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GENERAL INTRODUCTORY NOTES.

The complete working evele of the engine requires Tour strokes of the piston, that is, two complete
turns of the crankshaft,  During the first stroke, a charge of air 15 drawn into the eylinder und 1s
compressed during the second stroke. At or towards the end of this stroke, o charge of nel is injected
into the combustion space in the form of sprav which is at once ignited solely by the temperatore of
the compressed air charge. The resultant combustion canses o rise of pressure and o store of energy
to be expended during the third stroke, or the power stroke. During the fourth and List stroke, the
burned gases are expelied and this completes the eyele.

It is well-known that when air is compressed, its temperature rises, and 1if the compression be high
cnough, the resultant temperature suflices to ignite readily the ligquid Doel charge. This s the principle
of the 1. type, compression-ignition engine : to repeat, wgnition is clfected solely by the temperature
of the compressed air charge, and this applies
equally while the engine i running or while it is —— FROM FUEL FumP

being started Dy hand when alt 15 cold. ‘ i

The fujection of the fuel into the combustion TO DRAIN BIFE

chamber s ellected by aninjection pump, one

to each oylinder, which torces the fuel through

w sprayer situated at the summit of ewch com-
3 CLAMP PLATE

bustion chamber,  Fach fuel charge is securately : ;
T . BREECH PLUG ! i
measured by the injection pump, the amount of ] il

the charge being varied and controlled by the

autontatic governor to correspond with the load SPRING. . ___

carried by the engine at any given monment.

BREECH FLUG ____

s N e . . . COPPER WASHER
Fuel Injeetion Pumps. --These are huilt in units

cach containing as nuwny pumps as there are

S5PRING SEAT —

eylhinders on the engine. The S-evlinder engine, HOLLOW PISTON VALVE _

however, has a 2-pump unit anel o 3-pump unit,

while the #-cyvhinder engine has two 3-pump

units,  Pach pump is operated by its own cam SCREWED CAP—

on the coonshaft, and in addition, is furmished GRINDING  T00L.

with a hand lever and latch enabling the pumps NOZZLE _.. —
to be worked Dy hand for priming the injection JET HOLES

system.  The latches enable any pump to be TVALVE SEATS

put into or out of action.

Fig. 3
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GENERAL INTRODUCTORY NOYIES- continned.

STARTING AND VALVE GEAR.

The essential feature of these engines is that the starting is effected by o hand eranking handle just
the sarme as in the motor ecar engine,  Hand starting is the standard lorm for all the Lotype engines,
but clectric starters are supplied at an extra charge when so ordered. As already explained, the
ignition of the Tucl charge is effected solely by the temperature of compression, therefore all extraneous
devices such as pre-heating, cartridges, electric pligs and such like, often wsed for starting from cold,
are entirely dispensed with.

Having regard to the high degree of compression necessary in engines of the compression-ignition
type, starting by hand power is quite an achievement and depends sunong other things upon the
Gardner Patented Valve Gear by which (1) the engine 1s relieved of all compression during the first
stage of hand starting and (2) during the second and last suage, the timing ol the air valve 15 altered

50 as to obtain maximum compression during the slow turning at starting.

WORKING FIRST STARTING POSITION SECOND STARTING POSITION
POSITION (DECOMPRE SSION) (MAXIMUM COMPRESSION)

Fig. 5
STARTING LEVERS., SHOWN IN THEIR THREE
DIFFERENT POSITIONS.

On the valve gear box of cach evlinder head 15 a small starting lever which normally rests vertically
downwirds while the engine is running, in which position it is inoperative. i the horizontal position
it prevents the air inlet valve frome entirely closing and =0 prevents compression,  When the starting
lever s turned vertically upwards, past the top centre, it canses the inlet valve Jever to shde adong

the rocker shall so as to re-engage with the air inlet valve, but now, the time of opening and elosing
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GENERAL INTRODUCTORY NOTES—continued.

Starting and Valve Gear confinued.

13,

L,

of the air valve s altered so as te obtain maximum compression while the engine is being turned

slowly by hand. Fo recapitulate, the starting levers take o turn the following three positions

Noo Lo First starting position. Haorizontal.  De-compression.
Noo 2= Second starting position. Over the Top. Maximum compression,
N3 Running position. Vertically down.  Out of action.

The operation ol starting 15 described further on: See 36 and 37.

Starting Fuel-Plunger. Ulnderncath and at the end of the aluminium box attached to the front of
the fuel pumps will be found a vertical spring-loaded plunger which, on bemg pressed up, as far as
it will go, releases the governor-control bar of the puraps and allows it to slide tewards the lywheel,
i which position the pumps deliver an increased charge of fuel for starting from cold. As soon as
the engine s started, the governor-control har automatically retakes its normal working position in

which the pumps camnet give an excessive charge of fuel.

This plunger is o be used only when starting from cold @ it must on no account be wsed when the
i s A K

engine is running, for the purpose of increasing the power of the engine. 1 the phinger be held or
propped np wlale the engine is working, the pumps may deliver more fuel to the engine than it can burn

and sericus trouble may ocour.

Variable Speed. Tl speed of all engines can be varied while the engine is running, from 400 rpom.
to the maximam running speed incliding all mtermediate speeds by merely turning o konded kanols
in o lever on the governor case. 1t 15 here to be observed that the engine is under complete control
of the governor at all speeds. Apparatus for the remote control of the speed can be added it an
extra charge.
ASSEMBLING AND INSTALLATION.

Packing, [‘uiess expressly orderedt otherwise, the engines are packed in their assembled stite with
only the flywheels removed.  Before packing, all bright parts are varnished with o st preventative
which 1= soluble in parafhn.

Unpacking. When mnpacking, lay out all the loose parts in o saitable, clean place, free from dnst
and grit and sheltered from the weather. These parts should be ar once checked amd identilied by
the Contents List, which is sent by post with the Advice Note of despateh. Tnewse these parts have

to lic Tor any lengthe of time betore assembling them, it s not wise to remove the protective varnish.

H there s any work being carried on in the neighbourhood of the installution, it s adyvisable to keep

the engine sheeted up as much as possible, and to retain the protective varnish till the lasi moment.

Assembling., o remove the protective varnish, use clean, cotton cloths, soaked i parafiin (kerosene),
Do not use cotton waste as it is rarely free from dust and particles of fuff,. When assembling engines

at the Works, we make Iree use of clean cloths and paraffin baths, and strengly recommend this
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GENERAL INTRODUCTORY NOTES- continued.

practice when assembling on site.  Clean Gas Oil {from petroleum) is nearly as effective ol is, m
general, much cheaper than paraflin.  Take care that all oil holes and such places are thoronghly

cleaned out during assembling.

