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PULL SYSTEM AND COXTONENTS

The engine employs one "jerk" type fuel injection pump and one injector
per cylinder, The injection pump draws filtered fuel from & pressurized fuel
circulating system supplied by a circulating pump which has an output through-
out the engine speed range, in excess of the engine's fuel requirements, Sur-—
plus fuel delivered by the circulating pump is returned to the tank through
& pressurizing velve: a constant supply is thus meintained to all injection
pumps end the excess fuel prevents the formation of air pocketa, as any air
is carried away by the scouring action of the fuel,

Circulating System,

The fuel is drevm from the tank, by the engine driven fuel circulating
pump. From the pump, fuel flows to twin fuel filters and from the filiers
through 2 flexible pipe to the fuel operated hydraulic governor. From the
reservoir in the governor casing, the fuel is carried hy an external flexible
pipe to a2 junction bor mounted on the phasing gear case. From the junction
box, the fuel flows through three external pipes to the inlet galleries fox-
med integrelly along the three camshaft casings, and into the inlet chanbers
of the fuel injection pumps through a series of transfer ports.

To maintein an adequete fuel supply to the injection pumps‘at all engine
speeds, the flow through the fuel inlet galleries 1s in excess of requirements,
the surplu= from the injection pumps being ducted through fuel return gall-
eries formed in each camshaft casing, and through external pipes to the fuel
return junction box, The outlet union of the return junction box ctrries a
gpring-loaded valve, This pressurizing valve, maintains the necessary pres—
sure in the engine for the satisfactory operation of the injection pumps and
of the hydreaulic governor, A pipre connects the pressurizing valve outlet
with a venting junction box mounted on 'C!' side of 'B' exhaust manifold. The
venting Junction box is connected with the fuel tank,

A manually operated fuel rriming pump is fitted to the installation
system and is conuected by external pipes to a priming valve mounted on the
rhusing gear csse, Vhen the priming pump is operated, fuel is directed to
the starting cecumlator and to the engine system.

Fuel Circulating Fump.

The gear-type fuel circulating pump is mounted on 'C' camshaft casing
and is driven, through a cuill-sheft by the camshaft,

The pump has two seals suitebly positioned on the pump shaft, one to
prevent fuel leakage from the pump and the other to prevent ingress of lub-
ricating oil to the pump, 4 drain duct is provided between the seals to indi-
cate any leakage that may take place from either seal, A non-return velve
is positioned in the pump inlet union to maintein fuel in the engine system
when the engine is stopped and alsc when an engine is to be removed from the
installation. A by-pass valve housed in e duct formed in the pump casine per-
mts fuel from the hand-opersted priming pump to enter the engine systen,
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Pipe four-way connection to venting junction hox 11. Supply junction box to "A" camshaft casing
'B" cumshaft casing to refurn junction box 12, Supply junction box to 'C' camshafl casing
Fucl return junction box to venting junction box i, 'C7 camshaft casing to rerurn junction box
Pressurizing valve to venting junction box 14, Engine {uel inlet connection
Supply junciion box to venting junction hox 153, Circularting pump to filter
Governor to supply junclion box 16. Fuel filter to governar
Priming conncction to accuniulator 17. 'O injector spill o four way connection
Governor Lo starting accumularor 18, "A’" camshafr casing to return junction box
Supply juncrion box to 'B' cumushalt casing 19, A" injector spill to four -way connection

. Priming valve to fucl circulating pumn 20, "B’ injector spill to four-way conncetion

21. Four-way connection for injector spill

EXTERNAL FUEL SYSTEM
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Filters,

Each fuel filter consists of a body carrying a cylindrical casing which
contains the filter element.

The open erd of the filter casing is lirped to form a seal with & joint
ring located in the filter body. The casing is Tastened to the body by a
steel retaining rod which is screwed to the base of the casing and secured to
the body by & mut. The corrugated felt-and-geuze element is contained in a
coge fitted with end caps and mounted over the steel rod in the filter casing,
The filter casing can be drained by unscrewing the drain plug.

