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C.F. "O" CLASS SUBMARINE NOTEBCOK

CAAPTER 13 -~ MAIN GENERATORS

13.01
c

NGINE - OR

. The diesel engine 1s a compression

lgnition engine, and relies upon a high compression ratio
to achleve ignition temperature within the cylinder, The
Combustion of fuel within the cylinders occurs in three
distinct stages,

(1)

(2)

Ihe Dalay Peripd

Tre delay period is the time taken for the fuel
injected to attain sponteneous ignition
tempersture. It depends upon:

(a) Compression Batio (1.e. Alr Temperature
in eylinders),

(b} Nature of fuel

(c) Degree of atomisation of fuel

{d) Degree of mixing of fuel particles
and sair,

Yncontrolied Combugtion

Occurs when the fuel (which has been con-
tinuously injected during the delsy period)
achleves sponteneous ignitlon temperature
and ignites. It depends upon:

() Length of delay period
{(b) Bate of fuel injection.

The cylinder pressures snd temperstures
attalned during the uncontrolled phase of
Combustion depend upon the position, and
the speed of the piston when the ignition
cCCurs.,

-13-01 -
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(3)

Caontrolled Combustion

Occurs after the uncontrolled phase and re-
presénts the steady combustion of fuel in—
Jected sfter 1gnition and uncontrolled com-
bustion. It depends upon:

(a) Bate of fuel injection

(b) Amount of usable air left after the
ancontrolled phase :

(c) Time of fuel cut-off.

In order to control the shepe of the F.V,
dlegram of the cycle, the minimum smount

of uncontrolled combustion is required.

Thus the delsy period must be reduced to

8 minilmum. This can be aschieved by atom-
isatlon of the fuel on injection, by
lmparting turbulence to the air/fuel wixture
in the cylinder, or by using high compression
ratios, hot spots etc.

Having minimised the delay period and hence
the amount of uncontrolled combustion, the
shape of the P.V. dlagram (and hence the
work output of the cycle) cen be 2djusted
by altering the point of Ccommencement of
injection,

It will be realised from the sbove that the
following factors are of prime lmportence if the

efficiency of
{1)

(2)

(3)

(&)

8 diesel engine is to be malntained.

Compression Ratio. Proper care of valves
and piston rings.

Injection of Fuel. Correct timing, and good
maintensnce of injectors and punmps,

Turbulence, Cleanliness of valve ports and
¢ylinders (carbon deposits etc).

PowerMeight Batio. In order to increase
the power/welght ratio of & glven size

of engine, methods must be found to increase
the smount of fuel/stroke which can be

burnt within the cylinder.
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——

-~ The amount of fuel burnt depends entirely upon

the amount of
Three methods

(1)

(2)

(3)

Oxygen avallable for each firing stroke.
are avsilable:

Scavenging

After each exhaust stroke there is a small
amount of exhsust gas left in the ¢cylinder
during the subsequent induction stroke,

This reduces the amount of fresh 8lr induced,
and consequently the amount of oxygen ia less.
By arrenging for a small period of valve
overlap ii.e, exhaust and inlet valves open
at the same time) during the induction stroke,
the incoming fresh air can be used to blow
the exhsust ges out. This 1s known as
'Scavenging’,

Supercharging

By incressing the density of the alr supply
more oxygen molecules are made available for
combustion per unit volume of the engine,

To increase the density 1t is necessary to
increese the pressure without excessive
increase in temperature of the gir, con-
seéquently, supercherger air coolers are
invseriably used.

NOTE: 1In a supercharged englne 1t is possible
to reduce the amount of valve overlap,
as the scavenging will be more effective.

High Botatinnal Spead

By running the engine st high speeds, more
working strokes/min. sre availsble, and
consequently @ smeller engine can be made

to glve a higher power output. The ultimate
llwit on rev/min. however is controlled by

the length of the delay period which in modern
éngines 1s roughly constant at 0.0015 - 0,0027
seconds.

- 1303 -
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Thus the modern diesel engine 1s designed with the
following factors in mind.

