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Accessories 
s; The engine and aircraft accessories are 

. . mounted on the top and bottom accessory 
boxes ·on the front of the engine, and are driven 
through suitable.gear trains from shafts "driven 
off the front of the impcller ~haft. 

. ' 

Instruments and controls 

9. To enable the pilot to keep within 
Operating Limitations, an r.p.m. indicator, a 
jet pipe temperature gauge, and oil temperature 
and pressure gauges are provided in the 

.... 

.. . -......... ,.., 

cockpit. With the exception of the starting 
switches and L.P. fuel cock, there are two 
engine controls only, the lever controlling the 
throttle and the lever controlling the H.P!'. • 
fuel cock. 

Engine handling 

10. · Throughout· this Air Publication the 
port · side refers to the left-hand side of the 
engine facing the 'direction of flight, and the 
starboard side to the right;.hand side. 

~·~ . ... . · . 

.. ' 

I . 

\ . 

' f 

. ~ .. E ~~ s .. t ; R. i ··c:::J~;~:~~:P 
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LUBRICATION SYSTEM 

Type .... 

011 ...• 

Consumption max. • ... 

Pressures and temperature 

Type .... 

Igniter plug gap .... 

Starter 

Type .... .· ... 

Self-contained. 011 carried In sump. Pressure all 
to main bearings and governor via meterinsr pumps 

OM-71 (Stores Ref. 34Afl87). Key letter B 

OE.P-71 (Stores Ref. 34Af206). Key letter V 
...• •... 2 pints per hour 

.... see Operating Limitations 

IGNITION SYSTEM 

Two K.L.G. 994/9 or Lodge LHIOO Igniter plugs 
energized by two B.T.H. C2TS booster coils. 
High energy ignition system (Mod. No. 894). Two 
K.L.G. 164 or Lodge 324-1 igniter plugs energised 
by two B.T.H. _CIOTS/2 condenser units. 

K.L.G. 994/9 0·060 ± 0·002 In. 

Lodge L.H.IOO 0·040 to 0·045 In. 

STARTING SYSTEM 

Rotax C.3804fl, 24v. 

E.lectric turning gear with Bendix engaging mechanism 

ACCESSORIES 

The following accessories are approved for this engine. · The specific accessories 

for any particular installation will be found In the relevant aircraft Air Publication. 

Acceuory 

Starter motor (Rotax C.3804/1) 

Tachometer generator Mk. 7 A (Stores Ref. 
6A/1560} 

Vacuum pump (B3X Mk. 2) 

Hydraulic pump (Lockheed Mk. 6, or Mk. 7) 

Generator (Newton HX.2, 29V., 50A) 
(Type KX., 29V., 60A) 
(B.T.H. 0.2, 29V., lOOA) 

Cabin supercharger (Marshall Mk. 22) 

Compressor {Hymatic SH6/2A) 

~.t .. 

Speed of accessory 
relative to impeller 

shalt 

0·984 
(Internal Gears 3·305:1} 

0·25 

0·311 

0·149 

0·618 

0•61~ 

0·143 

1~ i t~ ~ 
't,t· ... ,, ,<; . "-::,...-

Direction of rotation 
lookine on drivinc 

spindle of accessory 

Clockwise 

Counter-clockwise 

Clockwise 

Clockwise 

Counter-clockwise 

Clockwise 

Clockwise 

' .~· ,. 

.. 
f.-

. I 

• 
... ') 
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LUBRICATION SYSTEM 

Type Self-contained. Oil carried In sump. Pressure o/1 
to main bearings via metering pumps 

011 •••. OM-71 (Stores Ref. 34Afl87). Key letter 8 

OEP-71 (Stores Ref. 34Af206). Key letter V 
OM-31 (Stores Ref. 34A/200). Key letter Q 

OX-38 (Stores Ref. 34Af266 Key letter S 

Note.- Embodiment of modifications No. 867 and 951 is essential standard for 
. the use of oil OX-38 

Consumption mox. . ..• 
. Pressures and. temperature 

Type .... 

Igniter plug gap 

Starter 
Type 

IGNITION SYSTEM 

2 pints per hour 
see Operating Limitations 

·'·· Two K.L.G. 994/9 or Lodge LHIOO igniter plugs 
energized by two B.T.H. C2TS booster coils. 
High energy ignition system (Mod. No. 830), Two 
K.L.G. 164 or Lodge 324-1 igniter plugs energized 
by two 8.T.H. CIOTS/2 condenser units: 

K.L.G. 994/9 0•060 ± 0•002 In. 
Lodge L.H.fiOO 0·040 to 0·045 In. 

STARTING SYSTEM 

.... Rotax C.3804fl, 24 v. 
Electric turning gear with 8endlx engaging mechanism. 

ACCESSORIES 

The following accessories are approved for this engine. The specific accessories for 
any particular Installation will be found In the relevant aircraft Air Publication. 

Accessory 
Speed of accessory 
relative to lmpeller 

·shaft 

Direction of rotation 
looking on drlvlnc 
spindle of accessory 

Starter motor·(R6tax·C.3804/1) 0·984 
·(Internal Gears 3·305:1) 

Clockwise 

Tachometer generator Mk. 7 A (Stores Ref. 
6A/1560) 

Vacuum pump (B3X Mark 2) 

Hydraulic pu~p (Lockheed Mk. 6 or Mk. 7) , 

Generator (B.T.H. 0. ·2, 3 kw.) 

Alternator (Newton.·U.2) 

Compressor (Hymatic SH6/2A) 

0·25 

0·311 

0·149 

0·618 

0·618 

0·143 

RE S T R I C T.E D 

Counter-clockwise 

'Clockwise 

Clockwise 

Counter-clockwise 

·Clockwise 

Clockwise 

• 
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which is attached to the side of the control 
box automatically opens when the H.P. fuel 
cut-off valve is closed and allows any 
unburnt residue of fuel in the burner ring 
to drain to waste. To safeguard against 
failure of the barometric pressure control, 
the servo connecting pipes, or of either fuel 
pump in the case of a dual pum'p system, 
a fuel pump isolating switch in the cockpit 
operates a servo isolating valve :fitted to 
the fuel pump on Mk. 3 engines. 

. 7. In addition to these controls, which 
are engine components, the following con
trols which are airframe items, are necessary 
for operating the engine. 

8. The low pressure fuel cock is the main 
fuel cock between the fuel tanks and the 
engine-driven fuel pump ; a low pressure 
fuel :filter is :fitted between this cock and 
the engine-driven fuel pump. A master 
(ground /flight) switch, a starter (linked 

;, master) switch, a starter push button and 
an auxiliary starting switch form part of 
the electric starting circuit.· 

9. Prior to the introduction of high energy 
ignitio~. equipment; Goblin engines pre
mod. 830 (Mk. 3) or 984 (Mk. 2), Vampire 

, aircraft (pre-mod. 963,995, or 3194) accord
ing to the Mark of aircraft, were :fitted 
:'With a booster coil test push switch to 
enable the booster coils and igniter plugs to 
be tested independently of the ~utomatic 
starting cycle. Whe~ high energy ignitfon 
equipment is -:fitted (Goblin Mod. No. 830 
(Mk. 3) or 984 (Mk. 2), and Vampire Mod. 
No.·963, 995, or 3194 according to the mark 
of aircraft), a Venner time switch is provided. 
The dial of this switch is marked IGNITION-

. OFF-ON, and turning this switch in a clock
wise direction, from OFF to ON, winds a 

' clockwork mechanism in the switch and · 
supplies current to the high energy ignition 
units which are mounted on .the engine. 
Immediately this switch is released, the 
clockwork mechanism commences to return 
the dial pointer from the fully ON position to 
the OFF position and, after a period of about 
20 seconds, cuts off the supply of current to 

.._ ---.., the high energy ignition equipment. This 
.. time switch is used for testing the ignition 

r • equipment on the ground and for relighting 

1.
. in flight. In Vampire aircraft :fitted with an 

ejector seat (Vampire Mod. No. 3167), the 
ignition control takes. the form of a push-

. button mounted on the H.P. cock lever ; 

this facilitates relighting in flight as the H.P. 
cock lever and the ignition control can be 
operated simultaneously, using one hand 
only. In these aircraft, the push-button on 
the H.P. cock lever is also used for testing the 
ignition equipment on the ground. 

10. To reduce risk of dam~ge to the 
engine by incorrect operation of the con
trols, mechanisms are provided which auto
matically control the starting cycle once 
the pilot has initiated a start. In flight 
the fuel supply to the burners is auto
matically adjusted to compensate for 
changes in altitude and ram pressure in the 
engine air-intake. The starting cycle is 
controlled by an electrically wound, clock
work time switch through magnetic switches 
(relays) and speed limiting resistances. Once 
the engine is running, the fuel pressure is 
controlled by the barostat in the case of 
the Mk. 2 or the barometric pressure control 
in the case 'of the Mk. 3. A pressure limiting 

·valve provides a safeguard agai~t flame ex-
tinction at very low burner pressures, and 

· · overspeeding of the engine is prevented by 
an overspeed governor in the case of a Mk. 
2 or by a governor mechanism integral with 
the single or dual fuel pumps in the case of 
a Mk. 3. 

Instruments 

11. To inform the pilot of the functioning 
of the engine and so ensure that the Operat
ing Limitations are not exceeded, a tacho
meter, jet pipe temperature gauge, and oil 
temperature gauge (Mk. 2 only) are provided 
:i.n the cockpit. A thermocouple is provided 
from the rear bearing s~ that, if required, a 
temperature gauge can be connected to 
check the rear bearing 'temperature during 
ground tests. . · 

Starting 

12 •. The engine is started by an electric 
motor, which rotates the engine to a. self
sustaining speed in three stages. The :first 
stage is a slow-engagement- period,' during 
which the starter motor rotates sufficiently 
slowly to permit the starter dog jaws to 
engage without .shock and to prevent 
damage to the drives within the engine . 
The second stage is then introduced by the 
time switch and rotates the engine up to 
" light-up " speed, after which the third 
stage assists the engine to attain a self
sustaining speed from which it can accelerate 

RESTRICTED 
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250 AMP"'l•HOUil 2+ VOLt 

OIIOUND 

~RAtTniTIO<ICIET 

GOO~~ .--------, 

M STER Sy.'ITCH 

AIRCRAFT DATTER'I' 

=======: AIRCRAh IATTtf\Y SUPPLY 

GROUND iAtTER.Y SUPPLY 

AI RC RAPT 

• 

lUGINE 

.. 

Fig. I. Diagram of the electric starting equipment 

(pre•mod. 830, Mk. 3, or pre•mod. 984, Mk. 2} . 

. · . In, the case of Mk. 3 engines tlie auxiliary starting switch is wire-locked ON • 
~ '(',.,. "'""' .~. """t 
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~ 
.... - ..... ~ .. - 700-1900 

2 0 4·7 9·14 SECONDS FROM RELEASE OF STARTER 
BUTTON 

32·42 40•45 

. 
' .. 