Fuel Serviee Tank.— A suituble service tank is inchwded in the accessories of all stationary engines
but not for marine engines or other enyines requiring special tanks,  Special tanks dilter so much
in size, shape and construction that they are regarded as coming under the head of installation work.

Fuel Service Tank.—After piping the fuel tank to the first fuel filter mentioned in para. 7 and from
this filter to the second fuel strainer on the engine, and after charging the fuel tank it is advisable (o
uncouple the union at the engine second fuel filter and allow a copious flish of Quel to pass in order to
clear out rom the pipes any dirt that may have found itz way in. - Alter re-conpling to the lilter, open
the vent tap on top of the filter and allow another flush of fuel to pass. Do the same at the serewed
plig in the fiywheel end of the fuel pumps.  These Tast two flushings are to expel all air fromy the
system.  This is very important.

Exhaust Pipes. The exhaust system may be planned on lines similar to those customary in petrol-
parafin engines.  Special care should be taken to avoid an unnecessary number of hends and gread
Tengths of pipe which cause undue gas friction and impairs the working of the engine. The normal
size of the exhaust pipe is 2 in, inereasing to 3 in, at the exit from the expansion chamber or silencer.,
Sometimes, in Marine Installations, circulation water is injected inte the exhaust pipe for cooling

in such cages, the exhaust pipe should be inereased all through to 3 in.

PREPARATION FOR STARTING AFTER INSTALLATION.

Lubrieation System.--To charge the pump in the lower crankease, remove the cover ol the oil hlter
hox and pour in lubrication oil until the sump level reaches the maximum mark on the dip rod which

will be found in the lower crankease on the governor side.  See Fig, 6, page 11

The Dip Rod passcs obliquely throngh a hole in the crankease and s withdrawn by o knurled knob
marked “OAl Level” The lower end of the rod is marked ©Max, Level” and “Mino Level”

Remove the serewed plug on the suction pipe of the Tubrication pamp and, by the ard of the Lrge
syringe supplied with the engine, fill the pipe with oil until it overflows at the plng hole. The object
of this is to prime the pump and suction pipe from the foot valve upwards. This plug will be Tound

on the left-hand side of, and within an inch, or so of the il pump.

After o first run after installation, a certain amount of oil will be used to [ all the oil pipes ol to
wet all the internal surfaces,  This will, of course reduce the oil level in the sump, henee the necessity

of an additional make-up charge of oil after a first run,

Formed in the crankshalt are oblique ducts which lead Tubrication oil from the nain hearings to the

crank pins and hence to the gudgeon pins by way of a central duct in the connecting rod.
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PREPARATTIONS TOR STARTING  confined.

Lubrieation 0il Pressure. After starting the engine, an interval of ten to fifteen seconds is necessary
for the pipe and (lier system to become filled by the Tubrication pump, conscquently, during this

interval the gange will not be expected to record any pressure,

Water Circulation Pump {Centrifugal Typei. Scc that the grease cup of the gland s fully charged
with a light mineral grease and, before starting, give one turn to the cover of the cap.

Liquid Fuels.- The following are two specifications of typical examples of fuels suitable Tor these

engines -

(s O3l PHesel Ol
spectlie Gravity at 60717 oo o860 - B80
Initizl Boiling Point U LN 20070,
Distillation Test 109 ot U5 Tl O 28070,

" oo A0 at L . . . e . e T (] R 3

g L) E AT S I S WA JHFC,
Flash Point (Pensky-Martiny L. R i A U B
sulphur s Not to exceed | AL AL
Water . o o Traee S
Ash . . e e ... .. e . .. L bR 01
Calorific Value  Gross s BTh. U s b, L Lo 1900 14,200
Viscosity 1 Redwood No. 1 co k) sees, B sees,

Fuels corresponding to the above specitication are readily obtainable and are supplicd Dy
Anglo Persian (il Co. Tad, (British Petroleum Co. Ltd))
Anglo American Oil Co. Ltd.
Shcll Mex Ttd.

Among many others,

To Prime the Fuel System. [t i= here assumed that the fuel tank has been charged. See pava. 200
[t is necessary in o new Installation and desirnble after dismantling the pipe systam for anv reason,
to allow a copions amonnt ol fuel o wash throngh the pipes i erder to clear them of foreign madter

and to rid the system of wre To this end, proceed s follows

Step No. 1. Uncouple the feed pipe from the filter on the evlinder head to the injection pumps and

allow w flush of about hall a gallon to flow from the outlet of the hlter, then replace the feed pipe.

Step No. 2. Unscrew the brass, spherical, air chamber from the injection pumps axd allow another

flush of fucl to cmerge from the ontice ;. then replace the air chamber,
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PREPARATIONS FOR STARTING  continmed.

Step No. 3. Uncouple the unions of the sprayer pipes on the pumps and remove one fany one) ol the
delivery valve units from the pump. (This unit is Part No. 208, <hown on Plate 1ol the Bosch Pomp
Booklet).  Then allow a further fiush of fuel to emerge from the uncovered pump. KReplace the delivery
valve, not forgetting the valve aud spring.

Step No. 4, Taking cach pump in turn, work the priming lever nntil fuel emerges from she 21ill
uncoupled unions on the pump without the slightest trace of air bubbles. This completes the priming
of the system up to the sumimit of the pumps,

Step No. 5. Work cach priming lever until the clastic fecling, if any, has vanished, that is until o
“solidd feel” is obtained.  This completes the operation of priming. The object of Step No. 5 s to clear
out the air from the sprayer pipes,  Eacli stroke of the priming lever forees some of the imprisoned
air through the spraver into the cyiinder. When the Lest vestige of air has been Joreed our, the “eel”
of the lever suddenly hecomes “solid.” Tt is important to cease working ihe priming levers as soon
as the “solid leeling” is attained, otherwise, one i= Hable to injeet o harmful amount of fuel into the
evlinders,

Note. It iz not always necessary to remove Part Noo 208 as structed in Step Noo 3, as sometines
Step Noo o suflices to elear both the pumyps and the spraver pipes ot air. - Indeed, Step Noodis prelerable
to Steps Nos, 3 and 4 as there ix less risk of foreign matter gotting into the sprayer pipe and thenee
into the sprayers.

Caution. 1)u not inject fuel into the cvlinders by means of the priming levers

Sprayer Pipe Conneections. -Alfter the preceding priming operations are complete, make quite sure
that the unien nuts of the sprayer pipes are tight, particularly ot the sprayver end, becanse any keakage
from these unions would Tull into the erankease and contaminate the jubrication oil.