(a) Minimum delay period
(b)  Supercherging
Scavenging

(d)  High speed

In increasing the power/weight ratio and rotational
speed of the eéngine, the design of components
becomes very c¢ritical, and fits, tolerences, finish
and lubrication are of prime lmportence if the
eéngine is to be meéchanically relisble, The A.S.B.1.
éngine has been designed on these Principles angd
représent & considerable sdvance on previous
submerine dieselg,

€ » The power developed by a
dlesel engine can be written as:

Power

PxVxs

Mean pressure in cylinder
Volume swept by piston
es /i

P
V .
S = Working strok nit time

H Ity

For a constant speed engine, the only varlable is P,
This will vary directly with the smount of fuel injected.
Since excess air is supplied to ensure complete combustion
of fuel, it is possible to overload a diesel by supplying
€xcess fuel. The effects of overload are:

(1) To increase the meximum ¢ylinder pressure and
temperature beyond the design limits with
eventual failure by overheating or seizure,

(2)  To increase the thrust on the crankshaft
large end bearings and to increase the
torsional vibrations of the crankshaft,
beyond design limits,

Thus for s constent speed englne the maxlmum
load permissabile Can be expressed as a rate of fuel con-
sumption (i.e. es & maximum velue of P)

i.e., 1b/hour fuel

- 13-04 -
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For a variabie speed engine however, the power
formula can be written:

Power = pF.V.S.

therefore P =
V.S.

It will be seen that in this case there are two
veriables:

(a) Mean Pressure - verylng directly with fuel,

(b) s - varying with rev/min. Purther, P varies
inversely with S,

Thus essuming an engine is working at & fixed power
output, at a given sgeed the value of P may be within design
limits. If however § should decresse, P will become excessive,

Thus the losd factor for the engine must be
written as:

£ proportional to
S rev/min.
to account for tnis possibility,

In prectice then to check the state of load of a
running engine, we can measure the fuel consumption and the
speed and calculate the loading. Fuel consumption is
measured by timing the usage of a fixed and known quantity
of fuel from a snep tank. The reading is then used to work
out the lb/hour,

The conversion fectors are cowblned into a Snap
Tank Constant:

Snap Tank Constent = Specific Gravity x capacity
(gal) x 10 x 3600

By dividing the Snép tank constant by the time
taken to use the tank (in secs) we obtain the lb/hour of
fuel consumed,

The load factor for the engine then is

S T C
Time in Secs. x Engine rev/min,

- 13-05 -



SUCTION OR COMPRESSION IGNITION AND EXHAUST

'NDUCTION STROKE STROKE EXPANSION OR STRCKE
POWER STROKE

PISTON DESCENDING PISTON RISING PISTON DESCENDING PISTON RISING

INLET VALVE OPEN BOTH VALVES SHUT BOTH VALVES SHUT EXHAUST VALVE OFEN

FOUR - STROKE CYCLE
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Effects of §HQEKQJ]IDE on a Diege} Enginas

- Because of the pressure drop in the

1

snorkel induction system,
éngine or Aupercherger wil

the pressure
then the suc

The effect of suctlion degr
of air density aveilable f
fixed power output from th
and consequently the speci
ust temperature will increase with

injecteqd,
and the exhs
depression,

E

drop in the
power,

with:

(a

(b)

As the back
combustion g
1s reducedq,

The AoS-B.I.' 16 VoMoSo E

drop increase
tion depressio

« As with the induction s

snorkel eaxhsus

As the pressure at t
upon the depth, then the bsc

) Engine Powe
Depth
pressure incre

asges is reduc
and exhaust te

the eir pressure at inlet to the

1 be below atmospheric,

8 85 the air flow increases,
n wlll incresse as power increases,
€éssion 1s caused by the reduction
Thus, to get a

or combustion.