A GROUND STARTER BATTERY PLUGGED IN· 
CONTROLS AND SWITCHES SET IN ACCORD, 
ANCE WITH THE STARTING DRILL 

IS STARTER BUTTON PRESSED FOR ABOUT TWO 
SECONDS AND RELEASED, TIME SWITCH 
WOUND, SLOW· ENGAGEMENT PERIOD 
STARTED 

C SLOW-ENGAGEMENT PERIOD CONTROLLED 
BY TIME SWITCH 

D TIME SWITCH CUTS-OUT SLOW-ENGAGEMENT 
RESISTANCE, STARTER MOTOR ACCELERATES 
ENGINE TO R.P.M. SUITABLE FOR LIGHT·OP 

E FUEL ACCUMULATOR DISCHARGES, IGNITER 
PLUGS LIGHT FUEL, TIME SW.TCH CUTS·OUT 
SPEED-LIMITING RESISTANCE, STARTER MOTOR 
ASSISTS ACCELERATION TO SELF-SUSTAINING 
SPEED 

F TIME SWITCH SWITCHES OFF STARTING 
CIRCUIT 

G ENGINE ACCELERATES UNDER OWN POWER 
TO IDLING SPEED 

Fig. 2. Diagram of starting cycle 

to minus 20 deg.C. To ensure a satisfactory 
rate of oil circulation on starting, the oil 
temperature should be at least to these 
values. 

n. The viscosity of the oil below the 
minimum temperature specified is such that 
the oil spray lubrication in the accessory 
boxes may be affected. Increased back 
pressure on the metering pumps may also 
cause sluggish lubrication of the main 
bearings. Therefore .protection of the 
engine or pre-heating of the oil under· 
severe conditions is necessary ; oil tem
peratures in flight will be satisfactory owing 
to the warmth generated by the operation 
of the engine. 

Acceleration and deceleration 
23. The thrust of a turbo-jet engine is 
almost directly proportional to the total 
quantity of fuel consumed. Excess power 

for acceleration is provided by over-fuelling 
which temporarily increases the tempera
ture and energy of the gases entering the 
turbine. Up to a point, s6me rise of 
temperature is inevitable during accelera
tion and this is reflected in the reading of 
the jet pipe temperature gauge. Violent 
accelerations, however, may involve tem
peratures that are definitely destructive. 

24. It will be appreciated that if the 
throttle is suddenly opened at some inter
mediate speed, the temperature throughout 
the combustion system will rise rapidly 
before the maximum governed speed is 
·reached and the fuel flow automatically 
regulated to its proper value. A turbo
jet engine will accelerate more readily 
in the upper speed range than in the 
lower range and it is particularly im
portant to handle the thr~ttle gently when 
accelerating from idling r.p.m. Conversely 

RESTRICTED 
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that the r.p.m. is correct and that the jet 
temperature is normal. If everything i~ sat
isfactory, the aircraft brakes can be released. 

Note ••• 
The correct functioning of the fuel pump 
isolating valve will have been checked during 
the normal ground running but if it is desired 
to recheck this proceed as described in Vol. 
2, Part 3, Sect. 2, Chap. 2. 

32. As the efficiency of this method of ' 
propulsion improves with forward speed, 
and the maximum rate of climb is only 
obtainable at high air speeds, no attempt 
should be made to climb more steeply than 
at the recommended indicated air speed 
for the aircraft. If for any reason maximum 
power cannot be used without exceeding 
the jet pipe temperature limit, the r.p.m. 
should be reduced or the forward speed 
increased, or both adjusted accordingly. 
This is particularly important if a climb 
is continued above 25,000 ·feet altitude. 
Except when accelerating, a sudden rise 
in temperature is a definite indication of 
trouble and the engine should be throttled 
back at once. Mk. 3 only. As soon as the 
aircraft has attained its correct climbing 
speed and a safe height, and before attempt
ing to throttle back, the fuel pump isolating 
switch should be returned to the OFF 

position. Immediately the switch has been 
operated, the throttle should be set to give 
the desired r.p.m. 

Note ••• • 
In the event of the switch being left inaa
vertently in the ON position and the throttle 
returned to a position below full throttle, 
the throttle should be moved slowly to the 
full-open position and the switch moved to 
the OFF position. To avoid overheating 
which may occur particularly at high alti
tude, the throttle should be returned to its 
original position as soon as possible after 
the movement of the switch. 

33. Where Goblin Mod. 404 which re
positions the jet pipe thermocouple is not 
embodied, it is recommended that a climb 
at maximum r.p.m. (take-off and operational 
necessity} should not be carried out above 
25,000 feet. If it is desired to climb beyond 
this altitude, then the engine should be 
throttled back to a speed of lO,OOO·r.p.m. 
Mk. 2 or 10,500 r.p.m. Mk. 3. This limitation 
is recommended because, although the jet 
pipe temperature recording when the ther
mocouple is fitted in the pre-mod. 404 

(three o'clock) position may be within the 
Operating Limitations, the uneven tempera
ture spread may result in the temperature 
limitation being exceeded in another region ~ 

of the jet pipe. 

Operational necessity 
34. It is important that the duration, 
r.p.m. and temperatures specified in the 
Operating Limitations are not exceeded 
during periods of operational necessity. 

Diving 
35. High-speed diving increases the airflow 
through the engine and if performed with 
the throttle shut, may result in extinguish
ing combustion. 

Cruising 
36. To reduce the stresses on the engine 
as much as possible when cruising, the 
r.p.m. and jet temperature must be kept 
within the limits quoted in the Operating 
Limitations for the maximum continuous 
condition. 

Gliding, landing, and stopping 

37. When gliding with the throttle closed, 
the jet pipe temperature should be kept 
under observation, and the throttle opened 
slightly to increase the temperature if it 
falls lower than usual. 

38. To minimise the risk of damage :to 
the engine if it is necessary to accelerate 
rapidly in the event of a baulked landing, 
the engine should not be throttled back to .. 
a speed less than the " approach idling " 
specified in the Operating Limitations. 
Mk. 3 only. In the event of a baulked 
landing, or as soon as it is apparent that a 
second circuit is necessary, move the ~el 
pump isolating switch· to the ON position 
as a safeguard against the possibility of 
fuel system failure at a critical moment. 
When a safe height is reached, return the 
fuel pump isolating switch to the OFF 

position. If an attempt is made to land 
with the fuel pump isolating switch in the 
ON position, the resultant higher idling 
speed which, even with the throttle hard 
back in the slow-running position, may be 
as high as 5,000 r.p.m., will involve a 
longer landing run, and it might be neces
sary to move the cut-off valve to the OFF 

position at touch-down and so stop the 
engine. 

39. The correct procedure for stopping 
the engine is detailed in V 61. 2, Part 3, 

REST·RICTED 
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should be allowed. This will enable the 

engine to dry out before a second attempt is 

made. In the event of a number of un

successful attempts, the throttle may be 

fully opened and the starting drill repeated, 

returning the throttle to the slow-running 

stop when combustion has taken place. 

While attempting to relight, to give every 

assurance of a satisfactory current supply to 

the high energy condenser units, all non

essential electrical loading such as R.T. etc., 

should be switched OFF, but the fuel tank 

booster pump should remain switched ON. 

47. The most likely cause of failure to 

relight in flight is insufficient voltage at the 

high ·energy condenser units as a result of 

partially discharged aircraft batteries. It is 

to reduce this likelihood that the switching 

OFF of all non-essential electrical loading has 

been recommended; if discharged batteries 

are thought to be the cause of failure to 

r~light in flight, all auxiliary electrical loads 

should be turned OFF before attempting a 

further relight. 

Cold weather operation 

48. Reports of loss of r.p.m. under cold 

weather conditions have in some instances 

resulted in accessories such as the barostat, 

overspeed governor, tachometer, etc., being , 

changed unnecessarily. 

49. In a turbo-jet engine the power of 

the turbine is entirely absorbed in driving 

the compressor. The residual energy of 

the gases after passing the turbine is used 

· to propel the aircraft. As atmospheric 

110 

..... -' 

temperature falls in c,o~d"j~limates, the 

density of the air inhaled at the air-intake 

increases and the p(l\ver.'~required. to drive 4 

the compressor at a .given r.p.m. rises ;

proportionately. Similarly, as the speed ~ 

of flight increases there' is' an increase in 

density at the air-intakes due to " ram " 

and an increased rate of. air. flow through 

the engine. This effect also increases the 

power required to drive the compressor at 

a given speed of rotation. 

SO. Thus, low air' temperature and in

creased speed of fligh"':' both require increased 

turbine power to maintain compressor 

revolutions. This extra power can only be 

obtained by an increase in tb.e rate of fuel 

flow. Obviously, there comes a time when, 

due to low ambient tempe~tures or high 

aircraft performance, th'e<fuel flow available 

is limited by the pump capacity or by the 

setting of the automatic control mechanism. 

When this limiting condition is reached, 

there is a fall of r.p.m. from the maximum 

obtained under normal conditions. This lc,ss 

of r.p.m., provided it i.s neither excessive nor 

accompanied by high jet temperatures, does 

not indicate any imperfection· in the opera

tion of the engine ; in fact, thrust, being 

roughly proportionate to fuel flow, will be 

more than normal on a standard day. 

True air speed will be practically unaffected. 

From the foregoing, it will be appreciated 

that loss of r.p.m. is most likely to occur 

when the demands on fuel flow are a 

n;laximum,, i.e., under .conditions of full 

throttle at low altitude, high speed flight, 

and cold atmospheric temperatures. 

' . 
l • 
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KEY TO FIG. I 
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en I AIR·INTAKE 9 NOZZLE BLADES 16 FAIRING 

-1 2 IMPELLER 10 TURBINE BLADES 17 REAR BEARING 

;:;IJ l DIFFUSER CASING 11 TURBINE DISC 18 CENTRE SHAFT 

n 4 BURNER -
5 FLAME TUBE 

12 FIREGUARD 19 AIR FILTER 

-1 6 COMBUSTION CHAMBER OUTER CASING 
13 OUTER EXHAUST CONE 20 SEALING PLATE 

m 
c 7 COOLING AIR TO TURBINE BLADE ROOTS 14 INNER EXHAUST CONE 21 COOLING AIR TO REAR OF TURBINE DISC 

8 JUNCTION PIPE IS PROPELLING NOZZLE n COOLING AIR TO REAR BEARING 
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7. The impeller and pivot are 
secured to the forward end of 
the centre shaft by twelve studs 
and nuts. Tubular dowels, fitted 
over each of these studs, transmit 
the torque loads between the 
centre shaft and impeller. 

Centre shaft (fig. 4) 

8. The centre shaft is a large
diameter hollow shaft having a 
flange at each end for attachment 
to the impeller and extension 
shaft. The three radial slots 
(fig. 4) in the front flange com
municate with holes through the 
flange, and thus serve to vent 
the interior of the main shaft 
assembly. 

Fig. 3. Pivot, impeller and accessory drive shaft 
Extension shaft and hub shaft (fig. 

5 and 6) 

The flats on pivot flange are where metal has been removed for 
balancing purposes 

9. The extension shaft is secured 
to the rear flange of the centre 
shaft by twelve bolts and nuts; 
this extension shaft carries the 
inner race of the ball bearing 
which supports the main shaft 
assembly at t he rear end. The 
hub shaft is secured to the 
turbine disc by ten bolts and 
passes through the inside of the 
extension shaft, torque loads 
being transmitted by serrations. 
The hub shaft is secured in the 
extension shaft by a special nut 
at its forward end. Thus, these 
two shafts form the attachment Fig. 4. Centre shaft 

Fig. 5. Extension shaft 

between 
disc. 

the centre shaft and the turbine 

Turbine disc 

10. The turbine disc, as shown in fig. 7 
has serrated slots broached in its periphery, 
and eighty-three turbine blades, having 
corresponding ' fir tree ' serrations formed 
on their roots, are fitted. Each blade root 
is retained in its slot by peening the front 
and rear faces of the root. With the object 
of obtaining the smallest possible turbine 
unit , consistent with providing a sub
stantially axial discharge from the moving 
blades, the turbine blades are designed as 
impulse blades at the root, blending into 
impulse-reaction blades at the tip. Two 
eccentric nuts provide a means by which 
the combined extractor and lifting fixture 
is able to be used to release the turbine 
disc from the hub shaft and to lift the 
disc. 
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and escapes into the front 
casing after lubricating the 
bearing. 

