 N.3732 
36KKJ4861 N.3771 
36KK/4860 N.3769 
36KK/5138 N.4507 

N.160l 
36KK/386 N.l588 
36KK/384 N.1587 
36KK/5029 24054 

28Pf5032 A.G.S.784-3 
28P/5037 A.G.S.784-10 
36KK/371 N.3224 
28M/7674 A16Z-EC 
36KKf4619 24195 
36KK/125 15302 
36KK/814 20099 
36KK/5037 22709 

Stores Ref. No. 

64KKf655 
64KKf566 
64KKf784 
64KK/780 
64KK/966 
IL/156 

TABLE I 

List of consumable parts 

Description 

Washer-tab, junction pipe nuts 
Washer-tab, rear end diaphragm bolt 
Washer-tab, support cylinder (Mk. 3 only) 
Washer-tab; support cylinder (Mk. 2 only) 
Washer-tab, support cylinder (Mk. 2 only) 
Washer-tab, support cylinder (Mk. 2 only) 
Washer-tab, turbine disc nuts (Mod. No. 398) 
Washer-tab, turbine disc nuts (Mod. No. 398) 
Washer-tab, turbine disc nuts (required in lieu of 

N.3769 when Mod. No. 704 is embodied) 
Washer-tab, turbine disc nuts (pre-Mod. No. 398) 
Washer-tab, bearing housing flange bolt 
Washer-tab, bearing housing flange bolt 
Joint washer, flexible connection pipes to inner nozzle 

ring (Mk. 3 only) 
Pin, split, nozzle shroud locating bolt 
Pin, split, nozzle shroud strut shackle pin 
Stud (A.S.509) nozzle blade assembly 
Nut, castle, nozzle shroud bolts 
Bolt, nozzle shroud 
Gasket, diffuser casing combustion chamber 
Gasket, burner (Mk. 2) 
Gasket, burner (Mk. 3) 

Tool No. 

T70988 
T70989 
T70252 
T70186 
T74332 

TABLEl 

List of tools 

Description 

Nozzle ring stud peening tool 
Nozzle ring stud peening fixture 
Nozzle assembly lifting tackle 
Lifting eye (Pre-Mod. 398) 
Lifting eye (Mod. No. 398) 
Torque spanner 5 to 50 lb./~~1, 11 

Qty. 

24 
24 
36 
14 
1 

30 
2 
2 
2 

4 
1 

13 
6 

11 
32 
48 
11 
11 
16 
32 
32 
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This leaf issued with A.L. No. 35, January, ,1952 A.P.41218 & C, Vol. 2, Part 4. Sect. 2 

Chapter 4 

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

LIST OF CO~TENTS 

Para. 
General I 

General 
I. This chapter contains leaflets detailing 
the method of carrying out rectification of 
combustion chamber components which have 
been rejected as being outside the permissible 
acceptance standard. 

2. Instructions for dismantling, examining, 
and reassembling the combustion chambers 
are contained in Part 3, Section 3. 

,. 

Rectification leaflets 

Rectification leaflets 

Para. 
3 

3. These leaflets will be issued as they 
become available and are prepared from 
Turbine Repair Schemes used by the engine 
manufacturer. To enable each leaflet to be 
identified with its relevant repair scheme, the 
T.R. (Turbine Repair) number and the issue 
number of the scheme from which the leaflet 
was prepared, are retained as part of the 
leaflet reference. 

RESTRICTED 
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This'leaf issued with A.L. No.50 
February,· 195 3 

A.P.4121B & C, Vol.2, 
Part 4, Sect.2, Chap.4 

INDEX OF LEAFLETS 

SPECIAL NOTE 

The Turbine Repair Schemes listed in this index are limited to 
those for which tools and equipment will normally be available 
"in the field". Further approved schemes in respect of the 
combustion s.ystem are contained in Vol.6, Part 2, but their 
applicability is precluded by the r~quirement for argon arc 9r 
electric welding and other process consideration~. · 1 

Leaflet Ref. No. 

F.1 (TR 34) 

F.3 (TR 170) 

F.4 (TR 105) 

F.6 (TR 506) 

B.1 

B.2 

• 
Title 

Scheme7~flf~T'f~ ·,.qf:"iocat~ pips 'Ai..6-(. 

Scheme to weld cracks under the
flange of the interconnecting stub 

S~heme to repair rear secti9n cracks 

Welding repair of cracks in vicinity 
of locating pin sleeve 1J:%2d= dilution tt 

ports,~ fll Ft H-l!i;P& 11-~ s-~ 

Cleaning prior to examination and 
repair by weld'ing · 

0~-aoetylene process 

• 
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·This leaf issued with A.L.No. 54 
June, 1953 

.. LEAFLET F.1 (~34 Iss:ue j) ·. ' · 

FLAME TUBE, COMBUSTION CHAMBER 

. Scheme to rectify 1'1011?- locating pips ... 
'., 

.. 1. Pr9vided that ·the f'i~e .tube locating pip d.imensiOJ?.S are '· .. 
satisfactory at the commencement of the f'lame tube life, and that 
the correct clearance eXists between the flame tube and. the outer ' 
casing joint ring, the pips· may be expected to endure approxiinately 
150 ho'llrs running before rectification is required. Wear at the 
rear end of' ~he cqmbustion chamber outer casing, caused by · 
indentation of' the joint ring,·is also rectif~ed by forming new . 
pips in the f'~ame :tube, re-positioned to bear on f'resh: locations ·-
in the oute_r casing, between the ~dentations worn by the · 
origitlal pips. 

2. · ·Tbis·s~heme cons~sts of five separate; but basically 
identical, stages of repa-4'; each .stage being no~]3 applied at 
consecutive "servicing periods when the f'lame· tu,be is removed from 
t~e engine f~r; evam1nation. 

3. To ensure that the maxiimun life is obtamed :frOm the fl* : 
tUbe; the five stages of repair given below should preferably be 
applied in the order :given. · . . 

TR 3Jif1 ·- Refom ·the original' p:i.ps 

TR ·34/2 -Form pips at new locatio~ in accordance with the 
· dime~ions given. in fig. 1 

T:a 34/3 - Reform· the pips previously formed by the applioa-
. tiop. of. TR. 34/2 . · · · 

,• . .{-

TR 31/4 - Form pips. at new locationS in accordance with the 
~ensi911s given in fig. 1 

TR 31/5 - Reform the pips previously formed by the applica-
. tion of TR 34/4 · 

-
4. The material of pips that are to be ref'ormed should not be 
badly fretted and must not be l~ss than· o. 025 in. thick. 

5. Under no circumstances may a pip be fonned on the 
~ongitudinal ~e~ 
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6. ·Formed or reformed pips must be free from sharp eages alo~g , c: 
t}le boundaries of the formed portion. 

7. The repair consists of either reforming the existing pips, 
or, alternatively, removing the wom pips by hammering, and 
forming new pips at fresh positions. . .. 

8. This scheme may be applied to combustion chamber flame tubes 
Part No. 2~0~2, 23023, 703371 703591 76692 and_ 76693. 

9. · No new parts are required. ." 
. , .. ~ 

10. Befo~:·e commencing this repairi check by reference. to ~he . 
marking e:tched adjacent to the p~ n~~r, _i.e.,· TR 34/1, /2; /3, 
/Z.. or /5, which ·s.fage of repair was last· applied to the flame tube,. 
then proceed to cflrry out the next stage in a:cco~~e 'with the 
appropriate instructions detail_ed b~low.' · ,. · 

11. 'l'R 31/1 
(1) Check that the material is free :f'rom excessive fretting and 

that the thickness of each pip is not l.es_s than' Q. 025 .. ~ 
(2) Position the flame tube op. the pip-forming 'tool T74245,_ ·as 

shown. in fig. 1, carefully locate the first pip in posi ~ion 
and then strike the fol':"JJll.ng punch with a heavy hammer; \ 
repeat this operation to the .remaining pips. , _:,-_ . ~ 

·(3) U~ing ~g gauge T70452, che~ the diamet~r OV.~r ~~e P\~~ 
1_2. m 3;/2 . ;et ·,. . · •.• 

(1). Support the flame tube on form block T7Q802, whi·cl?-· should be 
bolt~ to a stout bench, or on a bar which is slightly 
smaller in diameter· than the internal diameter of the flame 
tube; remove the wom pips by hamme~ · -:r·-

(2) Using ring_gaug~ T70451, check the diamete~ and oiroul~ty 
of the flame tube. . · 

· (3) Position the flame tube on pip-forining"·'too'i T742lt-5 so that 
~first new pip will be fo~ approxima.t~ly one third of 
the;-~stance between the two original p~p~,'-''on either side 
of ~be seam, but not on the seam,as sh~,fin fi~ 1. . 

(4) Using a heavy hanmer, strike the form.ing .. Punch s9 that a·new 
pip is form.ed on the flame- tube b~tween~ .the punch and the 
forming die·· of the tool. · · · 

(5) Rotate the flame _tube until t.he new pip is _pPposi te the 
. index mark (arrow marked ~o dei) on the too~ 

(6) Repeat Op.Z.. and'S until six new pips have been'·formed. 
(7) Using ring gauge T70452, check tlie diameter over the ·new 

. pips. 

b. 
"'--· 

• 
· .. :~ 

' __ ..,...,_ 

13. TR 3l,/-3 · ( 
(1) ~epeat the operations described in para.11, on the existing · .. 

pips formed during the application of TR 34/2. 
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This leaf' .. issued with A.L.No.54 
,JWle, 1953 

A.P.4121B & O, Vol.2, Part 4, 
Sect. 2, Chap. 4 /. 

LEAFLET F.1 (TR34.Issue 3) 

14. TR 3;/4 
(1) ·Repeat the operations described in para.12, forming each new 

pip,in the centre of the larger space between the old pips. 

15. TR 34/; . . 
(1) Repeat the operations described'in para.11 on the existing 

pips formed during the application of TR 34/4. 

16. · Lightly etch TR 31/1, /2, /3; /4, or /5, as appropriate, 
adjacent to the existing part number or previous repair number. 

17. The following tools are required to carry out this scheme. 

Description 

Ring gauge 

Fonn block 

Pip-for.ming tool 

·· !$ing gauge 

Part No • 

. T70451 

T70802 

T74245 

T70452 

No. ·off 

1 

1 

1 

1 

~ 
' .......... 

t.. Fig. 1 overleaf 
.-:!. 
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·' 

PIPS TO. BLEND .INTO 
TAPERED PORTION OF 
FLAME TUBE 

"~:. . 
~-

TR 34/1 RE-FORM OF ORIGINAL PIPS 

• IS DEG • 

OoQSO in. RADIUS PIPS 

TR.34/2 FORMING OF PIPS IN NEW POSIT!ON. 
T R.:-34/3 RE-FORM OF THESE PIPS 
(SEE FI~ST REPA!R) 

A 

A 
SECTION AA 

TR 34/4. FORMING OF PIPS IN SECOND NEW 
POSITION 

T R 34/s RE FORM OF THESE PIPS 

(SEE FIRST RI;PAIR) 

Fig.l Reforming locating pips 

lA. T.P./1 p-121/1300/7/53 RESTRICTED 
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This leaf issued with A. L. No • .50 A.P.4121B & a, Vol.2, 
Part 4, Sect.2, Chap~~ · February, 19.53 

IiEAFLET F .j ( TR 170 Issue 3) 

FLA.1v.lE TUBE, COMBUSTION CHAMBER 
• ~kl 

Scheme to weld cracks under the flange of the ip.terconnecting stub 

1. Cracks that occur around the flame tube lip, under the ~ 
interconnecting flailge as .shown in fig.1, can be repaired by oxy
acetylene welding. This scheme 9an pe ~pplied to flame tubes 
Part No.21666, 21678, 23022, 23023, '7d337, ..703.59, 76692 ~d 
76693; where the length of the crack does not exceed 0 • .500 in. 
The maximum permissible number o"f .,9}-"acks per hole permitted to 
be repaired is six. If the number of cracks exceed this allow
ance the flame tube must be rejected. 

2. Flame tubes which have been repaired under this scheme can 
be identified by "TR 170" etched adjacent to the part number. 
No n~ parts are required. 

3. 
(1) 

{2) 

(3l (4 
(.5 

{6) 

(7) 

{8) 

To carry out this repair proceed as follows:-
Remove the carbon deposit by the cleaning process described 
in the leaflet entitled ·"Cleaning prior to examination and 
repair by·weld,ing", contained in this chapter. 
Immerse the flame tube in the acid pickling solution 
describ~d in the same leaflet to remove the products of 
corrosion. 
Using a junior hack saw blade, saw down the crack. 
Cle~ up both sides of the slot witaa rotary wire brush. 
Build up the slot with oxy-ac~lene welding on the-inside, 
using filler rod NO 82 (H. Wiggin & Co.) and a boron free 
flux (i.e., not containing borax, or boric aciq). 
Remove any excess weld to bring the hole back to shape, 
especially the ridge that may have formed on the ~lame. tube 
lip in the interconnecting hole. 
To remove surplus flux, pickle the flame tube in the acid 
solution referred to in Op.2. 
Lightly etch the marking "TR 170" adjacent to the existing 
part n~er. 

Fig.1 overleaf'. · 
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........... --· .. .,..,_.. .... 

0 
APPROXIMATE POSITION ·oF 
CRACKS. MAXIMUM NUMBER TO 
BE WELDED 6 · 

Fig.1. Example of cracks. around the flame ·tube lip under the 
interconnect~ flange 

• 
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:This leaf issued with A.L. No;50 
F~bruary, 1953 

A.P.4121B & C, V.o1.2, ~art 4 
Sect. 2, Chap.4 

! h / 

_LEAFLET.F.4 (TR 105 Issue 4) ' 

FLAME TUBE, CO~USTION CHAMBER 

Scheme to repair rear section cracks 
' 

1. Cracks that occur in the rear section of the flame tube as 
indicated in fig.1, can be repaired by argon arc welding; if 
this equipment is not avail:,able oxy-acetylene .welding maY be used. 
This scheme _can be applied to flame tubes Part No. 70337, 70359, 
21666, 21678, -23022 and 23023; where the crack'does not exceed 
2.0 in. in length. If the crack exceeds this allowance the 
flame tube must. be rejected~ · · 

t - I -

2. ~ame tubes which have been repaired ~der this scheme can 
be identified by 11TR 10511 . etched. adjacent to the p3.rt number. 
No new ~ts a.;-e r~quired. ,. . . . .. 

3. To carry out this repair proceed as follows:-
(1) Remove the carbon deposit by the ·initial cleaning process 

described in the leaflet entitled "Cleaning prior to 
examination and repair by weld~', contained in this 
chapter.. · . · · 

( 2) Immerse the flame tube in th~ acid pickling solution 
described in the same leaflet to remove the products of 
corrosion. . 

( 3) Clean by wire brushing, in and around· the crack, sufficientlY 
to expose bright metal. 

(4). Weld u~ the crack by the argon arc process, using filler rod 
NO 82 (H. Wiggin & Co.). The .same filler rod wi:th a boron 
free flux (i.e., not containing borax, ·or boric acid) · should 
be used in the case of oxy-acetylene welding• . 

(5) To remove surplus f'lux when oxy-acetylene welding is used, 
pickle the f'la.me tube in the acid solution referred to in 
Op.2. · 

(6). On completion of welding, check that the clearance between 
the pips and. the flame tube' ~ rear. outer casing, falls 
within the permitted tolerance. , 

( 7) Light13" etch the marking 11TR 105" adjacent to. the existing 
part number. 