© englne, more fuel must be
fic fuel ¢

suction

Since

onsumption,

ystem, the pressure

t system will increase with engine

r

ases,
ed,

mperature incresases,

ngine, fitted in C.F.

he exhaust mast outlet depends
k pressure on the engine will vary

the useful expansibn of" the
and consequently power output

lol

Cless submarines is a 16 Cylinder 4 stroke V engine,
wechanically Ssupercharged,
Specification Dimensions and Weights
No. of cylinders 18. The following particulars are approximate only, for
Cycle 4-stroke. -Puiposei O{f_ hflh;i ansd_mg;rt :13 -
¥ ength (including 6 in. vo .7 in.
Stroke 10°5 in. Brosdth 1045 .
Bore 975 in. Height 5 ft. 10 in.
Compression Ratio 127 : 1 Weight {including 8 in. void) 21 tons.
Rev/min, 750-920.
Maximum B.H.P, 1840 (surface).
{Supercharged)
Maximum B.H.P. 1180 {surface)
{Unsupercharged)
Brake M.E.P. 80 Ib/zq. in.
{Normal aspiration)
Brake M.E.P, 128-8 1b/sq. in.
(Supercharged)
Max. Cylinder Pressure 860-940 lb/sq. in.
(Normal aspiration)
Max. Cylinder Pressure 1,280 Ib/sq. in.
(Supercharged)
Compression Pressure (hot) 480 lb/sq. in.

(Normal aspiration)

- 13-07 -



AR INLET VALVE

SUPERCHARGEK S A ) ek, AIR INLET MANIFOLD
CooER T e {14 \ '

CIRCLATNG WATER
DISCHARGE MANIFOLD

EXHAUST MANIFOLD

AR INJECTION
VALYE

AIR-START
INTERLOCK  VALYE

Sectional view—16 V.M.$. Engine
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Direction of Rotation
Clockwise looking on FREE end of engine.

Identification of Cylinders

The cylinders are numbered from the FREE end of the
engine; the banks of cylinders are defined as LEFT and
RIGHT looking on the DRIVE end of the angine.

Cylinder Firing Order

Left bank 8 5 7 6 1 4 2 3
Right bank I 4 7
Timing, Inlet and Exhaus_t Valves
Inlet valve opens 32° before T.D.C.
Inlet valve closes 46° after B.D.C.
Exhaust valve opens 56° before B.D.C,
Exhaust valve closes 22° after T.D.C,
Valve overlap . 54°. .
All data are to crank-angle basis,
Timing, Fuel Injection LT ; ’
VAL
(Timing gear retarded one 26-5-27° before T.D.C. CLoses Rt aat

degree on crank-angle basis.) (See Mod. No. 85.) _ . ' Vaive-timing dlagram

13,02 CONSTRUCTION

(1) Bngine Frames. The engine freming consiats
of three main sub-components:

Cylinder Frames
Bedplate
Sump

The components are of fabricated steel
weélded construction, and are joined together
to form the engine frsming by fitted bolts.

Cylinder Frames, Made in two sections of 8
Cylinders each. The upper bolt plate forms
the top support plate for the Cylinder assewmbly.
The cylinder head bolts pass through the bolt
plate, The lower bolt plete is extended to
form the cam troughs and fuel pump supports,
tapped holes being provided to receive the
lower threaded portlom of the eylinder head
bolts., Vertical joint plates are fitted
between each psir of cylinders.and at each
eénd of the engine. On the free-ead vertical
plate, the damper and pump drive casing is
bolted. The drive and vertical plate carries
the platform for the superchargers,

Bedplate, The bedplates consists of a
horizontal plate with slots provlided in way
of the crank throws, and a wrapper plate
which has oil drain holes out in it in way
of each throw. Transverse plates are fitted
between each unit to contailn the crankshaft
main bearing beds,

- 13.00 o
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(2)

(3)

Sump, The sump is of welded construction
and 1s in one continuous length, A drainage
sump 1s provided at the centre of the engine,

Crankecasa., Below the level of the lower

bolt plate, the crankcase is completely
sealed. A breather pipe is fitted between
€8ch unit, and these are grouped together

in a manifold which contains a non-return
valve to prevent leakage of air back into