This, Dy the
way, applics cqualy to the untons on the drain pipes of the sprayers,

It is casy Lo nspeet for leakage
all that 1 pecessary is to remoyve the valve chamber covers one at a time, while the engine s running

and wipe 1the said unions dreve o T there be any leak it shows atself at once,

Note. It is of the utmost importance to avoid sueh leakage.

Lifting Eye-Bolts. l‘or convenience ol lifting the engine, certain of the nuts which bolt down the
evlinder Tieadd are temporarily replaced by eve-nnts, Belore attempting to run the engine, see that
these eve-nuts are removed and replaced with the permanent nats which will be found attached ta
their respective studs,
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STARTING,

WORKING  FIRST STARTING POSITION SECOND STARTING POSITION
POSITION (DECOMPRE §510N) (MAXIMUM COMPRESSION)

STARTING LEVERS. SHOWN IN THEIR THREE
DIFFERENT POSITIONS. Fig. 7

STARTING FROM “ALL COLD.”
Step No. 1. Turn the stopping lever upwards as far as it will go.
Step No. 2. Press up the maximum fuel plunger as far as it will go @ this will release the governor-
controlled bar and allow it Lo slide towards the flywheel. 1000 be sluggish in sliding, help it by pressing
o1 the governor lever,
Step No. 3. Turn up all the starting levers to the horizontal {or decompression.
Step No. 4. Crunk smartly round the starting handle.
Step No. 5. When maximum speed s attained, turn up quickly any one {the nearest, preferablyvy ol
the starting levers as far as it will go, for maximum compression : this evlinder should immediately
glve power,

Step No. 6. Turn up the remaining starting levers © all eylinders will now be at work.

Step No. 7. ‘Turn ail the starting levers vertically downward into the tfinal running position,

This completes the operation of starting.
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STARTING.
STARTING A WARM ENGINE.

Proceed as in para. 36 but omit Step No. 2.

AFTER STARTING.

After Starting.—-Sce that the circulation pump and lubrication pump are operative and that the
pressure gauge of the Litter registers 23 [bosg. ing at about 1,000 r.p.m., if not, shut down at once and
investigate : probably the suction from the foot valve to the pump wiil need re-priming.

After Starting, the engine is at once able and ready to take up full towd, it a carclul engineer will
recognise that, in all heat engines, it is better practice to apply the load as gradually as circumstances
will permit, especially after starting from cold, in order that the internal parts may become heated

graduaily and so expand gradually.

STOPPING THE ENGINE.

To Stop. Turn the stopping lever downwards as (ar as it will go @ in this position the fuel pumps
immedintely cease 1o inject fuel and so the engine stops.

When the engine siops, the flow of circulation water naturally stops @ it is therefore recommended
that the engine be allowed to run light for & minute or two just before stopping.

The engine may alsoe be stopped by pulling forward all the pump handles to engage with the lifting
latches. “This puts the pump rams out of action with the cams, but, of course, the use of the stopping

lever 1s obviously preferable.,

On no acecunt should the engine be stopped by turning olf the fuel supply, hecause this would cinpty

all the fuel pipes and so would necessitate re-priming of the whole fuel system before the next start,

It is neither necessary nor advisuble 1o turn off the foel supply when the engine is standing idle.

GENERAL OPLERATIONS ANDY MAINTENANCI

Lubrication System. The lubrication system ol any internal combustion engine is of such importance
that we wonld impress upon the users ol our engines the necessity of exercising every care in rigorously

following the recommendation and instructions set {orth hercunder,

Suitable Oil, as mentioned in para. 25, can be obtained from any of the well-known makers, and should
approximate to the viscosities mentioned i para. 280 10 any doubt shonld exist as to the suitability

ol any oil, we are always pleased to test o sample and report upon it
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GENERAL OPERATIONS AND MAINTENAXNCE  conlinued.

The Lubrication System is such that the whole of the working parts of the engine are automaticilly
lubricated from the main pressure system which is maintained by o gear pamip carried by the erankease
immediately adjacent to the oil sump,  The pump is driven by a vertical shadt from the camshalt. The
oil 1= delivered from the pump to the delivery filter and pressure regulator. T now pusses into the feed
pipes of the main bearings and thence, by drilled passages, to the crank pins and gudgeon pins. From
the same pressure system, oil is fed under pressure to the valve gear in the evlinder heads, The
surplus oil rejocted by the pressure regulator is separately circulated throngh the governor nnit, the
fuel injection pump cams, the tappet mechanism, and finally through the main timing drive of the
valve camshaft.  This surplus oil pipe is situated on the near side of and external to the engine.
It runs along the base of the cylinders from the pressure regitlator to the casing of the main drive.

This pipe should be dismantled and examined for signs of stoppage every 1500 howurs,

FILTER.

Delivery Filter. As will e scen, this unit is sitnated on the
near side of the erankease at the flywheel endl Tt is of very
simyple vet special construction, comprising a vertical evlinder
in which is a special gauze clement instantly detachable by
removing the dilter cover which 1s secured by a single nut.
In the base of this unit s a sludge sump.

The whole of the Iubrication ol passes through this filter
before going to its work, so that it 1 of the greatest
importance that the filter be kept clean as in the next

parigraph.

Delivery Filter, Cleaning of, This unit must be thoroughly
cleaned after every MW hours. To this end, frst remove

the drain plug of the sludge sump and so drain away the

contents,  Next remove the filter cover, take out the gaure

clement and wash it thoroughly in clean paratiin or fuel oil,
DELIVERY FILTER Fig. 8

Delivery Filter. Reassembling.— In doing this, it 1s recommended that the cover of the Gilter he gently
rotated upon the face joint in order to minimise the chance of any forelgn matter cousing o leake. It
is reccommended also to replenish the filter with clean oil through the orifice closed by the square headed
plug.
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GENERAL OPERATIONS AND MAINTENANCE  continied.

Pressure Regulation Valve.—The function of this unit is to maintain within certain hnnts the pressure
of oil in the Iubrication system. It consists of a spring-loaded thimble valve with conie seat.  The
correct amount of spring-loading is effected by an adjusting serew. Tewill be casily understood that
varying the spring-load will correspondingly vary the pressure at which the valve permnts the surplus
oil 10 escape through the surplus oil pipe deseribed inopara. 47

The adjusting screw s set during test to 25 1bosq. i at about Loto v.pan. with Tubrication oil at «
temperature of about LWFEF. Tt iz well 1o mention here that, under normal conditions of vehicular
work, the oil in the sump does not attain so high a temperatare as 130 15, consequently, the pressure
nsually recorded s about 27 hosq. ing Therefore i thiz regulation valve be dismantled for any reason
it should be re-set to give 27 h.sg. in, when the engine is thoroughly warmed up at normal eruising
speed. A uselul guide 1o the setting of the adjusting serew during test = to connt and record the
nmber of screw thremnds that stand above the hexsagon lock-nut, This, ol course, should be done
before dismantling. 1 correctly comnted, this =houll prove o usefnl aid when reassembling.

