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TYPE TBS-720 MK. 2 TURBO-STARTER 
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Fig. 2 Main components of breech assembly 

BREECH ARRANGEMENT 

1, The three breech assemblics are identical and 
are arranged in clover-leaf formation on the inlet 
casing with their axes in line with the axis of the 
starter, 

~ 
2. The main component is the barrel, which is 
screwed into a heat-resisting stecl breech base 
shown in fig. | and 2. Mounted on the base are 
the two nozzles for each breech and there is also a 
duct leading to the pressure relief valve. The 
three breech bases are in turn mounted on a heat- | 
resisting steel inlet casing, in which the nozzles are. 
inserted. 

3. There is no tendency for gas from a burning 
charge to blow back and affect the remaining live 
cartridges since the nozzles of cach breech are only 
open to each other in the region of low pressure 
where the gases discharge against the turbine. 

BREECH DETAILS 

4. A two-piece muff clamped with four bolts to 
the breech barrel carries the electrical connection 
to the detachable breech cap in which the pin for 
firing the cartridge is located (/fg. 3). The muff 
carries the single-pin and socket type connector 
for the cable and this is bonded to a spring blade 
which makes contact with an insulated slip ring on 
the breech cap when. this is screwed in place, 
From the slip ring the circuit is taken to the spring- 
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loaded firing pin through an insulated metal strip 
which is bonded to the ring during manufacture. 

5. The cap screws on to a two-start thread on the 
breech barrel and seats down ona hard rubber ring 
against the breech muff. The rubber ring provides 
a water-tight seal and also minimises any tendency 
for the cap to lock on the threads. 

LOCKING CLAWS 

6. Inthe breech cap are two pairs of spring-loaded 
claws; one pair forms a positive locking device to 
prevent the cap from loosening under vibration, 
and until pressure is applied to a plunger in the 
centre of the hand grip on the cap these claws lock 
in serrations formed on the barrel. The other pair 
of claws hold the rim of the cartridge and provide 
a means of extracting this when the breech cap is 
removed. Two smaller plungers projecting through 
the base of the cap serve to release these extractor 
claws. ; 

ARRANGEMENT OF NOZZLES 
‘7. Each breech is provided with two convergent- 
divergent nozzles which have a throat diameter of 
6-5 mm, These are inserted tangentially in the 
heat-resisting steel inlet casing and the roots are 
welded into elbows which are bolted at four points 
to the breeeh bases. At the point where each nozzle 
enters the inlet casing a piston-ring seal, held by a 
circlip, provides a gas-tight seal. 
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Fig. 9. Sectional perspective view of TB S-720 Mk.2 turbo-starter 
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SLIP RING CONTACT BLADE 

RUBBER SEALING RING: 

Fig. 3 Sectional perspective view of breech cap 

8. Screwed into the outer face of each nozzle base 

is a hexagon-headed plug which seals a passage for 

inserting one of two replaceable heat-resistant 

‘ liners in the gas passage leading to the nozzle. The 

passage bends at an angle to lead the gases into the 

nozzle and the two liners are shaped to dovetail 

INLET CASING. EXHAUST CASING _ 

NOZZLE | ~—_s GAS DEFLECTOR SHIELO 

together‘at the apex of the angle where the plug 
and a support piece lock them securely against 

2 movement 

EXHAUST CASING 

9. The breech mechanism is separated from the 
turbine and reduction gearing by the exhaust 

“FRONT PLATE ss 

REDUCTION GEAR CASING 

Fig.4 Turbine and reduction gear casings — 
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casing, illustrated in fig. 4. This is a heat-resistant 
steel casting and has three equally-spaced exhaust 
oudets. Projecting into the exhaust casing from 
the rear face is the deflector shield, which is also of 
special heat-resistant material, built up by welding 
into the desired shape to direet the gases towards 
the exhaust ports. To assist in dissipating heat 
from this shield the interior is exposed to atmo- 
sphere by means of holes drilled in the rear 
circumference of the exhaust casing. 

PRESSURE RELIEF VALVES 

—10. An important feature of the starter is the 
spring-loaded pressure relief valves which are 
shown in fig. 1 and 2. There are three of these, 
one for each breech, and they are provided with 
double loading springs set to give the required 
controlled breech pressure of 1200 Ib/in*. The 
valves are set to operate at this pressure on assem- 

bly and there is no provision for external adjust- 
ment as special equipment is required to retain 
the highly preloaded springs before they may 

—hbe dismantled. The valve is a plunger with a 
45 deg. seat and its guide is formed integral with 

“the valve body. In the base of the plunger a 
ball-ended peg is inserted which has a flange 
beneath which packing shims can be removed or 
inserted to set the spring pressure during assembly. 

11. The passage through which the gases released 
by the valve are ducted to the exhaust casing for 
release to atmosphere consists of a short, straight 
length of stainless steel tubing which passes outside 
the inlet casing to an extension leading into the 
exhaust chamber. Piston-ring type scals at each 
end of the tube ensure a gas-tight seal where it is 
joined to the pressure valve and the exhaust casing, 

TURBINE WHEEL . 

12. The sliding turbine shaft passes through the 
centre of the heat shield where a labyrinth-type 
seal is fitted to ensure a gas-tight joint. A flanged 

TURBINE SPIDER PLATE 

SUN WHEEL PLANET GEARS 

extension on the shaft provides for an cight-bolt 
attachment of the turbine disc, which is an 
austenitic stecl component with welded-in turbine 
blades. 

TURBINE SITAFT ASSEMBLY 

13. The whole of the turbine shaft assembly, 
including the sun wheel, is carried on two roller 
bearings. The bearing adjacent to the turbine 
wheel is located on the shaft and the complete 
bearing, including the outer race, slides with the 
shaft in a sleeve formed in the front plate of the 
reduction gear casting. 

14. The bearing which supports the tail of the 
shaft is fixed relative to the casing, and the inner 
race, which is formed on the shaft itself, slides 
through the rollers. Integral with the shaft is the 
sun-wheel pinion which engages the three planct 
gears of the epicyclic reduction gear. The sun- 
wheel pinion is of wider section than the three 
planet gears to ensure that it is fully in mesh 
throughout the axial movement of the shaft. Each 
planet gear has an integral shaft which rotates in 
ball and roller bearings. 

RETURN SPRINGS 

15. Housed in the front plate are the three return 
springs (fig. 7) which bias the axial position of the 

“turbine to that of minimum gas torque. To ensure 
an equal distribution of the load on each spring a 
three-legged spider plate is spherically mounted on 
a ball bearing at the tail end of the turbine shaft and 
is arranged so that each leg bears on the plunger of 
one of the return springs; the end of each leg is 
supported in a thrust plate and bears against a cup 
washer seated on the plunger. Each return spring 
assembly is held in position by a set-screw which 
passes through the thrust plate, cup washer, plunger 
and spring, and screws into the front plate; the 
spring is located in a sleeve fitted into a cast alloy 
barrel inserted in the front plate. 

BELL HOUSING 

Fig. 5 Reduction gearing 
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Fig. 6 Gear train assembly 

REDUCTION GEAR 

16. The sun-wheel on the turbine shaft meshes 
with the planet gears which ‘rotate an annulus 
carried inside a bell housing, the whole of which 
revolves round the turbine shaft pinion. The carrier 
plate for the planet gears is a light alloy casting and 
is ‘secured by three waisted bolts to the front plate 
of the reduction gear casting. 

17. The starter gear train provides a step down 
of 4:5:1 between the turbine wheel and the 
output shaftz:a further reduction is obtained 
through the gears incorporated in the engine to 

which the starter is connected. The drive to the 
output shaft is taken from the annulus bell housing 
through a variation of the usual type of splined 
coupling. A short series of helically-formed splines 
is cut in the rear face of the bell housing and these 
engage with similarly shaped splines on the output 
shaft. This arrangement allows limited radial 
movement of the annulus bell gear to ensure equal 

‘distribution of the load through the planet gears. 

TORQUE CONTROL 

18. To prevent overspeeding provision is made 
for varying the gas torque on the turbine according 
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TURBINE RETURN SPRING 

FIXED REAR! BEARING 

BEARING SUPPORTING 

SPHERICALLY-MOUNTED 

SPIDER PLATE 

Fig. 7 Sliding turbine shaft and return spring 

to the external load. This is achieved by an axial 
displacement of the turbine wheel on a sliding: 
shaft to ensure that the blades receive the full 
force of the gases from the burning cartridge on/y 
when the load imposed calls for the maximum 
amount of torque. 

19. The drive is taken from the sun-wheel, which 
is integral with the turbine shaft, through the 
three planet gears to the rotating annulus. Helically- * 
cut gearing is used, the effect of which is to make ~ 
the sun-wheel move axially when any resistance 
to turning is being overcome. In overcoming this. 
resistance the turbine slides progressively nearer 
to the full gas stream, the limit of travel being 
where maximum torque is obtained (/ig. 8). 

20, When sliding to the position of maximum 
torque the turbine shaft compresses springs, which 
return the turbine shaft to the starting position as 
the torque decreases. : 

OVERSPEED PREVENTION 

21. With this provision for axial movement of the 
turbine between positions ranging from minimum 
to maximum gas torque the starter becomes in 
effect ‘load conscious’.and is safeguarded against 
over-speeding. If a cartridge is fired to start the 

unit against an already running engine, the turbine 
remains in the low gas torque position until it is 
actually called upon to drive the engine. Only 
when the starter is driving under load is sufficient 
reaction exerted through the helical gears to com- 
press the return springs. 

'- 22, The time taken by the starter to overtake 
the speed of the engine is the same as would be 
required to accelerate the engine to this speed from 
rest. This means that there is still sufficient energy 

. in. the remaining gases to enable the turbine to 
accelerate the engine up to its normal starting 
speed. 

GAS PRESSURE CONTROL 

23. <Any increase in gas pressure will also create a 
rise in torque, therefore provision must be made to 

limit this to a suitable maximum under any 
conditions. The burning characteristics of cordite 

.. vary considerably under differences of temperature 
resulting from climatic conditions and any increase 
in temperature causes a rise in gas pressure with a 
corresponding increase in the torque. This is kept 
‘within pre-determined limits by the setting of the 
springs used in the pressure. control valves. By 
limiting the gas pressure to 1200 Ib/in? the 
maximum speed of the starter is governed even 
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B. SPRINGS COMPRESSED AND TURBINE RECEIVING FULL TORQUE 

Fig. 8. Diagrammatic illustration of torque control 

under tropical conditions of operation where the 
burning time ofthe cartridges may be accelerated. . 

LUBRICATION 

24. The starter is arranged for oil lubrication from 
the engine supply, the internal distribution of the 
oil being purely by splash. 

25. The method employed on the Rolls-Royce 
‘Avon’ for maintaining the oil level in the starter 
consists of a dashpot in the form of a small cylinder, 
mounted in the engine engagemient gear casing, in 
which there is a spring-loaded plunger operated by 
engine oil pressure. The cylinder is provided with 
two drillings one of which leads to the starter and 
the other to a hopper which collects oil splash from 
the engine front bearing housing. The drillings 

tO 

are so arranged that as the plunger moves against! ' 
its spring under the increasing engine oil pressure 
during a start the hopper feed is first of all cut off 

‘and the remaining oil is delivered into the starter 
casing. A reservoir is arranged to maintain a pool 
. of oil into which the bell gear dips. 

26. This system ensures that on every start of 
the engine a shot of approximately 6 c.cs. of oil is 

. , delivered to the starter. This is in excess of the 
starter requirement and surplus oil is allowed to 

drain back into the plunger cylinder when the 
engine is shut down. On installation on an engine, 
the starter must be primed with oil; during priming 
oil is poured over the bell housing and forms a small 
reservoir which is kept replenished from the engine 
supply system each time the starter is used. 
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Chapter 2 

TYPE TBS-720 MK. 2 

LEADING PARTICULARS 

Type... -. Cartridge operated turbo-starter with integral triple breech 
Cartridge 

Type .. {Electrically fired, stick type, cordite 
Summer .. : .. .. No. 10 
Winter No. 10 

Turbine 
Type Single stage impulse 

Speed 
Maximum .. 40000 rev/min. 
Overspeed .. 42000 rev/min. 

Reduction gear 
Type Epicyclic, helical spur, single stage 
Ratio ny we i .. wie z 4-531 

Direction of rotation (output shaft) Anti-clockwise (viewed from drive end) 
Performance 

Output 250 A.p. at 40000 rev/min. 
Duration es 7 3 secs. at 15°C, 

Weight (less cartridges) +. 60 /b. 
Oil . a .. ate Approved engine oil 

(Refer to appropriate engine change unit A.P.) 

LIST OF CONTENTS i 

Para. ; Para. Introduction nh . 28 we Cireuit layout... is aia <i .. 15 Starter system .. ve ‘4 aa - 4 Preparing for service .. e se se 16 ; Oil priming a oe sn he -. 18 Operating cycle Operation ta . ie aa se §=19 Cartridges . ae ee eae OY Loading .. we a ai pr .. 20 Method of ignition <i Pr eee ee 10 Unloading is ive .. asa ze 2] Sequence of ignition .. sav wi ae 12 Firing... ea es 7 - ow? 22 Gas flow .. wa 2 we wa eee EB Fault diagnosis chart 
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Type TBS-720 Mk. 2 turbo-starter.. ee 
Simplified electrical circuit . . 2 

INTRODUCTION 
1. The type TBS-720 Mk. 2 triple breech turbo- 
starter consists of a single stage impulse turbine 
which is rotated jby the energy of gases liberated 
from a burning ¢ordite charge. The burning time 
of the cartridge is approximately two seconds and 
‘during this time! the turbine rotor attains a speed 
of approximately 40000 rev/min. and develops 
about 250 b.h.p. 