Fig.1· overleaf. 
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Fig.1. 

' 

-

APP~XIMATE POSITION 
OF CRACK ADJACENT 

I j/ro LAP JC>NT 

---> 
: 

TR.JOS 
(J714) 

•' .. .: 
/ . 

' .. 
E~le of .crack in rear section of ~~e tube 

• 
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This leaf issued with A.L. No.50 
February, 1953 

A.P.4-121B & c, Vol.2, Part 4-
Seot. 2, Chap.q. 

LEAFLET F. 6 {TR 506 issue 3) 

FLAME TUBE, COMBUSTION CHAMBER 

Welding repa~r of cracks in ·vicinity of locat.ing pin 
sleeve "'8D:1 dilution ports l1111 1=\l~OL..e; . 

Note-.- See Section Index for eJl8i:ne Mark;s · ~feoted. 

1. Cracks that occur. in the_ flame' tube ~t points marked A, B,. 
c, D and E ·in fig.1, may be repaired . by argon arc or oxy
acetylene welding. Fig. 2 to 11 inclusive illustrate typical 
cracks b"efore and after rectification. · This scheme can be 
applied to flame tubes Part No~23022, 23023, · .70337, 70359, 76692 
and 76693. Cracks· at the points apecitied must. not exceed the 
following limits: · · · 

A. 1.2,50 in. leng~ 

B. 1.250 in. length 

c. 0.375 in. length 

D. 0.500 in. lerlgth 
. 

E. 0 •. 375 -~· length 

2. Flame tubes whiCh ·have be-en repaired by this scheme can be 
identified by "TR 50~" etched· adjacent to the part number. No 
new parts are re~ired. 

3· Pri~r to welding. cracks, the flame tube.mus~ be positioned 
on a suitably shaped anvil and the distortion which normally 
occurs in ·the area ot the locating pin sleeve, removed by tapping 
with a wooden mallet. 

. 
4-. It any of the three locating pin sleeves are elo~ated 
be.yond the per.missible limit the application ot TR 96 lfitting a· 
nevf locating pin· sleeve) must also be ca~ried out prior to 
welding cracks at A and B in tig.1 ~ One of the initial opera
tions ot TR 96 consists of blanking out ~e defective locating 
pin sleeve and the operation will, ill certain cases, completely 
or partially, remove the smaller cracks at this pai.Xt. 
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THESE CRACKS MAY BE REPAIRED ·BETWEEN ANY 

DILUTION SLOTS 

~c 

0 

WHEN MORE THAN ONE CRACK CONNECTS ANY 

TWO DILUTION SLOTS THE CRACKS ARE NOT REPAIRABLE 

,Fig.1. Permissible repai~ of cracks in ~ame tube 

5· Us.e filler rod NO 82 (H. Wiggin & Oo.) with either welding 
process and a flux which does not contain boron compounds (i.e., 
borax or boric acid) with oxy-acetylene welding. · · 

6. 
(1) 

To carry out this repair proceed as follows:-
Remove the carbon deposit in accordance with the initial 
cleaning process described in the leaflet entitled, 
"Cleaning prior to ·examination and r~ir by welding", 
contained in this.chapter. 
Remove aqy local distortion as described in para.3. 
Oarr,y out th~ acid pickling process described in the leaflet 
referred to in sub-para.1, to remove the products of 
corrosion. 

{lt-) Clean by wire brushing, in and around all cracks and on 
both sides if possible, sufficiently to expose bright metal. 

Note.- It is not permissible to dress the weld by fil~g 
or grinding, except when specified, therefore, 
care must be taken when welding cracks in the 
vicinity of the locating pin sleeve to ensure that 
excess filler rod is not deposited in this area, 
otherwise fouling may occur· during assembly of the 
scoop and colander and the flame tube. 

·------.,~~~-----~-

C-
.. 

• 

{ 



AP 4121B & C V2 P4 Goblin 2 & 3 Minor Repairs 19620901 OCR.pdf Page 49

This leaf issued with A.L. No.50 
February, 1953 

A.P.4121B & C, Vol.2, Part 4 
Sect.2, Chap.4 

(5) 

LEAFLET F. 6 (TR 506 issue 3) 

To prevent a crack at A in fig.1 from extending during 
weld;rig, drill a 1/16 in. dia. hole right through one end. 
Commencing approximately -l: in. before the opposite end, 
weld towards and just over the drilled end of the crack. 

{6) Drill a 1/16 in. dia. hole at the end of a 'craok originating 
on the periphe~ of an air .hole, similar to B and C in 
fig.1, and if the Shape permits, cut into the crack with a 

(7) 

(8) 

( 9) 

( 10) 

( 11) 

( 12) 

( 13) 

junior hack-saw blade. · 
CoiiDllencing just before the drilled hole, and working 'towards 
the air hole periphe~, weld the crack. 
Using the same drill, lightly countersillk at intervals, a 
crack similar to ~of those at D in fig.1, Sufficient~ 
to remove the original outline of the crack. Commencing 
just before the end of the crack, and working towards the 
open end on the periphery 'Of the dilution slot, weld the 
crack. 
Cracks at E in fig. 1 can only be seen from inside the flame 
tube; if possible, they should be prepared for welding as 
described in sub-para.8, if this is impracticable, use a 
small file to groove the crack sufficiently to ensure 
efficient penetration of filler rod. 
On completion of welding, use a smooth round file to restore 
the shape, and radius the periphe~ of all air holes and 
dilution slots affected; finish with smooth eme~ cloth. 

Note.- Blending a finished weld either by filing or 
grinding, is not permissible except at the 

· locations specified above; but to facilitate 
inspection of the repair it may be cleaned by wire 
brushing. 

If o:x;y-acetylene welding has been used, pickle the flame 
tube in the acid solution referred to in sub-para.3, to 
remove surplus flux. 
To minimise ·the risk of the cracks recurring in the region 
of the weld repair, if facilities are available, the flame . 
tube should be normalised by heating for 10 minutes in a 
high tempera~e furnace at 1.050 deg.C, followed by cooling 
in air at room temperature. 
Lightly etch TR 506 adjacent to the existing part number. 
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Fig.2. Typical crack and . 
distortion in area of 
locating pin sleeve. 

Fig.4. Crack shown in fig.2 
welded by argon-arc process. 
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This leaf issued with A. L. No. 37 
March, 1952 . 

Fig.~ , Typl~al .oraek and 
distortion in area of 
locating pin sleeve 

\ ., Fig. l Typical crahka 
·originating frow the dilution 

ports 

A.P.4121B & C, Vol. 2, P~ 4, 
Sect. 2, Chap. 4 

LEAFLET F.6 

$ Y.. 
Fig.~ Crack shown in_fig.X'3 fiLi. 
welded by oxy-acetylene process 

§. . I( 

Fig.A Cracks shown in fig.}It; /fiSt· 
welded by argon-arc process 
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., 
Fig.)"". Typical cracks 

:· , originating from the ,d_ilution 

· •.. 

ports · 

· Fig!~ Typical cr~ck 
originating from the dilution 
]?orts and extending beyond the 

window piece 

q 
Fig. ]I. Cracks shcmi ,in tig.'t-'1 At.. 
welded by oxy-acetylene process 

Fig.jt Crack shown · in fig.)fO 
welded by oxy-acetylene process 

( 
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This leat issued with A.L.No.37 
Maroh, 1952 

A.P.4-121B & C, Vol.2, Part 4 
Sect. 2, Chap. 4 

;• 

. LEAFLET . B. 1 

FLAME TUBE", OOlilBUSTION miAMBER. 

Cleaning prior to examination ud repair ·by we~ding , 

.. ~ . 

•• 4 . "' " . .. ~ ~ . ... ... '¥ 

1. .~e. no"rmal method of removing car~on deposit pJ.i,or to 
examination, is to 'heat the flame tube tor tvrenty to ·thirty . minutes. :bi an air. circulating constant .temperature turna.ce at 
55~ ·d~~c., or altematively, by ste~ping. ~he -component for 
about 1i hour~ at 70 deg. c. ~ a sol~t~on ·of 7 per cent. caustic soda, 0 •1 - 0 •5 per cent •. liquid soap, and Wa.ter ·to 100 per cent. 
Where however doubt exists w1 :th regaXa. ~ the extent of poorly . defined .or suspected defects,: t~ additional acid pickling process described below,. liiUSt. be applied to the tl.ame tUbe. ·.This process . is aiso .an essential. treatment· for tJ.ame tubes that are to be · recti"ti.ed by welding, as the corrosive products on the surface of the flalile tube,· especially. :in the edges of any cracks or in the 
vicinity ot weld failure, will hav.e an embri ttling effect on a 
finished weld. · -· "' : • . 

ACID PICKLING 

APPARATUS 
2. A lead-lined tank fitted with· lead ateam coila ia re~4 
and fume extraction is .necessary. The heating 1houlcl preten.blJ' · be thermostatically controlled and a t.PeratUN recoriing saup 
provided. Binling and acour:l.ng taoili tiea are al1o z.oeq'uirec!. 

OOlD?OSITl:ON OF SOID.l'ION 
3. ·The pickling solution should be maintained at a tempez.oature 
of 7.5 + S deg.C. and conaist of bydrofluouZ"io acid (technical, so-ss· W/V) and ferric lulphat• ,solution (14-1$& 'Iron) :In the following proportions:- · 

Hydrofluouric acid 8 ~ ·cent 

Fe~c Sulphate 

Taprater 

D.rHOD OF P.ROO!SSING 

27 Per cent 

6S Per cent 

( 

~ Ensure that" the flame tube is tree from all traces of grease 
and paint then immerse the component in the solution for approximately 1i to 2 hours. A clean silvery surtace should be 
obtained by light swabbing or brushing. 

Rl!STRIOTED 
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l 

.AFJ.'ER~ 
5. After removal from the·piokling solution, the flame tube 
should. be drained, rinsed in cold water arid washed or. lightly 
scoured to loosen any smut. It should then be rinsed clean 

m¥l ~ed. 

DEFECTS m WORKING 
6. The correctly constituted pickl~g solution will produce a 
SIIIOoth silvery surface. The appe~ance of a uniform reddish
brown layer on the f'lame tube after pickling, or the presenoe of' 
slight etching,· is an indication ot unbalance or exhaustion ot 
the solution. The reddish-brown layer is not detz?,mental, · and 
is readily renx>ved by swabbing. 

. . 
1. Immediately prior to repair ot a fl.Sme tube by welding, it 
is impe~tive that clean, bright parent metal ·is eXposed over an 
area extend;ing 2 to 3 in. f'rom the proposed·line of' welding and 
on the inner and outer surtace. . . This can be obtained ·by the 
use q:r a rotary wire brush or light smooth f'ile, depending on 
the accessibility of' the damaged area. Where fusion welding 
l.s to be applied, the use of a fine wheel, disc grinder· or 
emery cloth.is not advisable as the minute particles of abrasive 
compound tend to a.dhere to the parent metal, even after thorough 

• cleaning. sUb-surtace porosity ~ th subsequent weld decay will 
probably result. 

r. 

/ 

RI~S~RI CTED 

• 
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This leaf issued with A.L.No.J7 
~. 1952 

A.P.4-121B &: O, Vol.2, Part 4-
Sect. 2, Chap. 4-

LEAFLm B. 2 (Part) 

REP.AIR OF OOMPONENTS BY WEr.D:mG 

Oxy-acetylene process 

1. Repair of components by oxy-acetylene welding is not 
permissible unless it is approved by the relevant Turbine Repair 
Leaflet. Experience has show.n ~hat when applied to the repair 
of components having cracks which exceed ' specific length, 
shrinkage ,and 'distortion of the material w.l.ll occur. Only the 
filler rod specified and a vigorous boron free flux may be used. 
Flux containing boron compounds (i.e. , borax, boric acid) is not 
permitted, Olting to the adverse affect on the finished weld and 
the ~iab~lity for 'cracks to develop. · 

2. During welding, weaving or puddling is to be avoi4ed. as 
agitation of the molten metal either b'y manipulation of the 
bloWpipe or by stirring with the filler rod resul ~s in two 
undesirable effects. 

( 1) Deoxidizer.s which are present in small ~ti ties in the 
parent metal become bumt out and their removal leaves the 
metal in a brittle and. WlSound condition. , 

. (2) Agitation of the mol~en pool will produce porosity in the 
weld caused by gas. pockets forming when the metal solidifies. 

' . . 

J. The appearance of. the 'finished weld should be smooth and 
not rough or bumt and with no evidence of porosity or wner
cutting. Attel' all traces ot flux residue have been removed, 
the· weld JIJ8:1' be cleaned by wire brushing but not dressed by 
grinding ,unless specifically stated in the relevant ;repair leaflet • 

... 
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A.P.4121 B & C, Vol. 2, Part 4, Sect. 2_(,6;.l~6ij 

,; -<"t\"(w:$. ~ 
.. , ~ ~' ~ ' . .... ~' "4 ~ 

.. J .. lJ 

Chapter 5 

. _EXHAUST SYSTEM 
(This chapter supersedes that issued with A.l. No. 35) 

Note.-This chapter ap!'lies to Goblin Mk. 2 and_ 3 aero-engines 

LIST OF CONTENTS 

-General 
Rectification leaflets 

General 

Para. 
.I 
3 

I. This chapter contains leaflets d~tailing 
the method of carrying out rectification of 
-exhaust system components which have 
been rejected as being outside the permissible 
acceptance standard. 

2. Instructions for dismantling, examining, 
.and reassembling the exhaust system com
ponents are contained in Part 3~ _Section 3. _ 

Rectification leaflets 

fl. T,hese leaflets will be issued as they. 
b.ecome available arid are. prepared from 
Turbine Repair Schemes used by the engine 
manufacturer . .fTo enable each leaflet to be 

·· identified with.its relevant repair scheme, the 
T.R. (Turbine Repair) number and the issue 
number of the scheme from which the leaflet 
-Was prepared, are retained as part o~ the 

.leaflet reference. 
. . 

•• 'Propelling nozzles 
... _~:4. The size of propelling nozzle fitted is 

decided while the engine is being bench tested, 
-the larger, alternative nozzles being selected 
to correct excessive jet· pipe temperature. 
A different size of propelling nozzle must not 
be fitted to engines in service, except as a 
result of subsequent bench testing. Where 
Mod. 938 is embodied, when the engine is 
tested, the size of the nozzle and the radial 

Propelling nozzles ... 
Para. 

4 

position and number of trimming strips 
required to give the specified performance 

·are recorded in· the engine log book. If an 
adjustable propelling nozzle is changed in 
the field, the exact position may be dis
regarded provided that the correct number of 
trimming strips are fitted in a propelling 
nozzle of the correct Pi,ameter. If an adjust
able nozzle is ·not available and it is necessary 
to fit a fixed nozzle, or if an engine previously 
fitted with a fixed nozzle is to be fitted with 
a,n adjustable nozzle, reference should be 
made to the table which shows the equivalent 
fixed nozzle sizes in relation to the number · 
of trimming s~rips removed. 

Number of trimming strip· 
segments in position 

No equivalent adjustable 
nozzle 

8 
4 

Nil 

Equivalent fixed nozzle 
diameter 

}
16 in. 
16l in . 
16!-in . 
16i in. 
16! in. 
16! in. 