Unfiltered fuel is passed by the circulating pump to the inlet union of
the filters, The two filters are in parallel and ducts within the head cast-
ing direct the fuel to the ocutside of the filter elements, the fuel passes
through the elements from the outside to inside, the filtered fuel returning
to a common outlet duet in the head casting and to the ocutlet union and engine
systems The outlet union comprises & non-return valve to prevent drain down
of the system when the engine is stationary.

Starting 4Accumulator

& starting accumilator is incorporated in the fuel system and retains a
cherge of fuel under precsure which is released to the governor during the
starting sequence,

The accumilator is charged with fuel by the governor during normal run-
ning and is also connected into the engine priming circult to ensure that the
accumilator is fully charged prior to starting,

Priming Valve,

The priming valve, mounted on the phasing gear casing top face on 'C!
gide of the engine, consists of a body having an inlet union and two out-
lets, One outlet is connected by a flexible pipe to the starting accumilator
while the other outlet. which houses a spring-loaded conically seated valve,
is connected to the fuel circulating pump by-pass.

Operaticen ef the priming pump causes fuszl to be passed direet %o the star—
ting accumulator through the wire-wound filter.  When the accumulator is fully
charged; the pressure exerted by contimied operation of the priming pump,
lifts the spring-loaded valve off its seat and fuel is permitted to pass to
the fuel circulating pump by~pass valve and through to the engine system,

Fuel Pressurlzing Valve

The fuel pressurizing valve consists of a spring-loaded check valve moune
ted In a body which is situated on the fuel pjzpes return junction box, It
maintains the precveure at a nominal 20 1b/ in“the fuel circulating system to
obviate the possibility of air in the system. This pressure is also required
for the correct operation of the hydraulic governor,
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1. Connection to starting accunulalor !
2, Filter

3. Filter body

4. Nipple

5. Valve

6. Inlet connection from prining pump

7. Connection to fuel circularing pump

PRIMING VALVE
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1. Union conncction to junction box
2, Yalve

3. Valve guide

4. Connection ro venring junction box

PRESSURISING VALVE.
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Venting.

A plug fitted in the filter body enables the filters to be vented during
initial installation or after the fuel system has been broken for any reaaon,

An air release valve is fitted in the filter chamber on each fuel injec-
tion pump to enable alr to be vented from the pump during fuel priming,

Injection Pump,

The fuel injection pumps are mounted on the camshaft casings, and for
control purposes, the pumps are linked together on each bank, the three benks
being controlled as a single unit by a system of linkeges, The pumps sup—
Plying each bank of cylinders are operated by a single ceamshaft which actu-
ates the pump plungers through spring-loaded tappets, but individual pumps
can be removed from the engine without disturbing any other component.

Each pump is assembled into a housing and consists of a pump barrel,
& plunger, an unloading delivery valve, a roller tappet shell, and a felt
filter pack with &n air release valve and a control shaft assembly housed in
a bore at right angles to the plunger,

The baerrel is located against a machined counter-bore forming a seat in
the housing and is prevented from rotating by a barrel locating screw which
enters a locating slot out axially along the cutside of the barrel., A £ill
port and a spill port are drilled in the barrel and are surrounded by an ann-
ular chamber which connects with the fuel supply and return gelleries in the
camshaf't casings by two ducts drilled in the mounting flange of the pump hou=-

sing,

The control sleevc is a rumdng fit on the outside of the barrel aad is
retained in tkhe housing by the upper spring plate. Helical gear teeth are
machined on the outside of the sleeve to engage similar teeth on the control
shaf't, and 2 slot is cut in the skirt to engage the actuating zrm of the plu-
nzer vee dog clutch. Rotary movement of the control rod is thus transmitted,
first to the slecve and then, through the arm and dog clutch, to the plunger,