2. The drive from the turbine is transmitted 
through an epicylic reduction gear to the output 
shaft which drives a second reduction gear in the 
aero-engine, thus giving the required overall 
starter rotor to engine gear ratio. 

3. The pressure generated by the burning 
cartridge is limited to 1200 Ib/in? by pressure 
relief valves and this in conjunction with the 
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Fig. 1 Type TBS-720 Mk. 2 turbo-starter 

sliding shaft arrangement of the rotor, provides 
an overspeed prevention device, 

STARTER SYSTEM 

4. The TBS-720 Mk. 2 turbo-starter is a self- 
contained unit which is bolted to the front casing 
of the aero-engine. The output shaft is splined to 
engage with the drive shaft of the engine starter 
reduction gear, and with the reduction gear on the 
Starter, an overall ratio of 27:1 is obtained. The 
maximum speed of the starter is 40000 rev/min 
which raises the speed of the engine rotating 
assembly to 1500 rev/min. 

e
e
e
 
a
e
 

5, The electrical circuit of the starter is fed from 
~~ aircraft supply by a bonded lead which plugs 
1.0 the socket on the casting of the starter. A 
10 ohm resistor is placed in parallel with the firing 
circuit to prevent electrical leakage firing the 
starter. . 

The whole starter unit is enclosed in a fairing 
tne design and arrangement of which will vary 
ccording to the design of the aircraft and engine 

0 which the starter is fitted: mounting lugs and 
studs on the exhaust casings are provided for this 
purpose. A detachable panel in the fairing is 
provided to enable the starter to be loaded and 
unloaded through suitable access panels in the 
aircraft structure, 

7. To convey the exhaust gases to atmosphere 
exhaust pipes are secured to centre casing of the 
staricr, pass through suitable ducts in the engine 
air intake body and terminate at the outer skin 
of the aircraft structure, 

8. The description, servicing and ~nor repair of 
the starter is contained in Section 2 and information 
on the application of the starter to aircraft and 
engine combinations is given in Chapter I of this 
section, 

OPERATING CYCLE 
Cartridges 

9. The cartridge designed for use in the triple- 
breech starter consists of approximately 720 gm, 
of cordite composition contained in a thin brass 
cylinder which has a flanged base: inserted in the 
centre of this is the primer. To ensure constant 
pressure of gases the cartridge is hollowed out in 
the centre. The charge becomes plastic while 
burning and to prevent any creeping into the 
breech base with a possibility of blocking the gas 
passages an expendable grid plate is inserted which 
‘forms an end location in the mouth of the cartridge 
“case, 

Method of ignition 

10. The primer; which is spun riveted into the 
centre of the base of the cartridge case, consists of 
a small container filled with a gunpowder mixture, 
This container is;in electrical contact with the 
cartridge case, and has an insulated centre contact 
connected to a fuze wire running through the 
gunpowder mixture to ‘earth’ on the primer body. 

11. The passage of an electric current through this 
wire heats it sufficiently to ignite the gunpowder 
and thus fire the igniter charge. As a flash of 
longer duration than that provided by this small 
primer cap is required for igniting the cordite 
cartridge, a separate igniter charge is interposed 
between the primer and the cartridge. It consists 

i 
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of a larger-grained gunpowder mixture which is 

held in a gauze bag. 

Sequence of ignition 

72. With this arrangement the firing sequence is 

as follows:— ; 

(1) Fuze wire is heated electrically to fire 

primer charge. 

(2) Quick flash from small primer charge 

ignites larger and longer burning charge in 

gauze bag. 

(3) Cordite cartridge ignites. 

WARNING... 
In practice this sequence is an almost 

spoutancous cycle, but under arctic 

conditions delay, or ‘hang-fire’, may 

occur, 

Gas flow 

13. The cartridges are fired electrically from a 

selector switch in the pilot’s cockpit and the 

resultant gases pass to nozzles which discharge 

into the turbine wheel casing. Each breech barrel 

is connected with two convergent-divergent nozzles 

from which the gases discharge against the impulse 

turbine at supersonic velocity. In reaching this 

high velocity the gas pressure drops from 1000 |b/ 

. in? at the cartridge to atmospheric level at the 

discharge orifice of the nozzle, This conversion 

from high pressure to high velocity is effected 

through the convergent-divergent shape of the 

nozzles, the initial acceleration up to sonic velocity 

taking place in the convergent passages, After 

escaping through the narrow throat orifice the 

gases expand in the divergent section of the nozzle 

and in doing so gain supersonic velocity. 

i4. After passing through the turbine blades, the 

gases are deflected by a specially-shaped shield 

towards three equally-spaced exhaust ports, an 

arrangement which also prevents the gases from 

swirling back against the turbine to impair its 

efficiency by exerting a counter-thrust. 

CARTRIDGE 

10 OHM 
RESISTANCES 

—| CARTRIDGE Lait 

CARTRIDGE Ws a 

AP.AI8SLD, Vol. land Vol. 6, Part 1, Sect. /, Chap, 2 
A,L.26, Feb. 62 

Circuit layout 

15. The wiring layout is designed to cnsure that 

whilst the selected cartridge is being fired no other 

' cartridge may be brought into use through a short 

circuit. That part of the engine starting circuit 

which affects the turbo-starter is shown in simplified 

form in fig. 2 where it will be noticed that 10 ohm 

limiting resistances are incorporated in the Iead to 

each brecch. This resister is incorporated in the 

_ connector on each breech muff and its purpose is 

| “to engure that in the event of a short circuit the 

current takes a low:resistance path to earth, To 

ensure this, adequate earthing points are established 

on the starter button, the selector switch and at 

each breech. 

PREPARING FOR SERVICE 

16. The turbo-starter assembly is attached to the 

engine by twelve bolts fitted through the mounting 

flange on the starter gear casing. The electrical 

connection from the engine to the three individual 

cables leading to the breeches is made through a 

quick-release plug connector mounted above the 

reduction gear casing. 

17. Stub connections are fitted to the exhaust 

‘ ports to which pipes are secured to carry exhaust 

gases away from the engine air intakes. 

Oil priming 

18. Before installing a new starter or refitting onc 

after long term storage, the starter reduction gear 

must! be drained and reprimed with the grade of 

engine oil detailed in the Leading Particulars of the 

appropriate aero-engine Air Publication. To do 

this proceed as follows:— 

(1) Remove the drain and priming plugs and 

allow the old oil to drain off. 

(2) Refit the drain plug and inject approxi- 

mately one third of a pint of clean engine oil 

into the reduction gear; when doing this 

rotate the starter drive shaft to circulate the 

oil throughout the reduction gear. 

(3) Refit the priming plug and lock it and the 

drain plug. 
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Fig. 2. Simplified electrical circuit - 
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OPERATION 

‘9 Instructions for starting any engine will be 
‘ound in the relevant engine Air Publication, A 
sart should normally be obtained with one 
cartridge if the engine is in good running order, 
When difiiculty in starting is experienced a check 
should be made of possible engine faults. 

Loading 

20. To load the starter, depress the large central 
plunger in each breech cap and unscrew the cap 
from the barrel. Remove the external transporta- 
tion cover from the cartridge mouth. Fit a 
cartridge into the breech cap, pushing the cartridge 
right home so that the two extractor claws clip 
over the cartridge base, then insert the assembly 
into the breech barrel. Screw the breech cap fully 
home by hand, finger tight only; this is important 
as overtightening may cause jamming and 
subsequent difficulty in removal after firing, 

Unloading 

21. Before attempting to reload the breeches refer 
to Warning 2, para. 22. 

To unload, depress the central plunger and unscrew 
the breech cap from the barrel, then depress the two small plungers in the breech cap to lift the two 
spring-loaded extractor claws which grip the rim of the cartridge case so that this can be withdrawn from the breech cap. A check should be made to ensure that no loose residue is left in the breech 
barrel. 

iiring 

22. The cartridges are fired electrically from a push buon which selects the cartridge and cnergises a time switch in the pilot’s cockpit. Once 

170466/5041 70887 4/61 1125) wit 1293 Gp. '334 

the start buiton has been pressed the time switch will complete a cycle of 30 seconds before any further attempt to fire another cartridge can be 
made. This allows the starter to run down to a 
safe speed before the starting sequence can be 
repeated, 

WARNING ... 

1. AN personnel aust keep clear of the 
engine intake starter and exhaust 
outlets when an engine is about to be 
started, : 

2. Ii a cartridge fails to fire, the next 
cartridge may be fired immediately 
alter the completion of the 30-second 
stariing cycle. After the three car{- 
ridges have been fired in quick 
succession allowed by the time switch, 
an interyal 10 minutes must be allowed 
for the breeches to cool before 
reioading. If the three new cartridges 
are then immediately fired, the next 
interval before reloading must be 
extended to 20 minutes to ensure 
adequate cooling of the breeches, 

3. If, at any time, it is necessary to 
work or make adjustments on the 
engine or starter, or to check electrical 
circuits, ensure that none of the 
breeches contains a live cartridge. 

4. Ifa cartridge which has failed to fire, 
or the reninant of a parily burned 
cartridge has to be removed from any 
of the breeches, this must be disposed 
of in accordance with the safety 
precautions laid down for the handling 
of explosives. 
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FAULT DIAGNOSIS CHART 

Correction Faule Possible cause 

(1) Cartridge does not fire. Defective cartridge or 
possible delayed action 
ignition. 

(2) Second or third, cartridge Electrical circuit de- 
fails to lire. fect. 

(3) Engine does not light up. Engine defect, 

Allow the time switch to complete the 30-second 
starting cycle and then press the starting button 
again to fire the next cartridge. 

Wait at Ieast 30 seconds and then unload all 
three breeches. Check that current reaches 
spring blade contacts. Check electrical con- 
tinuity from slip rings to firing pins. 

. Refer to engine change unit Air Publication, 
Vol. 1. 
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This leaf issued with A.L, No, 2, April, 1953 A.P.1181D, Vol. | and Vol, 6, Part I, Sect, 2 

Chanter 2 

SERVICING AND MINOR REPAIRS 

Very little servicing is required to keep the statter 

efficient; while the starter is ¢ttached to the engine, 

it is automatically supplied with oil from the 
engine oil pressure system. After approximately 
every 50 shots, the breech caps and contacts 

should be wiped clean and a light smear of graphite- 
grease AG-285 (Stores Ref. 34B/233) should be 
applied to the threads. 

RESTRICTED 
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INTRODUCTION 

I, The operations described in this section are tion of this starter, together with iWustrations, 

normalivy undertaken by a base repair unit or notes on installation, operation, servicing ad 

approved firm which is equipped with the necessary minor repairs will be fond in Volume | and Volume 

test rigs, tools and stocks of spare parts. A descrip- G6, Part 1 of this Air Publication. 
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SPECIAL TOOLS AND EQUIPMENT 

2. The special tools and equipment required to 

(3). Suitable containers for storing the parts 
of the starter. 

recondition the Type TBS.720 Mk, 2 turbo-starlers (4) A stand, locally made up, to be used for 

are listed below, In addition the following equip- disinantling and assembling the starter (fg. 1). 
ment will be required :—- 

(1) A-supply of dry compressed air. 
3%. In addition to the foregoing, a schedule of the 
modifications to be embodied and their chisst- 
fication, a Schedule of Vits, Clearances and Repair 

(2) The following cleaning equipment :-—- 

a) Kerosene wash. 

b) Trichlorethylene de-greasing bath. 

Tolerances and any approved Repair Schemes are 

also required, 

TGOL LIST ( 

bristle, fibre or linen. 

( 

(c) Cresol—soap wash. 

( 
4. The following list of tools, together with a 

d) Power driven retary brushes of wire, number of standard tools, completes the Repair 
Base Tool lat. 

Part No. Description 

CN.185287 

CX..135288 

CN.185289 

CX.135290 

CX.135291 

CX.135292 

CX.185293 

CX.135294 

CX.195295 

CN.185325 

CXN,13G834 

CX.189349 

CAN.T89950 

CKHK.1G9391 

CN.15G012 

CX.153967 

CN.ES3968 

CALIS3111 

CX.1S3112 

CX.158273 

CX.155274 

CX .158522 

CN.133280 
-13 and -17 

CN.186456 
—2 and -& 

CX.154186 

and the following standard tools :--* 

Stand, support 

Tool, contractor 

Spanner dog 

Plug 

Sleeve, guide 

Plate, holding 

Spanner dog 

Plate, holding 

Plate, assembly 

Clamp 

Fixture checking 

Spanner ring 

Fixture checking 

Application 

Check rotor clearance 

Assembly and dismantling of control valve 

Idler gear nuts 

Assembly of oil seal 

Assembly of oil seal 

Holds end of driving shaft so that nut can be 

tightened 

Driving shaft castellated nut 

Yor tightening idler gear nuts 

lor breech base 

Assetubling circlip on. starter fixing screws 

Scaring in housing (driving shalt) 

Breech barrel 

Rotor return spring lords 

JExtractor : Return mechanism thrust plate 

Extractor Bearings in bearing panel 

Extractor Bearing on drive shaft 

Fixture For checking the endfleat of the reter front 
sliding bearing assenibly 

Peening block and tool Assembly of breech cap 

Swaging tool and block Spinning over the shroud on the brecel cap 

Clamp ‘Dismantling front roller bearing 

Block assembly 

Vixture testing 

Drift extractor 

Sleeve assembly 

Fixture assembly 

Seeger Circlip pliers Type S.1.1. 