5. EaCh detachable trimming strip takes 
the form of a segment one eighth of the 
circumference of the propelling nozzle in 
length, and is secured by four 2 B.A. counter-

RESTRICTED 
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sunk socket screws, plain washers; 'and plain 
nuts, the screws be~g fitted so that the heads 
are inside the propelling nozzle. Each 
trimming strip must be fitted so that its 
radiused edge faces the front of the engine. 
After calibration on a test bench, or after 
adjiisting a replacement nozzle to match the 
original nozzle in the field, the screws should 
be locked by peening. Where all eight 

trimming strips are not fitted, the redundant 
screw holes should be blanked off by 'fitting 
blanking screw AGS.967f14: 

6. By observing the modification numbers · 
etched on the nozzle modifi,cation plate, or 
from the nozzle Part No., the size of the pro
pelling nozzle fitted to an engine can be 
determined from the table which follows. 

PROPELLING NOZZLE ASSEMBLIES 

Part No. 

20884 
72656 
72907 
77372 
71538 

72676 
74324 

74509} . 
74500 Alternatives 

77984 

Note ••• 

Standard 

Goblin Mk. 2 
Pre-,.Mod. 396 

·-Mod.,No. 396 
-628 & 860 
.936 
936 PT. 2 

· Goblin Mk. 3 
Basic 
Mod. No. 820 

628 & 860 
" ... ~i & 860 

938 

. . 

Dia. inches 

16 
16 
16 
16l 
16l 

16! 
16i 
161 

_16! 
Adjustable 

-There is no change to tlte above Part numbers when Mod. 860 is embodied. Although alternative 

propelling nozzle sizes are quoted, on no account must an alternative size be fitted different to the 

nozzle installed. 
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This leaf' issued W:i. th A.L.No. 53 
.Iune, 1953 

A.P.4121B & 01 Vol,21 

Part 4~ Sect.21 Oha.p .. ~ 

INDEX <F LEAFLETS 

SPECIAL NO!'E 

The Turbine Repair Schemes listed in this index are 1imi ted to 
those for which tools and equipment will norma.lzy be available 
11in the field", Furth~ ~pproved schemes in respect of the 
exhaust system are contained in Vol.6, Part 21 but their 
applicability is precluded by the requirement for argon arc or 
electric welding and other process considerations, 

Lea:f'let Ref, No, 

G,9 (TR 174) 

G,10 (TR171) 

G,1.2 (TR 168) 

-G,14 (TR 48) 

G.15 (TR 173- part) 

Title 

Scheme to repair a oracked heater fi!JJff 
Scheme to replace a damaged flange and 
sole plate 

Scheme to repair .cracked fa:irings 

·Scheme to rectify ,damaged or stripped 
i in, B,S,F, threaded holes in the 
heater Jll.\lff flange 

Scheme to repair a orBJ,ked heater DJff 

RESTRICTED 
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This leaflet issued with A.L.Nq.36 
.Janu.a.r,y, ·1952 . -

·--:. , 

. FRONT OUTER ·,coNE, TAIL PIPE 
~· .. ;.•. ···~- .... 

Sohe~e to repa.iT a cracked heater muff 
.. ~:. •' . 

( .. 1. A ·ora.Cked heater mu£f situated on the· front outer cone, can 
\, J be r~otified by welding a- strl.tabzy· sized patch over the craok 

with argon aro or aqy other approved fusion welding process. 
' \ : • :- : ~ I 

2. This soh~~ can'be applied to outer ~one ~art.No.23629 
where the craok does not exceed 5.o 00 in. length'. - If the 
craok ~ceeds th;is allowance the ·-outer c,one .is~ to be. r_~jected. 

3. Outer cones which have·b~~~-r~pai~~d under this scheme can 
be ident~ied by 'TR 174•· etch~ adjacent to the ,Part No. 

4-. Material required to form ~he patch pla:te will.~~ : 
D.T.D.171B No.24- S.W.G. {0.022 in.). : . - ' 

. ' 5. To.carry out this repair proeeed as follows:-
( 1) Open out the oraok so that the length ~f the out out i~? the 

same as the length of the crack and the width is equal to 
half the length of th~ crack. ·-Radius the corners of the 
cut out to 0.250 in. 

{2) Out out a patch from D.T.D.1,71B, the size' to be such, that 
~e~ in positi~n on the heater muff, the patch will overlap 
0. 500 in. all round the edge of the cut out. Fig.1 shows 
the maximum permissi'Qle size patch that can be fitted. 

(3) Remove Br.\1 oil or grease from the weldi~ ~ea and clean, 
by wire brushing, the two surfaces to ·be welded. 

( 4) Fit the patch plate over the heater m.Uff and weld in 
position by argon arc or a~ other approved fusion welding 
process, using filler rod D.T.D.5*9 or D.T.D.571. An 

. applicable flux will be required i:f argon arc welding is 
. not used and cleaning to remove :flux after welding will be 
necessar,y. · . 

(5) Lightl.iY etch TR 174 adjacent. to the existing Part No. 

' 

(Fig<1 appears .overleaf). 
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' (.lb77) 

-

MEASURED OVER 
SHAPE OF MUFF 

Fig. t. Patch·( maximum S,ize) fitted over cut p.way j>ortion ot 
heater muff , · 
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This leaflet issued with A.L.No.36 
January, 1952 

A.P.4121B ~ C~ Vol.2 
Part-4, Sect.2, Chap.5 
.... :. ·~~ ..... . .( " 

· .·LEAFLEr:·G~10 :(TR ,171 issue 2) 

HEATER MUFF, '-FRONT OUTER CONE, TAIL PIPE 

Scheme to replace a damageq flange and sole p~te . 
1. Weld failure or craqking at the jur..ction of the flange _and' sole plate, or sole plate and heater muff, can be ~ectified by cutting out the damaged flange and sole plate and welding a·patch plate and flange ~n position-by argon arc or e.rry 6the~ ~ppr.qved _ fusion welding process •. , ·. ·=·· 

: :. 
~ . ~ 

2. This S9heme can be applied 'to front outer cone Part No.23629. 

3. OUter cones which have ·been repaired under this scheme can be identified by 'TR 171 • etched ad.ja.Cen~- to the Part No • 
• ~ .. t ~· 

4. Materi~ -~equired to :f'ornL the patch plate wi:W.. be · D.T.D.171B No,24 s.w.G. (0.02~ in~). A new flange and sole plate Part No.2·1846 (standard part) will be required, unless th. ... .;)rigi"llal. flange and sole plate can be r~cti:f'ied and utilized. 
5. . To carry ·out this repcLir scheme. proceed as follows:-( 1) Remove damaged f'J.a.t:lge and sole plate by cutting a:Lor...g the edge of the. f:!.ange (A) as shown in· fig.1 • · · (2) Cut out a patch plate. from D.T.D. f71B No.2l;. S,.VI.G-. (0.022 in.) 6 in. wide and sufficiently long enough to leave a '0.400 in. flange extending either side of the ·heater lJillff when the· patch -plate is in_position.. . . . (3) Remove a:ny oil or grease· from the welding area and clean, by wire brushing, the two surfaces to be welded. ( 4-) Fit the patch plate over _the muff and co~e and· weld in 

(5) 

(6) 

(7) 

· position by argon arc or a:ny other approved fusion welding process~ -using filler rod D.T.D.549 o~D.T.D.571. An applicable flu'X will be required if' argon arc welding is not used and c'leanin.g to remove flux after welding will be necessary. 
Cut a hole 2.750 in. diameter in the patch plate, diametrica~ opposite to the other flange hole. Position flange and sole plate Part No.21846 central to the hole and the cone and mark the four holes on to the patch plate. 
Remove the flange and sole plate and drill the four holes 0.3750 in. diameter • 

RESTRICTED 
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(8) Reposition the flange and sole plate on the patch plate 
and weld all round. 

(9.) Light]3 etch TR 171 adjacent to the existing Part No. 

2·950 fn. 
HOLE ·ONLY 

0·400i 

6-000I 

Fig. t. Method of ~~tting away damaged flange and· sole 
- plate from heater muff 

_;.. T .T./7')44/11 00/2/52 
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This leaf issued withA.L. No.50 
February, 195.3 

A.P.4121B & C, Vol.2, Part 4 
Sect.2, Chap.5 

LEAFLET G.12 (TR 168 issue . .3) 

FAIRINGS, FRONT AND REAR, TAIL PIPE 

Scheme to repair cracked fairings 

Note.- See Secti-on Index for ~gine ~ks affected 

1. Small cracks that occur ~n the front and rear fairings, as 
indicated in fig.1 can be repaired by argon arc or oxy-acetylene 
welding. 

2. This scheme can be applied to :fairings, :f'ront and rear Part 
No~19289; 193~, 19309,- 19322, 7o544, 70545, 70552 and 70553, 
where the cracks do not exceed one in. length ~t A and 0.625 at B. 
Fairings with cracks exceeding th~s allowance are to be rejected~ 

3. Fairings which have been repaired under this scheme can be 
identified by "TR 168" etched adjacent to .the part number. 

5. 
(1) 

(2) 

(3) 

(4) 

(5) 

No new parts are required to carry out this repair. 

To carr.y out this repair_proceed as follows:-
Remove aey- oil or grease present and .clean, by wire brushing, 
sufficiently to expose bright metal in and around the crack• 
Weld up the crack by the argon arc or oxy-acetylene process 
using filler rod D.T.D.549 or D.T.D.571. A suitable flux 
must be used in· the case of oxy-acetylene. 
To remove surplus flux if oxy-acetylene welding has been 
used, immerse the fairirig in a ba-th of boiling water for 
30 minutes. _ 
Grind down the weld to give a-smooth finish ensuring that 
the poirit of fusion of the welq is· not removed. 
Lightly etch TR 168 adjacent to the existing part number. 

Fig. 1 over leaf'. 
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TR 168 
J 662/1 

Fig. 1. Location of repairable cracks in tail pipe f~ 
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This 1ea£ .is~ued with A::i;J.No.41 
~ugust, 1952 

.: ,.· ko 

~ ·"'t;~ 
. .·; .. . .. . • , Ci'· 

~ ,- ~·"', .. : . -=·~ 
A.P.4121B & C, Vol~·2,' · · 
Part 4, S~ct.2, Chap.~ .~ .. ~:· 

' 

--

LEA.F!ET G.1,3 (TR 169 ISSUE :2') : 
~ • ~ '< 

JtJIDTION PIPES, NOZZLE RllG- .. 
,. .. - ... 

- .· 
Scheme ~ .repair ,cra.C!ked ~unction pipes 

Note. - See Section Index for engine Mazks a.f:f'eoted 

.. 
.-

.. 
. 1.. C1"?-cks -that-occur :in the area.j.n.d~Qated in. fig.1, can be· 
rep~ by welding with the argon arc or oJcy"-a.cetylene process. 

2. This scheme can be applied· to junction pipe assembly 
Part No.22118 if the craCks do not· exceed 1 .• 500 in. in length. 
Where the length of any Cra.ok -exceeds this allowance th~ junction _ 
pipe is t~· be rejected. · · 

3. Jmiotioil pipes ~hich have been repaired ~er this ~heJ,ne 
_Ca.n 'J?e identified by ·~ 169' etched ~ja.oent to the Part No. 

4• No. new parts are required to carry out this repair. 

A 

A 

.TYPIC.AL CRACK, REMOVE 
BY [?RILL! NG 

' 

REPAIR ALL CRACKS 
OVER AREA-'I:fATCHED 

SECTION A-A 

-
Fig. I. Area of repairable. cracks in nozzle ring jur:tction pipe assembly 
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; 
1.· 

5. To carry out this· repair proceed as 'tollon:-
( 1 ) Remove metal along the line of' the crack by drilling 1/16 in • 

. diameter holes to the depth and. length required, sufficient 
. to remove the orig:ina.l o~lirie of' the cmok. · ~, . : 

(2) Remove any oil or grease present and al.ean., by wire brush:i ng, 
to eq>ose bright metal above and below the crack. 

(3) Weld by the argon arc or o:lcy'-e.cetylcme process using tiller 
rod NC 82 (WIGGm ). . · _ 

{4-) File the weld where it protrudes on the jointing f'ace of' the 
flange. 

(5 ) Lightly. etch TR 169 adjacent to the existing Part No. 

J • . .. 

·. 

A.~.P.S662/1100/8/52 

\. . . 
~~--·--~·----
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This leaf issued with A.. L. No. 37 
:March, 1952 

'· . 

A.P. 4121B & C, Vol. 2, Pa:t;; 4.': . ·," S t 2 .. Cha: 5 . .,•, . I '-. .. eo • , . P·· : .. ·:~ ·-" '·.?,t~:·i.f~i 
• f ~:., -.. ~ • ~ .o:J. .. i ... .. C~::";/;· .}.' .. • :~·}~ -l.· i .. ~::,X~ .-... F/ I ·: 

, ~ G. ·1~,;(Ta;_ 4-e ~'*·~~}le 2) 
_..-. ·•',· ~. . .... • '·~,,-,._ .. r r.~!;;~1~ \<-~;:~ ... 

FRONT ·o~ ~~ ·TAIL-~ · ~,.,.~, . . , \ 

Scheme to reotif.y damaged or ~tripped~ in. B.~.F~ 'thre~d~ holes in the ·heater muff flang~ , · .. , ·. 

1. Stripped. threads or other- damage to any of the four·.-~ in. . " B.S.F. threaded holes in the ~eater.mutf·f~ange,-~ be ~ectified as detailed below. r_ • • . ; . • ~ • • • , .. 
• • r " " ' • • • ' • ~ • • _: ' ~.. I 2. ~he repair eonsists ofurilling.an~ tapping the d~feot~ve · , . flange holes and fitting a threaded ferrule into ~a,oh mo_dified . . hole.- · The fezTul~ is" looked ··in pos'i tion by drilling an adjacent~ hol~ in the flange and ·fitting a dOwel: pin. :. The p~ ;s_ securea.:· by peening metal into the top of each hole. · ·. 

3. This scheme can be applied to· front outer cones Part No. 22760, 23450, 23629 and 75808. · . . . , 1 • ' ,. J • ~ ,. • 

. . "'' 4. Front outer cones which have been repaired under this scheme can be identified by "TR 48" etched adJacent -to· the part nwziber. ,· 

The foll~g new parts -Will be required 
'•· . . . 

Description No. off 

Ferrule as required 

Doviel pin as required 
5. Tq o~ out this .repair p~o~ed as 'follows:- . 

. Note.- The operations refer· to one hqle only· but may be aP.plied . at the . same time .to more than ~ne hole as required. 

(1) Set up the front. outer cone in posi~ion under a.radial drilling ma.~hine, so that -the flange t;aoe will be at right angles to the drill. , · :, ,. ·.~. .... . · .. .' ·. ·.. : · · 1 (2) Drill out_ the defeotive·!·i%4 B~s.~. tapped flange hole to· 11/32 in. iia. ' - I 

(3) Tap out the hole to -1 i%4 B. s. P. using a taper and plug tap,· ensuring that they enter the. hole at·right angles to the flange face • 
(
54) Blow out the hole with compressed a,ir. 

( ) Screw in the ferrule Part No. N.2546 flush with the outer face of the flange. 
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(6) Positi.on the drill jig T70813 with its locating pin in the··:·' 
. modified flange hole aligning the dowel pin guide' hole as 

·:· shown in tig.1 ... · ;.·, ... 
(7} Using a radial drilling machine otter up the 1/16 in. dia. 

drill to the guide ,hole o(. the jig, ·check .for free running 
through ·the hole, · then drill to a depth o~ 0 •120 in. into ttte 
flange.· . . · .. · .. : . : . ·· . . , · . 