Rear bearing (fig. 9 and /0) 

14. The rear bearing is Im
mediately in front of the 
turbine disc, at the rear of 
the main shaft. The inner 
race of the ball bearing is held 
between distance pieces on the 
extension shaft, and is pre
vented from moving axially 
on the shaft by a shoulder on 
the extension shaft and the 
flange of the hub shaft-the 
whole being secured by the 
hub shaft nut. These parts 
form the rotating portion of 
the rear bearing assembly. 

15. The outer race of the 
ball bearing is secured in a 
sliding housing by a threaded 
locking ring. The sliding 
housing is enclosed within a 
bearing housing, which is 
closed at its forward end by 
a sealing housing. The sliding 
housing has sufficient free axial 
movement within the bearing 
housing to accommodate the 
effects of thermal expansion 
in the length of the engine 
casing, but is prevented from 
revolving by a square peg 
formed in its front edge, which 
engages wi-th a slot in the 
sealing housing. The bearing 
housing and the sealing 
housing are both flanged at 
their front ends and seemed 
within a casing by studs and 
nuts . The casing is fianged 
at both ends for attachment 
by bolts to the engine centre 
casing and, at the rear, to 
the diaphragm and the sup
port ring. 

16. Lubricating oil is piped 
from a metering pump to a 
union in the bottom of the 
casing, and flows through a 
hole in the bearing housing 
into a groove encircling the 
sliding housing, and rearward 
through the slots in the sliding 
housing. Returning forward 
through the ball bearing, the 

PARTS WHICH ROTATE WITH THE P1AIN SHAFT ASSEMBLY 

SLIDING HOUSING AND LOCKING RING 

WHICH ARE FREE TO MOVE AXIALLy 

BUT WHICH CANNOT ROTATE 

NON-ROTATING PARTS WHICH PERMIT AXIAL 

MOVEMENT TO ACCOMMODATE THE EFFECTS 

OF THERMAL EXPANSION 

CASING FOR BEARING HOUSING 

PARTS WHICH ARE POSITIVELY ATTACHED 

TO TH!i: PRIMARY STRUCTURE 

Fig. 10. Simplified sections through rear bearing 
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oil drains through a hole in the bearing 
housing and is piped to the common drain 
box. The position of the drain hole in the 
bearing housing ensures that a quantity of 
lubricating oil is ret ained in the bearing 
housing. An oil-return thread on the exten
sion shaft prevents the leakage of oil into 
the engine centre casing. 

17. An emergency bearing surface, similar 
to that for the front bearing, is provided in 
the rear of the bearing housing and in the 
sealing housing. 

18. Air from the cooling nng spaces 
(described in para. 19) in the engine front 
casing is filtered and piped to two ports in 
the rear bearing casing, through which it 
is admitted to a channel which encircles the 
bearing housing. Some of this air flows 
rearward through slots in the housing and 
an annular space between housing and 
casing, and is exha usted through the open 
rear end of the casing. The rest of the air 
flows inward through holes in the bearing 
housing and sealing housing, and tang~ntial 
transfer ports in the rotating extension 

Fig. 12. Front view of front casing 
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The front bearing is housed in a large boss 
which extends rearwards from between the 
air-intakes. The centre housing is im
mediately forward of the front bearing, 
between the air-intakes, and vertical shafts 
which transmit the drive to accessory boxes 
mounted top and bottom, are housed above 
and below the centre housing. Thirty-two 
holes near the periphery of the front casing 
admit a small quantity of air from the 
delivery side of the impeller to an air 
annulus which is formed by a groove in the 
face of the front casing which mates with 
the diffuser casing. This air is piped at 
two diametrically opposite points to two 
separate passages which encircle the rear of 
the air-intake. These passages, or annular 
spaces, are formed during manufacture by 
inserting a ring, having circumferential 
channels machined in its outer face , into the 
front casing, forward of the impeller. The 
ring is an interference fit in the casing 
and the surfaces inside the casing are 
afterwards carefully blended to give 
smooth, even contours : thus the ring 
becomes an integral part of the front casing. 
The air, while flowing through the passages 
around the rear of the air-intake, is cooled 
by the main air-flow to the compressor, and 
is used for keeping the rear bearing cool. 
On Mk. 3 engines each air-intake has two 
anti-resonance holes ; these are indicated 
in fig. 12 by the two large arrows. 

Diffuser casing and rear cover fig. //) 

20. The diffuser casing, together with its 
rear cover, contains sixteen discharge 
passages (fig. 15 and 17) ; these passages 

Fig. 14. Deflector assembly 

' # 

are cast in the casing, and form volutes in 
which the velocity energy of the air, 
delivered tangentially from the impeller, is 
converted into pressure energy and turned 
through 90 degrees to flow rearwards into 
the combustion chambers. Sixteen deflector 
assemblies are fitted at the points where the 
airstream is turned through 90 degrees ; this 
does not apply to Mk. 2 engines. Each 
deflector assembly (fig. 14) consists of a 
casing containing two aerofoil section vanes 
which ensure a smooth air-fio\~' while the 
flow changes direction. The sixteen diffuser 
bolts, mentioned in the previous paragraph, 
which carry the main structural load from 
the rear of the engine, pass through the 
diffuser vanes and, as their diameter is 
greater than the thickness of the vanes, have 
two fiats machined on them to reduce their 
diameter to the vane thickness . As a 
result of this , these diffuser bolts are not 
fully interchangeable. The head of each 
bolt is dowelled to prevent it from turning. 
Four of the bolts incorporate eye-ends for 

Fig. 16. Rear view of segment of rear cover 
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other end to the nozzle shroud. 
The support cylinder and diag
onal strut are included with the 
nozzle ring assembly in fig. 21, 
to show the usual point of sep
aration when dismantling the 
engine. 

Nozzle ring (fig. 21 and 22) 

24. The nozzle ring ass em bl y 
is the stationary component of 
the turbine. The assembly con
sists of: the junction pipes and 
supports assembly, the nozzle 
shroud w hi c h s urr o und s the 
nozzle blades and rings assembly, 
and the turbine shroud. The 
assembly is attached to a flange 
at the rear end of the support 
cylinder of the centre casing, and 
to a diaphragm which is mounted 
on the rear bearing casing. The Fig. 20. Centre casing cone 

Fig. 21. Front view of nozzle ring assembly 
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Fig. 23. Arrangement of turbine 

driving gear and the top and bottom ver
tical gears, through which the accessories 
are driven and the drive taken from the 
electric starter; a short accessory drive shaft 
couples the horizontal driving gear to the 
pivot which is attached t o the front of the 
impeller. 

29. The accessory drive shaft (jig. 3) is 
a short tube with external serrations at its 
rear end and internal serrations at its front. 
The external serrations mate with corres
ponding female serrations within the im
peller pivot, and the internal serrations 
mate with corresponding male serrations 
on the rear end of the centre housing 
horizontal driving gear spindle. This drive 

shaft is entirely enclosed within the impeller 

pivot ; at the rear the shaft is retained by 
a plug, fitted within the impeller pivot, 
and a circlip, and at the front by a shoulder 
on the engaging horizontal spindle. 

30. The horizontal driving gear is a bevel 
gear and is integral with its spindle. This 
gear is carried in two ball bearings fitted in 
housings which are secured to the centre 
housing by three studs and nuts each. 

31. Meshing with the horizontal driving 

gear are the two vertical driving gears 
through which the drive is transmitted from 
the horizontal drive shaft to the vertical 
drive shafts. Each vertical gear assembly 
is similar and consists of a bevel gear which 
is carried in two ball bearings held apart 
by a spacing collar on the bevel gear. The 
bearings are axially located in a housing by 
shoulders on the inner diameter of the 
housing. A ring nut secures the bevel gear 
within the bearings and spacing collar 
assembly. 

Accessory boxes and drives 

32. The two accessory boxes are mounted 
above and below the air-intakes and provide 
the mounting faces on which the electric 
starter, the engine accessories, and the 
engine-driven aircraft accessories are mount
ed. The top accessory box carries the air 
compressor, vacuum pump, cabin super
charger, generator, and the tachometer 
generator ; an alternator may be fitted in 
place of the cabin supercharger. The 
bottom accessory box carries the electric 
starter, fuel pump, hydraulic pump, and 

Fig. 24. Nozzle blades and rings 
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Fig. 26. Centre housing 

the oil sump on which is mounted the oil 
pump. These accessories are driven from 
the front of the main shaft assembly, 
through the centre housing gears and the 
vertical drive shafts described in para. 30 
and 31, through bevel gears and horizontal 
top and bottom shafts which are parallel to 
the main shaft, and bevel gears having 
drives at the individual faces . The electric 
starter rotates the engine through the same 
system of shafts and gears, and is provided 
with the usual arrangement of dog clutches 
through which engagement is made with 
the engine when starting, and which 
disengage automatically once the engine has 
reached its self-sustaining speed. The fuel 
pump, the oil and metering pumps, and the 

Fig. 27. Top accessory box 

hydraulic pump are driven by the gear 
train in the bottom accessory box, the 
metering pumps being actuated by an 
eccentric formed on the lower extremity of 
the oil pump driving gear spindle. The 
fuel pump is fitted at the port rear drive 
position, and the starboard drive is not used, 
except in Mk. 2 engines which have the 
overspeed governor fitted at this position . 

Top accessory box (fig . 27) 

33. The top accessory box, which is 
roughly rectangular in shape, consists of 
two connected chambers and is attached to 
the top of the front casing by four long studs 
at the rear and seven short studs at the 
front. The long studs extend through the 
depth of the box, and i:he rear pair take the 
front lifting eye of the engine. Mounting 
faces are provided for two accessories on 
each side of the box, and for a tachometer 
generator on the top. 

34. All the gears which drive the acces
sories mounted on the top accessory box 
are housed within the box. The top 
vertical drive shaft (fig. 25) transmits the 
drive from the centre housing to the top 
accessory box and is splined into the 
vertical shaft pinion, which drives the top 
horizontal shaft through bevel gearing. 
Bevel gears transmit the drive to short 
horizontal cross shafts at the two forward 
accessory mounting faces, and to a single 
horizontal cross-shaft at the two rear faces. 
An adapter fitted between the port side 
short horizontal cross-shaft and the com
pressor contains a reduction gear comprising 
a pinion and an internal gear. With this 
gear arrangement the line of the compressor 
drive is off-set from the short horizontal 
cross-shaft. An adapter 1s fitted to the 

Fig. 28. Bottom accessory box 
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and a breather cap are situated in the top 
cover, and provision is made for an oil 
thermometer pocket and for an oil pressure 
gauge connection. An oil gallery carries 
oil to four jets which play continuously 
upon the gears. An oil drain allows oil 
to drain into the centre housing, but projects 
into the top accessory box for about half an 
inch, to ensure that a sufficient level of oil 
is always maintained in the box. 