Abingdon “ Wing Dick ” double-ended ring spanners DDW207 and DDW208. 

Positions breech barrels in correct numerical 

order prior to assembly of inlet casting 

Testing the setting of safety relief valve 

Removing bearings from castings 

Used with press for assembly of bearings 1 
castings and on shafts 

Used with press for assembly of dowel and 
bearings in bearing panel 

Abingdon “ King Dick " Ignition spanner O1B208, 

Stud drivers (2 BAL fin. BSP.) 

Arbor brated prs at 

RESTRIC PED



NECOMDITIONIUS PROCEDURE 

+5. - Por all starters, whether requiring replacement 

of major parts or not, the sequence of recondi- 

tioning is as follows —- 

External examination 

Dismantle, examine and report 

Repair 

Re-assemble 

Rig test 

Proof test (as necessary) 

Quality test (as called for in paragraph 9) 

Inhibiting for deshatch (lDP.4A71A) 

6. Upon the receipt of a starter, it is to he 

externally, examined, dismantled and cleaned and 

the parts assessed for general condition and com- 

plianee with the Schedule of Fits, Clearances and 

Repair Tolerances, and the specified modification 

standard, and classed accordingly. 

J. Where the reconditioning of the starter is 

undertaken by a repair base or firm without 

previous or recent experience of starter recondi- 

tioning to official reqnirements, the first 50 starters 

reconditioned may be required to be completely 

dismantled for examination after conclusion of the 

Acceprince Proof Test at the ciscretion wf the 

Chief Inspecting Officer A.1.5., the Chief Inspector, 

N.A.L, or the Inspector-in-Charge A.L.D. 

PES TE REP iL 
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8. Similarly, when reconditioning of a new type 

of engine starter is commenced, or repair af 

existing types is resumed after a long intersvd, and 

the personnel are not experienced in the repair of 

the lype concerned, the COTALS., CLOEN ALL, 

or the Inspector-in-Charge A.LD., may at lis 

discretion require the complete dismantling of a 

number of starters before the minimum require 

ments set out in para. 9 are introduced. 

QUALITY TEST 

¢ Where any quantity of starters is to he 

reconditioned by a repair base, firm or other 

established source, a complete Quality Test mist 

be conducted on one starter in every a00, or onee 

in six months, which ever js the greater frequency. 

Where reconditioning work is to be undertaken at 

anew source, or has lapsed during a period of six 

months or more, a complete Quality Lest is to le 

satisfactorily completed on one of the first starters 

reconditioned at that souree before deliveries are 

proceeded with. The starter selected is to be trily 

representative of the normal standard of recanedi- 

tioning, not to be specially assenbled, and to be 

the first starter to have completed the specitiod 

Acceptance Proof Test. Full details of the quality 

test is given in Appendix 1 at the end of this 

Chapter. 

EXTERNAL EXAMINATIGH 

10. Make a general examination of the starter to 

assess its suitability for repair. ‘This is essential 
to prevent any unnecessary work being carried 

eut on a starter which comes within the un- 

repairable category, 

(AL. 4, Oct. $5} 
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Appendix | 

PRODUCTICN QUALITY TEST SCHEDULE FOR RECONDITIOMED 

TYPE 185.729 Mk. 2 TURBO-STARTERS 

LIsT OF CONTENTS 

Introduction 

Production quality test schedule 

Introduction 

I. The production quality. test shall be carried 

out on a starter selected by the Inspector-in-Charge 

A.L.D., the Chief Inspecting Oificer A.LS., or the 

Chief Inspecting Officer N.A.T., from starters which 

have previously passed the normal acceptance test, 

and shall be applied lo one in every 500 starters 

or once every six months, whichever is the lesser 

period, whilst production continues. During the 

jests the starter is not to be serviced in any way 

excepting normal maintenance lubrication. 

2. Should the starter fail during any parl of the 

test, 1t is to be dismantled for examination and a 

report made as to the cause. » Another starter is 

to be selected ancl the tests recommenced, 

Production quality test schedule 

3. Before commencing a produetion quality test, 

the starter must have satisfactorily completed a 

normal production acceptance test, including a 

strip examination. 

4. The complete starter should be fitted’ to the 

test rig which should carry a flywheel corresponding 

to the inertia load of the engine and a hydraulic 

bike to simulate the conipressor power losses as 

follows :- 

Tnertia-- 956 Ib. ft.2 equivalent to a 2 ‘ft. 

diameter Ny wheel, 4-0 inches thick 

Brake setting -60 HLP. at 1,500 rpan. and left 

at this setting throughout. 

‘Tarhometers and Dobbie MeInnes indicators 

should be calibrated before and after the Quality 

Test. ; 

RESTRECTED 

Para, 

5. 6) cartridges are to be fired successively at 

one minute intervals at the rate of three cartridges 

each half hour, ayd except where otherwise stated, 

all cartridges are to be fired at room temperature 

and should be of the current 720 gm. No. 10 type. 

Cartridges should be fired in rotation using each 

breech in turn. 

6. During the test specified in para. 3 the follow ing 

special test conditions are to be observed t= 

(a) Shot 5 and 55 are to be fired with the test 

rig Hywheel removed and the water brake cts- 

connected. 

(b) Shots 2). 21, 9 and 23 are to be fired in an 

elapsed time of five mimutes- this period to include 

the reloading of the breech prior to firing the 

fourth shot. 

(ce) Shots 49; 41, 42 and 43 are te be fired in an 

elapsed time of five minutes as in G(b) but using 

cartridges which lave heen soaked at - 44 deg. C, 

for 12-24 hours immediately prior io firing. 

7 (a) The maximum flywheel speed is to be 

recorded for every shot. 

(b) Dobbie Melnnes indicator diagrams are to 

be obtained for shots No. 5, 12,20, 21, 22, 28, 44. 

36, 0, 41, 42, $3, 48, 56 and 6). 

(c) The batch numbers of all cartridges used 

are to be recorded. 

8. Immediately on completion of the above tests, 

the starter is to be stripped and inspected, and a 

report issued as sven as possible tothe Inspector-in- 

Charge, or Chief-Inspeecting-Ollicer, 

9. The starter is to be assembled after reeon- 

ditioning such parts-as may be necessary anel 

re-subraitled to the scheduled normal acceptanee 

tests before delivery. 

(A.L. 4, Oct. 55)



AP.HGID; Vol. 6, Port 4, Sect. (AL. 4) 

Chapter 2 

MD CLEAHIG 

LIST OF CONTENTS 

Para. 

Genel aan a a ame “ere ores ote, 

Safety precautions... re | 

Dismantling the starter-ead 
Removing firing lead harness ae was 6 

Seperating the front from rear half wee _ 7 
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Dismantling retor shaft and bearings — ... see . I 

Dismontling the rotor shoft assembly —... os we 12 

Removing rotor from rotor shaft wae _ as 
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LIST OF ILLUSTRATIONS 

Fig. 

Removing the rotor shaft nut securing the thrust plate 
ond bearing (rotor removed) son 

Removing return mechanism thrust place 2 

Removing idler gear nuts ... 2 

Removing idler gear roller bearings 4 

GENERAL 

[. When dismantling more than one starter, care 

must be taken to prevent the interchange of 

components, Where thy are not supplied, 

suitable stands, cee and bins should be 

made locally so that the component parts of each 

starter can be safely stored and identified as a 

unit. It is important that when dismantling 

mating components they are suitably marked to 

ensure that they are assembled in the same 

relative position. 

2. Due to the high operating speed of the rotor 

and to the small clearances, care must be taken 

to prevent damage to the rot: wing components 

during the reconditioning operations. This applies 

in particular to the rotor blades, the edges of which 

are easily damaged, also to bearings, bearing 

housings and gears, 

3. 1t will be found convenient during dismantling 

and assembling to deal with the starter ino two 

separate halves, ic. the breech-end hall, which 

consists of the three breech assemblies and the 

inlet casing and the starter-end half, consisting 

of the bearing panel, reduction gear and its casing. 

These two halves, are attached one on cach side 

of the steel osterist casing 

RES 

Para. 

Removing the annulus gear ane oa ae wa TS 

Removing driving shaft assembly eas sis we. «(16 

Dismantling the breach-end 
Infet casing and nozzles... wee sis aes vas 18 

Breech-base liners “3 ae a6 st are 4h 

Barrel housings... a ei a i we 20 

Firing lead connection i wes wi <n we 24 

Pressure control valves... ees wae aus ww. 22 

Breech barrels asi ae iv ais = we 2S 

Breech cap assembly = wes ne “ai ww. 24 

Cleaning ... wee we we ies 5 vv 25 

Fig. 

Removal of sclf-aligning bearing nut 5 

Removal of hearing from driving shaft 6 

Removal of starter set-screws ie 7 

Contractor tool for dismantling the canna valve 8 

Removing the breech barrel 9 

SAFETY PRECAUTIONS 

4. Before commencing work on the starter, 
remove any cartridges in’ the breeches. For 

unluadiny jastructigas sce AASIISED, Volo 1 and 

Vol. 6, Part 1, Sect. 1, Chap. 2. 

5. Before commencing to dismantle the starter, 

remove the oil priming plug from the gear casing 

and drain the oil, then repl: ice the p lug. 

DISMANTLING THE STARTER-END 

Removing firing lead harness 

6 (1) Remove the locking wire securing the 

three knurled connector plig nuts te the 

breech barrel housing. If these nuts are 

tight, a light tap with a hammer will ease 

them ; remove the nuts. 

(2) Unlock and remove the nuts securing the lead 

clips, the conduit clip. carth lead tag and the 

firing Jead plug support bracket. 

(3) Draw the conduit towards the output shel. 

passing the three connector plas one at on 

time theoueh the diale tn th iieim. Tete 

TRICTED (ALL. 4, Oct. $3)



Scparating the front from rear half 

7. To separate the two halves proceed as fol- 

lows t--- 

(1) Unlock and remove the seven remaining 4 in. 

B.S.F. nuts securing the gear casing to the 

exhaust casing and remove the bolls and 

tab-washers. 

(2) Separate the gear casing from the exhaust 

casing, taking care not to damage the mating 

faces. 

(3) Remove the fairing ring. 

(4) Unlock and remove the three }in. B.S.1. nuts 

and the three #& in. B.S.F. nuts which retain 

the inlet casing to the exhaust casing, remove 

the bolts and tab-washers then separate the 

casings. During this operation care must be 

taken to prevent the transfer tubes dropping. 

Removal ef bearing panel assembly from gear easing 

8. (1) Unlock and remove the eight } in. B.S 
nuts, seeuring the hearing panel to the om 

casing ; take off the tab-washers and with- 

draw the panel assembly ; care being taken 
to avoid damaging the mating faces. 

Removing rotor shaft nut 

9. (1) Assemble the bearing panel assembly to 

the fixture CN.185287 so that the idler gears 
mesh with the teeth of the fixture as illus- 

trated in fig. 1. Secure it in position with 

vthe two knurled nuts. 
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Fig. 1. Removing the retor shaft nut securing 

the thrust plate ‘and bear ing (retor removed) 

(2) Unlock the retor shaft nut and using spanner 

_ DDW.208 unscrew and remove the nut. 

(3) Remove the cupped locking washer and the 

adjusting washer, 

Hote... 
, . ees . 1 Los 

Dire uote washer os selected for a specific 

starter ain’ attend Ae velagne:t i tthe av. 

Dismantling return mechanism thrust plate ; 

18. (1) Unlock and remove the three | in. 1.S.F. 

bolts locating the thrust plate and lift off 
the slop plates. 

(2) Fit the extractor CN.189951 and extract the 

thrust plate complete with the ball bearing 

as illustrated in fig. 2 

(3) Remove the inner adjusting washer from the 

rotor shaft. 

Nate... 

It is important that the adjusting washers on 

either side of the ball bearing are not tnter- 

changed. 
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Fig. 2. Removing return mechanism thrust plate 

(4) Turn the ball bearing with its two phosphor- 
bronze seating rings at right angles to its 

axis and withdraw the bearing and rings 
through the two slots in the thrust phite, 
then remove the seating rings from the 
bearing. 

(5) Remove the three spherical washers, the 
outer spring sleeves, springs, spring guides 
and the dowelled outer guides. 

Hote... 

Care must be taken to ensure that the stop plates 
and spherical washers are not interchanged 
either In position or with other starters as thev 
are Selected to siat a specific Starter 

Dismantling rotor shaft and bearings 

Il. (1) Unlock and remove the three } in, BSP. 
nuts securing the rotor shaft front hearing. 