(8) Remove ~he jig_ .and blow out the drilled hole with a 
·compressed air jet. . . , . 

(9) .Ohe9k that all swart is relJ!OVed, failure 'to do this --will 
· t;:ause the _dowel ·pin to ·.project proud of the flange· face :wh'Em· · 
it is tapped into posi ti6IJ.., . · . · · : . ·. '· : ·· 

(10) Tap the dowel pin Part ·No. 2497. doim to the bottom of the 
dowel .h.Qle; peen me~al into the top of the :ho.le :to look the 

· .'dowel pin... · · -. ' _. . · · · .. · · ·· . .:·· · .. 
(11) Clean. up the .flange face to remOve any burrs. · , .. : 
(12) Lightly ·et$ the marking '!TR 48" adjacent to· ex?-sting part 

nl,Dliber. 

HOLE 'l.',ln.DIA. X 0•121nDEtEP---I 

DOWEL PIN LOCKED---+~~ 
IN POSITION IIY 
PEENING METAL INTO 

. HOLE SECTION A-A 

HEATER MUFF 
FLANGE 

TR48 (J772) 

Pig. 1. Jlethod ·of rectifying stripped thread in heater. muff flange 
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Thia leaf iaaued rlth A.L.No.37 · 
~h,·1·952 

A.P.4121B & O, Vol.2, Part ·.4· 
Sect. 2, Chap. 5 

G 
LEAFLET" 14 (TR 48 Issue 2) 

The following tools are required to carry out this schema. 

Description Part l'iu. No. ott 

Drill, twist 11/32 1n. H. s. s. Standard 1 

Tap; taper~ thread i in. B.S.P. Standard 1· 

Tap, ,plug, t~ad i in. B.s.P. S:tandard 1 

" Drill, twist 1/16 in. H.$.S. Standard 1 

Drill jig 1'70813 1 
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This leaf' issued with AtiL.No.53 A.P.4121B cl: C1 Vol.21 ;J'tme, 1953 ~ ,. Part 4, Sect.2, Chap.5 

LEAFLET G.15 · (TR.173 Issue 2) part 

FRONT ·oUTER CONE, TAIL PIPE 

Scheme to repair a cracked heater muff' 

1. Cracks and failure of welded joints that occur in the rear heater mutt, situated on the tail pipe outer cone, indicated at '"A" and "B" in fig.1 1 can b~ repaired by argon arc or o:qace'fur'lene welding. 

2 •. This~soheme can be appli.ea to outer cones Part No.22760, 2.34.50, 23629 and 71.509. If the cracks at "A" exceed 2•.0 in. length, a sui.tahle patch .can be Yielded aver th~ cr&:ek1 · as described in Leaf'let G.9 (TR.174) contained in this chapter. If the cracks .at "B" are excess~ve .and difficult tp repair by welding, a new s.ection of heater mu:f':f" "'ffAY be inserted as ·described in the full application of this repair scheme (TR.173) contained in Vol.6, Part 21 of this Air Publication.; ~ necessary, the complete diameter of th.e end sections JJlal' be renewed. . "' 

3. Outer cones previousq repaired by ~thi~ scheme JDaiY be identified by "TR.173" etched adjacent to the part number. new parts are required. 
No 

4. To carr.r out this .repair proceed as follows:.;. . ( 1 ) Clean by wire brushing to expose bright metal in and arouri.d the oraoks. . . (2) Using a fi~ler rod to specificationD.T.D.~9 or D.T.D.571, weld all ·cracks at ·posl.t~on "A" ~ the argon arc or OX¥aoevlene process; extend the weld just past .each end of the crack. An applicable flux will be· required if OX¥acev_lene welding is used and cleaning to remove S'UZj?lUS f'lux af'ter · -welding Will be necessary. · _ {3) Press together the edges of cracks or ·detached sections at position 11B11 .and weld by either process. 
(4) If CJX¥-aoe'fur'lene welding is used, bmerse the tail pipe for 30 minutes in a bath of boiling water 't9 remove 8Z\Y residual f'lux that JDaiY be t~apped inside the heater IIDlft. (5) To faoilitate inspection, clean by wire brushing all finished welds, but do not attempt to dress by filing or 

' grinding. 
(6) Etch "TR.173" in a posit:i,.on a?-jacent to the part number. 

t,; ......... 

Fig.1 overleaf' 
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APPROX. POSITION • 

OF CRACKS 

LOCATION OF WELD FAILURES 

REPAIR BY ~RGON ARC OR 

OXY-ACETYLENE WELDING 

Fig.1. Pro'bable position of crack& and 

weld failures occurring in tail 

pipe heater rrm.tt 
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. . ~ -A.P.4121 B _& c, Vol. 2, Part'4, Sect£ 2 (A.t:6n 
:$.->< -¥ Y,d' 1~ .. ,., :)';"•}~11 

~-- 1 •• n 1:11 ,~<( ;;fo Chapter 6 
i 

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

(This chapter supersedes t~at issued with A.L. No. 31 and 48) 

LIST. OF CONTENTS 
''"·Para: Fuel pump and adapter (Mk. 2) •.. 2 Fuel pump and adapter (Mk. 3) ... · ... . .'. • 6 Single 'pump' check (dual' pump' installation) .l.-.' 1 • 1'9 ·control box and dump valve ·' ·, ·••• ! .. · 12 

Pressure limiting valve :.. ' ••• ' 21 

Governor f!1echanism (Mk. 3) 
Fuel accumulator ••• 
Starting valve 
High-pressure fuel filter .(Mk. 2 only) 
Barostat (Mk. 2 only) 

' ' ~ i~!l~-. 
~.~:.t!jJ./; 

:,; {ii~q 
" ~ 

Para •. 
33 
37 
40 

.:47 
•.•. , ,48 
..• 149 

Slow-running adjustment_ .:. ' : •• ',' 24 Pressurizing valve (Mk. 3 with air-fuel ratio '•· 1 ~ control only) . .• .~. ... .... • .• • 26A Overspeed governor (Mk. 2 only)... ' :.. 27_ 

Barometric pressure control· (Mk. 3 only) 
p, essua e SWitch (l'ftt. 1 only} 
Air-fuel ratio control (Mk. 3:only) ..• 
Flexible pipes 

...... -se--tn~~ so ("'J.; 
Sf· ,(1'/L: 
-~ LIST OF ILLUSTRATIONS 

Fig. 
,:Fig. 

t' ~ j 

Lucas fuel pump removed ••• 
Control box removed 
Pressure limiting valve removed ..• 
Slow-running adjustment ••• 
Overspeed governor and adapter removed (Mk. 2) 

I 
2 
3 
4 
5 

I. This chapter contain~ instructions for removing and refitting the fuel system components which are not dealt wit,h in Part 3, Sect. 3, together with instructions for making adjustments and minor repairs. The general information contained in Chapter 1 of this section should be referred to as . necessary. 
Fuel pump and adapter (Mk. 2) 
Removal · 
2. To remove the fuel pump from the bottom accessory box, disconnect the fuel supply pipe from the pump inlet and remove the L.P. fuel filter bowl. Disconnect the fuel pump to H.P. fuel filter pipe at the union nut adjacent to the fuel pump. Disconnect the fuel pump to control box pipe at the union nut adjacent to the fuel pump, and the anti-hammer pipe at the junction union on the fuel pump inlet. Using the special spanner T70258, remove the four nuts and spring washers· (also plain washers when Mod. No. 755 has been embodied) which secure the fuel pump to its adapter and remove the fuel pump. Instructions for dismantling, reconditioning, and reassembling the fuel pump are contained in A.P.4282. 

Governor and starting valve adjustment .(Mk. 3) 
Fuel accumulator and bracket (Mk. 3) 
Starting valve removed (Mk. 3) •.• 
High-pressure fuel filter .(Mk. 2) ..• 

6 

8 

9 

3. T.4e two top rear studs, which partly secure the fuel pump adapter to the bottom accessory box, pass right through th~ accessory box and form part of the fixing for the overspeed governor and its adapter. If, therefore, it is required to remove the fuel pump adapter, it is first necessary to remove the overspeed governor complete with its adapter, as described in para. 30 and 31; the fuel pump adapter can then be removed as follows. Remove the four -! in. B.S.F. plain nuts and spring washers (also plain washers when Mod. No. 755 has been embodied) which secure the adapter to the · accessory box. · Withdraw the adapter by tapping the starboard ~nds of the two top rear studs which project throug4 the overspeed governor adapter mounting face. 
Refitting 
4. Ensure that the two long studs which are attached to the fuel pump adapter are secure, and that the mating faces of the adapter and the fuel pump drive housing in the accessory box, are clean and lindamaged. Apply a thin film of jointing compound to the mating" .faces, and fit the adapter by pusliing the long studs through the appr?priate. holes in 
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the bottom accessory box, from the port 
side. Refit the overs:peed governor complete 
with its adapter,. as described in para. 32. 
Secure the fuel pump adapter by refitting 
the four spring washers (also plain washers 

" when Mop. No. 755 has been embodied) and 
plain nuts. 

4A. Care must be taken to ensure that the 
drive shaft of the fuel pump does not receive 
an endwise blow. Such a blow could be the 
result of careless handling of the pump during 
transit, whilst in store, or during removal or 
refitment of the pump on the engine. A 
severe endwise blow can cause the drive shaft 
to be 9-riven through the pump ball.bearing 

with the result that the eD;d float on the pump 
rotor assembly is taken up, the rotor comes 
into contact with the pump casing, and the 
~onsequent increased loading of the drive 
shaft ultimately causes failure. 

S. Before refitting the fuel pump, ensure 
t~at the splines in the drive within the 
accessory box, and those on the fuel pump 
quill shaft, are clean and undamaged. 
Check the mating faces of the fuel pump 
adapter and the fuel pump for condition 

11 

8 

9 

and apply a thin film of jointing compound 

to each face. A-lign the splines on the fuel 
pump quillshaft with ~he splines in the 
engine, and push the fuel pump into position; 
if necessary, turn the impeller by hand to 
facilitate engagement. Secure the fuel pump 
with the four spring washers (also plain 
washers when Mod. No. 755 has been em
bodied) and nuts. Reconnect the pipes 
detailed in para. 2, and prime the fuel system 
as described in Part 3, Sect. 2, Chap. 1. 

Fuel pump and adapter (Mk. 3) 

Removal 
6. There are slight differences between; the 
connections to the L~cas fuel pump depend
ing on whether it is a single pump system, or 
the port or starboard fuel pump of a dual 
pump system. The following lists detail the 
connections which it will be necessary to 
unscrew, accordjng to which pump it is re
quired to remove. Fig. 1 shows a fuel pump 
removed from a dual pump system. 

Port pump, dual pump system. 

(1) Pump .delivery pipe from pump to 
control box. 

(2) Inter-pump de~v~ry pipe. 

2 

4 

6 

I EIGHT PLAIN NUTS AND SPRING WASHERS 8 SERVO PIPE CONNECfiNG PORT PUMP TO 

2 ANTI-HAMMER PIPE CONNECfiON STARBOARD PUMP 

3 FUEL SUPPLY PIPE CONNECTION 9 FUEL PUMP ADAPTER ON BOTTOM ACCESSORY 

4 PUMP DELIVERY PIPE CONNECTION BOX 

5 INTER-PUMP DELIVERY PIPE CONNECfiON 10 ANTI-HAMMER PIPE FROM CONTROL BOX TO 

6 INTER-PUMP DELIVERY PIPE PUMP INLET 

7 .f!UMP DELIVERY PIPE TO CONTROL BOX 11 REMOTE BLEED PIPE 

Fig. 1. Lucas fuel pump removed 
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(3} Servo pipe connecting port pump to 
starboard pump. 

(4) Anti-hammer pipe from control box to 
pump inlet. 

(5} Remote bleed pipe. 
{6) Fuel supply pipe (engine installed in air

craft). 
(7} Pump delivery pressure} 

pipe from pump to B.P.C. Engines 
(8} Servo pipe from pump to with air-

B.P.C. · fuel ratio 
(9} Pipe fro~ B.P.C. to pump control . 

inlet 

Starboard pump, dual pump system 
(I) Inter-pump delivery pipe. 
(2) Servo· pipe connecting port pump to 

starboard pump. 
{3} Servo pipe from 

pump to B.P.C. 

(4) Pipe from B.P.c. Engines without air-
to pump inlet fuel ratio control) (5) Pump delivery 
pipe from pump 
to B.P.C. 

(6} Fuel.supply pipe. 
(7) Electric leads from terminals on fuel 

pump (engine installed ·in aircraft). 

Single pump system 
(I) Pump delivery pipe from pump to 

control box. · · 
{2) Servo pipe from pump to B.P.c. 
{3) Pipe from B.P.c. to pump inlet. 
(4) Pump . delivery pipe from pump to 

B.P.C. . . 
(5) Anti-hammer pipe from control box 

to_pump inlet. . ' 
{6} Fuel supply pipe (engine installed in 

aircraft). 
(7) Remote bleed pipe 
(8) Electric leads from terminals on .fuel 

. p_ump (engine install~d in aircraft). 

7. Remove the eight nut~ and spring 
washers (also plain washers when Mod. No. 
755 has been embodied) which secure the fuel 
pump to its adapter and remove the pump; 
do not disturb the castellated nuts. If it is · 
required to remove the adapter, unscrew the 
six nuts and tab-washers which secure it to 
the accessory box. 

Refitting 

8. The procedure for refitting a fuel pump 
is largely a reversal of the instructions 
given for removal. The fu~l system must be 
primed, as described in Part 3, Sect. 2, 
Chap. I before starting the engine. 

·. 

A.P.4121 B & C, Vol. 2,·Part 4, S~ct. 2, Chap, 6.(A.L.~7) 

Single pump check (dual pump installation) 
9. On the test bed, when the maximl.un 
permissible engine speed cannot be obtained 
on one pump alone due to low· ambient 
temperature, the single pump delivery ·is 
established by applying a formula. Since 
when making this check in the field the actual 
delivery cannot be measured, the results 
obtained can be checked only by comparison, 
as the maximum r.p.m. obtained on each 
pump should be approximately the same, 
subject to allowance being made for the 
difference in governor setting described in 

. para. 34. Speed variations of approximately 
IOO to I50 r.p:m. are acceptable but any wide 
difference obtaining in these circumstances 
would be an indication that one pump is 
faulty. 

10. To check the port fuel pump, disconnect 
the servo pipe between the fuel pumps at 
the solenoid valve on the starboard fuel 
pump, and ·blank off the open end of the 
pipe, leaving tlie connection on the pump 
open. Move the fuel pump isolating switch _ 
to the ON position, to close the solenoid 
valve. Start the engine, and move the fuel 
pump isolating- switch to the OFF position, 
to open _the solenoid valve. Increase the 
engine speed, and establish the ~aximum 
r.p.m. obtainable. , , 

11. To check the starboard ~el pump, 
return fP.e fuel pump isolating switch to the 
o:N position to close the solenoid valve; and 

· remove the blank from the servo pipe. 
Start the engine, and increase the engine 
speed until the maximum r.p.m. obtainable 
is establish~d. Stop the engine and reconnect 
the s~rvo pipe to the starboard fuel pump. 