The camshaft imparts a reciprocating movement to the tappet shell by
driving a tappet roller which is su ported by needle rollers mounted on a pin:
8 tappet locating screw prevents the shell from rotating and also retaina the
tappet assegbly in the housing when the injection pump is removed from the
engine,

The control shsft assenbly of each pump comprises an immer shaft sur-
rounded by an cuter shaft carrying an integrel gear, the whole acsembly bheing
supported at each end by a flanged bush fitted with an oil seal, At one end
of the shaft assembly an adjustable coupling piece is splined to the inner
shaf't in a fized position and locked by a pinch bolt.

A worm adjustmant between the couplinz piece and the ocuter shaft is pro-
vided by the adjusting bolt which sets the coupling to the outer shaft in the
desired position. ILach punp control shaft assembly is comnected to the con-
trol shafts of the adjacent pumps, by short shafts and axially flexible
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disecs to form a common control shaft for each bank of fuel pumps and control
these as one unit,

A setting pin is provided for locking the control shaf't when connecting
or disconnecting the controls; the pin is stowed in an adjacent tapped hole
when not required.

A spring-loaded delivery valve is retained by a hollow valve stop and a
spring which are housed in the outer end of the pump barrel. The barrel is
retained in the pump body by a gland nut at the discharge end of the pump; &
fuel-tight joint is formed between the gland nut and the barrel by a seal
ring.

A short unloading piston is machined below the head of the delivery val-
ve, the unloading piston being a close fit in the valve guide which is formed
inside the barrel.

Injection Pump Punctioning.

Fuel enters each pump from the pressurized inlet gallerr in the camshaft
casing and passes through the felt filter pack and feed duct to the annular
chamber. With the plunger at the imner end of the stroke, the feed ports are
uncovered and fuel enters the space between the hesd of the plunger and the
delivery valve. When the plunger moves outwards the feed ports are cloaed,
the pressure of the fuel trepped in the barrel rises until the delivery valve
is forced open and pressure is then applied to the fuel in high-pressure fuel
pipe. The increasing pressure in the high-pressure fuel pipe, opens the injec-
tor valve and injection takes place until the trailing edge of the piston por-
tion of the plunger uncovers the spill port; the fuel under pressure at the
plunger is then released to the fuel return gellery in the camsheft casing by
wey of the barrel spill vort and the return duct in the housing.

The fall in pressure at the plunger allows the delivery valve spring to
close the delivery valve and the unloading piston in the valve stem moves into
the valve guide. This movement unloads the high-pressure fuel pipe by increa-
$ing the volume in the pipe by an amount equal to the volume of the piaton; a
sharp fall in pressure then ocours and the injection valve closes abruptly,
instantly terminating injeetion,

Fuel Control.

The quantity of fuel delivered by each injection pump is varied by alter-—
ations to the effective stroke of the plunger. In response to movement of the
governor output lever, the control shaft rotates the injection pump control
sleeve which turns the pump plunger by the dog clutch arm and varies the pos~
ition of the helix relative to the spill port.

when the engine 'shut~down' mechanism is operated the engine governor
causes the fuel injecticn pumps control shafts to be moved to a 'mo fuel' pos-
ition; the pump plunger is rotated until the axial slot is aligned with the
spill port; then, as the plunger moves outward, the fuel is no longer fed to
the injectors but is forced through the exial slot and 8pill port in the re-
turn line duet, thereby depriving the engine of fuel and causing it to stop.
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. Novzzle body 14, Lock nul

2. Sac I15. Injector retaining bolt
3.  Capacity filling ring 16. Spring loaded plunger
4. Adapter seating washer 17, Injector body