(2) Remove the tabawashers and withdraw the 
bearing: Trom Che shaft, care beige taken nat 
to damiiure the minting haces, 
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(3) Turn the nnif with its stand on one side and 
carefully dros. the shaft and rotor assemhily 
out of the bearing panel. 

(4) Remove the exhaust deflector from the 
bearing panel by a twisting movement. 5 | : & 

(5) Withdraw the rear sliding bearing sleeve. 

Dismantling the retor shaft assembly 

12, (1) Remove the internal circlip securing the 
rear turbine shaft bearing using the approved 
circlip pliers. 

(2) Remove the retaining washer. 

(3) Slide the outer race rearwards, i.c., towards 
the retor, until clear of the rollers. 

(4) Remove the rollers from the cage using tool 
GA, 1S8278. 

Hote... 

These rollers are a“ snap-in” fit through the 
ontside of the cage, 

(5) Withdraw the outer race, the aluminium 
labyrinth seal and the packing washer from 
the rotor shaft. 

Hote... 

The retaining washer and ctrelip are selective 
fits and must be replaced otherwise the bearing 
assembly will have to be checked as descrthed 
in Chap, 4. 

Removing retor from reter shaft 

13. Before removing the rotor, the relative 

position of the shaft and reter must be marked to 

ensure correct assembly ; then progeed as follows :— 

(1) Unlock and remove the eight J in. BST. 
bolts together with the four locking plates 

and eight special nuts. 

(2) Gently tap the reter away from the shaft 

flange using a hide faced hammer. Care must 
he taken to avoid damaging the rotor blades. 

Hote... 

Should cither the rotor ov rotor shaft be replaced 
the anit must he dynanteally halanced as 
described in Chap. 4. 

Idler gears and bearings 

14. (1) Unlock and remove the six } in. B.S. 
nuts which secure the end-plate to the 
bearing panel and remove the tab-washers. 

(2) Lightly tap out the six bolts using a hide 
faced hammer or a bleck of hard wood. 

(3) Remove the end-plate from tlie bearing panel 
complete with the three planct gears and 
roller hearings housed in the end-plate. 

(4) Assemble the end-plate and gears to the 
holding fixture CN I8S29-b as ilustrated in 

fie, 8, locating the gears on the three pegs in 
thee fintuaé, 
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Unlock the three gear retaining nuts hy 
punching out the enp type Tocking-washer. 

SPABENER CX.13528? 

i 

FIXTURE ©.X.125274 

Fig.3. Removing idler gear nuts 

Unserew and remove the three retaining nuts 
using spanner CN.133289 (jig. 3). 

Remove the end-plate from the fixture. 

Press out the three planet gears. 

Remove the three internal cirelips retaining 
the bearings, using the approved cirelip pliers, 
then take out the bearing washers. 

Remove the three ball bearings using tool 
CX.133280-13. 

Rejiove the three internal cirelips retaining 

the roller bearings using the approved cirelip 
pliers, then take out the bearing washers. 

Fig. dd. Remreving idier pear roller bearti, 

(AL. 4, Oct. 55)



(6) 

(12) Using extractor CX.1S3012 

illustrated in fig. 4. 

Hote... 

Do not remove the roller hearings from the 
bearing panel tnless they are to he replaced. 
Removal ts assisted tf the bearing panel is first 
warmed, 

Removing the annulus pear 

15. (1) 

remove the tab-washers. 

(2) Remove the two locating plates. 

(3) Remove the annulus gear from the driving 
shaft. 

Removing driving shaft assembly 

16. (1) Unlock and remove the four nuts which 
secure the spherical ball bearing locking plate 
to the gear casing, take off the tab-washers 
and remove the bolts, 

(2) Place the gearcase on a suitable stand and 
press out the driving shaft complete with the 
ball bearing assembly, care being taken not 
to damage the. oil seal or the splines of the 
driving shaft. 

(3) Remove the adjusting washer abutting the 
bearing. 

(4) Carefully press out the housing and remove 
the oil seal. 

Assemble the toothed end of the driving shaft 
in to the fixture CN.135292 ( fig. 3). 
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Fig: 5. Removal of self-aligning bearing nut 

Unlock the hearing retaining nut and remove 
the onut, using spanner CN 138295 as 

Hlustrated in fig. 5, remove the lockwasher. 

Using extractor CN.153067 extract the bearing 
from the driving: shaft (fie. 6), 

Turn the bearing through 90 dew. relative to 
Hie seatimes rine gd Flay the Deartie ont 
Throwed the slots dn the rings 

2extract the three 
roller hearings from the bearing panel, as 

Unlock and remove the eight set-serews 

securing the two annulus year locating plates, 

: RESTRICTED 

(9) Remove the adjusting washer and locking 
plate. 

Note... 

The adjitsting washer ts 
nesses and 1s selected 

starter, 

made tn various thiek- 

fo suit a particular 
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Fig. 6. Removal of bearing from driving shaft 

17. Should any of the eight special set-holts 
which retain the starter to the aero-cngine he 
damaged, they can be removed by fitting the 
clamp CX.185526 to the casing as illustrated in 
fig. 7 and using a suitable tool prising off the spring 
ring. The bolts may then be withdrawn from the 
casing. 

Fig. 7, Rernoval ef starter set-screws 
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DISMABTLING THE BREECH-END 

Inlet casing and nozzles 

18. (1) Unlock and remove the four Jin, BSE. 

screws and four } in. B.S.I. nuts securing 

each pair of nozzles to its breech case, then 

remove the tab-washers. 

(2) Tap out the twelve bolts, six of which have 

round heads tapped to receive the cowling 

support set-screws and six have “ D” shaped 

heads. 

(3) Unlock and remove the six 4 in, nuts securing 

the inlet casing to the breech base ; three of 

these nuts are located in the centre recess of 

the inlet casing. Remove the tab-wushers, 

and withdraw the inlet casing complete with 

nozzle units from the breech base. 

(4) Remove the bolts and separate the three 

breech barrel assemblies from the breech base. 

(5) Remove the nozzle elbow corrugated joint 

washers and lift out the nozzle units from the 

inlet casing. 

Breech-base liners 

19. (1) Unlock and remove the two hexagon 

headed plugs from cach breech base, remove 

the tah-washers. 

(2) Remove the liner support pieces and the liners 

from each breech base. 

Hote... 

Should either of these components be difficile 

to remove, they mav be eased by inserting a fer 

drops of penetrating aul. 

Farrel housings . 

20. (1) Unlock and remove the six fin. B.S.F. 

nuts which secure the three barrel housings 

to the three barrels. 

(2) Remove the tab-washer and bolts. 

(3) Carefully lift out the rubber sealing ring, 

Note... 

The two halves of each barrel housing mist be 

kept together and identified with each barrel 

and breech from which they are taken, 

Firing lead connection 
. 

2. Should the firing lead connection, which ts 

fitted to one half of each barrel assembly be 

suspected of being faulty, bend back the locking 

tab and remove the 4 B.A. screw, using spanner 

0113.208, then remove the connection assembly. 

Pressure control valves 

22. All components of the pressure control valve 

must be retained with the specific breech base to 

which they belong. 

Viarning .-- 

The pressure control valve springs, are very heavily 

loaded ¢ wnder ne crreranslasices therefore should 

any alles pl, he piade to remove tlese springs a howl 

usp the . contractor fool CN BERRS  alhenicdse 

personal peavey resell, 
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CONTRACTOR TOOL . wf 

CH135288 
te Ag 

Fig. 8. Contractor tool for dismantling the 

control valve 

(1) Assemble the valve spring contractor tool 

CX.135288 (fig. 8) through the hole in the 

spring housing then screw down to compress 

the two springs. 

(2) Unlock and remove the three nuts securing 

the control valve, then remove the tab- 

washers. 

(3) Lift off the spring housings and remove the 

bolts. 

(4) Slowly release the tension on the contractor 

tool. 

(5) Remove the springs, spring seatings, thrust 

peg and adjusting washer. 

Mote... 

The adjusting washers are provided tm a range 

af thickness and are selected to suit the sbecifir 

valve assembly. 

(6G) Remove the control valve casing and the 

control valve. 

(7) Repeat the foregoing procedure on the two 

remaining contro] valve assemblies, 

Freech barrels 

23. (1) Remove the retaining ring and lift otf 

the barrel locking-ring. 

(2) Hold the assembly plate CN 188295 ina vire 

and fit the breveh base to it. 

3) Using spanner CN.189349 unscrew the barrel 

from the breech base as illustrated in fig. 9. 

Fig. 9 Removing the breech barrel 

(ALL. 4, Oct. 55)



(4) Remove the copper joint washer, 

tele... 

Mark cach barrel in respect lo its breech hase 

fo ensure that it is replaced cotrect!y. 

(3) Repeat the procedure on the remeaiming two 

assemblies. 

Breech cap assembly 

24, To dismantle the breech cap assembly proceed 

as follows >--- 

(1) Using a hacksasy cut round the circumference 

of the shroud at a distance of half an inch from 

the top, i.e., the hand-wheel end. 

(2) Ease off the large portion of the shroud by 

lightly tapping it with a hammer, care being 

taken to hold the locking and extraction lever 
springs which are held in position by the 
shroud. 

(3) Remove the retaining ring from the large 

portion of the shroud by cutting the shroud 

ina longitudinal direction. When the shroud 

is opened out, the retaining ring ean be 

removed, 

Remove the small portion of the shroud. 

—
 

i
L
 

(5) Unlock and remove the eight 2 B.A. screws 

which secure the breech cover to the breech 

cap, then remove the tab-washers. 

(6G) Invert the two components and using the 
large portion of the shroud as a stand remove 
the firire pin spring, guide, washers, phinger, 
docking lever and extracting lever pins. The 
latter items may require light tapping te 
remove them, 

(7) Remove the locking and extracting leavers and 

the two operating buttons. 

8) Using a soldering iron, remove the solder 

locking from the screw which secures. the 
flexible connecter from the firing pin to the 

terminal plate of the electrical connections, 

then remove the serew and firing pin 

assembly. 

(9) Lift out the firing-pin bush and remove the 
screw securing the terminal plite and elec- 
trical connection to the breech cap. 

(10) Remove the spring washer, plain washer, 

insulation bush and the’ U' shaped insilation 

piece. 

—
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(11) Remove the insulation strip and guard ane 

withdraw the slip-ring and insulation ring 

assembly from the breech-cap complete with 

the electrical connections. 

(12) To remove the firing-pin insulation bush in 

the breech-cap, Jirst prise ont the aluminium 

insert which is pecned in position, then press 

out the bush with a suitable drift. 

CLEANING 

25. Methylated spirit must be used to remove 

the accumulated carbon deposits. Hard carbon 

deposits may be removed by soaking the com- 

ponent in a bath of methylated spirit or in hot 

water. The removal of carbon deposits from the 

breech bases, nozzles and exhaust casing should 

be carried out by the use of blunt scrapers and 
wire brushes. Stearn may be used where carbon 

deposits are exceptionally dificult to move. 

26. Care must be exercised when cleaning 

machined mating faces, the component should be 

soaked in methylated spirit until the carbon can 
be removed by the use of hardwood scrapers. 
The rotor assembly, with the exception of the rotor 
blades should be cleaned with fine grade emery 

cloth soaked in methylated spirit. After initial 

cleaning, the rotor should be lightly vapour 
blasted. Alternatively it may be very lightly sand 
blasted. Great care must be taken not ta use a 
coarse sand or too high a pressure if the latter 
method is adopted. © All ball and roller hearings 

should be thoroughly cleaned by repeated im- 
mersion in clear trichlorethvlene or gasoline no-lead 
followed by blowing out with compressed air until 
all trace of irregular running is removed. They 
should then be dipped in Spec. D. Eng. R.J).2487 
oil, and wrapped in greaseproof paper to protect 
them from dirt. 

27. Oily components should be cleaned by 
washing in gasoline, no-lead er trichlorethylene. 

After cleaning, all these components must be 
thoroughly dried with compressed air and the 
surfaces protected by applying a light coating of 
oil -ON-88 (Stores Ref. 84.4/268). Lit is expected 
that a number of starters will be regularly handled 
they should be cleaned in accordance with 
instructions given in’ ALPLAGIC, Volo 1, Part 2, 

Seet. 2, Chap. 4, para. 42 to 49 inclusive. 
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INSPECTION 

LIST OF CONTENTS 

Para. 

Modifications .... 

Dimensions N
o
 

Consumable parts 

Breech cap assembly... 

Firing lead harness 

Breech hase... _ _ as ast 

Pressure control valve 

Nozzle and elbow assembly 

Breech hase and nozzle elbow liners... 
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\odificaGions 

1. During inspection a check must be made to 

ensure that all essential modifications are embodicd. 

Outstanding modifications should be listed for 

incorporation during rebuilding of the starter and 

any redundant parts withdrawn, It is essential 

that an up-to-date copy of A.P.LI8TD, Vol. 2, 

Leaflets, General Orders and Modifications is 

available for (his purpose. 