Control box and dump valve 
Removal 

12. The control box, illustrated in fig. 2, 
and dump valve (Mk. '2. only), m~st be 
treated as a ~ingle unit and, when removed 
from the engine, must be stored with the 
control valve plunger in the closed (slow
running) position, i.e., pushed fully into the 
control box to avoid damage to the plunger 
by bending. If the control box is being 
removed only for the purpose of removing 
the pressure limiting valve, the associated 
flexible fuel pipes need not be disconnected. 
To remove the control box, disconnect the 
drain pipe from the union on the pressure 
limiting valve, and the control rod from the 
H.P. cut-off valve lever on the control box. 
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I CONNECTING UNK . • 5 FUEL PUMP TO CONTROL BOX PIPE 
2 THREE PLAIN NUTS AND SPRING WASHERS 6 H.P. CUT-OFF VALVE LEVER 
3 CONTROL BOX INLET CONNECTION 7 PRESSURE LIMITING VALVE DRAIN 
4 ANTI-HAMMER PIPE, CONTROL BOX TO PUMP 8 CONTROL BOX TO GOVERNOR PIPE (Mk. 2) 

r. 
\.-

INLET • 8 CONTROL BOX TO STARTI"!G VALVE PIPE (Mk. 3) 

Fig. 2. Control box removed • 

Disconnect the following flexible pipes; 
unscrew the union nut at the control box end 
of the pipe in each case. (Mk. 2 only), the fuel 
pump to control box pipe, the control box to 
overspeed governor pipe, and the anti
hammer pipe from control box to fuel pump. 
(Mk. 3 without air-fuel ratio control only}, 
the fqel pump to control b?x ~ipe, the contr?l 
box to starting valve p1pe, and the anti
hammer pipe from coJ;J.trol box to fuel pump. 
(Mk. 3, with air-fuel control only), the fuel 
pump to control box pipe, the pressurizing 
valve to starting valve pipe, the pressurizing 
valve to air-fuel ratio control pipe, the 
pressurizing valve to control box pipe, and 
the anti-hammer pipe from control box to 
fuel pump. Co~pletely remove the follow
ing rigid pipes. (Mk. 2 and Mk. 3, Mod. 713 
only), the starting valve to dump valve pipe. 
(Mk. 3, with air-fuel ratio control only), the 
shut-off valve to starting valve pipe. Extract 
the split pin and remove the shacJ4e pin 
which couples the connecting link to the con
trol valve plunger. Push the control valve 
plunger into the control box as far as possible. 
Remove the three nuts and spring washers 
(also plain washers when Mod. 755 has been 
embodied) which secure the control box to 
the sump, and draw the control box off the 
studs. 

Renewing the control valve plunger seals 
13. The only minor repair permitted is the 
renewal of the control valve plunger seals 
to rectify leakage of f:uel. Instructions for 
dismantling, reconditioriing, reassembling, 
and testing the control box .are contained in 
A.P.!i282. 

14. The importance of cleanliness and the 
exercise of every care to avoid damage 
while carrying out the following operations 
cannot be too highly stressed; irreparable 
damage can be caused by dropping the -
control box or by the incorrect use of tools. 

IS. To :fit new seals proceed as folio~. 
Remove .the two nuts and spring washers 
which secure the control valve plunger 
cov.er; remove the cover and the control 
valve seal cover plate. Insert a small tommy 
~ar tlu:~mgh the eye of the plunger to prevent 

.1t turning, unlock and unscrew the 2 B.A • 
bolt from the rear of the plunger, and remove 
the collar which forms the· plunger stop. 
Lightly stone any burrs which may be 
present on the plunger; grip the eye end and 
withdraw the plunger from the control box. 
Remove the control valve seal and collar. 
Remove the two nuts and spring washers 
which secure the control valve dust seal cover 
to the front of the control box, and remove 
the cover, felt washer, and control valve 
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seal cover- plate. Remove the other control 
valve·se'al and collar. 

16. Examine the control valve plunger for 
evidence of scoring and, using a straight 

. edge or by rolling the plunger on .a SU+face 
plate, check its length for straightnes~. Minor 
scores or scratches may be lightly polished out 
using well worn emery paper of. the finest grade. 
Polishing should be localised to the area of 
the scratch, so that as far as possib~e the 
original ma!t lapped fin~sh is preserved. 

17. Before refitting the .parts at th~ rear 
end of the control -valve plunger bore, 
ensure that the circlip which retains the 
control valve seal bush is tight in its .location, 
and that it has not 'moved and blanked off 
the small bleed hole in the body of the 
control box. The control valve seal collars, 
which are at each end of the plunger bore, 
should be fitted with the slots innermost, 
and it is important that the slot in the collar 
at the rear end fits over the leg of the circlip .. 

18. Using insertion tool T79038, fit new 
seals (Part No. 21026) at each end of .the 
plunger bore so that their. grooves are 
located inwards over the collars. Ensure that 
the seals do J?.Ot project beyond the face of 
the control box at the rear, or beyond the 
control valve flange at' the front;~ necessary, 
the length of the collars ~ay .be· reduced to 
obtain this condition. Refit the two cover 
plates and .temporarily secure the rear ,plate 
by fitting one of the nuts. Fit a new felt 
washer and secure the dust seal cover at the 
front finger-tight only with the two spring 
washers and nuts. 

19. Lubricate the control valve plunger 
and, using the sp~cial guide plug T70063, 
insert the plunger, care being taken that the 
seals are not damaged in the process. The 
plunger will ensure correct alignment of the 
felt washer at the front end and the two nuts 
securing t1re dust cover should now be 
tightened. Insert a small tommy bar 
through the eye of the plunger to prevent it 
turning, refit the control valve ~~liar, or 
plunger 'stop, and a new tab-waslier (Part 
No. N3766); tighten and lock the 2 B.A. 
bolt. Remove the nut which secures the rear 
plate and refit the control valve plunger 
cover, and secure it with the two spring 
washers and nuts. 

Refitting _ 

20. Mount the control box on the oil sump, 
and secure it by refittip.g the three spring 

A.PA/21 B & C, Vol. 2, Part 4, Sect. 2, ~hap. 6 (A,L67) 

washers (also plain washers when Mod. No. 
755 has been embodied) and plain nuts. 
Lubricate the shackle pin with a smear of 
anti-freeze grease and couple the connecting 
link to the control valve plunger, inserting 
the shackle pin so thp.t its head is towards 
the sump. Secure the .shackle pin by fitting . 
a new split .pin. Reconne~t ~~ pipes 
detailed in para. 12. If the engme 1s n~st~ed 
in an aircraft, reconnect the pre.ssure limitmg 
valve drain pip~. and the H.P. cut-off valve 
control. 

Note ••• 
Mk. 2 only. It is important that whenever the 
H.P. cut-off valve control has been di~connected 
from the engine, or has been readJusted, the 
check recommended in Part3, Sect. 2, Chap. I, 
should be made during the next gro_und run~ ,. 

I o ! 

Pressure limiting valve 

21. To remove the pressure limiting valve 
(fig. 3), disconnect the drain pipe ~?m !he 
union on the P.L.v. Remove the ng~d p1p~ 
which connects the starting valve to the 
dump valve (Mk. 2 only), or the rigid pipe 
which connects the shut-off valve to the 

I SHACKLE PIN 
2 CONNECTING LINK 
3 CONTROL BOX 
4 THREE PLAIN NUTS AND SPRING WASHERS 
5 FILTER AND SPRING (Pre-mod- 754 only) 
6 PRESSURE LIMITING VALVE 

Fig. 3. Pressure limiting valve removed 
(A.L 67, July, 54) 
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I SLOW-RUNNING ADJUSTING SCREW 
1 LOCK-NUT 
3 CONTROL BOX 
4 BLANK ON P.L.V. MOUNTING FACE 

Fig. 4. Slow-running adjustment 

starting valve (Mk. 3, with air-fuel ratio con
trol only). Extract the split pin, remove the 
shackle pin which couples the connecting link 
to ,the control valve plunger, and push the 
control valve plunger into the control box as 
far as ·possible. · .Remove the three nuts and 
spring washers (also . plain washers when 
Mod. No. 755 has been embodie4) which. 
secure the control box to the sump, and draw 
the contx:ol box away from, the sump just 
enough to permit the four nuts and spring 
washers (also plain washers when: Mod. No. 
755 has been embodied) which secure the 
P.L.V. to the front face of the control box to 
be· removed, and the P.L.v. drawn off the 
studs. Blank off the P.L.v. mounting face 
on the control box, use blanking cover T75065 
or make reference to fig.· 3, Part 3, Sect. 3, 
Chap. 1 for: particulars of a suitable blanking 
arrangement. 

Checking the pressure limiting valve 

22. Whenever the P.i..v. is removed,. a 
check should be made by running the engine 
with a blanking plate fitted to the P.L.V. 
mounting ~ace on the control box, to com
pare the slow-running speed obtained under 
these. conditions with that obtained after 
.the P.L.v. has been' refitted. Use blanking 
cover T74065 or the locally-made blank 
illustrated in Part 3, Sect. 3, Chap. 1, Fig. 3. 
Should the slow-running speed be higher, 
with the P.L.v. fitted, it probably indicates a 
f?-ulty P.L.V., which must be changed for a 
serviceable unit. Readjustment of the slow
running stop on the control box, to com
pensate for leakage past the P.L.V., is NOT 
permitted. 

Refitting 

23. When refitting a P.L.V. which has 
Mod. No. 754 embodied, ensure that the two 

seal rings (Part No. CH.65163 and CH.65164) 
are undamaged and. are correctly positioned 
in the P.L.V. joint face. If Mod. No. 754 
has not been embodi~d, fit the joint washer 
(Part No. 21772A) to the P.L.v. mounting 
face on the control box and ensure that the 
small filter and spring are in position. Mount 
the P.L.V. on the control box and secure with 
the four spring washers (also plain washers 
when Mod. No. 755 has been embodied) and 
nuts. Push the control box into position 
and secure it with the three spring washers 
(also plain washers when Mod. No. 755 has 
been embodied) _and nuts. Reconnect the 
rigid fuel pipe between the starting valve and 
the dump valve (Mk. 2 only) or the rigid pipe 
which connects the shut.:off valve to the start
ing valve (Mk. 3, with air-fuel ratio control 
only), and reconnect the J?.L.V. drain. Couple 
the throttle control to the control valve 
plunger. Qn Mk. 3 engines it Will be neces
sary to . reprime the fuel pumps after the 
P.L.V. has been refitted. Start the engine 
and check that the slow-running speed is the 
.~ame as ,that previously established. When 
the slow-running speed is satisfactory, care
fully examine the joint face between the 
P.L.v. and the control box, and each of the 
fuel pipe unions that have been disturbed for 
evidence ~f fuel leakage. 

Slow-running adjustment 

24. The slow-running stop 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 (fig. 4) at the rear of the 
control box, and provides adjustment for 
the slow-running (idling) speed. The setting 
obtained on the test bed, after manufacture 
or reconditioning is 'Yire-locked and sealed 
with a lead seal by the inspection authority, 
and this adjustment should not nomially 
require alteration. · · 

25. An increase iri the slow-running speed 
may be due to a: faulty pressure limiting 
valve and, for this reason, it is advisable to 
carry out the test described in . para. 22 
before attempting ~o adjust the slqw
running speed.. Re-check the slow-running 
speed if a replacement P.L.V. is fitted. 
Adjustment of the slow-running stop to 
compensate for leakage past the P.L.v. is 
NOT permitted. 

26. To adjust the slow-running speed, 
slacken off the lock-nut on the slow-running 
adjusting screw, and_ screw in (turn clockwise) 
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I OIL DRAIN UNION 
2 FUEL INLET UNION 
3 FUEL OUTLET UNION 
4 METERED OIL FEED UNION 
5 SPLINED SHAFT ASSEMBLY 
6 METERED OIL FEED PIPE 
7 FUEL PIPE FROM GOVERNOR TO STARTING · 

VALVE 
8 FUEL PIPE FROM CONTROL BOX TO GOVERNOR 

Fig. 5. Overspeed governor· and adapter • 
removed (Mk. 2) 

the adjusting screw to increase the slow
running speed; screw out (turn anti-clock
wise) to decrease the speed. While makiJ:J.g 
this adjustment the control valve plunger 
must be ·pressed firmly against the adjusting 
screw; ensure that its travel is ·not limited 
by the stops in the aircraft portion of the 
control system. When a satisfactory slow
running speed has been obtained, wire-lock 
the adjustment. 

Pressurizhig valve (Mk. 3, with air-fuel ·ratio control 
only) · 

26A. No ·servicing or adjustment of the 
pressurizing valve, other than a periodic 
check that the nuts and unions ·are tight, is 
permissible.. If the unif appears to be 
defective it must be changed for a serviceable 
unit as follows. Disconnect the pressurizing 
valve to starting valve pipe, the pressurizing 
valve to air-fuel ratio control pipe, and the 
pressurizing valve to control box pipe, at the 
unions adjacent to the valve. Remove the 
six plain nuts and tab-washers which secure 
the pressurizing valve to the underside of 
the control box and lower the valve off 
the studs. Before refitting the pressuriz
ing valve ensure that the sealing ring 
(Part No. N.4281). is undamaged and is 
correctly positioned in the valve joint face: 
Mount the pressurizing valve on the control 
box and secure it by fitting six new tab
washers (Part No. AGS.518/E) and the plain 

A.P.4121 B & C, Vol. 2, Part 4, Sect. 2, Chap. 6 (A.L .. 67) 

nuts; lock the nuts. Reconnect the pipes 
which were disturbed during removal of the 
valve. It will be necessary to reprime the 
fuel pump or pumps after the pressurizing 
valve has been refitted. 

Overspeed governor (Mk:2 only) · 
Adjustment 
27. Deviations of the governed speed from 
the nominal value can occur through changes 
in ambient atmospheric temperature ~d 
pressure, and apparent deviations may occur 
because the aircraft instruments are less 
accurate than the stroboscope used for speed 
settings on the test bed. If attention is paid 
to deviations oq::urring in the first case, .. tog 
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 adjus~ed to 
an incorrect setting. 

28. Variations between plus 50 and n$1us 
100 r.p.m. of the nominal speed may be 
ignored unless they are habitual, in which 
case the qverspeed governor should be reset 
to allow for different operating conditions. 
Variations beyond these tolerances must be 
inv~tigated on the lines indicated in Part 3, 
Sect. 2, Chap. 3, and adjusted, if necessary; 
according to the instructions contained in 
the following paragraph. It is, however, 
recommended that the aircraft instruments 
are checked before any adjustments to the 
overspeed governor are made. When ·the 
engine is operated on Aviation Turbine 
Gasolene (AVTAG), governed speed varia:.. 
tions as a result of the change in fuel density 
will be small, and in order to limit the exhaust 
gas temperature rise which will accompany 
any overspeed condition, it will be necessary 
to re-adjust governed r.p.m. in the "field only 
'in the event of 10,250 r.p.m. being exceeded. 
29. ;Before cominencing to adjust the .over
speed governor, ensure that, when the pilot's 
lever is in the full-throttle position, ' the 
control valve plunger is hard against its 
stop in the control box, and that the travel 
is not limited by the stops in the airframe 
portion of the control system. To· alter the 
overspeed governor setting, slacken off the 
lock-nut on the speeder spring adjusting 
screw, and screw in ·the adjusting screw 
(turn clockwise) to increase the governed 
r.p.m. and vice versa. If adjustment is being 
made to correct low governed speed, run the 
engine up to the maximum r.p.m. atta.iz!.
able.i. ensure that the throttle is in the fully 

(A.L. 67, July, 54) 
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Remove the six nuts and spring washers 
(also plain washers when Mod. NQ. 755 has c· 
been embodied) which secure the :circular 
flange of the adapter to the bottom accessory 
box, and remove ~he overspeed governor 
complete with its adapter. If the splined 
shaft assembly remains in _.th~ engine; it 
should 'be removed and placed with the 
governor. ., 

~ J. 