Bottom accessory box (fig. 28) 

37. The bottam accessory box is also 
roughly rectangular in shape and is similar 
to the top accessory box ; it is attached to 
the bottom of the front casing by fourteen 
studs and nuts. As with the top box, there 
are mounting faces for four accessories, 
and on the underside a large mounting face 
is provided for attachment of the oil sump. 

38. The arrangement of the gears in the 
bottom accessory box is similar to that 
described for the top accessory box 
(para. 33). The horizontal shaft, which is 
of stronger construction than its counter
part in the top accessory box, carries four 
bevel gears. The front bevel gear transmits 
the drive from the vertical shaft pinion to 
the horizontal shaft-except during starting 
when conditions are reversed. Bolted to 
the back of this gear is another bevel gear 
which, during starting, transmits drive from 
the starter coupling to the front bevel 
gear. A smaller bevel gear, integral with 
the horizontal shaft, drives the hydraulic 
pump and, through a further bevel and spur 
gear train, the oil and metering pumps. At 
the rear end of the horizontal shaft another 
bevel gear drives the fuel pump and, in Mk. 
2 engines, the governor. With the excep
tion of the oil pump spur gears, which run 
in plain bearings, each of the drives is 
supported by two ball bearings. 

39. A fuel pump driving gear meshes with 
the bevel gear at the rear end of the hori
zontal shaft. In Mk. 2 engines this driving 
gear is bolted to the flange of 
a cross shaft, which traverses 
the width of the accessory box 
to drive the governor mounted 
on the starboard side. The 
port mounting face carries an 
adapter assembly for the fuel 
pump. This assembly con
sists of an engine part which 
carries the driving gear exten
sion shaft, and an engine part 
which is bolted to, and sup-

plied with, the fuel pump. The function 
of the adapter is to simplify assembly, as 
the fuel pump is immediately behind the 
starter motor. In Mk. 3 engines a blanking 
plate is fitted to the starboard drive face. 

40. The starter coupling assembly consists 
of a starter jaw, integral with a short shaft 
splinecl into a bevel gear pinion, which is 
supported by two ball bearings in a housing. 
The coupling assembly is secured to the 
front, port face of the accessory box by 
studs and nuts, and a face is provided on 
the coupling assembly for mounting the 
starter motor. 

Combustion chambers 

41. Sixteen combustion chambers are 
mounted between the rear face of the 
diffuser casing assembly and the nozzle 
ring assembly; the chambers are numbered 
in a clockwise direction, when the engine is 
viewed from the front, No. 1 being at twelve 
o'clock. Each combustion chamber con
sists of a flame tube assembly enclosed within 
a casing, and a ' Simplex ' type burner 
(A.P.4282A, Vol. 1) is mounted in each 
combustion chamber. All the combustion 
chambers are interconnected, thereby en
suring that pressures are equalised round 
the engine, and also permitting the flame 
to spread from one combustion chamber to 
the next after initial ignition. 

42. All sixteen combustion chambers are 
not identical. The casings, which are 
formed in two halves (fig. 30 and 31), have 
alternate long and short front halves which 
pair with corresponding short and long rear 
halves, so that, although the overall lengths 
of complete casings are the same, the centre 
joint flanges of adjacent casings clear one 
another when in position on the engine. 
Combustion chambers No. 8, 9 and 10, 
which are the lower three on the engine, 
are each equipped with a drain point for 
connection to a common drain valve, and 

Fig. 30. Combustion chamber rear casing 
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Fig. 33. Flame tube assembly fitted to Goblin 3, (Mod. 820) 

complete combustion chamber. It is em
phasized that the description which follows 
applies to the type of flame tube assembly 
fitted to Mk. 3 engines post-mod. 820 ; there 
being some difference between this and the 
pre-mod. 820 type (compare fig. 33 and 34). 

45. The flame tube assembly consists . of 
two main portions, the scoop and flare, and 
the flame tube. The scoop and flare 
assembly consists of a cone-shaped porti9p, 
containing the colander, flare, an<(!. swir'ler 
(fig. 32). These parts are welded tog~£n~r 
to form one unit. Most o'f·'th~ air.~· pith 
enters the front casing flows ov e 
exterior of the scoop and flare assem y , 
but about a quarter of the quantity passes 
through an annular metering orifice around 
the burner at the forward end of the scoop 
into an annular space formed between the 
colander and the interior of the scoop. The 
dome-shaped colander is welded at its centre 
to the flare, and at its periphery to the skirt 
of the scoop. The flare, which is funnel
shaped, is welded at its periphery to the 
colander and at its centre to the swirl vanes, 
and has three rings of holes in it through 
which air is admitted to the outer radius 
of the combustion zone. Eight swirl vanes , 

welded at the centre of the colander and 
flare assembly, induce a swirl in the air 
entering the combustion zone through them . 
The inner edges of the swirl vanes are 
welded to a short sleeve which surrounds 
the atomiser end of the burner. 

46. The flame tube is manufactured in · · 
three main parts, which are welded together;.·; 
and is riveted to the rear. end of the scoop 
and flare assembly. A series of holes and 
passages in the forward half of the flame 
tube control the distribution and quantity 
of air flowing into the combustion and 
mixing zones, while maintaining a constant 
flow of air along the inner surface of the 
flame tube to control temperature and 
reduce the formation of carbon. Cooling 
air is permitted to flow through the annular 
space between flame tube and rear casing to 
the rear end of the combustion chamber and 
out between six pads formed on a locating 
ring welded on to the outside of the rear 
end of the flame tube. 

47. The complete flame tube assembly is 
centralised within the outer casing by four 
support pads · welded on to the outside of 
the scoop and is supported by the support 

Fig. 34. Flame tube assembly fitted to Goblin Mk. 2 and Mk. 3 pre-mod 820 
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pads inside the front casing, and by the 
segmented locating ring at the rear end of 
the flame tube, which is a sliding fit within 
the rear casing. Circumferential and longi
tudinal movement of the flame tube 
assembly is prevented by a locating pin 
which screws into a boss welded to tha rear 
casing and locates a sleeve welded to the 
flame tube assembly. 

48. Two interconnector stubs are welded 
to each flame tube. Each interconnector 
assembly consists of a pair of inner inter
connector tubes within a pair of outer 
interconnector sleeves. The inner tubes 
are centralised within the interconnector 
stubs of the flame tubes. The other ends 
of the tubes are held in alignment with each 
other by two spherical connections, which 
are bolted together by six bolts and nuts. 
Cast iron sealing rings, fitted into grooves 
in the spherical connection, ensure a gas
tight joint between the spherical connection 
and the outer interconnector sleeve which 
is welded to the rear casing ; eighteen holes 
in the spherical connections allow air to flow 
between the outer annular spaces of adjacent 
combustion chambers. The inner inter
connector tubes provide the passage through 
which the flame spreads from one combustion 
chamber to the next after initial ignition; 
two only of the combustion chambers are 
fitted with igniter plugs. This sympathetic 
flame propagation only occurs during ' light
up ' ; once the engine is running the 
pressure balance is restored and no further 
flame flow takes place. 

49. The flame tube assemblies fitted to 
Mk. 2 engines, and to Mk. 3 engines pre-mod. 
820, differ frQm the combustion chamber 
which has been described, and which is 
illustrated in fig. 33. These flame tube 
assemblies (fig. 34) have three smaller 
locating pins, no locating pads, and a 
different system of holes for admitting air 
to the combustion zone. The scoop and 
colander assembly is not riveted to the flame 
tube assembly, the two components being 
located within the combustion chamber 
casing by the same three locating pins. 

Exhaust cone (fig. 35) 

SO. The exhaust cone assembly, which 
collects the gases discharged from the 
moving turbine blades and directs them to 
the propelling nozzle, consists of an outer 
and inner co.ne, with fairings in between, 
and a propelhng nozzle. 

51. The outer cone takes the form of a 
sheet-metal truncated cone with its smaller 
~nd to the rear. At the front end a flange 
IS welded for attachment to the turbine 
?hroud by bo~ts and nuts. A second flange 
IS welded to Its rear end for attaching the 
propelling nozzle. At the smaller end of 
the outer cone, four thermocouple connection 
points are provided: only one point is fitted 
with a thermocouple for use in flight, the 
others, which are used on the test bench 
being blanked. Sheet-metal sections welded 
over the cone form two muffs, which provide 
an air passage for air drawn from an 
external source; this air is heated through 
contact with the cone and is used for 
heating the aircraft cabin or guns. Drain 
connections are situated at the bottom, 
front and rear, of the outer cone, through 
which any excess fuel-due to ' wet starts ' 
or other causes-can escape. Two rein
forcement bands are welded to the outside 
of the outer cone, and four boss plate 
assemblies are welded to each reinforcement 
band to provide location for the support 
tubes of the inner cone. 

52. The sheet metal inner cone fairs off 
the rear face of the turbine disc and also 
serves to maintain a smooth gas flow to the 
propelling nozzle. The cone is stiffened 
internally by two flexible diaphragms, which 
take the form of shaped sheet-metal hoops, 
welded to it, and the front end is closed 
by a dished disc of metal, known as the 
baffle. The inner cone is held in position 
in the centre of the outer cone by two pairs 
of crossed support tubes ; these tubes are 
located in the boss plate a;;semblies of the 
outer cone, and pass through bosses welded 
into the inner cone at the points where it 
is stiffened by the large and small dia.:. 
phragms. The rear support tubes are 
retained by cap nuts at each end. The 
front tubes are retained by the cooling air 
pipes which connect their open ends to pipes 
delivering air from the diffuser casing. At 
the centre, these two tubes pass through an 
air tube which projects forwards through 
the baffle. Cooling air from the diffuser 
casing is therefore delivered at the centre 
of the rear face of the turbine disc and, 
flowing outwards between the turbine disc 
and the baffle, is ·drawn into the main 
exhaust system through a clearance between 
the front end .of the inner cone ·and baffle, 
and the turbine disc. 

53. Two pairs of fairings enclose the 
support tubes where they pass between th~ 
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Table !--continued 

Main assembly Component Material Surface finish 

Combustion Rear casing 
chambers cont. 