Dimensions 

2. The inspection of the starter must be carried 

out in conjunction with the Schedule sof Tits, 

Clearances and Repair Tolerances given in Vol. 6, 

art 3 of this ALP. 

Consumable parts 

3. The following parts must be discarded during 

dismantling irrespective of their condilion:—- 

tubber sealing rings, copper and nickel joint 

vashers, locking tab-washers, circlips (‘Seeger 

‘Sype circlips must be rejected if strained or 

damaged) and in the case of time-expired starters, 

the firing lead assembly. 

4. When the inspection of the dismantled starter 

is carried out, it should be borne in mind that all 

camponents passed Tor re-use will be subject to a 

further life of S00 shots. The life of the starter 

is generally limited by erosion of the rotor blades, 
ae 

nogeles, bra Pare diners and breech besos Wako 
I~ wear ostele qs aovistiel je postion Tor abstons 

scored bering surfaces, distertion and COPPOSIOn. 

Para. 

‘Rotor assembly ss vos _ a 12 

Ball and roller bearings _ _ _ 13 

Rotor shaft .... ven _ sek bese 14 

Rotor-shaft rear-sliding bearing _ _ 15 

Rotor retura-nechanism self-aligniag bearing 16 

Idler gear vee _ os cit cs 17 

Annulus gear... a —_ _ vee 18 

Exhaust casing _ san a wots 19 

Bearing panel .... —_ vee a ben 20 

Gear casing... _ _ esi were 2] 

Generally, corresion which cannot be remoscd 

from a mating or bearing surface by normal 

cleaning methods will entail the rejection of the 

affected component. Corrosion in other parts may 
be removed by polishing. Stoning or the use ol 

fine emery cloth is permissible onty at the dis- 

eretion of the inspecting authority. The following 

specified items need special attention as defiped, 

Breech cap assembly 

5. Check the continuity of the firing pin cirenit 

and check that ifs insulation resistance 15 not less 

than two megohms using a S00-volt: insulation 
resistance tester ( Ref. 5G/1021). 

Firing lead harness 

6. Check that the insulation resistance between 

the individual firing circuits, also between cach 

firing circuit and the casing. wilh the breech caps 

removed, is not less than three megohins using a 

500-volt insulation resistance tester. Check vie 

continuity of each lead. Visually check for signs 

of overheating or chafing, of the insulation. 

Remove the circlips which secure the lead pins. 
Withdraw the lead pin, bush, spring, resistor cup 
and resistor frem cach lead. Check that each 
resistor is within the limits ef 10-0 ohms-:- 1-0 

ohm, and check the lead pin and resistor cup for 

freedom of mevement with the spring. 

Breech hose 
7, nstect for Chore berdgiek . parienbe 

the gas ports blood tite tae hei yphiertedd tapes oy 
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a result of extended tests, the maximum breech hase 

life has been upgraded to S800 starier operations. 

An inspection standard has been set based on 

exmmination of the breech bases &fter (a), 300 and 

(b), SCO starter operations. Breech bases which 

meet the inspection standard after a previous life 

of 360 starter eperations may be accepted for a 

further life of S00 starter operations. Breech bases 

whieh de not meet the inspection standard after 

200 starter eperetions and all breech bases which 

have completed more than 300 starter operations 

should be rejected. Inspect the pressure control 

valve seat for crasion and cracks. A small amount 

of lapping is permitted to restore the sealing face 

io a good condition. If excessive erosion and 

cracking is present, the seating face may be re- 

machined to salvage drawing CX.167841. Check 

that the mating faces for the nozzle elbows are in 

ecod condition and [ree from distortion. Up to 

0-003 in, may be ground olf these faces to restore 

j surface flatness. 

Pressure control yalye 

&. Cheek for signs of erosion and thermal cracks. 

If the seating face will not clean up by lightly - 

lapping with its own breech base, the valve should 

be rejected. 

Mozzle and elbow assembly 

9, Inspeet the elbows for erosion and thermal 

cracks. Deep cracks will necessitate rejection, but 

lioht cracking may be accepted at the inspector's 

discretion. Inspect for diametral collapse of the 

nozzle bere immediately downstrezm from the 

insetts and check for wear in the parallel bore of 

the insert. The wern dimensions should be within 

the limits specified in the Schedule of Fits, 

Clearances and Repair Tolerances given in Vol. 6, 

Part 3 of this Air Publication. Check that the 

elbow mating face is in good condition and free 

from distortion. A degree of collapse in_ the 

immediate vicinity of the hole may be permitted 

provided that a good joint can be guaranteed, 

A maximum “dishing” of 0-003 in. is permitted, 

provided this does not extend over the joint face. 

Note... 
The life af the nozzle elhow assembly is nat expected 

to he mutch in excess of 500 starter aperations. 

Breech base and nozzle elbow liners 

10. Cheek that the liners show no signs of ex- 

cessive crosion or thermal cracks. 

Nate... 

The life of the liners is not expected to he much in 

excess of 500 starter operations. : 

Nozzle clhow corrugated joint-washer 

If. A new washer must be fitted every tume the 

nozzle elbows are disturbed, 

Rotor assembly 

12. Inspect the rotor blades for excessive crosion, 

damage or cracks at the blade roots. Cheek the 

miteok baling af the rbtor and shalt assembly 

vt beet steatthb pe Pt veneers Tigeay GAYS re day at Psp 

ropa. When i reter or strilt ts réhiesieds Chie hata 

and shalt assembly must be dynamically balanced 

La
d ; RI 

CARL TAG9H OBGL FON 625 ty wh soo Gp. Ba 

as aounit-as illustrated in Chap. 4, fig. [, using an 

approved dynamic balancing machine. 

Note... 
The life of the rotor is expected to be in the order of 

1,000 operations, 

Ball and roiler bearings 

13. The procedure for the insnection of ball and 

roller bearings is deseribod in A.PLIM64BL Vol. 1, 

Part 2, Sect. 1, and should be applied when 

inspecting the bearings. 

Rotor shaft 

14. Cheek that the roller track dimensions are 

in accordance with the Schedule of Fits, Clearances 

and Repair Tolerances. Visually inspect the teeth 

for signs of chipping, corrosion or “picking-up”. 

Using a pair of steel balls or rollers, whose diameter 

is within the limits of 0-1252 in. high 0-1250 in. 

low, measure the diameter over the tops of the balls 

or rollers. This measurement should net be less 

than 1-519 in. 

Rotor-shaft rear-sliling bearing 

15. Check the bearing in accordance with the 

Schedule of Fits, Clearances and Repair Tolerances. 
There should be complete freedom [rom scoring en 
the roller track and sliding surfaces. Using fixture 
CX.153068, check the bearing assembly for endflaat 
which must be within the fimits of 0-002 in. 
maximum @-091 in. minimum. 

Rotor retura-mechanism sellaligning hearing 

16. Check the hearing in aceordance with 

the Schedule of Fits, Clearenees and Repair 

Tolerances and inspect for general candition and 

freedom of movement in the spherical seating. 

Idler gear 

17. Visually inspect the teeth for signs of 

chipping, corrosion or “picking-up™. Using a pair 

of stecl balls, or rollers, whose diameter is within 

the limits of 0-1252 in. high 90-1250 in. low, 

measure the diameter over the tops of the balls 

or rollers. This measurement should not be less 

than 24225 in. 

Annulus goar 

18. Visually inspect the teeth for signs of 
chipping, corrosion or “picking-up™ and check 

that there is no fretting on the teeth locating the 

driving shaft. 

Exhaust casing 

19. Cheek that the collapse of the seating spigot 
does not execed the figure quoted in Modiication 
C.T8.502. 

Bearing panel 

20. Check that all the oi) holes are unobstructed. 

Gear easing 

ay, Cheek thac the etl bofe fram the mona 

Hanee to the panel 
unobstructed, ; 

Fastrit: motiang bates is 
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ASSEMBLING AND TESTING 
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GENERAL 

I. Before commencing to assemble the starter 

make certain that all reconditioning operations, 
repair schemes and modifications called for in the 

inspection report have been completed. The 
components must then be washed and dried with 

mnoisture-free compressed air, 

2. Exeept in a few instanees, no dimensions will 
be quoted in these instructions for assembling the 
starter, reference noust be miatde to the Schedule 

of Fits, Clearances and Repair Tolerances given 
ip Part 8 of the Air Publication to aseertain: the 

correct dimensions, 

3.0 Where components are marked or have been 
tnipked trite diemmontiing, i is importeme thats 

they ate atsscmabled) tp 1 heed eoppeed relative 

RESTRICTED 

positions, Lightly coat, all gears, heerings an] 
shafts with OX-38 (Stores Ref BLA. 266) otf before 
assembling. Absolute cleanliness mnst be miain- 
tained during the assembling operations, this 
applies particularly te ball and roller bearings 

which should not be unwrapped until actually 
required. Assembly must be efleeted tn accordance 

with the following procedure. 

ASSEMBLING THE STARTER-ERD 

Assembling rotor to rotor shaft 

4. (1) Assemble the reter te the retor shaft 

then fit the eight } in, B.S.) serews, divi 

locking washers and special nuts, 

Kote... 
: ee 

Nea serews, speetad aunts and | ashe? 

a piest be used acheaeren fae patay ps on gett 

jrome tis shat. 

(A.L. 4, Oct. $3)



(2) 

(4) 

ad. 
=p -ou07s IN. DIA, DRILL. 

im 
O-OS0]N. MAX. DEPTH. 

ROTOR ASSEMBLY TO Aik DYNAMICALLY 

BALANCED BY DRILLING HEADS OF BOLTS 
AS REQUIRED AS SHOWN. 

Fig. |. Method of balancing rotor assembly 

Tighten the bolts and bend up the locking 
tabs against the inside flat of the bolt head 
in order to counter the effect of centrifugal 
force on the locking-tabs. 

Fit the assembly te an approved dynamic 
balancing machine and dynamically balance 

/ ata speed of 1,500 p.m. 

Note... 

The balance mast he within the lionit of 0-05 os, 
in, Should this not he attained, the appropriate 

bolt head ov heads mov be drilled as tlustrated 

it fig. 1 te obtain the correct figure. 

Remove the assembly from = the balancing 
machine. 

Assembling the idler gears 

Bi To assemble the idler gears to the end plate, 

proceed us follows :--- 

Place the end plate on a suitable support to 
he made locally. 

Ensure that the planet gear ball bearings are 
perfectly clean and in geod condition, then 

place the bearings into their respective 

housings. , 

Vit the bearing washers and circlips. 

Hote,... 

Should it be necessary to fil a new end plate, 
the three dowels amitst be fitted so that thew 
protrude from the face of the end plate within 

the luaits of 0-150 Ot maxvoninm la 0-185 fn, 
LEM UIE, 

Press in the three idler gears so that the 

threaded portion of the gear shaft is fitted 
from the circlip side of the ball beartig, 

Piloaoeawcenp type! doekine washer to each 

gear sini ated then the speened rats, 

(8) 

(7) 

(8) 

oo
 

Assemble the end plate to the holding fixture 
CN.135294 (fig. 2) locating the years on the 
three pegs in the fixture. 

SPAMMER CX 13ba9? 

FIXTURE CX.135294 

Fig.2. Tightening idler gear nuts 

Tighten the three nuts using spanner bh . . h 

CX.135289 as illustrated in fig. 2. 

Lock the nuts by punching the cup-washers 
into two diametrically epposite slots in’ the 
nuts. 

Nete... 

Ifa new bearing panel ts reqirred a nea drivel 
nist be filled using fivtiure CN VS4I86 as iilits- 
rated in fig. 3. Tn addition and hefore 
assembling the roller beartugs, thice new screwed 
fuserts must he fitted to lake the retirn mech- 
anisin set-sereiws, These tiserts mus be a Geli 

fit in the bearing panel and tie oben eid af the 
seri oabiest de at fous G-005 pa fatten pte 

eed lve SUP PACE, 
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GUIDE PLATE 
Ce LGA set 

STARL © 
CY NSH1BS-1 

Fig. 3. Fixture for fitting dowel into bearing panel 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

Support the bearing panel in fixture 

CX.154186--1, 

Ensure that the roller bearings are clean, 

then press the bearings into their housings 

using sleeve CX.185456-2. 

Fit the three bearing washers and circlips 

in the respective positions from which they 

were removed. 

Assemble the end plate with its gears to the 

bearing panel and gently tap together. 

Fit the six bolts (approx. 2} in. long) tab- 

washers and nuts, tighten the nuts. 

Check that the gears rotate freely in their 

hearings, and if satisfactory, lock the nuts. 
cae) 

(15) If binding is apparent, locate the cause and 

rectify before proceeding further. 

Checking end float of rotor shaft 

rear sliding hearing 

&. 

(3) 

(1) Press the rollers 

into the cage. The 

rollers are a “snap-in” 

fit through the outside 

of the cage. 

Fit the cage with 

its rollers to the outer 

race, then the retaining - 

washer and cirelip. w ae 

Using fixture OX.153068 

(fig. 4) check that the 

end float on the rollers 

is within the limits of 

0-02 in. maximum 

and 0-001 in. minimum, 

Ensure that the cirelip 

is uppermost. 

Hote... 