8 hot crankcase - (crankcase explosion risk),
Crankcase handhole doors and explosion reliefs
are fitted to each unit,

c + The cylinder
liners are of forged steel with chrowmium

Plated bores. The water Jecket is formed of
three cylindrical sgteesl sections welded to-
gether ang subsequently machined, Water

sealing between the liner and jacket is achievead
by a copper joint ring fitted under the linepr
flange, and two dexine rings fitted in grooves
around the lower end of the liner,

The jacket and liner éssembly seats on to the
upper bolt plate, and is located by two dowels
which engege two drilled lugs on the top of
the jacket. The assembly passes through the
lower bolt plate and is sealed by four dexine

rings,

Cooling watenr passes into the assembly vias an
inlet port into the Jacket, and thence to

the cylinder head vig elbow pleces, and a
small ferrule, ‘ :

NOTE: At the lower end of the liner, two #% in.
holes are bored for the Plston supporting
gear. One of these holes is merked

FEONI', When inserting the liner into
the jacket these holies must be fore and
aft with the marked hole facing the free
end.

Pressure Tests - Liner 1000 P.B.1,;
Jacket 60 p,s.1. '

- 13-11 -
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h v Wil g
CIAC. WATER . - = 7
TRANSFEN FERRULE NJECTOR

CIRC. WATER
ELBOW CONNECTIONS (3],

o

———  CYLINDER LINER
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i

INLET PORT
CIRC. WATER TO JACKET

DEXINE SEALING RINGS

.Cylinder head, liner and jacket
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(4) Cylinder Heads. The heads are of close-grained
high duty cast iron, and contsin the inlet and
exhzust ports and valve seats, and the fuel
injector tube. The underside of the head is
formed to provide a circular spigot which enters
8 groove in the top of the liner, The hesd/
liner joint is made by:

(al A copper joint ring in & shallow recess
cut in the liner around the spigot groove
(C.I. Liners). A steel joint ring is fitted
when using steel liners.

(b) A metaflex joint between the head splgot
and the liner groove,
'STEEL' . et CYLINDER SO i com

JOINT NG~ © - - 0 /H!AD\.
at NG s 3

: METAFLEX
|—————— JOINT ‘RING

: COPFER
=~ JOINT RING

JACK STEEL LINER JACKET B CAST MON LINER
_— = ="

Cylinder liners, fitting of joint rings

{wo lugs on the hesd are machined to engage
dowels on the upper bolt plate of the cylinder
framing after they have passed through the
cylinder jacket lugs. These dowels maintain
the elignment of the whole cylinder unit.

Cooling water is supplied to the head from the
cylinder assembly via the two elbow pleces and
the swall ferrule,.

The fuel injector tube is rolled into the head.
Each head is secured by six 1# in. studs and
nuts which screw into the lower bolt plate,

The lower end of each stud is extended and
shaped to take a 5/8 in, B.S.F. socket spanner)
the upper end is siso shaped to take the ssme
slze spanner, and is drilled snd tapﬁed to
receive a 1ifting vbolt (5/8 in. B.S.F.)

Pressure Tests - C.W. passages 60 p.s.i,;
Underside and Alr Start passeges 1500 p.s.i.;

- 13-13 <
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Cylinder head mountings. The head is wachined
to take the following fittings: .

(a)
(b)
(c)
(d)
(e)

(r)

(s)

C

Two inlet and two exhsust valves,

Valve rocker gear

Circulating water elbow pleces znd ferprule
Pressure indicator connection

Air staert mounting

Fuel injector.

. The crenkshaft is a single

forging of specisl steel. Main journals
egre hollow to provide lubricating otl
Supplies to main and large end bearings,
The ends of the hollow journsls are sealed
by displacer plugs secured by studs running
through the bore.