On no aceount shoukd the engine be run il the ofl pressure is less than 200 1o s, i

0il Pressure Too Low. Possible Causes.
17 Delivery filter requires cleaning,

3 Foretgn matter under the seat of the pressure regulation valve,
3) Fracture of the spring ol the rezulation valve.

b Throngh use, the lubeication oil lias become too thin,
5 The ganze dilter over the samp is chioked for swant of attention,
6y Shortage of oil in the sunp.

70 A pipe fracture somewlhere in the system.

To Remedy the Above Defects.

(1 Dismantle, clean and reassemble as in paras, ) and 50,

2 1 forcign matter prevents the proper seating of the regnltion vadve, rhis s usuadly indieated
by the pressure giuge recording normal pressure when the engine 3 rinning ot naximuin
v, and too low a pressure at <low speeds. sometimes @ light tap on the body of this uni
suffices 1o dislodge the obstruction  if not, the thimble valve shouald be with drava, wiped
clean and replaced, making the correct spring-load eljustment s deseribell mpara. 51

{3) Replace with spare spring.

(41 Drain the crankease sump and replace with new oil of the correct grade. Tnoany cose, this
operation should be carried out alter every 300 honrs,

(3} The il level in the sump should not be allowed to (all below the minimum nurk on the dipper

rod, nor, in passing, should it be allowed 1o rise above the maximam mark. Rewd prara 23

Note. -~When leading the small oil pipe from the pressure regulation valve to the pressare gauge on
the instrument panel, it is important to secure the pipe frome all vibration and conserpuent possible
fracture.
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GENERAL OPERATIONS AND MAINTENANCE- —confinned,

Crankease Sump. Renewal of Lubrication Oil. -1t is recommended that the swmp oil be completely
drained oif not less frequently than every 300 hours. Vhis should be done alter a long run while the
oil is warm and fluiel. It s not recommended to wash out the sump or crankease with paraflin as

this is liable to distrh particles which might re-enter the lubrication system.
Gauging the Sump Oil Level. This is esceribed in para. 23,

Correct Qil Level.-- This is indicated on the dip rod which shows the minimum level at which it is safe
to run the engine,  The maximmn Tevel is also shown on the dip rod. This i 1he Tevel 1o which the

sump should be olivaged as alsa the level which shonld be maintained.

Oil Filler Box. This i mounted on the main gear or timing case al the forward end of the engine on
the near side.” The filler box epening to the timing case is profectod Dy dinphragnn i the Torm ol o
gauze filter. The sump s charged throngh the mouth of the filler. B, when eharging, the oil doos
not Now freely it will probably be Tound thar the cauze diaplingm needs cleaning, which is readdily

dene after vemoving the 1iier hox from the timing ¢isc.

Fuel System. Filters.

Fach  engine 15 fur-
nished  with two  fuel
flters, o first filter and
a0 second Glter as
deseribed i para. 7.
The first filter is placed
i cireuit between the
el tank awd the
secand filter, doe regard
heing poid, when fixing,
1o its pecessibility for
cleaning.  The seemuld
filter 1= a palent
combination o filter
and  heater, It s
permanentlyattached
with  thermal  contact
to the hewd of Noo 1

cylinder.

SECOND FUEL FILTER Fig. 9
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Fuel Filters.—These are readily opened for cleaning : they contain an inner and an outer clement,
The outer clement is removable for eleaning, but the inner is not, and for certain reasons should never
be taken out.  The fillers are provided on top with an air vent, and below with a sump hitted with a
drain cock.

Cleaning of Fuel Filters. The frequency of this operation depends among other things on the tvpe
and quantity of the fuel used, Tt is recommended that the outer clement in each filter be taken ot
and examined after 1006 hours and replaced i it be {ound to be almost {ree [rom foreign matter.
Then re-examine after, say, 300 hours; if it is still found to be clean, the interval can be fuvther
increased.  Repeated examination will show the nser when eleaning becomes really necessary. When
cleaning the clements, it is not possible to be quite sure that particles of foreign matter do not getinto
circudation, therefore, the idea intended to be conveyed by this puragraph is lor the user to fined by
inspection how seldom he may, with safety, clean the elements,

The gauze elements are most conveniently cleaned by brushing them in elean fuel-oil or parathn.

When Replacing the Filter Covers zently rotate them on their joint [nces so as to minimise the chanee
of foreign matter catsing an unsound joint. Do not use iwspanner or lanmmer to Gebten the nat on the
cover © hand tightening is all that is needed.

Fuel Filters. Before Starting each Day's Run.

(17 Open the vent cock on top ol cach filter in order to make sare that the filters are Tall of Toel
o1l

(2) Open the drain cock of the filter sumps in order 1o draw off any water or sediment that may
have collected during the previons day’s ron.

Fuel Sprayer. Ilis is described in para. 5. Efficient rumning of the engine depends very largely npon

the perfect working of the sprayers.  They should therefore be inspected not less frequently than alter
every 300 hours, in order to make sure that the needle valves do not leak and that each jet-hole in
the nozzle is delivering the same amount and form of spray, also that none of 1the jet-holes are stopped
up.
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Lo — FRGIA FUEL Puaf
4. To Test for Stoppage of the Jet-Holes..- Remove the

sprayer from the eylinder head and re-comect with

its spriver pipe in such a position that the fnel Jets 1o oran ere ~

are visible while the hund lever of the prumyp is being

worked by hand. See Figo 1L The jets of fuel

emitled from the jet-holes should all rravel the same
CLAMP PLATE

distance and should appear alike. T they do not,
BRLICH PLUG

inke the sprayer (o picces and prick and clear the jet-

holes by means of the prickers supplied with the

engine, and at the same time clear out the central - seRve -

bore of the nozzle, The size of these jets is of the = 'J —

utmost importanee, thercfore it s imperative that  BREESH PLUG - e 3 ‘ CORPER WASHER
prickers of the correct diameter he used. Tncase ot oo o )
loss or damage of prickers, the miakers will be glad -

HOLLOW PISTON VALVE .

to supplv new ones at o nominal charge,

ii5. To Clean the Sprayer Nozzle. Alfter having pricked
SCREWED CAP. .