If the end float is out- 

stde the Huis, select an 

appropriate thickiress 

of retaining washer in 
apites hahihtarn the careeet 

FIXTURES 
CX.152068 

(4) 

AP.IIGID, Vol. 6, Part 4, Sect. 3, Chap. 4 (A.L. 4) 

On completion of the test, dismantle the 

bearing assembly and keep the components 

together until final assembly. 

Assembly of rotor shaft to bearing panel 

di (1) Vit the three long ‘PD head belts for the 

bearing panel through the holes in’ the 

aluminium rotor shaft seal, then place the 

seal over the rotor shaft and inte its normal 

position. 

Assemble the packing washer on to the three 

bolts and slide into the recess in the shaft seal. 

Place the roller bearing cage in position over 

the retor shaft track then carefully tap the 

rollers into the cage using a small copper drift. 

Fit the outer race, retaining washer and 

cirelip. 

Hote... 

If the rear sliding bearing sleeve has heen 

disturbed, press it into position se that the 

oil hole corresponds with the oll hole an the 

bearing panel. 

Hote... 

Should it be necessary to fil a new bearing 

sleeve, it shorld be selected so as to he a light 

press fit in the hearing panel. 

Assemble the exhaust deflector in- position 

over the rotor shaft assembly so that the rear 

sliding bearing enters the sleeve and the three 

1) head bolts pass through the holes in the 

bearing panel. 

Fit the rotor shaft front roller bearing te 

the end plate. 

Assemble tab-washers to the three’ DD head 

bolts, then fit and tighten the } in. BAS.k. 

nufs and finally lock. 

‘ fig ae 5 . ‘ . 

ond fiostl, Fie, 4. Fixture far checkine tndfoat om rear stiling Tearing 

- RESTRICTED 
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SPANNER DDW.28 
co ete phthnd) f P wine 

voce ht 

x 

pS nee _ FIXTURE 
a CX.135287 
t ae : , ok 

se fast Le 
& i bpd 

I] i: | 

Fig. §. Fitting the rotor shaft nut securing the thrust 

plate and bearing (rotor removed) 

~~ Assembling the rotor return mechanism 

8. (1) Fit a phosphor-bronze seating ring on to 

— each side of the rotor-return ball bearing, then 

place the assembly in’ the thrust plate ; 

positioning the seating rings in the two slots 

in the thrust plate. 

(2) Turn the assembly through 90 deg. then check 

that the assembly moves freely in the thrust 

plate seating. 

(3) Obtain the correct thickness adjusting washer 

(see para, O) and fl i toe the end of the retor, 

shaft. 

Mote... 

r Adjusting washers ave supplied in a range af 

Micknesses in order to obtatn the correct axtal 

clearance of the rotor to the gas nossles, 

(4) Fit the bearing panel assembly to the support 

stand CN.185287 (fig. 5) so. that the idler 

gears are locked. 

(5) Vit the three spring guide sleeves, the three 

springs, outer sleeves and dowelled guides. 

The outer sleeves must move quite freely 

over their whole travel. 

(6) Place the correct thickness of spherical washer 

into the dished part of cach of the three outer 

sleeves, 

(7) Press the thrust plate on to the roter shaft 

using sleeve CN.IG6156.2. 

(8) Vit the packing-washer, cupped-vasher and 

bearing nut. ‘Tighten the nut using ring: 

spanner DDW-208 (fg. 3) but do not lock 

the nut until the retor axial clearance has 

been checked and found correct. 

(9) Fila stop plate on top of each of the three 

lugs of the thrust plate, then insert the three 

long bolts complete with their tab-washers 

through their respective holes in’ the thrust 

plate. Tighten the bolts, but do not lock 

them until the rotor travel and the rotor 

return mechanism spring loading has been 

checked as detailed in,para. 9. 

Mote... 

The stop plates are supplied tm a range of 

thicknesses to obtain the correct rotar travel 

also the spherical washers im order fo adyitst 

the rotor relurn mechanism on spring loading. 

Measurement and adjustment ef roter travel 

9. Before proceeding with the following adjust- 

ment it is advisable to remove the rotor return 

springs. 

(1) Fit the bearing panel to the support stand 

CN.135287 so that the rotor hangs vertically 

down. , 

Retor shown in tull-oae position 

Vig. &. - tieasurement of rotor travel (FES 720, Mlk. 2) 
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(9) 

.7. Checking fixture for rotor mechanism spring loading 

Measure the distance from the rear face of the 

exhaust casing: to the nozzle lace of the inlet 

casing as shown in fig. 6 with both casings 

mated together and call tHis dimension “* 3.” 

Measure the thickness of the fairing support 

ring flange and call this dimension “ C.” 

Add dimensions ° BU and “Cand eall it 

dimension “ G.” 

Measure the distance from the bearing panel 

clamping face on the support stand to the 

under face of the rotor adjacent to the blades 

and call this dimension “1.” . 

Measure the depth of the spigot in the gear 

easing which takes the fairing support ring 

and call this dimension 1." 

Add dimensions “FE and ‘Fo " and call it 

dimension “TH.” 

Subtract. dimension “TE” from dimension 

“G's the resulting dimension being the 

axial clearanee of the rotor do the inlet casing 

nozzle face when the reter isin the" full gas" 

position. 

This clearance quust be within the limits of 

Q-020 in. maxim and O-QL0 in. minim 

sand may , be obtained: by the seleetion of 

suitabloodpusting washersane packing washers 

when required. 
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(10) To measure the rotor travel, Hit the voter 
and check the travel by direct measurement, 

Any figure within the limits of 0-570 in, 

maximum and 0-520 in. minimunt is accep 

table. The actual setting on individual 

starters will vary according to the “no-load ” 

speeds obtained during the acceptance tests, 

(11) To adjust the totor travel, stop plates of 
varying thickness should be fitted fram the 

range provided. - . 

Measurement and adjustment of rotor mechanism spring 
loading 

10. Fit the assembly to checking fixture CX, 139350 

as illustrated in fig. 7 The total lead whieh can 

be applied to the end of the rotor shaft without 

producing movement from the “out-of-yas 7 

position should be within 28-0 Ib, maximum and 

22-0 1b, minimum. The rotor should camplete its 

travel with an applied lond ef 73-0 Tb. nunimain, 

The foregoing checks should be repeaied aiter 

depressing the rotor to its full travel positien 

several Lirnes and anv change in the results obtained 

will indicate excessive friction in the assembly. 

Particular care must be taken to obtain free move- 

ment throughout the full travel. The necessary 

adjustments can be made by fitting a different 

thickness of spherical washers from the range 

provided. 

Assembling driving shaft, spherical bearing and ananlus gear 

to gear casing 

Il. Tf a new gear casing is required proceed as 

follows :—- 

(1) Serew in the eight studs so that the longest 

length of thread is screwed into the casing 
and the remainder of the stud protrudes 

0-850 in. 

(2) Press a new ventilating dise into the casing 

and fit a new dowel which must be driven tn 

as laras possibile. 

(3) Press the oil seal into the bearing housing 

using plug CX.135290 ( fre. 8). 

/ i 
| | 
| | 

Fig. & Pressing the off seat inia Che bearing barstiy 
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(4) Assemble the phosphor-bronze seating ring 
to the spherical ball race, then fit the ball 
race assembly into the seating ring slots and 
{urn the race through 90 dex. 

(5) Before pressing this ball race assembly on to 
the driving shaft, plaice the bearing housing 
locking-plate and adjusting washer over the 
driving shaft, ensuring that the locking-plate 

is correctly positioned. 

(6G) Using sleeve CN.ISG456-8, press the hall race 

assembly on to the driving shaft, then fit the 
locking washer and ring ut. 

SRANIER 

1 CMS 793 

Pie PURE j ; 
UxM.13522 fl | 

i i : f 
; . , | 
! 1 | 

j 

a a 

Fig. 9. Fitting self-aligning bearing nut 

(7) Position the driving shaft in the holding plate 

CN.195202 (fig. 9) then tighten the bearing 

nut using spanner CX.135293 as ihustrated in 

fig. 9. Bend up the tab of the lecking-washer, 

(8) Place the bearing- 
housing thrust ring in 

the learing  loustiae, 
ensuring that the ring 
is positioned correctly. 

(9) Vit the driving shaft 
and ball bearing assem- . 

bly into the bearing ‘ 

housing and press into 
position using oil seal 
gnide CN.13S291 (jig. 
10) fitted over the end 
of the driving shaft to : 

prevent damage to the OIL-SEAL GUIDE 

oil seal. » CX,134534- 

(10) Secure the assembly in 
position with Che four : yt 
Vin, BS. bolts which 
must be inserted from 
the inside of the gear : i 

casing ote ther with j i 
tubewasher= and mits. : 

Do not bend the Lael: 

ing tarbs vandal thr eesur- 
tae adel elesraniece hit 

wa
re
 

x 

“OIL-SEAL CUEDE 
sen CH.13527 1 

Fig. 10. Driving shaft assembly fitted with oil-seal 
guide pricr to pressing together 

Adjusting bearing axial clearance 

12. To adjust the bearing axial clearance mount 
the bearing housing assembly on the fixture 
CN.186534 (fig. 11) and using the oil seal guide 
CN.I86534-3 as described in para. 11 then proceed 
as follows :—- 

(1) 

(2) 

(3) 

Check the height between the fixture base and 
the underside of the bearing housing using 
slip gauges. 

Compare the foregoing figure with the height 
from the Jixture base to the underside of the 
adjusting washer. 

The two figures when compared will enable 
the correct adjusting washer to he selected 

to give an axial clearance of 0-002 In, mint- 

min and 0-004 in. maxtmum between the 

bearing outer race and the thrust ring. 

Place the annulus gear inside the gear casing 
and fit the gear on to the driving shaft. 

| 
! 

+ “FIXTURE 
2 CX.138834-2 

heen eheeled. Fig. UL. Checking fixture for end-float of drive shaft bearing 
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(5) Fit the two semi-circular locating plates into 

the recess of the driving shaft so that the 

machined groove in the plates is facing 
towards the driving shaft. 

(6) Secure the plates in position with the eight 

2 B.A. screws and tab-washers and tighten 

them using a long tubular spanner, finally, 

lock the screws. 

Assembling the bearing panel to gear casing 

13. Lefore fitting the bearing panel to the gear 

casing, ensure that the retor moves freely up and 

down, also make sure that the locating dowel 

is fitted to the gear casing and that the bearing 

panel is correctly located, then fit the eight tal- 

washers and | in. B.S.F. nuts; finally locking the 

nuts. 

Asserbling the exhaust casing and fairing ring 

14. Should a new exhaust casing be fitted, first 

serew in the six studs so that 0-375 in. of the 

thread length is in the casing then proceed as 

follows :— 

(1) Fit the fairing ring and exhaust casing to the 

gear casing so that the hole in the fairing is 
aligned with the “ milled out " portion of the 
exhaust casing. 

(2) Secure the assembly in position with the seven 

short } in, B.S.P. bolts tab-washers and nuts. 

Tio not lock the nuts at this stage. 

Nolte... 

The remaining tio holes are provided for longer 

bolts which also secure the firing lead socket 

bracket. 

ASSEMBLING THE PREECH-END 

Assembling breech base and pressure cantrol valve 

15. Should a new breech base be required, fit a 

new breech base stud. This stud must be inserted 

with the long thread end in the breech hase so 

that its maximum Jength protruding from the 

adjacent surface does not exceed 1°378 in. ~ 

16. Before commencing to assemble the pressure 

control unit, check that the bore of the valve 

casing in which the valve is housed has been 

reamed to 0-625 in. minimum to 0-626 in. maxi- 

mum diameter, Tf the valve has been lapped in its 

breech base housing, ensure that the valve and 

honsing are perfectly clean and free of lapping 

compound. 

17 Fit the valve into the valve casing then 

assemble the unit to the breech base so that the 

seating face of the valve meets the seating face 

ef the breech base. Fit) the adjusting washer 

whieh should ke chesen fron Che range avatalile 

ip order te oblata the correct relieving pressure 

Ulhen proce obs bellows : 

RESTRICTED 
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(1) Fit the thrust peg, spring seating, inner and 
outer springs and the spring housing. 

(2) Assemble the valve spring contractor teol 

CX.185288 (fig. 12) throngh the spring 

housing and screw in to compress the springs. 

‘ fj 
P ns 

ip - bs 
u j 

i ro , = 

1 \ 
i \ f ; 

CONTRACTOR TOOL win | Y 

CX.) 38228 

Fig. 12. Contractor tool for assembling 
the control valve 

° 

(3) Vor breech base marked No. I seenre the 
spring housing to the breeeh base with the 
three D head bolts, then fit the tab-washers 

and nuts and lock the latter. 

(4) For breech bases marked 2 and 3, secure each 
spring housing to its breech base with two 
1) head bolts and one shouldered bolt, the 

latter being positioned in the hole nearest 
to the transfer tube seating. Vit tab-washers 

and nuts and Jock the nuts. 

(5) Remove the valve spring contractor teol and 
then test each assembly using fixture 
CX.153822 (fig. 18) as follows. 

(i) Fach valve must withstand a pressure 
of 1,000 Ib. per sq. in. for a minimum 
period of one minute without showing 

any signs of leakage. 