Balance weights are secured to crank webs, one
to each crank throw. The welghts are secured
by through bolts which screw into the webs,
Correct position of the weights 1s assured by
steel locating ferrules fitting into recesses
in the webs and welght,

The drive end of the shaft s forged and machined
to form the coupling, and a collar is formed
between the last engine bearing and the coupling
to take the camshaft drive wheel, The free end
of the shaft is tapered to take the viscous
damper snd spring wheel drive for the pumps.,

(a)

Main_ﬂaazlnga- In the submarine agplicstion
of the A.S.KE.1. nine main bearings are
fitted within the engine crankcase. The
Journal at the No. 10 position is left -

unsupgorted due to insccessibility,

The main bearing housings are formed in
the trensverse members of the engine bed,
and boring of s11 Supports is carried out
in one operation with bearing caus on.

All main bearings sre shell bearings con-
Sisting of steel shells of #in. thickness
llned with copper lead 8lloy to a nominal
thickness of 0.060 in., and plated with

lead tin alloy, Bearing shells are

supplied in matched pairs, and the allgnment
of the two halves 1is maintained by two
fitted dowels at the interfsce, An oil
groove 1s cut in each top half bearing.

The bearing caps are secured by four
through bolts passing through the bearing
housing and cap, and secured by castellsted
nuts,

- 13-16 -
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The shell is prevented from turning
in the housing by two effects:

(1) The lub. 01l comnection in the
cap is extended to enter the hole
in the top half bearing shell.

(11) The shell is 'nipped' into the
housing by the bearing cap.

it is vitsl that the amount of nip apiplied
1s within limits as excessive nip will
distort the shell, and insufficient nip
wlll cause the shell to fret on the oil
connection which could result in the shell
rotating. The crankshaft 1s located axially
by No. 9 main beering. This bearing has
end flanges which are whitemetal lined to
a depth of 0,060 in. No. 5 wmain bearing
also differs frow the others in that it

is wider since it spans the vertical

Joint in the engine cylinder frames.

(b) Crankshaft Lubrigcation. Lubricating oil

is supplied from & manifold in the bedglate
vlie a separate pipe to each bearing cap.

The main journal, crankwebs, and large end
Journal ere drilled to pass oll to the

8d jecent journal end bearing. No. 5 bearing
does not supply eny large ends, the displacer
plugs are omitted, and the oil returns direct
to the sump.

(c) v Damper. The viscous demper
1s keyed and bolted to the free end of the
crankshaft. Its function is to reduce the
torsional vibrations of the crankshaft.
These vibrations are caused by the firing
bulses of the cylinders, and if they become
excessive will lead eventuzlily to fatligue
fallure of the crankshaft.

- 13-18 -
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(d)

(e)

The demper consists of a casing bolted
direct to the crenkshaft, which contains

8 heavy lnertia ring free to rotzte within
the casing. The clearsnce between the
cesing and the ring is filled with =
constent viscosity fluid. As the engine
rotates the lnertls ring will revolve at
constent speed equal to the mesn s eed of
the crankshsft, Any torsional vibration
superimposed on this mean speed will cause
relztive motlion between the inertis ring
and the damper cesling. This relstive motion
will create vliscous shear forces within the
fluid, thus energy will be absorbed by the
fluid, ond converted to heat by viscous
friction effects, thus energy which would
have been absorbed ss vibration, is now
converted to heat, and consequently the
degree of vibration must be reduced but

not eliminated. The vibration damger
cesling is formed with a coller at the free
end to take the spring wheel drive.

Spring Wheel Drive. The spring wheel -irive
1s fltted to isolste the reduced torsionsl
vibratlons of the crankshaft frowm the
engine pumps., It consists of & hub, which
l1s bolted to the front of the damger, a
tootked rim around the hub, and sets of
springs which separate the hub end riam,

In this cese the energy of vibration is
absorbed by the springs. The rim 1is
lubricated by oil supglied from the engine
system. O11 1is sprayed into the spring
wheel drive, and deflector plates ensure
penetration of oll through the rim axial
clearance to the hub assembly.

Tre Stub Shaft. At the drive en? of the

crankshaft, a stub shalfi ls fltied to
provide the following:

(a) Shaft connectlion to the Uenerstor.