Dead mild steel Nickel plated 

Sealing rings Cast iron None 

Compressor Centre housing Heat treated magnesium Chromate 

casing alloy casting 

Diffuser casing Heat treated magnesium Chromate and black 
alloy casting lacquer 

Front casing Heat treated aluminium Chromate and black -~ alloy casting lacquer 

Rear cover Heat treated magnesium Chromate and black 
alloy casting lacquer 

Sealing plate Heat treated magnesium Chromate and black 
alloy casting lacquer 

1; Exhaust cone Extension ring Austenitic stainless steel None 
sheet 

! Fairings Austenitic stainless steel None 
sheet 

Front baffle Austenitic stainless steel None 

I 
sheet 

Inner exhaust cone Austenitic stainless steel None 
sheet 

Nozzle Austenitic stainless steel None I /!· sheet 
,_l-J~ 

".:;fl;i:·.;, Outer exhaust cone Austenitic stainless steel None 
•'!.1'i"''i' 

~-..4t•h·~ sheet . ··.~ 
Support tubes Stainless steel tube · None • Fireguard Fireguard Austenitic stainless steel None 

sheet 

Support ring Austenitic stainless steel None 
sheet 

Main shaft Centre shaft Mild steel forging Cadmium plated 

Extension shaft Mild steel forging Cadmium plated 

Hub shaft High tensile steel None 

Impeller Heat treated aluminium Anodised and 
~lloy forging Rockhard lacquer 

Pivot High tensile steel Cadmium plated 
under flange 

Turbine blades Nickel chrome alloy None 

Turbine disc Ferritic high tensile None 
steel forging 

Nozzle ring Inner nozzle ring Austenitic high tensile None 
steel casting 

Junction pipes Austenitic stainless steel None 
sheet 1 ,.-,. 
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i 
L· 
' 

KEY TO FIG. 1 AND 2 

·1 BURNER, OR FUEL, RING 
ASSEMBLY 

2 OVERSPEED GOVERNOR 

3 PIPE FROM MAIN FUEL 
SUPPLY LINE TO 
ACCUMULATOR 

4 FUEL ACCUMULATOR 

5 PIPE FROM CONTROL BOX 
TO GOVERNOR . 

6 PIPE FROM GOVERNOR TO 

STARTING VALVE 

7 ONE OF THE BURNERS 

8 BURNER FEED PIPE 

9 PIPE FROM H.P. FILTER TO 
BAROSTAT 

10 BAROSTAT 

11 TOTAL HEAD ( AIR PRESSURE) 
CONNECTION 

12 STARTING VALVE 

13 H .P . FUEL CUT-OFF LEVER 

14 PRESSURE LIMITING VALVE 

15 THROTTLE CONTROL 
PICK- UP 

16 CONTROL BOX 

17 ANTI-HAMMER PIPE FROM 

CONTROL BOX TO FUEL 
PUMP INLET 

18 DELIVERY PIPE FROM FUEL 
PUMP TO CONTROL BOX 

19 FUEL PU MP 

20 FUEL P UMP INLET CON

NECTION 

21 FUEL RETURN, OR SPILL 
CONNECTION 

22 PIPE FROM PUMP TO H.P. 

FILTER 

Fuel system components on port side of Mk. 2 engine 23 HIGH PRESSURE FUEL FILTER 

Barostat 
5. The delivery to the burners is. controlled 
by the barostat, which is mounted .on the 
port side of the front casing just below the 
high-pressure fuel filter. The barostat is 
essentially a fuel pump pressure relief valve 
designed to by-pass fuel in excess of engine 
requirements back to the fuel tank. An 
~xhausted capsule stack incorporated in the 
~unit varies the amount of fuel by-passed to 
suit engine requirements, as determined by 
the pressure existing in the air-intake. 

Control box 
6. The control box is mounted on the port 
side of the sump and contains a graduated 

metering needle or plunger, which is con
nected to the pilot's throttle lever. The h.p. 
fuel shut-off valve is also incorporated in 
the control box and is connected to the h. p. 
shut-off lever in the cockpit. 

7. The control box plunger is the throttle 
control and it is calibrated to meter the 
requisite fuel flow proportional to thrust; 
for equal increments of travel. 

8. The h.p. fuel shut-off valve enables the 
pilot to stop the engine positively by shut
ting <?ff the fuel supply to the b.urn~~~;mrhen 
shuttmg down normally and m ·:arr;''~er
gency. To avoid the risk of hydtaY:ilic 
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Starting valve 
12. The starting valve is situated just behind 
the control box on the port side of the engine 
and is connected directly to the burner ring. 
When the engine is not running a spring
loaded diaphragm seals the inlet port and 
prevents fuel passing to the burners. This 
permits the fuel accumulator to be charged 
during the initial motoring period until 
the pressure in the supply pipe reaches 
the value necessary for an efficient start and 
overcomes the starting valve spring pressure. 
During all normal running the starting valve 
is held open by the fuel pressure on the 
diaphragm. 

Pressure switch 
13. The pressure switch is mounted on a 
bracket attached to the front of the diffuser 
casing near the centre towards the top of 
the engine. It is connected to the burner 
ring, by a flexible pipe, to a point imme
diately before the flexible pipe leading to 
No. 15 burner. This pressure switch is 
wired into the starting circuit and when the 
contacts are open the relays controlling the 
final stage of the starting cycle cannot be 
energized. The pressure switch is operated 
by the fuel pressure in the burner ring and 
thus, since the contacts in the switch do not 
close until the burner pressure reaches a 
predetermined value, prevents the final stage 
of the starting cycle commencing too early 
and at the same time ensures that it com
mences immediately there is sufficient fuel 
pressure at the burners. 

Burners 
14. The sixteen burners are inserted into 

their respective combustion chambers 
through bosses cast in the diffuser casing 
and are connected by flexible pipes to the 
burner ring. They are of the fixed orifice 
simplex type and provide a conical spray 
giving atomization over the working flow 
range. 

High-pressure fuel filter 
15. The high-pressure fuel filter is mounted 
on the port side of the front casing. It is 
of the Purolator type and is situated in 
the fuel pipe between the fuel pump and 
the barostat, in order to protect the fine 
working clearances of this unit. 

OPERATION OF THE FUEL SYSTEM 

16. Fuel is supplied to the fuel pump on 
the engine by normal fuel tank booster 
pumps, through the low-pressure fuel shut
off or main fuel cock and a low-pressure 
fuel filter. These are airframe components, 
the engine part of the fuel system com
mencing at the engine-driven fuel pump. 

17. Fig. 3, which is coloured to indicate 
the fuel flow, shows the general arrange
ment of the fuel system as mounted on the 
engine. The diagram does not illustrate the 
principle of operation of each fuel system 
component, for which reference should be 
made to the individual diagrams in the 
relevant Air Publications listed in para. 1. 

Starting 

18. The engine is started with the throttle 
needle in the slow-running position, and 
the h.p. fuel shut-off valve in the ON 

4853 351889 1/ 59 2000 C.B.&S.Ltd. Gp. 375 RESTRICTED 
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and not intermediate engine speeds. When 

the engine speed reaches a predetermined 

value the spring-loaded governor weights 

move outwards under centrifugal force 

and move the piston valve until sufficient 

restriction is offered to the fuel flow to 

limit the r.p.m. to the maximum permitted. 

Stopping 

26. When the H.P. fuel shut-off valve is 

moved to the off position by movement of 

the control in the cockpit, an anti-hammer 

passage in the control box is connected to 

the delivery side of the throttle needle and 

allows all the fuel delivered by the fuel 

pump to return to the pump inlet so 

that excessive fuel pressure is prevented ; 

simultaneously the cam groove in the cut-off 

valve spindle opens the dump valve so that 

any unburnt residue of fuel in the burner 

ring can drain to waste. As soon as the 

burner pressure falls below that necessary 

to overcome the spring load on the 

diaphragm in the starting valve, the starting 

valve closes and the contacts in the pressure 

switch open ready for the next start. 

GOBLIN Mk. 3 FUEL SYSTEM 

FUEL SYSTEM COMPONENTS 

27. The Goblin Mk. 3 may have either a 

dual or single pump fuel system according 

to the modification standard of the engine. 

The dual pump system is described and 

illustrated in this chapter. This description, 

however, can be applied to the single pump 

system if the following points are borne in 

mind. When a single fuel pump is used the 

pump is fitted on the port side of the engine 

and the mounting face on the starboard side 

is blanked off. The single pump is of larger 

capacity than either of the pumps used in 

the dual pump system, and is fitted with a 

fuel pump isolating valve. The piping, of 

course, is re-arranged slightly but remains 

fundamentally the same. Therefore, the 

fuel system diagram (Fig. 6) can be used if 

the following alterations are imagined :

Delete port pump (item 6) and its attendant 

piping. Regard starboard pump (item 5), 

which has the fuel pump isolating valve, as 

being the single pump and mounted on the 

port side of the engine. 

Fuel Pump 

28. The fuel pumps are mounted on either 

side of the bottom accessory box ; the port 

pump immediately behind the starter mo · · 

and the starboard pump immediately belir . . 

the hydraulic pump, where it occupies tnF: :.:; 

mounting face used for the overspeed. 

governor on the Goblin Mk. 2. There is a 

cylindrical adapter between each fuel pump 

and the mounting face on the engine. These 

fuel pumps are of the positive displacement, 

KEY TO FIG. 4 AND 5 

I FUEL PUMP ISOLATING SOLE~OID 

TERMINALS 

2 STARBOARD FUEL PUMP 

3 SERVO PIPE FROM STARBOARD PUMP 

TO B.P.C. 

4 BAROMETRIC PRESSURE CONTROL 

5 PUMP-DELIVERY PRESSURE PIPE FROM 

STARBOARD PUMP TO B.P.C. 

6 PIPE FROM CONTROL BOX TO 

STARTING VALVE 

7 PIPE FROM B.P.C. TO STARBOARD 

PUMP INLET 

8 SERVO PIPE CONNECTING PORT 

PUMP TO STARBOARD PUMP 

9 ONE OF THE SIXTEEN BURNERS 

10 PUMP-DELIVERY PIPE FROM STAR· 

BOARD PUMP TO PORT PUMP 

11 BURNER, OR FUEL, RING ASSEMBLY 

12 REMOTE BLEED VALVE CONNECTED 

TO PORT PUMP 

13 FUEL ACCUMULATOR 

14 PIPE FROM ACCMULATOR TO 

STARTING VALVE 

IS FUEL SUPPLY PIPE FROM TANK TO 

STARBOARD FUEL PUMP 

16 STARTING VALVE 

17 H.P. FUEL CUT-OFF LEVER 

18 CONTROL BOX 

19 PRESSURE LIMITING VALVE 

20 THROTTLE CONTROL PICK-UP 

21 PUMP-DELIVERY PIPE FROM PORT 

PUMP TO CONTROL BOX 

22 ANTI-HAMMER PIPE FROM CONTROL 

BOX TO FUEL PUMP INLET 

23 PORT FUEL PUMP INLET 

CONNECTION 

Fig. 4. Fuel system components on port side of Mk. 3 engine 
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· excessive pressure in the delivery line such 

as might be caused by an obstruction in a 
pipe or orifice1 

Barometric pressure control 

30. The Barometric Pressure Control is 
mounted on the starboard side of the sump 

in the position occupied by the fuel accumu
lator on the Goblin Mk. 2, and is generally 

referred to as the B.P.C. It is connected, by 
flexible pipes, to the servo outlet on the 

port and starboard fuel pump, to the inlet 
(low pressure) side of the starboard fuel 
pump, and to the delivery (high pressure) 

side of the same pump. The two fuel pumps 
are connected in parallel and, as long as 
they are functioning normally, the B.P.C. 

is in communication with both. ' 

31. When the engine is running, a small 
intermittent ·escape of fuel through the 
servo pipe and the B.P.C. to the fuel pump 
inlet, balances the quantity of fuel entering 

the servo system from the delivery side of 

the pump through a calibrated orifice. A 
filter in the servo connection of the B.P.C. 

prevents the entry of any foreign matter. 
There is no flow in the high pressure pipe 

(fuel pump delivery to B.P.C.) which simply 
acts as a pressure transmitter. 