(ii) Each valve must be adjusted to open at 
a pressure within the limits of 4:205-Th, 
per sq. in, minimum and +230. Ih. per 

‘ : ie ae 
sq. in. maximum, 

Warning... ‘ 

In the event of a valve having to be dismantled 
for adjustment, the contractor tool CX AB85288 
matst always he used befare alleapting ta remove 
the spring housing, as the sprtigs are heavily 
loaded and fatiure to observe this precaution 
may resuld in injury fo personnel, 

Assembly of breech barrels 

18 To assemble the breech barrels proceed as 

follows :—- 

(1) Assemble the locking rings and barre] retaining 
rings over the breeeh end of the barrel and 

in that order. 

(2) TP the firing: lead socket conapes tier byes Daeeegy 

removed assemble, as follew-. 

(AL. 4, Oct. 55) 
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(3) 

y 

fad t 
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i 

FIXTURES i 
CX.153322 es a 

poiogd i J 
i i © c 8 

} 
; 

; 

Fi 
4 

i 
MAIN-— i 

‘WEIGHT ; j 

Fig. 13. 

Using the 4 B.A. screw as a guide, fit the 
insulating channel to the serew and fit the 
other components in the folluwing order. 

(i) The insulating bush. 
(ii) The contact assembly ; such that the 

contact is opposite the epening in’ the 
contact spring support and faces towards 
the screw head. 
The contact spring backing spring. This 
spring must fit the contour of the contact 
spring assembly. 
The insulating washer and contact spring 
clamping pad ; the recess in the clamping 
pad is located on the insulating bush. 

Remove the 4 B.A. screw and fit it complete 
with ils tab-washer to the barrel housing, 
positioning the assembled components on the 
screw so that the contact is opposite the 
adapter, : 

Tighten the 4 BoA. with 
O1B.208 then lock with the tab-washer, 

Fit the split housings to the barrels so that the 
split housing assemblies marked CN 2136361 /1 

-are fitted to their original barrels and the split 
housing assembly marked CN 1S6362/1 is 
fitted to the other barrel. 

Fit anew rubber sealing ring to each housing, 

(iii) 

(iv 

SCTeCWS Spanner 

Seeupeedeh pair of split housiness ta position 

wwith twee 2) trek DALDs, Lali wostiers camel qiats. 

Viditen the nuts and deek thea 

—
 

(9) 

ADDITIONAL 
porte YO WEIGHTS 

Fixture for checking setting of control valve 

Note... 

When these nuts are tight the split: housings 
can jist he moved around the barrel. 

Position the breech base on the holding plate 
CN.1835295 (jig. 14). 

(10) Fit a copper joint washer in the breech hase 

(11 

and screw in the apprepriate barrel; tighten 
the barrel using ring spanner CX.139349 as 

illustrated in fig. 14. 

) Fit the barrel Jocking-ring inte the slots of 
the breech base and spring the retaining ring 
into position. 

a 

an 
‘ PLATE 

ON [34293 

*y 

: 

infty 
%, 

pe E 

Fig t4. Tightening che breech barrel 
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Assembling the breech units and inlet casing 

19. If a new casing is to be fitted proceed as 

follows :--- 

(1) Fit the 2 DLA. studs with the long thread 

in the casing so that they stand proud of the 

adjacent surface by 0-300 in, 

(2) Serew in the long thread portion of the three 

é. in. B.S.P. studs so that when inserted they 

stand proud of the adjacent surface by 

0-930) in, 

(3) Vit the twelve nozzle split sealing rings. 

There are two per nozzle and must be posi- 

tioned so that the slots in the rings are 

opposite to cach other. 

(4) Fit the six retaining washers and_circlips 

to the inlet casing and reughly position the 
six nozzle units. 

(5) Vit the liners, care being taken to position 

the liners marked “ A in the “A marked 

part of the breech base and the liners marked 

“Bin the B’ marked part of the breech 

hase. 

(6) Vit the correct liner support picee and secure 

in position with « breech lase plug and tab- 

washer: do nol tighten the plug at this stage. 

Fitting inlet casing te breech and barrel units 

20. The sequence for fitting the inlet casing to 

the breech and barrel units is as follows :—- 

(1) VPlace the assembly block CX.153274 on the 

. benel se that the boss marked with the fie. 3 

is towards the front of the bench and the 

zero mark is on the left side. 

(2) On the boss marked 3, place the barrel of 

No, 8 breech: and barrel unit. 

(3) Aso place No. J and 2 breech barrel units 

on No. 1 and 2 bosses respectively. 

(4) When assembled correctly, the view from the 

breeeh end of the assembly should be as 

shown in fig. 1A. 

Mote... 

Care must be taken to ensure that the split 

housing assemblies fit logether in the correct 

SeQuence. 

BREECH No2 -.—~ 
_. BREECH Nol 

_ FIRING LEAD 
ASSEN Y 

Fig. 15. Mormibering of breeches for assembly purposes 

CXS 
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TOOL 

“BLOCK 
CeISSHT- 

Fig. 16. Peening tool and block for hreech-cap 

(3) 

(12) 

Vit a new nickel corrugated joint washer to 
cach of Uhe six breech base fiases, Tt chicane be 
noted that these washers ean only be posi- 

fioned one wav. 

Vit the inlet casing complete with the nozzles 

to the three breech units so thet the 2 DLA. 
stud on the inlet casing is facing towards the 
zero mark on the assembly block. 

Toeach nozzle elbow, fil two } in. DS.) set- 
screws together with the common locking plite, 
Through the breech base and the nozzle 
elbow, fila VD head bolt alee a tare head 

bolt. The former bolt) being pearer to the 

starter centre line in each case. 

Fit the common locking plate and nuts. 

Before tightening the nuts and. set-screws, 

fit the six 3, in. tab-washers and nuts to the 

studs, three of which project through the 
centre recess in the inlet casing, 

Tighten all the nuts and set screws and lock 
by bending up the locking tabs. It ts 
important that these nuts and set-serews are 
tightened evenly to ensure a gas-tight joint. 

Finally tighten the breeel base plugs anid lock 
with the tab-washers. 

Assembling the breech-caps 

21. To assemble the breech-caps proceed as 
follows :- - 

(1) 

(2) 

Anneal the aluminium inserts for two hours 

at 200 dee. C. this procedure will prevent 
the possibility of them cracking when the 
insulation bush is inserted, 

Fit, the breeeheeap fo the peening block 

CNAES@QU0T foamed press in thee gh. th 
josulation body actress suitable tract 
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Using tool CN.153)11-3 peen the insert over 

the bush ( fig. 16). 

Vit the insulated slip-ring and connection strip 

assembly to the open end éf the breech-cap. 

Position the guard and the insulation strip 

where the connection strip passes through the 

sJot in the breech-cap. 

Vit the channel shaped portion of the insula- 

tion in the breech cap slot which is situated 

at the bush and insert end of the lreech-cap. 

Fit the headed bush through the connection 

block on the end of the connection strip 

assembly and secure it in position with the 

5 B.A. screw, locking washer and plain washer. 

Wace the firing pin bush in position and then 

insert the firing pin through the bush and 

into the breech-cap. 

Secure the firing pin connection strip to the 

connection block with the 7 B.A. screw and 

plain washer, 

Check that the firing pin connection strip is 

clear of the raised centre boss. 

PLUG 
CO IBBINI-5 

ROLLER TOOL 

sane oct 

(
p
e
e
 

e
e
 

(11) 

CX.AS3N2- 

Vie. 17 

Lock the connection strip by a spot of 

approved soft solder on the side of the 7 B.A. 

screw head. 

Using the barrel shroud as a stand, place 

the breech-cover with the handle downward 

through the smaller hole in the shroud. 

Fit the plunger, checking for freedom of 

movement. 

Fit the two operating buttons. 

Place the shorter pair of levers in the slots 

which are aligned with the buttons. 

Secure each lever in position with a fulerum 

pin. 

Fit the second pair of levers and insert their 

fulcrum pins, then check that all four levers 

move freely. 

Assemble the following items in to the bore 

of the plunger. Tirst the large washer then 

the guide. Place the small washer in the 

bottom of the bore of the guide and insert 

the fring pin spring. 

Position the breech cap on the breech cover 

which is supported by the shroud, then invert 

all the components and remove the shroud. 

: { 
: : 

{ 

* SUPPORT - \ j 

CX.153112-6 | 

j | 

H 

Sy 4 

: i 
i 

‘ i 

A 

Syeodins Ax ture set wp indathe 
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(20) Secure the breech cover to the breech-cap) 

with cight 2 B.A. screws which must be 

lightened and locked with tab-washers. 

(2t) Provision must now be made to retain the 

four lever springs in position while the 

shroud is fitted. Using a piece of § in, wide 

feeler steel, bend it round so that it will slide 

over the breech cap and trap the four lever 

springs. After obtaining the correct diameter 

of the clip braze the two ends together to 

form a permanent tool. 

With the tool in position retaining the springs, 

push the shroud over the breech cap and over 

the-lever springs thus pushing the tool off 

the springs. Remove the tool. 

(22 

(28) Vit the retaining ring to the open end of the 

shroud ready for swaging the rim of the 

shroud over the ring. 

(24) Chéck that all levers operate satisfactorily 

and check the insulation resistance between 

the slip ring and the cap body with a 500-volt 

insulation resistance tester (Stores Ref. 

5G/1621). The insulation resistance must not 

be less than three megohms. 

(25) Serew the breech-cap on to the appropriate 

part of the fixture CX.1S8112 ( fg. 17), then 

place the fixture in a lathe. The assembly 

must then be rotated at approximately 200 

rpm. the shroud being firmly held to the 

breech-cap by the outer portion of the fixture 

which is mounted on a retating centre in the 

tail-stock. The roller tool CN.133112- 1 which 

is mounted in the tae) post is then applied te 

the rim of the shroud. This tool is designed 

so that with caveful manipulation of the lathe 

feeds, a longitudinal as well as a radial 

pressure can be applied, thus allowing the 

shroud te be clenched tightly to the cap 

without buckling. The rotation of the lathe 

should be reversed) during this operation 

otherwise the resistance resulting froni the 

swaging tool may tighten the breech-cap on 

the threads of the fixture, resulting in diffi- 

culty in removing the finished breech-cap 

from the fixture. When a new shroud or 

other component has been fitted to the breech- 

cap assembly the insulation resistance between 

the slip ring and cap body must be cheeked 

using a 500-volt insulation resistance tester. 

The insulation resistance must not be less 

than three megohims. 

FINAL ASSEMBLY OF THE STARTER 

72. The final assembly of the starter is to be 

completed as follows :— 

(1) Fit the three transfer tuhe assemblies into 

the breech-cnd unit and the exhaust casing 

assembly to this untt. 

(2) Secure the two units togethyr with the three 

AP.LI81D, Vol. 6, Part 4, Sect. 3, Chop. 4 (A.L. 4) 

the fairing ring, then check that the transfer 

tubes are free to rotate. Tighten the nuts, 

but do not Jock at this stage. 

(4) Fit the firing lead assembly by passing the 

three connector plugs, one at a time through 

the hele in the fairing ring and position the 

socket end of the harness tu the two remaining 

holes. 

(5) Secure the firing lead support bracket with 

the two long ‘D" head bolts, fit’ the tab- 

washers and fit and tighten the nuts. 

(6) Vit the three connector plugs to their respee- 

tive sockets and then fit the lead clips, the 

conduit clip and the earth lead tag, under 

one of the lead clips. Fit. the tab-washers 

and nuts to secure these cemponents. 

(7) Vit a breech cap to each barrel. 

23. Should any of the starter supporting set- 

screws lave been removed, duc to damage, new 

screws mav be fitted by clamping them with 

fixture CX.185526 as illustrated in fig. IS. These 

screws are assembled with plain and locking 

washers and secured in position in the starter 

flange with a spring ring. 

ep iedn 

CX.P3S836 

Fig. 18. Fitting starter set-screws 

Note... 

External locking tabs must not he bent wp ar locking 

wire filled until the starter has been assentled sivh- 
z 2 é 

sequent fo strip prig after acer piauce tests. (@! 

ACCEPTANCE TESTS seme 
General 

24. The completed starter should be mounted — 

on the test rig and primed with 200-‘e's” of 

engine lubricant (ON-38), The rig should consist 

of a flywheel, coupled in’ tandem with a 

‘Heenan and Froude’ hydraulic dynamometer 

Type DPN. The inertia load of the fwawheel 

must be @56 Jb. ft. and the brake sluices 

are set to absorb GO TLP. The two leads, inertia 

in. B.S. and the three phin, BsS.b. bolts : : : ; 

i : MW 5.0, balt and brake, simulate the engine inertia and 

and tab-washers, eee : or ce : ‘ : 

. compressor characteristics Tespectively during 

ety PavauecthAt che 2 OAS stuck in the tetet casing starting. A qmeniiting Thage tor the sterter 

Jv appoint Hy odn Tite with the opie dings iW reproctinns tlie conga poomntine: aie) pratoypearates 
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the complete ratchet drive unit and spring drive 
assernbly as fitted on the engine. Recordings are 
taken of the starter speed by means of a tacho- 
meter generator which is driven off the test stand. 
The gas pressures existing in the breech during the 
starting evele are recorded by means of the 
Dobbie-MeInnes type of indicator. The spent 
gases are ducted outside the test cell by exhaust 
pipes. 

connections 25. Make the necessary electrical 

and check the following :-- 

(1) The insulation resistance between the separate 
firing circuits and between cach firing cireuit 
and the casing must not be less than three 
megohms using a 500-volt insulation resistance 
tester. 