5. Cylinder block 18, Retaining slecve

6. Locating peg 19, Injector adapter

7. Supply duct 20, Seal ring

8. [lligh-pressure fuel pipe 21. Floating-sileeve

9, Injector spill 22. Nozzle cap nut

10, Lnien bolt and banjo 23, Seal ring

1I. Spill outler 24, Copper svaling washer
12, Spring housing 25. Cylinder liner

13. Cap nut 20. Needle valve

INJECTOR AND INJECTOR ADAPTER ARRANGEMENT
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In the event of plunger seizure, the vee dog clutch prevents jamming
of the controls by allowing the driving member to override the seized plunger
8o permltting free rotation of the control shaft,

Varisble Injeotion Timing,

The inverted timing helix machined on the purp plunger provides the
correct degree of injection timing over the full range of speed and load, the
commencement of injection varying according to the relative rotational pos-
ition of the helix to the spill port, This permits the commencement of injec-
tion to be refarded for a combination of low speed and low load and advanced
gradually as the engine speced or engine speed and load is increased. Thus
commencement of injectlon is variable throughout the whole range of engine
speed and load. '

Fuel Injector.

The injector consists of the nozzle body needle valve and the spring-
loaded plunger housed ‘n the injector body. The needle valve is inserted in
the nozgle body which is secured to the injector bedy by the nozzle cap mat,
The spring-loaded plunger is mounted in & bore in the injector body and is
retalned by the spring located in the housing which is screwed into the injec-
tor body and secured by the lockrut and cap mut, Puel flows from the high-
pressure pipe through the ducts to the sac inside the nozzle body., Fuel leak-
ing through the bores in the nozzle and injector bodies ia returned to the
tank through outlets in the spring housing and cap mut and through the common
external spill pipe.

Injector Adapter,

The injector adapter passes through an orifice in the wall of thu c¢yl-
inder block and is screwed into s threaded hole in the cylinder liner. A
cepacity filler at the base of the adspter threads is compressed, during the
tizhtening procedure, to £ill the cylinder liner thread counterbore, 4 seal
ring between the liner end the adapter seat, provides a gas end coolant seal,

The adapter is surrounder by a floating-sleeve which is permitted a
lind ted amount of axial movement between & land formed on the outer diameter
of the adapter and, the facing on the cylinder liner. A controlled amount of
radial movement is permitted between the floating-sleeve and the cylinder block
and, between the sleeve and the adapter, Synthetic rubber seal rings carried
in grooves in the floating-sleeve and in the adapter, prevent the escape of
coolant,

An injector retaining sleeve is carried on the adapter and has two
tapped holes for the injector retaining set bolts, A scallop mechined in
the retaining sleeve, engages with & locating pin secured in the cylinder
block. The locating pin ensures the correct angulsr location of the injector
when in position, A copper washer forms a gas tight seal between the injec-
tor and the adapter,

Injector Functioning.
Fuel is fed from the injection pump through the high-~pressure pipe and
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ducte to the sac inside the nozzle body. Iressure built up in the sac foroes
the needle valve towerd the open position against the spring loaded plunger
and, as ‘the valve opens, fuel is injected into the combustion space. When
injection pump cezses to pass fuel to the injector, the pressure in the sac
drops and the spring pressure acting on the plunger closes the needle valve
and terminates injection abruptlye.

High Fressure Pines.

The high-pressure pipes connecting the injection pump with the injector
are of cold drawn mild steel, tin plated internelly and externally. The pre-
ssure joints at each end of the pipes ere formed by 'Ermeto' couplings,

The pressure coupling oonsists of a sealing ring and a securing nut.
During initiel assenbly of the coupling, the sealing ring is altered in shape
and jits leading edpe becomes ernpedded in the pipe; when the joint is subse-
quently unscrewed, the ring rcmains permenently attached to the plpe.

The high-nressure pipes sare supported on the adjacent camshaft casing
by & shroud clip and rubber bush,
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DETAIL OF HIGH-PRESSURE UNION
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Control shait
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Fuel injecrion pump

Timing scgment inspection port
Sealing ring

Seouring nut

HIGH PRESSURE FUEL PIPES AND INJECTOR SPILL PIPE