31. J'he overspeed governor and its adapter 
should be regarded as a unit (fig. 5) as, 
during testing after ·manufacture or over
haul, each governor; complete with its 
adapter, is submitted_ to a lubrication and 
oil seal leakage tc;st which will be invalidated 
if adapters ·are iriterchanged between 
governors. To ensure correct assembly if -a 
governor is separated from its adapter, two 
notches are cut in tQ.e periphery of the 
circular flange at . the engine end of;. the 
adapter: These nqtches are to ob~ate a foul 
betweeri the flange ~d two· of the nuts and 
studs -which secure 'the •bottom accessory 

(J 

I. 
I 

-1' 
! ,, i LOCK-NUT ON FUEL PUMP DIAPHRAGM COVER 

, ·2 GOVERNOR MECHANISM ADJUSTING SCREW 
1 3 L~t5~UT ON STARTING VALVE ADJUSTING 

·· . 4 ~ARTING VALVE ADJUSTING PLUG 

Fig. 6. Governor and starting valve adjustment 
, 1 ·' \ I ., (~k; 3) 
~f :t .. ~ .. ~~lt"l'l~,..,r· J 

open position, then adjust .the. governor lmtil 
the correct· maximum r.p.m. is obtained.
Alternatively, if adjustment is required, to 
correct overspeeding, open the throttle until 
maximum permissible r.p.m. 'is obtained; 
hold the throttle to maintain this speed and 
adjust (turn adjusting screw anti-pockwise) 
th~ governor until a slight drop in r.p.m. is 
observed on the tachometer, the~ op~n the 
throttJ,e fully and further adjust the governor 
until the engin~ speed -is increased to the 
correct maximum permissible r.p.m., with 
the throttle in the fully open position. 

~ . .. . .. ~... . . . 
Removal 
30. To remove the overspeed governor, 
disconnect the following pipes; the oil drain 
pipe from the union at .. the bottom of the 
governor casing cover, the fuel drain pipe 
from the banjb on the rear of the governor 
casing, the fuel pipe. from the control box 
to the governor at . the inlet union on the 
underside of the governor casing, the fuel 
pipe from the governor to the starting valve 
at the outlet union on the underside of the 
governor casing, and the metered oil feed 
pipe from the union on the governor adapter. 

. ... 

· bo~. Therefore, when the adapter is attached 
to the overspeed governor, these two notches 
must be in line with the two bolts, through 
the square flange, which. are furthest from 
the . speeder sppng housing. Correctly 
position the adapter on the governpr casing, 
insert the' foui 2 B.A, •. bolts, and fit the spring 
washers (also plain washers when Mod. No. 
755 has been ell!bo~ed) arid nuts. • 

. ..... ;-1 , • ' .. Refitting .. : 
32. Befo~e refitting ,the overspeed governor 
and its adapter, ensure that. the splines on 
the governor shaft, at each ·end of the splined 
shaft. assembly, and in the drive within the 
engine, are clean and undamaged. Ensure 
that the three bolts in the splined shaft 
assembly, which fasten the . coupling and 
extelll?ion shafts .together, .are. secure and 
tight, ~d. that the circlip is correctly 
positioned and ·secui:-e.i9- the groove in the· 
coupling shaft. Ensure that the mating faces 
of the adapter and the bottom accessory box 
are clean 'and undamageQ.. Apply a thin film 
of jointing compound to 'the mating faces, 
and place the splined s~ assembly 'in 
position on the governor shaft. , Mount the 
overspeed governor ·and .its ·adapter on the 
bottom accessory box; if necessary, turn 
the impeller by hand to facilitate engage
ment of the splines. Secure the overspeed 
governor and its adapt~r to the accessory 
box with the six spring washers (also plain 
washers when. Mod. No. 755 has been 
embodied) and plain nuts. Reconnect the 
pipes detailed in para. 31. 
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Governor mechanis.;. (Mk. 3)' ' • · 
33. The oversp~ed governor mechanism of 
the Mk. 3 is integral with the fuel ·pumps. 
The general remarks given in para. 27 are 
equally applicable, and variations beyond 
the tolerance given should be investigated, 

· as detailed in Part 3, Sect. 2, Chap. 3. 

33A. When the engine is operated OIJ. 
Aviation Turbine Gasolene {AVTAG), it will be 
necessary to give carepu attention to the 
readjustment of the' ·governed speed ')Vhen 
changing to this fuel for'·tne. first time, or 

. after refuelling when -;AVTKG . of ·a. different 
specific gravity is usea, I as '1the 'hydraulic 
mechanism of the fuel pump governor is 
sensitive to changes in fuel den~ty .... The 
wide limits permitted by the fuel specifi.cati9~ 

I FUEL ACCUMULATOR BRACKET 
2 FUEL ACCUMULATOR 
3 PIPE FROM ACCUMULATOR TO STARTING 

VALVE 

Fig. 7. Fuel accumulator and bracket 
(Mk. ~) 

A.P.4121 B 8. C, Vol. 2, Port 4, Sect. 2, Chop.\6·(A.l:67) 
- ~ · .c· .. ~· "i~:c!1~r ... ..l:, ·a~ \t· ~ ft ~· 

will be .accompanied by considerable. chabges 
in governed speed, and it should be ''Jioteci 
that for an increase of 0·01 in. the'~specific' <. 

gravity of the AVTAG there will be a decrease 
in speed of approximately 60 r.p.m., and Vice 
versa. ..1\fter refuelling, run the engine, ·tPJ; · . 
approximately one minute to _allow the _new 
fuel to reach the governor mechanism, then 
gradually increase the engine r.p.m. to check 
the maximum governed speed; if the maxi
mum governed speed exceeds 10,810 r.p.m. 
it will be necessary to readjust the governor 
or· governors as described in the following 
paragraph. - ·.. ' ~ ·. 

34, 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 this 
difference ,ill governor setting, as tb,e higher 
engine speea· may in certain circmiistances : 
be obtained with full throttle whenever the 
fuel pump isolamig switch is switc4ed C?P~ 
When, for eJ!:ample, the ambient temperatur~ 
is above 8 deg. C. at sea level, either punip 
alone is .capable qf supplying sufficient fuel 
to enable the engine to attain maximum 
r.p.m., and therefore in these circumstances 
the higher engine ~p~ed will b.e obtained. 

• • .. .-. I ... ~ Jo 

35. When . adjusting. · the governor 
~echanism, ensure that .the throttle is fuily 
open, i.e. that the control valve plunger is 
hard up against its stop in the control box,, 
and that the travel is not being limited by 
the stops in the· aircraft portion of the 
control system, when the engine speed is 
being limited by the governor mechanism. 
To alter the governor setting of either fuel 
pump, slacken the lock-nut at the end of the 
diaphragm cover (fig. 6), and turn the 
adjusting screw clockwise to increase the 
govepted r.p.m., or anti-clockwise to de
crease it. 

'• 
36. To obtain the required · difference in 
governor setting, proceed as follows. Tem
porarily increase the governor setting 0~ the 
port fuel pump to an appreciably .higher 
value than norm.al, and set· the starboard 
fuel pump to govern at 10,800 r.p.m.; as 
this speed exceeds the maximum permissible 
r.p.m., the.engine m-qst ·be run at this speed 
for the shortest time that will permit an 
accurate setting to be obtained. When the 
starboard fuel pump governor s~tting is 
satisfactory, set the port .fuel pump tq -
govern at 10,750 r.p.m. -. · ·'. 

(A.L 67, July, 54) 
RESTRICTI;D 



AP 4121B & C V2 P4 Goblin 2 & 3 Minor Repairs 19620901 OCR.pdf Page 84

I STARTING VALVE 
2 JOINT WASHER 
3 FUEL ACCUMULATOR PIPE 
4 MOUNTING FACE .ON BURNER RING 

5 FUEL INLET PIPE 

Fig. 8. Starting valve removed (Mk. 3) 

Fuel accumulator 

Checking 

37. To check the fuilctioning of the fuel 
accumulator, remove the hollow bolt from 
the drain connection at the bottom of the 
fuel accumulator, or .at the top in the case 
of Mk. 3 engines. Insert a suitable graduated 
rod, i or -fs in .. diameter and not less than 
7 in. long, with rounded ends, through the 
diain union, and lightly hold in contact wi~ 
the piston in the fuel accumulator during an 
attempted staP:. The tr:wel of the fuel 
accumulator piston as it fully charges and 
discharges during ·a norinal startilig cycle 
should be 40 mm. ± 1 ·mm. If the fuel 
accumulator does not charge fully, the 
starting valve may be at fault and should be 
checked as indicated in P.art 3, Sect. 2, Chap. 
3. Reference should also be made to para. 
42 of this chapter. 

Removal and refitting 

38. To remove the Mk. 2 fuel accumulator, 
remove the hollow bolt from the bottom of 
the fuel accUII1ulator, and disconnect the 
drain pipe. Unscrew the union nut which 
secures the overspeed governor to fuel 
accumulator pipe, from the adapter at the 
top of the accumulator, and remove the four 
plain nuts and spring washers which secure 
the fuel accumulator bracket to the oil 
sump. Remove the fuel accumulator com
plete with its bracket. To separate the 
bracket from the fuel accumulator, remove 
the six i in. B.S.F. nuts and spring washers 
from the extended portion of the six bolts 

which fasten the accumulator cap and body 
together; do not disturb the six nuts 'and 
plain washers which actually clamp these 
two parts together. The nuts and spring 
washers·. shoul,d be ·reassembled to the 
accumulator, as they are regarded as part 
of that component. Reassembly of the 
bra~ket to the fuel accumulator, and refit
ment to the engine, are a reversal of the 
removal instructions. · 

39. Removal of the Mk. 3 fuel accumulator 
(fig. 7), which is mounted on the port side 
of the engine, is similar to the removal of 
the Mk. 2 accumulator described in para. 
38, · except that the· support bracket is 
secured by t}J.ree nuts and washers instead 
of four. 

Starting valve 
Checking 
40. A check to determine whether the 
starting valve is sticking, can be made o~ 
Mk. 2 engines by disconnecting the flexible 
fuel pipe from the UJ!.derside o.f the starting 
valve, and inserting a suitable length of 
metal rod to press the valve open to the full 
extent of its travel. The valve should close 
freely immediately .it is released. The metal 
rod should be of about i in. diameter by 
.4 in. in length, and should be rounded at the 
end to avoid damaging the rubber seating 
washers. • . ,. ; . 

. ~~ ~ 

41. To check the Mk. 3 starting valve, re
move the adjusting plug and lock-nut, and 
screw a two inch 4 B.A. bolt into the piston 
through the adjusting plug hole in the. cover. 
This will enable the valve to be lifted. Gently 
.move the valve up to the tull extent of its 
travel; it should close freely immediately 
the valve is· released. If the inner and outer 
valve springs were removed for the fore
going operation, refit them to the piston 
through the hole irl. the ·cover, and screw in 
the adjusting plug for approximately half 
its length. Readjust the starting valve, as 
described in the followip.g paragraphs. 

42. When i.t is required to check the starting 
valve setting, a 0-50 lb. per sq. in. pressure 
gauge T 72803 must be connected to tlj,e·banjo 
union provided on No. 3 burner. ' This 
pressure gauge should be connected by the 
shortest pipe practicable, and it is important 
that the engi.J:l;e is not accelerated above 
3,000 r.p.m. while this gauge is connected. 
Proceed as for a normal start, and observe 
the burner fuel pressure registered on 
the gauge just before light-up. A "flick" 
pressure of 19-24 lb. per sq. in. should 
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be observed. Too high a pressure will cause 
a wet start, and too low a pressure will 
prevent the engine starting. If the operating 
pressure is unsatisfactory, stop the engine, 
and adjust the starting valve as described 
in the following paragraph. 

Note ••• 

·The need for accurate adjustment of the 
starting valve is described in Vol. 1, Sect. 2, 
Chap. 2. Readjustment is occasionally 
necessary as the result of ageing of the dia
phragm. 

43. To adjust the starting valve, slacken 
the lock-nut on the adjusting plug (jig. 6), 
and screw in (turn clockwise) the adjusting 
plug to increase the operating pressure; 
screw out (turn anti-clockwise) to decrease 
the pressure. When satisfactory conditions 
are obtained, tighten the lock-nut on the 
adjusting plug, care being taken not to alter 
the setting. 

Removal and refitting 
44. The union nut which attaches the 
starting valve to the fuel ring on Mk. 2 
engines has a left-hand thr.ead. To re
move the starting valve, disconnect the 
fuel pipe from the overspeed governor, and 
remove the rigid pipe which connects the 
starting valve to the dump valve. Using 
the ·special claw spanner T70260, unscrew 
the union nut (left-hand thread) and remove 
the two plain nuts and spring washers 
which secure the starting valve bracket. 
Remove the starting valve and its bracket. 

"45. To refit the starting valve, ensure that 
the union on the starting valve is aligned 
with the thread on the fuel ring, then tighten 
the two nuts which secure the bracket, and 
the union nut. 

46. To remove the Mk. 3 starting valve 
(jig. 8), disconnect the fuel inlet pipe from ' 
the control box, and the pipe from the fuel 
accumulator, at the unions on the starting 
valve. Completely remove the rigid pipe 
which connects the shut-off valve to the 
starting valve (Mk. 3 with air-fuel ratio con
trol only). Remove the two nuts which 
secure the starting valve to the bracket on 
the burner ring. Remove the spring washers 
and the starting valve. When refitting the 
Mk. 3 starting valve, a new joint washer 
(Part No. 19719) should be used, if necessary, 
between the starting valve and the burner 
ring. 

A.P.4121 B & C, Vol. 2, Part 4, Sect 2,, Chap. 6 (A.L.B~~ 
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Note • • • , J .. 1 ., 

lVhen jilting a replacement starting valve,
ensure that the blanking cap has been removed 
from the adjusting plug, and that the air vent 
in the end of the plug is free from obstr-uction: 

High-pressure fuel filter (Mk. 2 only) 
47. The method of dismantling the H.P. 
fuel filter for inspection and cleaning of the 
element is described in Part 3, Sect. 3, 
Chap. 1. To remove the complete fuel filter 
(jig. 9), disconnect the fuel pump to filter 
and the filter to barostat pipes, at the 
unions on the filter body. Req1ove the l in. 
B.S.F. bolt and spring washer which secure 
both the barostat bracket and the H.P. fuel 
filter bracket to the web on the front casing. 
Remove the nut, spring washer (also plain 
washer when Mod. No. 755 has been em
bodied), and bolt, which passes through the 
bracket and base of the filter, and the short 
bolt and spring washer (also plain washers 
when Mod. No. 755 has b'een embodied) 
which passes through the web on the front 
casing and screws into the bracket. Remove 

I NUT AND SPRING WASHER ON BOLT 2 
2 BOLT THROUGH BRACKET AND BASE OF FILTER 
3 SHORT BOLT AND SPRING WASHER 
4 BOLT AND SPRING WASHER WHICH SECURE 

BOTH BAROSTAT AND FILTER BRACKET 
~, ~fR6~",k,!'li~~~~CKET 
7 H.P. FUEL FILTER COVER 

Fig. 9. High-pressure fuel filter (Mk. l) 
(A.L.86, Jan. 59) 

RESTRICTED 



AP 4121B & C V2 P4 Goblin 2 & 3 Minor Repairs 19620901 OCR.pdf Page 86

the H.P. "fuel filter and' its bracket: 1To 
detach the bracket, unscrew the three nuts, 
and remove the spring washers (also plairi: 
washers when Mod. No. 755 has been em-

: bodied) and the bracket from the filter. 
' Reassembly. of the bracket to the filter, .and 

refitment to the engine, are a reversal of the 
removal instructions. 