:

GRINDING  TOOL

the jet-holes (from the cutside, of coursel, it will be

realised that anyv obstruction so removed will fall into
NOZZLE .

the central houre. Obviously, the only etfective wiv ol

cleaning the central bore Is to force a liuid througlhy 28T HOLES - ——— A .
the jet-holes from the outside of the nozzle to the
inside, which is donc i the following nuomer |

VALVE SEATS

Fig. 10

Take the ntility syringe supplicd
with the engine and ehange the orel-
inary nozzle In favour of the special
one miade to Ot the sprayver nozzle,
{This special nozzle is also supphiced
with the enginel. Draw into the
syringe some clean paratiin and, m
the spectal svringe nezzke, insert the
spraver nozzle, pressing it in place
by the fingers. A pressare now
applicd to the plinger o the
syringe will foree i flush ol paradiin
throngh the  jet-holes and  the
central bore in o sense opposite 1o

that of 1he fuel when the spraver

= in work,  See Fig, 12

Lo vepeat, it is obviously frtile 10 TESTING A SPRAYER Flg. 11
attempt to clear the central bace

by blow through in the same divection as the fuel ows when the sprayer is in work,
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GRECIAL

HSERINGE

SRRATER NOZTLE ~

FRIGKERS

Fig, 12

66. To Test for Leak of Sprayer Valve. Remove the spraver from the engine and reconple it to its sprayer
pipe as directed in para. 64 with both unions tght. Give the Tuel pump handle o few strokes inorder
to expel all air from the spraver, Now press on the punip handle with a foree just short of that regpiived
to lift the spraver valve Trom its seat, 11 the valve be unsound, Tuel will emerge from the et holes
and run down the nozzle. A certain amount of Teak i incevitable inthe best ol valve seats. (see
Fig. 11))

The following will e o usefni gnide i, when pressig o the pump handle with about one-hadf of
the force necessary to lifC the spraver vadve (rom its seat. no more than twao drops per minute fall from

the spraver nozzle, the valve seats mayv be passed as being sonnd,

7. To Correct a Leaking Valve. 1Rewmwove the spraver from the engine and sevew ol the cap it which
retains the spraver nozzle,  Examine minutely the valve scat on both the nozzle and the piston for
dirt or anything that may prevent the proper seating of the valve Taces. Whether or not any
obstruction has heen Tonnd, wash the parts nt paratine and replace without wiping. 1, on Turther
tricd, the vadve be sull delective, the seats may require erinding in, but grineing should he done only

as i last resource, and as seldom as ever possible.
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To Grind the Sprayer Valve Seats.—Tuke the sprayer to picees in the Tollowing order

(1) The serewed cap and the nozzle,

{2) The breech plug and spring.

(3) The hollow piston valve with the small spring seat.
Remove the spring seat from the hollow end of the piston valve and screw into the hollow the kinorled
grinding toel supplied with the engine and replace the piston valve in the spraver.  Then smear the
valve seat with the most minute possible dab of flour emery and oil, taking the utmost care that no
emery gets anywhere but on the valve seat, as otherwise it might tend to destroy the clese fit which is
so essential for the piston. Placing the spraver nozzle i its serewerl cap, serew the Iatter about two
turns on the sprayer body, then, while pressing the piston valve hard down on to its seat in the nozzle.
by the aid of the grinding tool, screw home the eap, first with the fingers and then tighten up lightly
with a spanner. . The object of this step s to ensure that the valve seat in the pozzle is in perfeet

alignment with that on the piston valve,  During grinding apply only very light hand pressure.

After Grinding.—Tuke all to picces and wash every part scrupulously clean with clean parafiing and,
without wiping, reassemble in the following order :

(1) The piston valve with the small =pring scat at the upper (hollow) ene.

{2) The spring.
(3) The breech plug,
(4} The serewed cap with the nozzle in plice.

To Assemble the Sprayer. - Tt i imperative that the parts be assembled in the ahove sequence morder
that the spring pressure on the piston valve shall bear on the valve seat of the nozzle ail the time during
the serewing home of the cap o in this way only can the correet alignment of the vialve seats be ensured.

Before assembling the nozzle, Blow it throngh with the syringe as directed in pari. 4.

Serewed Cap and Nozzle. DBcfore usscmbling for zrinding or after exsumination, see that the outside
surfuce of the nozzle and the bore of the cap are perfectly clear of carbon or other matter which might
interfere with the alichment mentioned in 6% and 70,

Lift of Piston Valve. This dimcision is O0-010 10, qned is very important, therelore, when dismantling
sprayers, do them one at a time, so that the parts be kept to their own spraver bodies and not he inter-
changed with those of another spraver. This happens to be one of the lew coses whercinterehangeability
is not practicable.

Sprayer Pipe Unions. -1t is iniperative that these unions o not lealk, especially those o the valve gear
chambers en the eylinder heads.  Please read paragraph 34,

Defective Sprayers. -If o spraver is known to be defective, do not ran the engine any longer than is

absolutely necessary as this will cause undue wear accompanicd by other evil

S,
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Replaeing a Sprayer in the Cylinder Head.—The nose of the spraver Loy is slightly taper, whereas
the hole in which it fts i the cvlinder head is parallel, conscipiently, the space thus left becomes, in
the course of time, filled with carbon, which of itsell is quite negliville. When, however, the spraver
15 withdrawn, it leaves o conical Iiner of carbon which must be removed helore replacing the spraver
otherwise the carbon liner is fiable to become disturbed and so prevent the spraver bhody making a
true gas-tight joint on the conical seat. The carbon Tiner s casily removed Dy the aid of the heted
reamer now being supplied with all engines,  Onapplication, o reamer will be sent at o nominal

charge.

Replacing a Sprayer in the Cylinder Head.- When clamping « spraver i the evlinder head, do not
tighten up the nuts more than is necessary.  The feeling of tightening up against the spring of o clamp
is very ditferent from that of bolting two surfaces together, and =0 is Rable to deceive the cngineer
nto serewing harder down than is necessary. It requives hut comparatively little serew pressure 1o

make w tight joint on the conical seat.

Routine Cleaning of Sprayers.- -Tt ix an excellent practice to have o complete set ol spare spravers
which may be clhunged every 300 hours, This permits of systematic, leimrely cleaning and examination
withont loss of running time. If they were returned (o the makers they woenld be examined, cleaned

and tested for a merely nominal charge.

Withdrawal of Sprayer. -If & sprayer has been in use some considerable time, it may require slightly
more than hand pressure to withdrasw it ITnosueh case, use spanmer as o lever. Plcee one end ander
the union nut and allow the middle of the spanner to rest on the top of the evlinder head, then gently

tap downwards the other end. This will free the spraver so that it can he lifted ont by the fingers.