32. The B. P.C. contains an evacuated 

capsule stack which is subjected to the 

'~ ·• > • variations of air pressure at the engine air-

j. ~~~~· intake. This evacuated capsule stack, in 
r·;'! r;:,,.;;,· conjunction with a piston subjected to fuel 

:~~~~~L pump delivet!y pressure via the fuel pump 
delivery to B.P.C. pipe, varies the size of 
the orifice through which fuel escapes from 
the servo system through the B.P.C. to the 

'·'· ~p~ fuel pump inlet and thus regulates the servo 
pressure. Thus the B.P.C. is able to adjust 

the fuel pump delivery pressure so that the 
pressure is always proportional to the total 
air pressure in the engine air-intake. By 

t this means the fuel pump delivery pressure, 

t and consequently the pump stroke and 

. actual delivery, is varied to meet changes 

t in the engine speed or throttle setting, 

(' altitude or barometric pressure, and forward 

speed or ram effect, and the fuel pumps 
deliver only the exact quantity of fuel 

. :required by the engine. 

Control box 

33. The principal difference between the 

control box described in para. 6, 7, and · 8 

and that fitfed on the Goblin Mk. 3 lies in 

the fitment df special fuel inlet and outlet 

·connections to suit their different fuel 

systems. As this necessitates the fitment of 

different studs and similar small parts, the 
body assemblies are not interchangeable. 
A dump valve is not fitted to the Goblin 

Mk. 3. 

Pressure limiting valve 

34. The pressure limiting valve is virtually 

identical with that described in para. 9. 

Overspeed governor 

35. The overspeed governor is integral with 
each fuel pump. 

Fuel accumulator 

36. The fuel accumulator is mounted, with 
its fuel connection at the bottom, on the 
port side of the engine, occupying approxi
mately the position of the barostat on the 
Goblin Mk. 2. It is connected directly to 
the inlet side of the starting valve, and its 
function and general construction is identical 

with that described in para. U. 

Starting valve 

37. Although there are detail differences in 

the design of the starting valves fitted to 
the Goblin Mk. 3 their purpose and function

ing are identical with those fitted to the 
Goblin Mk. 2. 

Burners 

38. The burners are similar to those used 

in the Goblin Mk .. 2 but each is secured by 
two studs and nuts instead of three. 

OPERATION OF THE FUEL SYSTEM 

39. Fuel is supplied to ' the engin~-driven 

fuel pumps by a normal fuel tank 1booster 
pump through a low pressure fuel shut-off 
valve, or main fuel cock, and a low pressure 

fuel filter. These are airframe components .. 

the engine portilm of the fuel system c.OIIh. 

mencing at the engine-firiven fuel pumps. 

The fuel is pump'ed, at a comparatively higl} 
pressure, through the control box, and Jh& ; 
starting valve to the burner ring and ·toll\~ 

sixteen burners. 

Starting 

40. The engine is started \.vith the control 

valve plunger in the slow-running position: 

and the H.P. fuel cut-off valve in the ON 

position ; the starting valve is held closed 

by its springs, and the fuel accumulator is 

discharged. 

41. As soon as the starter motot begins to 
rotate the engii1e, fuel is pumped through 

the control box, and the fuel accumulator 

commences to fill ; the piston therein is 

forced up and the spring compressed. When 
the fuel accumulator spring _has been fully 
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' 

advantage of the increased air mass flow 
due to ram effect. 

47 •. 'If the throttle is closed quickfy · af: 
extreme altitude, or if for any other reason1 .. 

the pressure in the burner ring falls below ,. 
a critical value, the very low resultant . 
pressure at the burners might cause the, 
flame to be extinguished. To prevent this 
the Pressure Limiting Valve is connected in 
parallel with the control valve;· or throttle, 
so that its spring-l<;~ade<l; . diaphragm is 
subjected to burner pressure. Normally the 
·burner pressure acting on the diaphragm is 
sufficient to overcome the spring loading 
and to prevent the valve opening. Whenever 
the burner pressure falls below a pre-set 
value,·the spring opens the Pressure Limiting 
Valve and permits sufficient fuel to by-pass 
the control valve to maintain combustion. 

.•. 
I 

thus contribute .a.n equ~l~:.shl!.re:·\o£ ·the 
engine's fuel requirements.: .In the eyent. of 
failure of eithe~ pump, or:i?J:~Ji.J1y~~:S~!J.or 
of the conn~ctmg ser.vR J?.lP.I ~~.tll~·i:J.~liz~!Y 
of the serVlceable pump.~~ · 1.oe· related 
to that of F~e. de;fectivf9l;., .. _ ' J~~~1~:f~. 
bQth pumps would tend: to · i'O,veii-: by 
their servo-mechanisms to. tlie :Zero~~fiyery 
pos~tion._ To safeguar~ ~g~!nst:;~liis:'.o~cl.!rl.ng 
durmg take-off, the p1lot oper,a.tes!yhe • .fuel 
pump 'isolating switch before:!a:ttempting to 
take off ; energising the . soi~iioia 6n the 
starboard fuel pump and ·:closing . thci. 
. 1 . 1 ' . } . . 
1so atmg va ve. · ,.. ·· , .. ~ · 

I • •" ~ \ ~ ..... _.. ... 'f 

51. As long as both pumps' ~re· fu1lc'ti9-!Jdii~ 
normally, and . the delive!'¥~t x· r ... orh 
each holds open the rion-returrr- ·in 
their delivery outlets, bolll:·pi,ffit"' on:: 
trolled by the· B.P.C. Un'de:r:;lt: . . 'di-· 
tions, VJhen the isolating yal?ve~1.s:·:P1'<Ss~~'the 

Overspeedlng starboard fuel pump ·s~tvo- •ifiec}alJij':ih .. is· 

48. In the Goblin Mk. 3 fuel system there cut off fro]Jl the. B1~1G. :§.'nd· :tlle'-'sp'U:nfp· · 
is no separate overspeed governor as each operates at ma:Ximu:rhldelivei:y,: su1f~~t to, 

fuel pump contains its own integral over- the limit impose'ij~~oy~;the X:elief:-~ nd 

~- .. speed governor mechanism. Radial ports in , governor mech~isin:l~':fhe,serv(f~·· sm 

· · .. · the 'rot'ot create, wlien the pump is_ of the port-fuel purh·p,_]?.eirlg ~tip.~. oiled 

· " centrifugal fuel pressure within by the B.P.G.,- aut6maticall:f~te'd . :·the 

This fuel pressure, which delivery of this pump until··it~~~~lllSP,l)d.ng • 

.in•~te:aS~Sli~mth ir1cr~~as:lnl! -r.p.m., -acts on a only the differetiae between":·;th~~!engirie's 
pump and at a pre- fuel requirements and' tJ.le .. del,iv~~bf- the 

li~1:ei'itri)Jil~cl;!~:tigine speed, .opens. an orifice starboard pump. ·When -the ·ambie:fity air 
from .the pump servo temperature . is ab'ove about .~Jght .. degrees 
th~. inlet side of the centi~ade, or when below. this 'l:emi,J'er.ature,., 

• . • ' h h ,. '"•''' '. If .-.·.n· .-.. ,. . I'.l ~,>rh(}_,· ' ' 
urnl'D·.~{thiis,;;an.ow;i'ntlt.·llie; servo p1ston m t e t. ~ :.e.~g~D;e·:.·~~ i ,o,P.er~HP.g··.'!!:t·' c!>~:.;.t f.-Ilrt 1~s . 

;de.c~tElELSe.>~he pump stroke, delivery ' max1m~m · 'S'peed, 1· tl;i.e•:-port1 fuel·~un{j£·\JV:ill 

rli 1iflregSUre.~ SO' prevent any further, be'at,tzero:deliveiif·a~{und~f.~fhes~··doni:litiOOS 

n~t'"'"''"'''''T\ engine ,Speed. . one.:· pump /is ~·capa1ll~}of'.~ .. su:PP.~' ' ~·-:- the·;,, 
' ~ · _, .. , · eng· hie's fulF-reqtiite~fftS.~ }·•. JL \' 1· .. • 

ri~ . . . . . : •. - . . . ,•J ,,. (', .<1.• ·" 

01• 1 .. ., ·~ ~ • ' ~ •...,,' '<-..:·"'"'~J.jl o\''r: .,."~~l ~.!-""1 ... ~'.10.:"'' "t J,'rJ. 

;·W\l,en the .high :Press.ure fuel ·cut-off Sl.~·fWith,the isola.ting:yal'v.e~alre·a:: tlie :··' 

is, ptoved rto the OFF positimr by closed .. position, :if' a ·failur:e sh6Uli:i:~oc<hlr ·in • 

oper;;~.tion·oi tl}.~:conj:rol in the cockpit, ·an· the port fuel:pump, the fr..P.sG;~'$~-the."servo. 

antj-nammet.passage in the control box is. pipes, the statboatd ·pump;• cW.tint{~s .. to·-

co.n:ttected to the delivery side of the control operate at full ~delivery. as 'describ.ed:~in the 

val~e;, 9r throttl~~ the delivery passage, t!>. preceding paragr~ph. · Failtir.Eh.of1. the ·star-

'the.ibtimers is closed, ,and all the fuel . board pump·,would, however,· cau.se .a drop· 

~-· d~)lv~red by ·thl:l. f'!lel. pumps is -diverted-. in the pump delivery pressure. triansrnitted 

· 'back' to the inlet side· of the pumps so .that to the B.P.C. which· ~then 

any .·build up , of excessive fuel pressure from the effect nT Jnn·,. 

between the fuel pumps and the control pressure py'. t}!e·· _,.P.1r111'in\!''tr~ 

box during the slowing down of the engine _ starboard pump ou 
is prevented. As soon as the burner pressure mechanism in . the 
falls below ,'that necessary to overcome the automatically bring. 

[· ', :._, spring load on the diap}lragm in. the. starting delivery and ensure the 

I valve, the starting valve closes ready for of fuel to :the burners. ·. 1 •• 

the next start. · · · ' 
' • • • r 53'. . In the single pump ;;'; ~Stl~m,,.. tg~~S>Ola 

, Fuel pump Isolating· co~~rol , :. : . ,! • ' valve is fitted .to the pump 

SO. ,Iri ·the dual pump syst~m ptted to the safeguard ag~nst failure: of 
Goblin:. M~ •. 3 , both· pump's .. are· normally servo pipes in ,a.-;· sirirllar 'uli:l.uut~l· 

subje~t~.PJ~~:. same -de~e~ -~f :control an~ ~ describ~d .iil..~~~5~.: . , .~ .. ;·., ...... : : 
~·\ \" 1a ~ . ~ ~ , ol' • 

·:~-i~~t~i . . RES·TR·I·CTED· (. 
\~bi('{ii'"t..:·~ ..... ,~ ~· _J ... \ ...... " \ .. ~ L. ••'l : ~ ....... 'Jtl ! 
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This leaf issued with A.L. No. /4, March 1951 

A SYSTEM UNDER NORMAL RUNNING CONDITIONS 
I FUEL INLET 
2 OVERSPEED GOVERNOR DIAPHRAGM 
3 PISTON 
4 . CENTRIFUGAL PASSAGE 
5 STARBOARD PUMP 
6 PORT PUMP 
7 PUMP SERVO OUTLET 
8 BURNER 
9 BURNER MANIFOLD 
10 ACCUMULATOR . 
11 STARTING VALVE 
12 PORT PUMP BLEED VALVE 
13 H.P COCK 
14 MINIMUM PRESSURE VALVE 
15 INLET TO ENGINE CONTROL BOX 
16 ENGINE CONTROL BOX 
17 THROTTLE NEEDLE 

- 18 HALF BALL VALVE 
19 SERVO INLET FROM PUMPS . 