\ ' : .. •• ~f-'; .. 1 "' 

47 A. When fit~g new filter elements, or 
a replacement filt~r-~se~b.ly, it is essep.tial to 
flush through the filter, ap.d the filter to 
barostat pipe, as 'follows. Disconnect the 
~ter to_ barosta;t. pipe at the barostat end, 
Snnulate a start ·in'·accordance with the 
starting drill given in Part 3, Sect'. 2, Chap. 2, 
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.· Reconnect the filter to 
barostat pipe and carry out a normal ground 
run, during which a check must be made for 
fuel leaks. 

Barostat (Mk. 2 only) ·• · " 

48. To remove the barostat, disconnect the 
fuel return, or spill, pipe from the union on 
the forward face of the barostat, the total 
head pipe (standard p.ose clip) from the 
banjo adjacent to the drain connection .at 
the bottom of, ~e J?J!Iostat, the &-ain pipe 
from the drain aaapter ·at the bottom of the. ' 
barostat, and the, H.P. fuel filter to barostat 
pipe at the inlet adapter on the barostat, 
and the remote bleed pipe. Remove the bolt 
and spring washer which are common to the 
barostat and fuel filter brackets, and remove 
the two nuts and .double coil spring washers 
which secure · the barostat bracket to. the 
front c3.sing. ·Remove the barostat and· its 
bracket. To detach the bracket, unscrew 
the four nuts, and remov:e the ~pring WaShers 
and the bracket. Reassembly of the bracket 
tq the barostat, and refitment of the barqstaf-·-:: 
to .the engine, are ~ reversal of the removal 
instructions. -• _.: - ·' ... -. . } ',./ 

Note... ~-.<' 
.... " .. 

.... ~~.I' 1 .. 

The barostat is p~rjicularly sensitive to the 
ingress of even minute foreign· matter. There
fore, whenever this unit is removed, or any of : 
the pipes' connected to it are disconnected or 
changed, particular. care must be taken· to ensure 

.,.. r""_.\. • ·~l 

·,· 
•• .1 .. 
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that no foreign matter of any kind enters the 
pipes or the unit. ' 

: j •• 

Barometric pressure control (Mk. 3 only) 

49. To remove the barometric pressure 
control, the following pipes must be dis
connected at the union nuts adjacent to the 
B.P.c. Servo pipe from the pump to the 
B.P.c., pipe from B.P.c. to starboard pum_P. 
inlet, pump delivery pressure pipe from pump 
t;o B.P.c. and, in the case of an installed 
engine, t~e total head pipe. Remove the 
four nuts, spring washers, and bolts which 
secure the B.P.c. to the bracket on the port 
side of the front casing. Where the B.P.C. 
is mounted on the starboard side of the oil 
sump, remove the four nuts and spring 
wasliers which secure the B.P.C. bracket to 
t~e oil.s'\]-mp, apd remove the B.P.C. complete 
w~~h. ;bracket. 1 • To. detach the bracket, 
rem~ve .~he four 1 gut~. spring washers, bolts, 
and distance pieces. Reassembly of the 
bracket to the B.P.c., and refitment to .the 
engine, are a reversal of the removal 
instructions. 

Air-fuel ratio control (Mk. 3, Mod. 948 only) 

SO. 'No servicing or adjustment of the air-
fuel ratio control, other than a periodic check 
th.at. the nuts and. unions are tight, is per
~sstble. If the umt appears to be defective, 
1t must be changed for a serviceable unit as 
follows. Disconnect the following pipes at 
the union nuts· to A-=-F.R.c., servo pipe from 
pump to -A-F.R:c., =pipe from A-F.R.c. to 
pump inlet, and the rigid pipe from No. 5 
combustion chamber to the A-F.R.c. Having 
disconnected three pipes, remove the four 
plain nuts and spring washers which secure, 
~he A-;-F.R.C. to the bracket on the port side --. 
of the front casing. Refitting the A-F.R.C. 
to the engine is a direct reversal of the fore
going instructions. 

Flexible pipes 

5 I. All flexible fuel pip~s should be inspected 
ditting routine engine inspections, and great 
car~ should 'be 'taken at all times when 
handlitig .these pipes. 'It is strongly recom.: 
mended ·that new or replacement flexible 
pipes· should be flushed through and pressure 
tested before they are fitted to the engine. 
Instructions for fitting, inspecting, and test
ing flexible pipes are contained in Chapter 10 . 
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Chapter 7 

LUBRICATION SYSTEM COMPONENTS 

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

LIST OF CONTENTS 

Oil sump ••• 
Metering pumps 
Oil pump ••• 

Para. 
2 
5 

10 

Oil pressure relief valve 
Oil jets in accessory boxes 

Para. 
12 
16 

LIST OF ILLUSTRATIONS 

A metering pump removed 
Oil pump removed 
Suggested ring spanner for removing the oil 

pressure relief valve cover ••• 

Fig. 
I 
2 

3 

I. This chapter contains instructions for 
removing and refitting the lubrication system 
components which are not dealt with in 
Part 3, Sect. 3, together with instructions for 
making adjustments. The general informa
tion contained in Chapter 1 of this section 
should be referred to as necessary. 

Oil sump 
Removal 
2. Mk. 2 engines. Remove the fuel pipe 
which connects the control box to the over
speed governor, and the fuel pipe which con
nects the governor to the starting valve. 
Mk. 3 engines. Pre-mod. 700. Remove the 
fuel pipe which connects tl;te control box to 
the starting valve, the fuel pipe which con
nects the two . pump. delivery connections 
together, the fuel supply pipe to the star
board pump, and the servo pipe between the 
two pumps. When Mod. No. 700 has been 
embodied, remove the fuel pipe which con
nects the control box to the starting valve. 
Disconnect the six drain pipes from the 
forward side of the drain box, and the mairi 
oil feed pipe and the starter oil pipe from the 
three-way banjo on the front of the sump. 

3. Disconnect the oil metering pipes as 
follows-Remove the banjo bolt and washers 
from the upper end of the front-bearing 
metered oil pipe, disconnect the front section 
of the rear-bearing metered oil pipe at the 
joint under the diffuser casing, and (Mk. 2 
only) disconnect the upper end of the over
speed-governor metered oil pipe from the 

Suggested box spanner and right-angled screw
driver for adjusting the oil pressure relief 
valve ••• 

Oil pressure relief valve adjustment 
Oil pressure relief valve dismantled 

~ig. 

'I 
5 
6 

governor adapter. Remove the control box 
and the ·fuel accumulator, complete with 
bracket, or in the case of Mli. 3, pre-mod. 700 
engines the barometric pressure control, as . 
described in Chapter 6. Normally the sump 
will be full of oil and a suitable metal tray 
into which the sump can be lowered should 
be placed under the engine. Remove the 
sixteen l in. B.S.F. plain nuts and spring 
washers which secure the oil sump to the 
bottom accessory box, and carefully lower 
the sump into the metal tray. The oil pump 
drive shaft and coupling, which may drop 
down with the sump, should be removed. 
Empty the sump of oil. . 

Refitting 

4. If the accessory box to oil sump joint 
washer (Part No. 23588) is unserviceable, a 
new joint washer should be fitted. Assemble 
the oil pump drive coupling sleeve to the 
splines on the oil pump driving gear, and 
insert the lower end of the oil pump driving 
shaft into the coupling. Place the joint 
washer over the studs on the underside of 
the bottom accessory box and assemble the 
sump to the accessory box; ensure that the 
upper end of the oil pump driving shaft 
enters the oil pump driven gear in the 
accessory ~ox correctly. Place the main oil 
feed pipe clip ov~r the starboard stud and 
secure the sump by refitting the sixteen 
spring washers and nuts. Refit the fuel 
accumulator, or barometric pressure control, 
and the control box. ~econnect the pipes 
detailed in the foregoing paragraphs. 
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I TWO 2 B.A. PLAIN NUTS AND SPRING WASHERS, 
ALSO PLAIN WASHERS WHEN MOD. No. 755 HAS 
BEEN EMBODIED 

2 SYNTHETIC RUBBER SEALING RING 
3 RIGID PIPE I 
4 BANJO BOLT 

Fig. 1. A metering pump removed. 

Metering pumps i 

5. With the exce,Ption of its setting, each of 
the metering pumps is identical, therefore, 
instructions for ; removing, refitting and 
checking one only are given. 

Removal 
Remove the banjo bolt which connects the 
rigid pipe to the metering pump, remove the 
two washers, and gently ease the pipe clear 
of the metering pump; do not bend the rigid 
pipe more than, is absolutely essential. 
Unscrew the two 2 B.A. plain nuts which 
secure the metering pump to the bottom 
casing of the main oil pump, remove the 
spring washers ~also plain washers when 
Mod. No. 755 has: been embodied) and care
fully ease the metering pump off the studs 
(fig. 1). ~hould the synthetic rubber sealing 
ring, which forms the joint between the 
metering pump and the main oil pump ca~ing 
remain in the latter, it should be extracted 
and placed on tJ;!e spigot of the metering 
pump. 

6. Do not dismantle the metering pump or 
alter its setting. Make a thorough visual 
examination of the exterior of the metering 
pump for signs of damage, ensure that the 
plunger is not bent or damaged, and that the 
visible spring is serviceable. 

Refitting 
7. Unless care is taken when refitting a 
metering pump and the instructions closely 
followed, the metering pump plunger may be 
displaced and bent, thus rendering the pump 
inoperative. If the sealing ring (Part No. 
20272 pre-mod. 867, 94043 Mod. No. 867} is 
unserviceable it must be renewed. Place a 

new sealing ring on the metering pump 
spigot, ensuring that the sealing ring does 
not obstruct the oil inlet duct h1 the metering 
pump. Rotate the engine until the cam on 
the main oil pump spindle is at the position 
of no lift relative to the particular metering 
pump which is being refitted. Insert the 
metering pump spigot into the bore in the 
main oil pump casing, and hold it in position 
against the load of its spring so that the 
flange on the metering pump is firmly bedded 
against the main oil pump casing. Holding 
the metering pump firmly in position, screw 
on the two spring washers (also plain washers 
when Mod. No. 755 has been embodied) and 
plain nuts until they are finger-tight, then 
finally tighten the nuts. 

Checking 
8. The oil delivery of the metering pump(s) 
must be checked whenever a new metering 
pump is fitted, when an existing pump is 
removed and refitted, when defective lubrica
tion is suspected, and (both pumps) during 
the initial ground running check of a newly 
installed engine. To check the delivery of a 
metering pump proceed as follows:-
(1} Disconnect the metering pump delivery 

pipe and prepare the engine for oil 
priming as described in Part 3, Sect. 2, 
Chap. 1, para. 17 (1) and (2), or para. 18 
(1} to (4) as ·applicable. 

(2} Prime the front or rear bearing as 
described in Part 3, Sect. 2, Chap. 1, 
para. 17 (3}, or para. 18 (5), as applicable. 
Do not disconnect the priming syringe at 
this stage, and ensure that it is filled 
with clean filtered· oil ,of the correct 
specification. 

(3} Start the engine, and, with the engine 
running at 3,000 r.p.m., thne the oil 
delivery from the metering pump into a 
graduated vessel. During this period of 
engine running the syringe should be 
operated gently, just sufficiently to 
ensure that the feed pipe to the bearing 
remains full of oil. If the syringe is 
over-operated the bearing will be over
primed and this may result in oil leakage 
from the bearing (in the case of the rear 
bearing, down the face of the turbine 
disc). The oil delivery from the metering 
pump should be:-

Metering pump 

Front bearing 
Rear bearing 
Overspeed governor 

(Goblin Mk. 2 only) 

Engine running at 3,000 r.p.m. 
c.c. pints 

per hour per hour 

90 
90 
14 

0·158 
0·158 
0·025 
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(4) At the satisfactory conc1usion of this 
check, stop the engine. 

(5) Front bearing oil feed, both Marks. Fill . 
the normal oil pipe with oil and, with as 
little delay as possible, to minimise the 
loss of oil from the duct in the front 
casing, disconnect the syringe and refit 
the normal oil pipe. Wire-lock the 
banjo bolts. 
Rear bearing oil feed, Goblin Mk. 3. Fill 
the front half of the metering pump to 
rear bearing pipe with oil. 
Rear bearing oil feed, both Marks . . With 
as little delay as possible, to minimise 
the loss of oil from the metering pump to 
rear bearing oil pipes, disconnect the 
syringe and reconnect the normal oil 
pipe. Reconnect the drain pipe. Tighten 
and wire-lock the union nuts and the 
banjo bolt. 

I OIL PUMP DRIVING-SHAFT 
2 CIRCLIP 
3 JOINT WASHER 
4 COUPLING SLEEVE 
5 OIL PUMP 
6 METERING PUMP FEED PIPE 

Fig. 2. Oil pump removed 

9. The metering pumps are adjusted by 
turning the knurled end until the locking
spring engages the lowest numbered notch 
which will give the delivery specified; 
normally notch No. 7 is t~e setting for the 

A.P.4121 B &; C, Vol. 2, Part 4, Sect. 2, Chap. 7 (A.L.BI) 

pumps lubricating the front and rear bearings 
and notch No. 3 is usual for the pump con
n~cted to tp.e overspeed governor. A meter- . 
ing pump should not be rejected because it 
is necessary to employ a slightly hlgher set
ting to obtain the required delivery. The 
range of adiustment consists of eleven notches 
numbered 0 to 10, and on no account may the 
adjustment. be turned beyond the notch 
marked 10 to obtain the required delivery. If 
the flow is insufficient at No. 10 setting, the 
metering pump is probably faulty and must 
be replaced, but before rejecting the pump, 
ensure that the oil supply duct is not blocked, 
possibly by' displacement of the sealing ring. 
On the satisfactory completion of thls check, 
or adjustment, the locking spring should be 
securely wired in position. If the pipes are of 
the Bundy type (Mod. 765; Pre-mod: 1051) 
the instructions given in Part 3, Sect. 3, Chap. 
1, para. SA to 5D must be adhered to strictly. 

Oil pump 
Removal 
10. Drain the oil sump as described in Part 
3, Sect. 3. Disconnect the metering pump 
feed pipe at the banjo union on the oil pump 
cover. Remove each metering pump as des
cribed in para. 5. Remove the eight i in. 
B.S.F. plain nuts and spring washers (also 
plain washers when Mod. No. 755 has been 

CO 
? 

c~~~ 

Fig. 3. Suggested ring spanner for removing 
the oil .pressure relief valve cover 

f (A.L.BI, June 57) 
RESTRiCTED 

____ ___. ... 
,. 



AP 4121B & C V2 P4 Goblin 2 & 3 Minor Repairs 19620901 OCR.pdf Page 90

BOX SPANNER 

t-----1--- 4i:::-n.------'1 

~ I 

~T~:- --ir-

~ i 4i,. ~ 
Fig. 4. Suggested box spanner and right-angled 

screwdriver fo[ adjusting the oil pressure 
relief valve 

embodied) whi h secure the oil pump 
assembly to th~ sump (fig. 2); if necessary 
lightly tap the pump to break the seal and 
remove the P«mP· The oil pump drive 
coupling sleeve l and the oil pump drivi:J?.g 
shaft, which may drop down with the pump, 
should be remov!ed. 