Water Gireulation. T'his is cffected by o circadation puamyp, gear driven by the engine, 1t s recowm-
mended that the temperature of the cirenlation water e maintained at about THEE, (60°C)

79.1 Water Temperature Control. Murine cngines and all engines which draw their cooling wider (rom

farge or unlimited supplics of water at or about atmospheric temperatire are fitted with temperature
control which “Shunts” or “bye-pusses” warm water from the discharge pipe to ihe sietion pipe of
the circudation pump, thus radsing the temperature of the water soing into the cvlinder jackets, 14
will be readily enderstood that the Dy-pass cock serves azowomeans of controlling, within limits, the
temperature of the water in the evlinder jackets wnd ot the point of discharge, which is of special
utility when the engine s running ad light loads doaring which the temperature of the discharged wate
shionld be maintained at about 1307 or THVF. that 35, whe it s just about as hol as the land can

momentarily bear.

Note.—When starting the engine, it is important that the control cock e closed, ofherwise air

may et into the civenlation pnmp and interlere with its operidion,
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Centrifugal Water Pump. Gland and Greaser. -Give one turn every dayv 1o the grease cup and keep it
flled with mineral grease. The gland s packed with special, sntcork washers. When required,
new ones can be quickly fitted and should be obtained from the engine makers. Do not use hemp

packing as it Is fikely to score the upetler shaft,

Water Pump. Drain, Frost. As the pump is exposed and is not aitomationtly draied withe Ghe rest
ol the system, it is necessary to drain it separately. The drain cock will be found at the lowest point
on the pump case. TE by any chanee, water beeame [rozen in the punp, it is obvious that serious
conscuences might follow any attempt Lo start and run the engine. bnoorder to guard against (his
contingency, so fav as is possible, the diameter of the impeller spindle of centrifugal pumps is redneed
for a short Tengtdy near the driving square, so that any nndue Toad will fracture the redueed spindle
by twisting and thus prevent damage 1o the dreiving gears which cost ever so mnch more 1o replace

than an irmpeller,

To Fit a New Impeller. ke suie that the 1t oof the driving square allows o small amount of slack,

as oniy by this means can correet alignment with the spindle bush be ensared.

Circulation, again. luspection =honld be made regularly o order o ascertain il civealution e takine

place,

Cylinder Heads, Water Joints, Those are made by ioseties of sl inexpensive rabsher vings. 1 s

goud practice to renew them whenever the evlinder heads are renmoved,

Cylinder Heads. Removal. Decarbonising. 1n ovder 1o obtain the best pesolts from the eneine el
to maintain it inoan efficient and ceonemicad state, it = reconumended that the heads be Nifted off
and the valves and other parts cleaned not less frequently than every 300 hours, These intervals
have, 1o our knowledge, commonly been doubled and trebled, but we do ot cecommmend suel intervals,
becise, unless the engines be running under proper conditions, nndue wear of parts takes place.
Little need be said about the remaoval of carbon deposits which will be Tound ehieily in the valve ports
the deposit on the piston and evlinder headls being of little consequenee. The operation o removing
the heads 1s very simple and strajghtforward. The holding down nuts are aceessible by means of the

box spanner from the top of the Liead.

To Avoid Damage to the Sprayer Nozzies, which project froni the thit surface of the ovlinder frewd, o is
strongly recommuended that the spravers be withdrawn before vemoving the heads. See para, 7%,

Replacing the Inlet Valves. These valves are formed with patent deflectors and are prevented from
turning round by the specially Tormed vabve collars and split pins. [t s absolutely essential thiat the
valves he replaced i their correet position, that s, with the defleetors on the siame side of the valve
spindle as are the manitolds, and they must be definitely positioned by the split pincin the valve collar,
To ensure this, the slot for the split pin in the collar as also the pin hele in the vidve stem do not pass
through the centre Hne of the valve stem It will be realized than this deviee makes 6 practically
impassible for one to serew the vadve fnto the collar and to thread i the split pia with the valve hali

a hurn wrong.
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Re-fitting Inlet and Exhaust Valve Spring Collars.- Particular care shoull he taken 1o make sure that
the spring collars are not screwed further down the valve stems than is necessary to thread in the split
pin, otherwise the valves would not have sufficient lift and the operating mechanisni would suller
damage,

Replacing a Cylinder Head. ——The gas jeint of head to eylinder is made by o soft copper plate. When
replacing a head, it is therefore only necessary to see that the fices are absolutely clean and to apply
a smear of seceotine or other fluid joint compound.  Care should be taken 1o avoid seraping any metal
off the surfaces and not to wllow jointing compound to become hard hefore assembling. Screw
up all the nnts equally.

When replicing a evlinder head, iU is recommended, as in para. 84, to renew the smadl water joint rings.

Tappet Clearance. Alter replacing o eylinder or after every 300 honrs, adjust, 1 necessary, the
clearance hetween the end of the tappet rod and the heel of the valve rocker. The correct clearance
for both inlet and exhaust valves is 0-015 in, (fifteen thousandths of an inchy. When tightening the
lock nuts, it is quite unnecessary to use greal pressure. The adjustment should always he made with
the piston at the top of the compression stroke. To find this position, decompress all the evlinders
and turn the flywheel until the inlet valve wnder consideration just closes, then turn the flywheel o
further il turn; the piston will now be at or near the end of the compression stroke. This position
may ilso be verified by observing the injection pump belonging to the eylinder in question, the priming
lever of this pump will show that the pump tappet s i the Lifted position.