20 PRESSURE TRANSMITTING PLUNGER 
21 FLEXIBLE PIVOT PLATE 
22 VALVE LEVER 
23 CAPSULE STACK 
24 PRESSURE TRANSMITTING LINE 
25 J:UMP ROfOR 
26 B.PC. OUTLET 
27 B.PC. UNIT 
28 SWASH PLATE 
29 LINK 
30 CAPSULE CHAMBER SUBJECTED TO 

NACELLE PRESSURE 
31 SERVO PISTON 
j2 INLET AND OUTLET · PORTS INSERT 
33 SOLENOID OPERATED ISOLA~ VALVE 
34 NON- RETURN VALVE 
·35 RESTRICTING ORIFICE TO SERVO CYLINDER 
36 RELIEF VALVE 

8. CONDITIONS IMMEDIATELY AFTER CLOSING 
37 ANTI~HAMMER PASSAGE 
38 TO ACCUMULATOR 
39 FROM BURNER MANIFOLD 
40 RETURN TO PORT PUMP INLET 

HPCOa~ : / 

' : 

C. POSITIONS OF COMPONENTS ON -ENGINE 

- PUMP INLET PRESSURE 
- PUMP DELIVERY PRESSURE 
- BURNER OR METERED PRESSURE 
- SERVO PRESSURE 
Q'!iiJ CENTRIFUGAL PRESSURE 
~DRAIN 

6 

@ 

' t 
. j 

1 
j 
' i 
t 

1B'i1 COMPRESSOR INTAKE PRESSURE . :' . . :. .· ·. . 1 
FIG 6- DIAGRAM. ·oF-" GOBLIN· MK.3 FUEL SYSTEM • ,:·:'Jit*i,t.f/"~>-~- . :·-.--.. -.- . ~~ .· 
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. T" .. 
Th"is leaf Issued with A.L. No. /If.. March 1951 

r. BAROSTAT SPILL RETURN TO TANK. l lf-~~ 

2. BAROSTAT. 

3. TOTAL HEAD AIR-INTAKE 
PRESSURE. 

4. HIGH PRESSURE FUEL FILTER. 

5. BURNER RING. 

6. BURNER PRESSURE SWITCH. 

Z FUEL PRESSURE GAUGE 
CONNECTION. 

9. FUEL ACCUMULATOR. 

STARTING VALVE . 

I I. DUMP VALVE. 

12)~1GH PRESSURE FUEL CUT-OFF VALVE. 

13.CONTROL VALVE PLUNGER THROTTLE. 

14.ANTI-HAMMER PIPE RETURN TO 
PUMP INLET 

BOX. 

LIMITING VALVE. 

7. ENGINE DRIVEN FUEL PUMP. 

8.FUEL INLET FROM TANK . 