(2) The continuity of each of the firing circuits 
aud of the earth lead must be checked. 

#4. Cartridges of the current 720 erammies No. 10 
type should be used and fired at the day tempera- 
ture existing execpt where otherwise stated. 

27.) The interval between successive shots of the 
test should not be less than one minute. 

Acceptance test 

28. Six shots should he fired in rotation from the 
thyce breeches at the rate of three cartridges each 
half hour. The last three of these six cartridues 
are ta be soaked at a temperature of 45 deg, C. 
for 12-24 hours immediately before firing. 

2%. Mire four eartridees im five minutes, the 
period to include reloading of the breech prior to 
the firing of the fourth shot. . 

Overspred safety test 

30.) Wire three cartridges, one in each breech, with 
the test rig flywheels disconnected. 

31. The maximum test rig speed for every 
carlridve fired and the pressure:time characteristics 
for cartridges No. 1, 4, 5, 6, 7, 10, 11, 12, and 13 
must be recorded, 

32. For cartridges No. 7 to 10 inclusive, the 
speed should not be less than 1.500 rep.m. 

33. For cartridges No. 11, 12 and 13, the speed 
should not be greater than 1.730 rpm, nor less 
than 1,250 rp.m. Tf the lower speed condition is 
not met, the tests should not be stopped but 
adjustment should be made as in para. S238, 

34.) The maximurn breech pressure observed for 
cartridues No. 4, 3 and 6 should be within the 
limits 45105 Ib, per sq. in. minimum and 1,230 Ib. 
per sq. in, maximum, as a check on the operation 
of the pressure control valves, 

35. Tf the prossure stipwhated in para, 32 is not 
tied, thee crtedmead POSS Gebtinees fire fa dre res 

‘ lie ele dl. 

va
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36. The starter should be partially stripped for 
examination and if satisfactory should be assembled 
and submitted to a final test as detailed in para. 
49 and 40. 

37. If major parts have been replaced after the 
acceptance test as deseribed in para, 28 to 85, 
the acceptance test must be repeated and. the 
replacement parts examined before proceeding 
with the tests in para. 39 and-40. . 

38. Any adjustments required to meet the con- 
ditions of para. Be should be made at this point. 3: 

Final test 

3%. If adjustment was carried ont at para. 38 
stage the overspeed test (para. 80) should le 
repeated and the conditions of para. 83 satisfied 
before proceeding as deseribed in para, 40. 

40. The test rig should then be loaded as described 
in para. 24 and one cartridge fired fron: each 
breech in rotation. The rig speed should not be 
less than 1,500 r.p.m. on each of these shots, 

Note... 

in the event of a speed of less than 1,500 rpm. 
occurring during one of the three final test shots. 
provided thet previous fhis hececs 
produced a speed tn excess of LS00 x piur, if ts 
permissible to fire ane additional cartridges Unouch 
this breech. If the resultant speed is in excess of 
L500 rip.ut., the starter iat ty ace pled. 

carrndees fn 

4t. Where major parts, as listed below, have not 
been renewed, a relaxation of the acceptance tests 
is permissible and the number of shots te clear a 
starter reconditioned to this standard is reduced 
to nine; and comprises three normal shots, three 
hot shots and three no-load shots, as follows: 

(1) Six shots to be fired as detailed in para, 28, 

(2) Three shots to be fired as detailed in para. 80, 

(3) The four shots as detailed in para. 29 are not 
required, . 

The dismantling of the starter as detailed 
in para. 36, 37 and 88 and the final test of 
three shots after re-assembly, are not required, 

(+) 

LIST OF MAIOR COMPOHENTS 

CN 1LSG797 

GN. £22988 

~CNX_722931 

CN 190994 

CN .122266 ane 
CX LIS2780 

CN LPA6062 or 

CN 132958 

CN Pav0o8 

CA Lpeeoss 

CN T2286 

Gear casing .. 

Bearing panel 

Ind-plate .. sis ue 

Rotor shaft bearings 

Rotor .. ie mi 

lxhanet easine 

Tider sear bearings 
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Idler gear . (X122883 

Annulus gear set a ed CH 122272 

Driving shaft ee ae CX.122274 

Driving shaft spherical ball 

race . a .. CX, 122279 

Inlet casing .. a5 _ CN.122313 

Rotor shaft CN.122290 

42, Upon satisfactory completion of the tust, 

remove the starter from the test rig, and lock all 

parts by bending up the locking tabs or by the 

use of 20 S.W.G. stainless steel locking wire 

D.T.D.189. Touch up the starter where necessary 

with an approved black air drying paint. The 

: RESTRICTED 
APIGI7 5SB180/6955 11/55 1,000 D&Co(S)LUS. $395 

+ 

A.P.AI8ID, Vol. 6, Part 4, Sect. 3, Chap. 4 (A.L. 4) 

namephile, modification plate and the lestds of 

screws which sceure these should be given two coats 

of approved transparent Incquer. Cheek thrert the 

breech base pressure tapping holes have been 

sealed with a screw and tab washer and have 

been correctly locked. 

DESPATCH 

43, To protect the starter spline drive, fit the 

protection sleeve CX.126754. To prevent moisture 

and foreign matter entering the starter, fil an outlet 

cover CNX.132429 over each of the three stub pipes. 

Fit a protecting ring CN.1S82430 to the spigot and 

secure in position with two 2 in. BSP. black 
finish hexagon nuts. 

(AL. 4, Oct. 55) 
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SCHEDULE | TURBOC-STARTER ‘ TYPE 1TBS.720 

. Ref. No. Permissible Permissible 

on Part and Description : Dimension Worn Clearance Worn Remarks 

Diagram New Dimension ew Clearance 

(t) (2) (3) (4) (5) (6) (7) 

1 ROTOR SHAFT IN Roller track—width 0-251 0-252 Fe 

FRONT SLIDING 0-252 0-0008 0-0022* 

BEARING—ROLLERS 0-0022 

| OS SHEET _ Roller—width + 0-2498 0-2498 
— 0.2502 

ROLLERS IN OUTER End float — — 0-001 0-002 End float is adjustable 

RACE 0-002 

2 ROTOR SHAFT AND Total axial clearance — — 0-0018 0-0042* . 

OUTER RACE 00-0042 

3 FRONT SLIDING Bearing sleeve— 2-17500 2:17525 

BEARING— internal dia. 9-175295 0-001 0-002 | 

DIAMETRAL “nm ate 
s CLEARANCE Outer race— 2° 17325 2°17325 . 

external dia. 9.17400 

4 ROLLER BEARING— Outer race— 1-8850 1-8855* — aaa *No wear permitted outside 

TOTAL DIAMETRAL roller track sss5: drawing tolerances 

i CLEARANCE infernal dia. | 

: | 

Rotor shaft—- [-3840 | 1-3840* : — | aera | 

roller track dia. 13845. 

| 
Roller—dia, 02499, 0-2499* _ —_* | 

| 02501 | | 
| 4 

‘Total diametral co -— O: 0003 0-0017* | 

i clearance j  O-O017 | 
t 

t 1 

i | t \ 
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RESTRICTED 

SCHEDULE 1I—Continued TURBO-STARTER TYPE TBS.720 

Ref. No, . ; Permissible Permissible | 
on | Pare and Description Dimension Worn | Clearance i Worn i Remarks 

Diagram New Dimension i ow | Clearance { 

I | (2) (3) (4) ! (5) (6) | (7) 

| | 
3 i IDLER GEAR— Diametral clearance — | — | = ' 9-0803 | 0-O018* | 

| ROLLER BEARING i | @.n013 | | 

| ! 3 | | 
6 | OUTER RACK IN Bearing panel---bore | 1-18080 | 118105 |) pent 

F BEARING PANEL 1-18105 0-00030 (0-00045* | 

> 000045 | Outer race— 1+ 1806 11806 |) Clear | 
outside dia. 1-181] | | 

| i 

7 IDLER GEAR— Diametral clearance — — | 0-Q004 0-0006* | *No wear permitted outside 
BALL BEARING between inner and ' 49-0006 drawing tolerances 

| outer races | 

. 8 ' OUTER RACE IN Endplate—bore 1-31190 1 8 | Tieht 

ENDPLATE 1+31215 i 00030 0-00045* 
; i = 0-Q0045 Clear 

Outer race— VSUI7 0: 18117 TL Chear 
outside dia. 7 -3]22 | 

| 

9 REAR SLIDING Assembled bearing— | 0-9810 0-9815 | 
BEARING dia. under rollers 0-9815 | 0-00030 0-00105* | Bearing cannot be dis- 
DIAMETRAL 0- 00105 mantled 

) 0 CLEARANCE Rotor shaft— (98045 0-98045 | | 
| roller track dia, 0- 9807) | 

10 | THRUST PLATE AND Thrust plate— 1-7500 17505 | 
| ~ ROTOR SHAPT— spherical dia. 11-7505 »  QG005 0-0015* 
| TOTAL DIAMETRAL | Pi 00015 
i CLEARANCE “Seating ring— 1-7490 | 17490 | 

spherical dia. 17495 | 
| : Z| 
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SCHEDULE !—Continued TURBO-STARTER ¥ 4 ' TYPE TBS.720 

= vhs . Rel. No, 
Permissible | Permissible | 

7 co on 4 Pare and Description \ Dimension i VYorn | Clearance | Worn Remarks 

Clagram | : New | Dimension i, New Clearance | 

a | (2) : (3) | (4) (5) 6 (7) 

—— = = - —| — ed oe nn aa 

10 | THRUST PLATE ete. — Seating ring— | ys7us | 18770 )] | 
—cont, bearing Inealing bore! = 775759 l 0+ 0003 0027" | 

| | 00027 | 
- Bearing ©) (S743 LHS Yi | 

& | outside dia. / fSTas | | | 

| | | 
Ball bearing— |  —  — | o-0009 | o-0011* | 

j diametral clearance | | | 001 

| between inner and | | | | | 

outer races | | i | 

| | | | 
| Total diametral = 00017 | 0-053" 
t clearance when H 00-0053 { ' 

| assembled i | | 
\ 

“i . i i ; sis | : ; : 

: 11 ' DRIVING SHAFT Ball bearing— } — | — ; 90007 | 0-0009* *No wear permitted outside 

SPHERICAL BEARING | diametral clearance | | 0-00c9 | drawing tolerances 

| between inner and | } 

outer races | 
| | 

i t ' | 

— = . | . ; 
12 | DRIVING SHAFT End float i ~~ | —- ; 0-002 P  - O04 ' End float adjustable by 

| | (004 ; washer 

| | 
13 ROTOR SHAFT. Travel 0-820 i — — — Actual dimension deter- 

O-s70 | , mined during Acceptance 

| | ) Test 

| ; | | 

14 5PRINGS—ROTOR Loading | — | = — — | See B.T.H. Drawing 

RETURN | | | ©N.137360 
| 

= | 
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RESTRICTED 

4EDULE 1—Continued TURBO-STARTER TYPE TeS.729 

Ret. Ne. \ | | Permissibie | Permissible | 
an“ | Pare and Description | Dimension | Worn | Clearance ! Worn | Remarks 

Diazram =} | New 1 Dimension | New i Clearance i 
(hy | (2) | (3) | (4) ' (5) | 6 ' (7) 

- | nar ,. rs rr | - 
15 |} ROTOR Dia. | +705 , 709 H — i _ ' Not to be reground 

| = | | \ 
| | 5-709 | | 

| \ | \ ' 

16 | ROTOR, TO NOZZLE Clearance at full load — | — i Q-010 | 0-010 ' Actual dimension deter- 
i position ' H ; 0-020 i | mined during Acceptance 

| | ' Tesi 
| | | | | | 

| San ap pp aS — | i | : - on 
NOZZLE Sore : +263 i = — H — | Parallel portion of bore wii 

| see | ()- 967 | i | collapse 
| 

| Ss =: | | ! i 

is8 | NOZZLE INSERT Bore } 0-256 : — i — i — | Ream out nozzle bore to 

| | 60-258 | | 1 insert size if necessary 
i H | 

; . aerate . | | ; - 
19 | ROTOR SHAFT— Dia. ; dla | 1-519 — = | Check diameter over 0-125 

| GEAR | p-5aa | | —0-0602 steel balls-or rol- 
| | | | lers located in apposite or 

| } ' | Nearest opposite yaps 
i | 1 ‘ , ; — 

20 | IDLER GEAR Dia. i, 2 098 82-4298 | — — | (Check diameter over 0-125 

| 9.4978 | |} —0-0002 steel balls or rel- . 
| ;) lers located in opposite or 
| + rep at . a i : acre aug palate 

oy | ANNULUS GEAR Internal dia. | 5-663 | 5670 — | = | \Hearest Opposite gaps 
mae | \ 

| 56700 | 
' j i 

! | 3 

AP1676 558033/5456 10/55 1,000 D&kCo(Sjlra, fa? t 
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