Governor-Control Slider Bar.— This slider bar is operated by the centritugal governor, and its
function is to vary the amount of fuel injected into the eylinders and thus vary the power of the
engine, It is comnected to the governor lever by the governor-bar connecting hink. The etfect of
moving the slider bar towards the fivwheel is Lo increase the amount of fuel injected inte the engine
and vice versa. I the bar is moved to the full extent towards the timing case, tlere is no injection.
The correet setting ol the slider bar with relation to the governor is such that when the gosvernor
weights are parted 1o their Tull extent by inserting the fingers through the inspection opening in the
governor case, the Iength of the governor-bar connecting link 1s <o adjusted ax 10 give the slider Tar
a position approximately L inc (rom its maximum stroke towards the timing case. 10 the Tink has
thirs 1o be adjusted al any time, care should be exercised in seeing that the holes ol the joint pins are
parallel and that the shder bar moves [reely,

Timing-Chain Drive. Adjustment for Slack. [t i< not good to run the engine with the chain unduly
slack © on the other hand, it s imperative that it runs with a certain amount ol slack as delined as
{ollows.  The chain is correctly adjusted when it is possible to move the middle of the nearly vertical
run through approximately o distance of | ino on cither side of s mean position. The adjustment
iz effected by an idier sprocket running on a stud cccentrically housed in the timing case,
ol adjustment is obvious,

The method

The chiamn <honid he inspected Tor slnek every 200 hwnrs. o repeat, do net, oncany acconnt, run the

chain with less slaek than that indicated above,
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GENERAL OPERATIONS AND MAINTENANCE. -continued,

Decompression, Adjustment of Valve Lift.— The act of turing a starting lever into position No. 1
{decompression) causes a cam to bear upon an adjustable screw tived o the heel ol the infet valve
rocker lever which cam lifts the heel and consequently Lolds open the inlet valve, e, it cannot now
close.  The amount of opening is determined by the adjustable serew, T case of derangement, adjost
this screw so that it lifts the inlet valve 404 in. (forty thousandths of an nch) from its seat.

MISCELLANEOUS NOTES ON THE OVERHAUL OF THiL ENGINE,

Drawing the Pistons and Conneeting Rods. —These can be drawn in cither of two wavs @ 1, through
the bore of the cylinders, after removing the heads; or 2, by lifting the evliinders from the erank-
case, A piston ring guide is sent with the engine in case method 1 s preferred. The pudgeon
pin is free to turn in the pisten and in the counecting red o in other terms, it s fully deated. To

remove the pin, it is sometimes necessary to use oo wooden drife and so lightly drive it ont,

Piston Rings. -When new rings are 1o be fitted, sce that, when mserted at the mouth of ihe
sylinder bore, they have w gap cearance of about 0-003 0. (ive thousandths of an inehy,

Big-End Bearings. Main Bearings. —Whonever new bearing shells have to be fitted o any of these
Bearings, the {ollowing things should be obscrved. The bearing shells must be oa perleer Bt S thely
housings.  Both the big-end bearing and the main bearing are so designed that, when holted up, the
Iadves of the bearing shells butt against cach other, mictal to metal, as alse do the cap ol the bearing
and 1ts housing and the fitting is such that, when bolted up, the bearing s perfectly free on the crank
pin or journal. I order to ensure that the bearing shelts are tightly held in their housings, the whole
1= 50 fitted that, when the bolts are only shehtly more than hnger-tight (just before finally tightemingi,
there remains agap of 0-002 in, (two thousandths of an inch) between the capoand the housing,
Bearing shells should be carefully hand-seraped so that, when boelted up, they are perfectly free an
the pin or journal but yot have no playv ar slack. Do not make any artempt to Shurn i o hearing
by running the engine, as this will bring no end of trouble.

Obhserve that the ol grooves i the main hearings are i correct alignment with the feed Tinles in the
erankshalt.,  There s a right and o wrong wiay round for these shiells. AL bearings are so fitted tha
the numbers lic on the governor =ide of the engine.

Pay particular attenticn to the joints of the feed pipe of the main hearmgs and use adways new packings.

Crankshaft. - -This is located endwise between the two madn hearings negrest Lo the hvwheel and shonld
have an end-play of -010 in. {ten thousandils of an inch),

All the other bearings should have an end-play of 0040 In. (Torty thousandths of an inchy to allow
of expansion.  Before assembling the crankshadt, thoroughly clean and wazh out all the Teed passages
and carefully examnine all the bearing surfaces for any signs of abrasion o sevateh or a dinge can

usually be detected by rotating the half of o bearing shell on the <hafi,
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MISCELLANEOUS NOTES ON THE OVERHAUL OF THE ENGINLK—-<continucd.

Valves. —Iixhaust valve stems should have a elearance of 0-006 in. in their guides while 0-003 in. will
suffice for the infet valve stems. When assembling the spring collars, do not serew them further down
the valve stems than is necessary in order to thread in the cotter pin.

Directions for assembling the inlet valves have been given in para. 87 (very important).  See also

para. 88,

Valve Camshaft.— Little need be said about this organ sinee an inspection will readily reveal the method
of construction.  When assembling, take care that the cams come under the vorrect tappet, e.g., that
the exhaust cam is under the exhaust tappet and not under the inlet tappet or vire versa. The exhaust
cam, it will be noticed has a less rise than the inlet cam but is of longer period, Make sure that the
hinding serews are thoroughly tightened home. A special, square box key is supplied with the engine

for this purposc.

Clearance Between Valve Heads and Piston, It will be scen that shallow recesses are formed on the
top of the pistons to give clearance to the valve heads and to allow of an over-lap timing diagram,
The diameters of the fnlet valves and their reeesses differ from those of the exhaust valves, therefore
this must be taken into aceonnt when fitting the piston on the connecting rod so that the recesses shall
fall underneath their correspanding valves.  The correct way in for the piston is elear]ly indicated by
the lettering, “TAPPIT SIDIE” ou the top of the piston.

Timing of Valves. When reassembling an cngine after an overhaal, it is of the utmost umportance to
pay special attention to the timing of the valves and other organs with relation to the erankshalt, for
if the timing be not in accordance with the timing marks on the Aywheel and the timing gears, the
valves will foul the pistons and serious eonsequences will result.  For this reason, it s desirable, during
timing to place the lower end of the tappet rod in the cam-tappet sockel and vot 1o push the upper
end under the valve rocker until all is verified. T this way, one can obserye the vertical motion of the
free end of the tappet as the dywheel is rotated to and fro. This metion should be such that when
the piston is towards the top of the exhuust stroke, 5 all is correct, the inlet valve will he on the point
of opening while the exhiaust valve will be on the point of closing.  In other words, the centre of the
overlap between the inlet opening and the exhaust closing should oceur when the piston is approximately

on the top dead contre, after the exhanst stroke,

Timing of Fuel Injection. Drawn across the periphery of the flywheel will be found o number of piirs
of lines, one pair for each evlinder or crank, aud o short line called the zero lHne will be found on the
upper crankease, in the case of engines fitted with normal (22 in)) fliywheels and on No. 1 eylinder, n
the case of engines litted with extra heavye (26 in) Gyvwheels.  Taking, for example, the pair on the
flywheel belonging to No. 1 evlinder, when the longer line marked “No. 1T T.D.CS s opposite to the
zero line on the engine, No. 1 erank is exactly on the T.D.C. {top dead centre), and when the shorter
line marked “No. 1 cylr. Injection™ is opposite the mark on the engine, fuel injection of No. 1 cylinder
begins.  Similar remarks apply to the other cvlinders,
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103. A finger lever and index will be noticed on the side of the gearcase @ this is o timing deviee used only

by the engineers when testing the engine @ it has no interest or utility for the user, consequently the

finger is permanently locked and marked in its correct position by the two binding scl-screws, which
should never be tampered with,  (This para. applies only to L. 3 engines},

104, NoTh.