19. OVER SPEED GOVERNOR . 

PUMP INLET PRESSURE 

PUMP DELNERY PRESSURE 

METERED OR BURNER PRESSURE 

~~~•c:J BAROSTAT SPILL RETURN TO TANK 

~COMPRESSOR INTAKE PRESSURE 

) . 
. DRAIN 

F.S. / 3 

G589 M31427 4/5 1 1,!500 C .B. s. S . LTD.GP.S$, 
( 

11 

FIG.3. DIAGRAM OF GO UN MK.2 FUEL SYSTEM 
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casing, emerges at the top and is continued 
at the top of the upper accessory box ; this long 
pipe is in two parts;~coupled together at the 
front bearing,;·by a fitting which incorporates 
an oil jet to· feed the centre housing qriving 
gears. On the top of the upper box there 
are unions on an external oil gallery, from 
which there are connections to :---:--;the pressure 
transmitter, transferring the pressure tp the 
pressure gauge ; the oil thermometer;' the 
pipe lines to the vacuum pump ; the cabin 
·supercharger; and the air compressor. There 
is also an internal gallery to the oil jets for the 

. top accessory drives, three jets in one block 
supplying the front drjves and one jet supplying 
the rear. 

4. Oil is supplied to the front bearing by a 
pipe from one of the· metering pumps. · This 
pipe is on the starboard side of the accessory 
box, and, entering the fron~. casing, is carried 
i1;1side the longer pipe which supplies pressure 
oil to the top accessory box. Metered oil for 
the rear bearing is supplied through an external ·
pipe carried on the starboard side of the 
engine. The metered oil to the front bearing 
returns to the sump and the rear ·bearing oil 
drains to waste. The front and rear bearing 
housings are so arranged that when the engine 
is stopped, sufficient oil is retai~ed to ensure ·. 

"· lubrication at starting. · · 
JP-- ... . 

~!.; •hi 

_,OJn1sump · 

· .s:,WThe sump is a flat rectangular magnesium
a.ltoy casting and the casings for the suction 
and pressure filters, the dip-stick container, 
and the ,housing of the pressure relief valve, 

, are integral with the sump. The pipe con-· 
necting the slimp, with the bottom accessory 
box, into· which it protrudes approximately 
'one inch, .extends to withi~ one. inch <,lf the 

· · bott(,lm of the sump to prevent the oil accumu
lated in tli!>'sump £rom.flooding the accessory 
boxes ·auring aerobatics. · 

•. 011 1ump f(lter• 
' Suc:tlon filter · 

6 •. : -This filter is composed of a wide-mesh 
coppe;_.gauze which seats directly into .the 
sump and is held in position by a cast cover 
with five studs. Alongside the filter, a spring
loai:led valve is carried in 'a guide which is 
formed integtally with the casting ; the valve 
seat is screwed into the casting. When the 
cover of the suction filter is . bolted down, it 
opens the valve' by pressing on ·the steni of 
the valve and oil "can pass through the filter. · 

· · When the cover is removed, the spring closes 
the valve thus' preventing the sump from being 
drained. 

. R ,E ·s T R 

.. 
KEY TO FIG. I 

I SINGLE JET LUBRICATING BEVEL GEARS AT 
REAR OF TOP ACCESSORY BOX 

2 OIL SUPPLY-TO VACUUM PUMP 

3 TRIPLE JET LUBRICATING BEVEL GEARS AT 
FRONT OF . TOP ACCESSORY BOX 

4 OIL PRESSURE GAUGE CONNEC:TION 

5 OIL FILLER CAP 

6 TOP ACCESSORY BOX 

7 THERMOMETER POCKET 

8 OIL SUPPLY TO , CABIN' SUPERCHARGER 

9 OIL SUPPLY TO AIR COMPRESSOR • 

10 TOP ACCESSORY BOX OIL DRAIN PIPE 

11 JET SPRAYING OIL ON TO BEVEL GEARS IN 
CENTRE HOUSING 

12 FRONT--BEARING 

13 OIL.sQJ~I§,.,.TO CENTRE HOUSING JET AND 
·:rO·T~e.:b.CCESSORY BOX 

14 METEREO~OIL SUPPLY TO FRONT BEARING 

' IS BOTTOM ACCESSOR,Y BOX · 

16 ~-~}SU~PLY TO s:ARTER <;::_?UPLING 

17 .-OIL SUPPLY TO OIL JET (NOT SHOWN) WHICH 
•• • LUBRICATES THE BEVEL GEAR AT FRONT 

OF BOTTOM ACCESSORY BOX, AND 

-~:: THE STARTER COUPLING 

.',{j-iJ~ PRESSURE FILTER 

~-J!);-.: OIL PRESSURE RELIEF VALVE 

... ·· :Zb OIL PUMP DRIVE. SHAFT 

21 OIL PUMP 

l2 REAR BEARING ME~ERING PUMP 

23 FRONT BEARING METERING PUMP 

24 OVER,SPEEO GqVER~OR METERING PUMP 

.25 SUCTION FIL't~R , 

l6 ,OIL ORAl':" _YALVE • S· 
27 SUMP (M'AIN OIL CONTAINER) 

211 OVERSPEEO GOVERNOR DRAIN 

29 METERED OIL. SUPPLY TO REAR BEARING 

. 'I : "·' 
30 REAR BE.6:_RINq OIL DRAIN :~;~·,-

, ,.. J~~~ 

31 REAR ~EARING ·, ' 7 

\ ",, 

Pressure (1/ter 

' . 

7. The filter seats directly into a ,bowl cast 
in the sump and is ·held :in position by a. cast 
cover with six-studs. It consists of a cylindrical 
copper gauze supported by .a-ce11tral tube and. 
surrounded by a felt filter. At either .end of 
the support tube are metal ·plates which are 
located on bronze tubes brazed to the support 
tubes at· each end ; the .inner plate is spril;lg-

, loaded. The :filter incorporates an over-load 
valve assembly at its inner endi so that if there is 
an excessive restriction, the oil by-passes the 
filter and there i~ .no' loss of lubrication. The 
outer casing of the valve .is sweated inside 
the inner end of the support. The, valve is 
retained in position across the top of the 

C·T E D 
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• METERED 

- SPLASH DRAIN AND 
~ BULK SUPPLY IN SUMP 
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I DRIVING GEAR 
l DRIVING SHAFT 
3 'OIL PASSAGE 

4 SPRING-STEEL TONGUE 7 KNURLED NUT ID CAM 
5 PISTON (OUTER) 8 PISTON (INNER)· 11 IDLING GEAR 

6 NOTCH 9 TAPPET HEAD 

Fig. 5. Gear-type pump ~nd metering pu':"p 

inner piston is 'adjusted liy a knurled nut. 
screwed into the end of the cylinder. Eleveq 
eCJ.ually spaced notches, which are numbered 
from 0 to 10, are cut in the outer. periphery 
of the knurled nut. A flat spring-steel tongue ' 
engages in a notch and locks the nut in a 
specific position which gives an· indication of 
the quantity of oil that is delivered by the 
pump. 

11. Oil is supplied to the pump from a space 
arranged under the pump spigot from which· · 
a drilling in the pump body ·communicates 
with a port in the pump cylinder. A Neoprene 
sealing ring is fitted round the pump spigot 
under the flange, to prevent leakage from the 
supply channel. ·. When replacing the. pump, 
care must be taken that the ring· does not 
block the supply passage. Another port in 
the cylinder communicates with the outlet 

· port from which the metered oil supply is 
taken, ~t right angles to)~he bore of the cylinder. \ 

12. With the cam in its lowest position, the 
- inner piston uncovers the supply port in the' 

cylinder and the space between the two pistons 
fills with' oil. As the cam rotates, the inner 
piston moves • outwards covering the supply 
port! The· two :Pistons, then move together 
with a metered .quantity of oil between them. 
Towards the outer extremity . of the pump · 
stroke, the outer piston uncovers the outlet 
port-and the continued movement of the inner 

piston evacuates the p~p space__. against the
spripg load on the outer piston caused by the 

. collapsing of the springs in the ~djustable 
·, knurled nut. · The quantity of oil delivered 
' depends on the position of th~ outer piston 
with reference to the inner piston, as determined 
by the knurled nut, and only slightly on the 
oil inlet pressure. 

13. The capadty of ea~h pump is 0 · 60 
pints, per hour at 1,000 r.p.m.; but before 

. installation ~ey are . adjusted . on a test rig, 
by means of the knurled nuts at the outer 
end, to give .a delivery· of· approximately 
100 cc. per hour at 3,000 r.p.m. in the instance 
of metering pumps to the bearings, and of 
14 cc. per hour in the instance of the governor 
metering pump. 

M lscellaneous 
Oil pressure ga!Jge 

' . . 

14. The pressure gauge connection on th~ 
top box is provided at· a point in the·pressure 
line remote from the . pressure pump. It 
serves as a 'connection to' the pressure trans- . 
mitter which is mounted on· the firewall of 
the aircraft and whic~liminates tlie·necessity 
of running th~. lubncating oil pressure lines 

. direct from, the .engine to the indicating in
struments in, the cockpit. . By pteans of a 
flexible diaphragm, the pressbre. of the oil on · 
the engine-side is transferred to a low viscosity 
fluid connecting the aitframe side· to the 
pressure gauge in the ·cockpit . 
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011 temperature gauge 
15. The oil temperature is obtained; at a 
point .remote from the ·pressure pump, by a 
resistance thermometer inserted in a pocket 
in the oil gallery on the top accessory box. 
The resistance thermometer operates by reason 
of the increase with temperature in electrical 
·reSistance of a wire carrying a current. The 
two leads from the thermometer are con- · 
nected to· a junction box. on the airframe 
from which the connection is made to the 
gauge in the pilot's cockpit. The variation in 
resistance with temperature is translatea into 
'degrees centigrade in this instrument ; the 
range of the instrument is from 0-120 deg~ C. 
The operating. temperature should lie between 
the limits of 10 deg. C. and 75 deg. C.. · 

Front bearing 
·16. The front beari1,1g is -contained between 
its housing at the rear end and the. retaining 
plate for the outer race at the forward end ; . 
these. two. components are held .together by 

· studs. ·.The metered oil enters through . a 
banjo connection fitted to. an oil pillar screwed 
into the retaining plate in which there is a 
groove to ensure that the oil goes to the 
bearing itself. The oil pressure builds ·up in the 
bearing, escapes through a small diameter 
hole in the retaining plate and is dispersed by 

· the flinger which is rotating with the shaft, 

. , 

A.P.41218, Vol. I, Sect, 2, Chap. 3 

and· eventually drains ·back '.through the fron~ 
casing to th~ ·sump. 

Rear ·bear.ing 
·17. The pipe carrying the metered oil .for . 

· the rear bearing follows the line of the centre 
casing. The oil feeds into the centre of the 
outer housing of the rear bearing, assembly 
and passes through a small hole in the inner 
housing. At a slightly higher point hi the 

· housing is the drain hole ; the oil $at passes 
through this drain hole forms a small· well' 

. into which the bearing cage dips ; the oil is 
eaught by, and is rotated with· the bearing. 

'If the rear bearing temperature reading is 
high, it is an indication of unsatisfactory 
lubrication at the rear bearing. 

I 

'Governor lubrication ) 
18. A cast diaphragm in the governor .drive 
housing carries two oil seals . through which 
the driving shaft. passes, forming an annular 
space·.round tlie·shaft. Metered oil, fr!)m the 
third pump on the sump, supplies this annular 
space from which it passes. through a radial 
hole in the shaft to a central bore ·and thence 
to the interr,al parts of the governor. Surplus 
lubricant is conveyed to the common drain 
from the union in the end of the governor 
housing • 

'" F.S./4 RESTRICTED 
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A.P.4121 B & C, Vol. I, Sect. 2 (A.L. 31) 

Chapter 4 

.STARTING AND IGNITION EQUIPMENT 

LIST OF CONTENTS 

General 
Starting cycle 

Para. 
I 
2 

Ignition equipment .... 
Para. 

9 

LIST OF ILLUSTRATIONS 

Diagram of electrical starting equipment .... 
Starting cycle 

General 

Fig. 
I 
2 

1. To start the engine an auxiliary source 
of power is required to rotate the main 
shaft assembly, .and some form of ignition 
is necessary to ignite the fuel. The :first 
is provided by a compound-wound electric 
motor mounted on the bottom accessory 
box, and ignition is provided by two high 
energy ignition units and two surface dis
charge igniter plugs. As the conditions for 
successful starting are critical, the starting 
cycle is controlled automatically in three 
stages. This chapter deals mainly with igni
tion system components which are mounted 
on the engine ; for details of the airframe 
wiring and switches, reference must be made 
to the relevant aircraft Air Publication. 
Instructions for servicing and overhauling 
the individual ignition system components 
are given in A.P.1374, Volume 1. 

Starting cycle 

2. Before a start can be initiated by 
pressing the starter push-button, the con
trols must be set correctly and connection 
made to a ground starter battery in accord
ance with the starting procedure detailed in 
Vol. 2, Part 3, Sect. 2, Chap. 2 of this pub
lication. When the starter button is pressed 
two things occur ; the automatic (clockwork) 
time switch is electrically wound, and the 
slow-engagement relay is energized; pressure 
must be maintained on the .starter button 
for about two seconds to ensure that the 
time switch is wound fully. Energizing 

Fig. 
High energy ignition equipment installed on 

Goblin engine .... 3 

the slow-engagement relay causes t4e relay 
contacts to close so that current flows to 
the starter motor through the slow-engage
ment and speed-limiting resistances, and 
to the high energy ignition unit relay. 
With the two resistances in circuit the 
starter motor rotates slowly, thus allowing 
the starter dog jaws to engage without 
shock, and so preventing damage to the 
drives within the engine ; at the same time 
the high energy ignition units and igniter 
plugs comme~ce to operate. 

3. When the starter button is released the 
automatic time switch commences to func
tion, and the starter button is isolated so 
that the starting cycle cannot be interfered 
with, except by opening the starter switch. 
Current flows to the starter motor through 
the two resistances for the duration of the 
:first stage (4-7 seconds), then the second 
stage relay is energized, by operation of the 
time switch, and the slow-engagement 
relay .is shOJ;:t-circuited. 

4. The second stage of the starting cycle, 
with only the speed-limiting resistance in 
circuit, lasts for 5-7 seconds, during which 
time the starter motor accelerates the engine 
up to approxi111ately 700-900 r.p.m. At 
about the end of the second stage, an 
atomized spray of fuel from the burners is 
ignited by the igniter plugs, in No. 2 and 
No. 14 combustion chambers, and the flame 
spreads to the other combustion chambers. 
through the interconnectors. 

(A.L. 31, Apr. 56) F.S.JI 
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GROUND 

AIRCRAFT 

ENGINE 

- 24 VOLT 230 AMPERE-HOUR 

+ 
GROUND STARTER BATTERY 

L-----------------~ 

AIRCRAFT TEST SOCKET 

AIRCRAFT 
BATTERY 

VENNER TIME 
1:;;1 . ~ SWITCH 

~'==4'=-e STARTER (PUSH),""=ii=====O 

BUTTON =AIRCRAFT BATTERY SUPPLY 

--GROUND BATTERY SUPPLY 

-FULL STARTER 
~ CURRENT 

EARTH 

NORMAL 
SLOW-ENGAGEMENT START RELIGHT 

RELAY 

AUTOMATIC 
TIME SWITCH 

RELAY RELAY 

AUXILIARY 
STARTING 

SWITCH 

SPEED LIMITING 
I RESISTANCE 

SURFACE DISCHARGE 
IGNITER PLUGS 

Fig. 1. Diagram of electrical starting equipment 
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Fig. 3. High energy ignition equipment installed on Goblin engine 

condition will result in ' labouring ' of the 
engine with long flame in the tail pipe, 
high temperatures, and failure to accelerate. 
If temperatures of minus 20 deg. C. are 
experienc~d the auxiliary startin9 . switch 
should be moved to the ON pos1t1on, as 
experience has shown that due to engine 
sluggishness at these low temperatures, the 
automatic time switch starting cycle is 
properly in step with engine r.p .m. and fuel 
pressure. 

8. Owing to the different characteristics of 
the Lucas fuel system fitted to Mk. 3 engines, 
only the automatic time switch starting 

cycle is used, and if an auxiliary starting 
switch is fitted it is wire-locked in the ON 

position. 

Ignition equipment 

9. The high energy ignition equipment 
consists of two surface-discharge type 
igniter plugs which are supplied from two 
high energy ignition units mounted on the 
starboard side of the engine air-intakes, 
through individual ignition cable assemblies . 
The ignition units are supplied with low 
t ension current (16 to 29 volts D.C.) from 
the aircraft battery via the engine start er 
circuit, when starting normally on the 
ground, or ,·ia a Venner time switch when 
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relighting in flight or checking the ignition 
equipment on the ground. The low tension 
side of the system is entirely an airframe 
item, and reference must be made to the 
relevant Air Publications ·for a detailed 
description of the wiring and switching. 

10. Each surface-discharge igniter plug 
consists of an insulated centre electrode 
and an earth. Unlike the H.T. igniter plug 
' conventional sparking plug, there is no 

air gap, and the space between the elec
;trodes is filled by a semi-conductive insula
for. The centre electrode is connected to 
i.ts individual high energy ignition unit, and 
•the earthed electrode is connected to the 
'screen which surrounds the ignition cable 
assembly. 

11. Each high energy ignition unit con-' 
tains a coil and trembler 1pechanism, 
capacitors, a high-voltage sel~nium type 
rectifier, sealed discharge spark-gap, and 
a choke. The electrical discharges pro
duced by this unit are delivered at a much 
slower repetition rate than those produced 
by a booster coil, but each discharge is of 
considerably higher energy. The duration 
of each discharge is of the order of 50 
micro-seconds, and the peak discharge 
current in the region of 1,500 amp. The 
stored energy per discharge is approxi
mately 12 joules, with a frequency of about 
60 discharges per minute. 

12. Each ignition cable is in one piece, 
and extends from the ignition unit to the 
igniter plug. The single cable is supported 
throughout its length by a number of simple 
clips. 

13. When an engine fitted with high energy 
ignition is being started, 24 volt D.C. 
(maximum input 2· 5 amp. measured on a 

A.P.41218 & C, Vol. I, Sect. 2, Chap. 4 (A.L. 31) 

moving coit instr.ument) is supplied to the 
coil and trembler mechanism in each 
ignition unit. The induction coil repeatedly 
charges a reservoir capacitor, through the 
selenium rectifier, until the capacitor voltage 
increases to a value at which the sealed 
discharge gap will · ' break down '. The 
capacitor then discharges through the sealed 
gap, an inductance, and the surface-dis
charger igniter plug, which are all connected 
in series. The capacitor is then recharged 
and the process repeated at a frequency of 
not less than one discharge per second. The 
discharge across the semi-conductive insula
tor of the surface-discharge igniter plugs 
ignites the fuel issuing from the burners in 
No. 2 and No. 14 combustion chambers, 
and the flame spreads to the other fourteen 
combustion chambers through the inter
connecting passages. 

14. Mod. 1063 introduced the B.T.H. 
C.IOTS/3 high energy ignition unit to 
supersede the j2. The /3 ignition unit 
incorporates a miniature spark gap to 
initiate the first discharge at the correct 
break-down voltage. With the earlier type 
of ignition units it was found that when 
the ignition was switched on after a period 
of inactivity there could be an appreciable 
delay before the initial discharge occurred 
at the igniter plug. This delay impairs 
engine starting and also results in overload
ing of the reservoir capacitor in the ignition 
unit. Although a failure of one of the 
ignition units might not be detected on 
the ground, it might result in failure to 
relight at altitude. In the /3 unit the 
miniature spark gap is fitted close to the 
main discharge gap, which triggers off the 
actual discharge at. the igniter plug, and 
this auxiliary gap i<?nises the main gap 
and so ensures an immediate discharge as 
soon as the voltage reaches 2,000 volts. 

F.S./3 
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