Refitting 

11. Ensure tha the circlip (Part No. 13613) 
is correctly locat d and secure in the coupling 
sleeve. Assembl the coupling to the splines 
of the oil pump driving gear, and insert the 
end of the oil ump driving shaft into the 
coupling. Chec the oil pump for freedom 

/ 

/ 

Fig. 5. 

of rotation. Place a new joint washer (Part 
No. 22344) over the studs on the oil pump 
mounting face on the sump. Ensuring that 
the upper end of the oil pump driving shaft 
enters the oil pump driven gear in the bottom 
accessory box correctly, assemble the oil 
pump to the sump, and secure it in position 
with the eight nuts and spring washers 
(also plain washers when Mod. No. 755 has 
been embodied). Refit the metering pumps, 
and reconnect the metering pump feed pipe. 
Refit the draiti. plug or suction filter cover as 
described in Part 3, Sect. 3, Chap. 1, and 
refill the oil sump as described in Part 3, Sect. 
2, Chap. 2. 

I RING SPANNER 170149 
1 RELIEF VALVE HOUSING 
3 RELIEF VALVE SP,RING 
4 RELIEF VALVE 
5 TAB-WASHER 
6 RELIEF VALVE SEAT LOCKING-SCREW 

Fig. 6. Oil pressure relief valve dismantled 

Oil pressure relief valve 
Adjustment 
12. Fig. 3 and 4 illustrate-tools which can 
be locally made to facilitate adjustment of 
the oil pressure relief valve. To effect adjust
ment, remove the cover (fig. 5), using a suit
able ring spanner, and slacken the lock-nut 
which is then exposed using a small box 
spanner. Using a right-angled screwdriver, 
turn the adjusting screw clockwise (screw in) 
to increase the oil pressure, and vice versa. 
Holding the adjusting screw with the screw
driver, lock the setting by tightening the 
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lock-nut. The oil pressure should be checked 
with the engine running at 9,700 r.p.m. Mk. 
2 engines or 10,250 r.p.m. Mk. 3 engines; the 
pressure specified in the Leading Particulars 
assumes an oil temperature of 40 deg. C. 
When the oil pressure has been proved 
satisfactory, refit and lock the cover. 

Removal 

13. If it is required to remove the oil 
pressure relief valve, without altering the 
existing setting, do not remove the cover 
from the end of the relief valve housing, but 
proceed as follows. Remove the pressure 
limiting valve as described in Chapter 6. 
Unlock the tab-washer which locks the 
pressure relief valve housing to the oil sump 
and, using ring spanner T70149, unscrew tlie 
housing from the sump (jig. 6). Take out 
the relief valve and its spring. Do not dis
turb the small locking screw in the bottom 
of the sump, which retains the relief valve 
seat. 

14. Thoroughly wash the detail parts in clean 
k~rosine. Carefully examine the housing, 
spring, and relief valve. Small scratches or 
scores on the valve may be blended out by 
light stoning. Ensure that the valve seating 
and the bore in the sump, which accommo
dates the relief valve and housing, are 
perfectly clean. 

Refitting 

IS. If the oil pressure relief valve has been 
dismantled completely, it must be reassembled 
a,s described in this paragraph, but if the 
cover and adjusting screw have not been 
separated from the housing, certain of the 
operations described will be unnecessary. 
Screw the adjusting screw into the housing 
sufficiently to locate the valve spring. Insert 
the spring and the valve .into the housing. 
Place a new tab-washer (Part No. N1596) on 
the housing, and screw the housing into the 
sump. Screw in the adjusting screw until it 
is below the top of the housing and screw on 
the lock-:imt; Run the engine to check the 
relief valve setting and if necessary, adjust 
the valve as described in para. 12 to obtain 
the correct pressure. When the oil pressure 
is satisfactory, refit the copper washer and 
the cover. Bend up the tabs of the tab
washer to lock the housing to the sump, and 
wire-lock the cover. 

A.PA/21 & C, Vol. 2, Part 4, Sect. 2, Chap. 7 (A.L.BI) 

Oil jets in jlCcessory boxes 
16. To obtain access to the oil jets in the 
top accdssory box for examination and 
cleaning, ?t is necessary to remove the cover 
from this accessory box. Disconnect the three
core cab~e from the tachometer generator. 
Break th~ lockin~ wire as necessary. Dis
connect 'the breeze connector on the oil 
tempera$e gauge resistance bulb in the 
thermom~ter pocket on the port side of the 
top acce~sory box. Disconnect the oil 
pressure gauge capillary, if fitted, from the 
banjo un~on on the starboard side of the top 
accessory1·1 box. Disconnect the oil feed pipes 
from th two banjo unions on the top 
accessory box and from the air compressor 
and the acuum pump. Remove the banjo 
bolt from1 the top end of the oil supply pipe 
to the to~ accessory box from the starboard 
side of th cover. Take off the thirteen 2 B.A. 
nuts and spring washers (also plain washers 
when M d. No. 755 has been embodied) 
securing the cover to the accessory box and 
remove t~e cover. Turn the cover over, ahd 
unlock ~d remove the four plain nuts which 
secure the triple oil jet at the front and the 
single oiljjet at the rear. Remove the jets 
and their !distance pieces. 

17. Cleah the jets by forcing kerosine 
through them using a syringe, or a com
pressed air jet. Wire or any similar implement 
must notj be used to probe the jets as the 
orifices mp.st not be enlarged. Blow through 
all oil pas~ages to ensure tliat they are clear. 

18. Assebble the distance piece and single 
oil jet tol the rear jet studs; the securing 
holes in these parts are so positioned that 
they caml.ot be assembled incorrectly. Fit 
new lock:llvasliers (Part No. AGS 194/2) and 
secure th'l jet with the two nuts but do not 
lock the np.ts until after an oil-flow check has 
been made. Assemble the distance piece, 
nipple, a~d triple oil jet to the front jet 
studs; th~ disposition of the securing holes 
ensures th;at these parts cannot be assembled 

.incorrectly. Fit new lock-washers (Part No. 
AGS 194/2) and secure th~ jet with the two 
nuts but do not lock the nuts until after the 
oil-flow cHeck. 

19. If pbssible blank off the oil pressure 
gauge, v~cuum pump, and air compressor 
oil feed I:>anjo unions with three blanking 
nipples p'~ No. N2102, .and union nuts 
Part No. 2510-15 and apply oil at 45 lb. per 
sq. in. pr+ssure to the oil inlet at the star
board sid of the cover. Ensure that there 
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is no leakage under the heads of the per
manent blanking plugs and that there is an 
uninterrupted flo't of oil from all four jets. 
Oil should also trlckle from the tachometer 
drive bush. If th~ result of the test is satis
factory, lock the lour nuts which secure the 
jet assemblies. 

·20. Check that the spring, thimble and 
rubber washer arr positioned correctly on 
the top of the breather pipe in the top 
accessory box antl that no foreign matter 
has fallen into t~e accessory box. Ensure 
that the joint faces are clean and dry; apply 
a thin :film of joinfing compound to the joint 
faces, and locate the cover on the two dowels 
and the breather p,ipe: Secure the cover with 
the thirteen sp~ng washers (also plain 
washers when Mod. No. 755 has been em
bodied) and plaih nuts, placing the two 
locking-wire tabs ~m two studs conveniently 
situated for the ~nal operation. Refit the 
banjo bolt at theJtop end of the oil supply 
pipe to the top ticcessory box on the star
board side of the cover, and the remaining 
pipes and connect ons which were disturbed. 
Wire-lock these domponents and the plug 
adjacent to the br~ather, the plugs in the end 
and on the top of the longitudinal oil gallery, 
the. two banjo bolts on the top of the trans
verse oil gallery and the oil thermometer 
pocket. 

21. To clean thr restricted orifice feeding 
the starter gear box, the starter, complete 
with gear box, mtist be removed as described 

in Chapter 9 and dismantled as described in 
~.P.1095C. 

22. To obtain access to the oil jet on the 
starter coupling assembly, which is attached 
to the port side of the bottom accessory box, 
it is necessary to remove the starter and the 
starter coupling, then proceed in the following 
manner. Remove the banjo bolt and the 
washers from the side of the coupling 
housing, and ease the flexible oil pipe clear 
of the starter coupling. Unscrew the eight 
fir in. B.S.F. plain nuts securing the coupling 
housing to the bottom accessory box. 
Remove the eight tab-washers, and the 
coupling and laminated shim. Unscrew 
the two 2 B.A. nuts securing the oil jet to the 
inside of the coupling housing, remove the 
two tab-washers, and the oil jet. Clean 
the pipe and jet as described in para. 17. Re
assemble the oil jet to the studs on the face 
of the coupling housing and secure it with 
two new tab-washers (Part No. AGS 194/2) 
and the plain nuts. Lock the nuts by turning 
up the washer tabs. Apply a thin film of 
jointing compound to the joint faces. Place 
the original shim pack _over the studs and 
mount - the starter coupling in position. 
Secure it with eight new tab-washers (Part 
No. AGS 195/2, pre-Mod. 912, N.3763 Mod. 
No. 912} and the plain '!1-Uts; lock the nuts. 
Refit the electric starter to the engine as 
described in Chapter 9 and prime the starter 
gearbox through the oil pipe connection as ' 
described in Section 2, Chapter 1. Reconnect 
the flexible oil pipe refitting the washers and 
the banjo bolt. · 
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Chapter 8 

IGNITION SYSTEM 
(This chapter supersedes that issued with A ..• No. 67) 

Note.~This chapter applies ta Goblin Mk. 2 anj 3 aero-engines 

LIST OF CONTENTS 

Booster coil ignition 
High energy ignition 
· Igniter plugs 

Para. 
I 
3 

5 

High energy condenser units 
I . . J, . . gmtlon eau es • . • • .. 

Para. 
6 

7. 

LIST OF ILLUSTRATIONS 

Fig. 
High energy ignition equipment ... I 

Booster coil Ignition (Mk. l pre-Mod. 984, Mk. 3 pre-
Mod. 830) 

I. Routine servicing of the igniter plugs 
which are the· only engine items forming part 
of the ignition system, is described in Part 3, 
Sect. 3. Information in respect of the 
permissible replacement, adjustmE>nt or 
rectification is contained in A.P.4282, to 
which reference should be made as necessary. 

2. Instructions concerning those ignition 
system components which are aircraft items, 
are contained in the relevant aircraft Air 
Publication and its associated Air Publica
tions. 

High energy Ignition (Mk. l Mod. No. 984, Mk. 3 Mod. 
No. 830) · 

3. The following paragraphs contain instruc
tions for removing and refitting the high 
energy ignition equipment, but reference 
should also be made to A.P.1374E and 
A.P.1374G which deals with these com
ponents for further information on their 
servicing, testing, .and repair. Instructions 
for checking the system when the engine is 
installed in an aircraft are contained in Part 
3, Sect. 3, Chap. I. 

Fig. 
High energy condenser units 2 

WARNIN~ . 
The ener~ stored in the capacitor can, under 
certain ci cumstances, be of a lethal nature. 
Conseque tly no servicing should be attempted 
until at lr.ast one minute has elapsed after 
disconnec~ing the L. T. supply cable from the 
input plug on the condenser unit. Where 
instructio1s call for the connection of the L. T. 
cable and Fhecking of the discharge (sparking) 
at the ign~er plug, for any reason, the following 
precautio'f are recommended. 

{1) Allow at least one minute to elapse after 
disconrlecting the L.T. supply cable, 
before pommencing to work on the con
dense~ pnit or its as~;ociated equipment. 

· {2) If the L.T. supply cable is re-connected,_ 
to enable the circuit and igniter plug. 
operatipns to be checked, ensure that all 
personlfel are clear of the equipment 
before rn~rgizing the unit. 

{3) After any such test, observe the warning 
given tove. 

4. Each condenser unit, ignition cable 
assembly, ahd igniter plug is independent of 
the other. suming the low tension supply 
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BOX LID 
PLUG 
BOX 
WASHER 

ADAPTER 
OUTER IGNITION UNIT 
BRACKET 
INNER IGNITION UNIT 
STAY 
CLIP ON FRONT CASING 

14 CLIP ON DIFFUSER. CASING 

Fig. I. High energy ignition equipment 

to the -.v••u-=, .. ,,..~ 1 units to be satisfactory, a 
defect in the can be isolated by 

. changing the in turn, for ser-
viceable items. low tension supply to 
the condenser is dealt with in the 
relevant aircraft Publication~ 

Igniter plugs 

5. To remove of the igniter plugs pro-
ceed as .• .u. .. •uw;,. the locking-wire and 

kn1llt"le~a lid of the screen box 
:::,IaLc.KenJ off the screw which secures 

to the centre electrode of 
,1nc:rT'<>ur the union nut which 

to the screen box, 
ignition cable. Using a 

sp:~11er, unscrew the igniter 
plug, screen box and 

the engine. When 
place the plug inside 

that the seating 
on the igniter plug 

box and the adapter on 
'\'Hd.Juu•t:a , lightly smear the 

plug with the recom
::.nt,-!:E•t7.P compound. Tighten the 

igniter plug with a suitable box spanner. 
Insert the ignition cable into the screen box, 
lining up the slots in the insulator with the 
'pip' in the box, and connect the ignition 
cable to the centre electrode of the plug. 
Screw the union nut of the cable onto the 
screen box and refit the screen box· lid. 
Great care must be taken to avoid seizure of 
the screen box lid threads; ensure that they 
are not damaged, apply approved anti-seize 
compound, then tighten the lid hand-tight 
only and wire-lock the lid. 

High energy condenser units 

6. The two high energy condenser units are 
mounted on a common bracket on the star
board side of the front casing (ftg. 2). To 
remove the outer of the two condenser units, 
which feeds the igniter plug in No. 14 com
bustion chamber, proceed as follows. If the 
engine is installed in an· aircraft, disconnect 
the L.T. supply cable from the socket at the 
top of the condenser unit. Unscrew the union 
nut and withdraw the ignition cable from the 
top of the unit. Remove the three plain 
nuts, spring washers, spacers, and rubber 

RESTR·ICTED 
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SERVICING PERIODS 
11.' The following visual checks should be 
made on all flexible pipes during each engine 
servicing period. A blank should be fitted to 
the end of any pipe that i!? disconnected to 
facilitate a servicing operation ~nd care must 
be taken to avoid excessive bending. If a pipe 
is removed, it should be flushed through 
before it is refitted. 
12. Ftexibility of the pipes is considerably 
reduced. at very low temperatures and great 
care must be exercised in handling under 

l ·. 

•, 

1 
PIPE 

severe arctic conditions. In these conditions 
removal should only be undertaken when a 
pipe is warm after engine running, or after 
first applying heat from an external source, 
i.e., a warm blanket or similar device. If 
neither of these methods is possible, dis
connect both ends of the pipe and remove it 
without distortion to the installed shape. Do 
not bend the pipe with one end anchored 
whilst it is in the temporary hard state. After 
removal, the pipe should be kept in. a warm 
place until it is refitted. 

HAND OPERATED PUMP. 
SUCH AS THE YARLEY TESTING UNIT 

.l ·. Vl63 

Fig. 6. Suitable pressure testing unit 

RESTRICTED 

c . . 

C. 
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