No. 1 eylinder is the ene at the fuel-pump end of the engine.
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Timing of Fuel Injection. -t.ch fuel pump is provided with @ sight hole or window through whicls
can be seen the plunger moving up and down.  On the sides of the window is a horizontal line and
also one on the plunger.  When these two lines coincide, the pump is at the beginning of the injection
period and this event takes place, of course, at the same time that the corresponding injection lines
on the flywheel register with the zero line as deseribed in para. 1020 When so checking the timing, he
careful not to be misled by turning the Avwheel in the wrong direction.  On the fuel-pump tappet
are locked screws which should never be disturbed.  In case of derangement from some canse or other,
the serew should be readjusted so that, during the complete stroke of the pump, the line on the plonger
should travel equal distances above aned below the line on the side of the windows,  This is, of course,
only an approximate setting, the final and accurate setting is achicved by obtaining simultancous
coincidence of the lines on the plunger of the fuel prunp atd on the sides of the window and comneidenee
of the fuel injection lines on the Mywheel with the zero line as in para. 102,

Timing of Camshaft Gears. (Sce Iig. 13).—Remove the cover of the gear case and turn the flvwheel
until No. T erank comes on the top dead centre of the compression stroke,  (See para. 1020, When all
15 correctly timed the following events take place :
() The dots 1 and 2 on the gear case and the dots 3 and 4 on the boss of the camshaft gear are
all in one straight line as indicated by the white cord in the picture,
(2} The line on the dise of the lurge chain-gear registers with the line on the boss of the camshaft
gear,
(31 Through the sight hole in the large chain-gear the teeth of the valve and purp cimshaft
gears are visible, and it will he found that the doetted tooth of the valve camshaft gear lies
Detween the two dotted teeth of the pump camshaft gear,

In all cases the “dots™ are conntersinks made by the point of a drill.

Timing of Inlet and Exhaust Valves. ‘The cams are so fixed on the camshaft that they canmot be
displaced.  The onty way thercfore of deranging the timing is by playing with the serews in the heel
of the rocking levers.  Should these be displaced they should be re-adjusted <o as to give 4015 in,

clearance hetween the toes of the levers and the ends of the valves when the lntter are closed.

Correction for Stretch (Wear) of Timing Chain. Owing to the fact that, in the course of time, the
timing chain wears and consequently increases in length, the timing of the valves and the fuel injection
becomes slightly retarded, therefore compensation should be made when required. To this end
inspect the timing as indicated in para. 102, after, say, 700 hours working, and 1f it be found that the
timing is retarded, proceed as follows . Turn the flvwheel until the injection timing line is in line with
the zero line on the crankcase, then slacken the three hexagon nuts on the main chainwheel shown
in Fig. 13 and rotate the fuel pump camshalt or the valve camshaft until the lines on the windows
of the fuel pumyp coincide as indicated in para. 105, Check the timing again after tightening the nuts.

Injection should begin at approximately 77 before the T.D.C.
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MISCELLANEOUS NOTES ON THE OVERHAUL OF THE ENGINE - conilunced.

Timing of Decompression.—[}econipression is effected by turning the starting lever into the horizonts)
position which causes a cam te bear upnn a screw tippet at the side of the inlet valve roacking lever,

in such o way as to prevent the valve from closing entirely.  In case of derangement of this serew

tappet, it should be re-adjusted =o as to life the inlet valve 0040 in. from its seat,

Afr Inlet Valve. -1t will he noticed that the spring collar of the vialve has o flat side which s Tocnted
by o flat bearing surface on the inside of the gear hox on the eylinder Tead., The object of this deviee
I8 to ensure that the vibve head with s patent baflle shall not run out of its correetl position. As a
further precaution, the split-pin hole = drilled shightly away Irom the centre line af the valve so that,
when replacing the valve after cleaning, should i be hall wtum wrong, it will not he possible to thread
the split-pin through the hole.  This, of course, forms a clear indication whether or not the valve is

i its correct position,

Air Intake. Immediately below the main air intake will be found a small Tever handle wineh operates
an ipternal flap valve, When the Iever is i the position nurked “HOT,” the vidve opens Hhe air
manifold 10 o jacket surrounding the exliiust wamdold, al the same time, closing 11 to the colidl oir
muffle. When in the position marked “COLD, the valve closes the abr manifold to the Tint air jucket
and opens it to the cold air muite.

Hot wir is recommended when running lght or below qguarter-ind) load, Above quarter Joad, hot air

1ot pecessary, and mdeed s undesirable, as it entails a los< ol power,

Bilge Pump Friction Cluteh. Outside the gear case of the pamp 1s o large Band-nt with o central
locking screw. The hand-nut s attached o a sleesve whicls serews o and ont of the gear case cover,
To engage the clutch, screw in the sleeve s Tar as it will go. To disengage the cluteh, unserew ont

the screw as far oas it will go.

For the purpose of wdjusting the spring lowd on the chutel, the fand-trat s serewed on 1o the sleeve
andl locked by the contral serew, so that when this serew s shickened, the hand-pue 15 free 1o tum
upon the serewed sleeve, To inerease the spring load on the ehuteh, fivst, disengoage the clutel as
above, then slacken the central screw and unserew, by o [raction of a turn, the lrd-nut on the
sleeve and lock again. It will be evident that unscrewing the hand-nut relutive to the sleeve

increases the stroke of the sleeve and thercfore the spring pressure.
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MISCELLANEOUS NOTES ON THE OVERHAUL OF THE ENGINE  continned.

Cam Shaft Case.—The parts enclosed in thiz case are continuously lubricated from

114. Fuel Pumps,
As, however, owing to convenience of construction, this otl does not

the main pressure system.
pass through the delivery strainer, and as a precaution against the remote contingeney of the nozzle
of the feed pipes becoming choked, it is advisable to make sore that the parts are receiving an
This may be verificd by looking down the vertical well on the side of the

adequate supply of oil,
{There are two of these wells on engines with five

case, after opening the rotable inspection door,

and six cylinders).  This inspection should be made while the engine is running in order 1o see Uhe

oil splashing from the moving parts.
H5. Governor Case.—The preceding paragraph applies equally to the governor case, inspection heing

made through the opening which is closed by the large serewed plug, while the engine is running.
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