(b) Engine/Generztor sealling srrongement.

(c) Sugercharger drive wheel,

(d) Turning gesr wheel,

(e) Bearing support to compenssete for
removal of No.10 Msiln Bearing.
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(6)

(r) M . The shells are
identical to other main shells, but the
bearing cap is modified to allow removal
from the confined spece in which 1t 1is
sited. The cap consists of two paerts,
the cep snd the strsp. By removing the
strap sufficient vertical clearance 1is
glven to 1ift end remove the cap, Small
eyebolts are provided for lifting. The
shells sre prevented from turning by a
dowel passing through the strapy and cap,
and engaging the upger shell, Lubrication
is provided via the hollow stub shaft.

A perforated displzcer Plug is fitted
a8t the crankshaft end, and a solid plug
at the generator end,

(g) Crenkshaft Seal. The housing is made in

two halves end contains two split spring-
loaded composition seals, and one split
labyrinth type seal, Location of the
labyrinth 1is ﬁrovided by four set screws
and dowels, he drain from the centre of
seal unit 1s led to the vold space between
the engine and generator.

Labyrinth clearance - 0,0015 to 0.0045 in.

£ A . The piston is cast in Y alloy.
The crown contour gives valve clearance, and
alr swirl. RBadial expansion of the glston 1is
allowed for by reducing the dismeter at the
crown. Two tapped holes sre provided in the
crown for lifting eyebolts.

There are five piston rings:

2 parallel compression
1l tapered compression end
2 scrapers (1 above and 1 below the gudgecn pin).

01l removed from the liner bore by the scraper
rings 1s dreined through holes drillead through
the piston skirt in the ring grooves. Two
bosses are cast in the skirt for the fully
flosting gudgeon pin which is retsined axizsliy
by circlips,
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Note: The gudgeon pin is only fully floating
when hot,

(a) Comnecting rods are fork and blade type, each
pair‘B?fgistons transmitting power to one crank
throw, The fork rod is of B section at the top,
and sepsrates into two pilllers st the bottom,

The large end block contains the bearing for the
fork rod, and forms the Journal for thne bearing

of the blade rod. The bore and blade rod

Journal surfaces of the large end block are Zround
with halvesg assembled, temporary steel ftrips
belng used to allow for the thickness of the

feet of the forked rod, Longitudinal alignment

is assured by two gunmetal rubbing strips pressed
into grooves at each eng of the block.

The shell bearings are of steel, apyroximately
3 1n. thick 1lined with copper lead alloy, and
plated with a thin lead flashing. Two dowels
prevent movement of the shells within the
housings,

The fork rod snd large end assewbly are held

together by four 1 in., bolts and castellsteqd

nuts. The nuts are tightened until a stretch
of .014" ig obtained,

The blade rod is of H seéctlon, and the top hslf
bearing housing is integral with the rod. The
shell bearing 1s of phosphor bronze, located by
side flenges and dowels. The securing bolts are
simllar in design to the fork rod bolts but are
of larger dismefer.

Swall end bushes sre of phosphor bronze and are
a drive fit in the rod housings. Both rods are
made of forged nickeil steel,

Lubrication of the whole ccn-rod assembly is
Supplied via a hole in the crankshaft large
end Jjournal through holes in the shells, and
ports in the housings and rods, Drainage
back to the Sump 1s by nstural leakage,

(7} ¥alves and Vajve Sear. The inlet and exhsust
valves are similar in design but the exhaust
valve has a stellited face. The effective
diameter of the inlet valve is 2,8134 1in,,
exhaust valve isg 2.4383 in.
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All four valves are of nickel chrome tungsten
steel working on seats machined in the cylindep
head ¢astling, and in cest iron guldes driven
into the head from the top. The valve Syrings
and rocker gear are mounted in an aluminum alloy
pedestal bolted to the top of the head., 4
gaskoid joint 1s fitted st the interfzce. Vglve

spindles are grooved a2t the top to take conventional

Split collets, The tappets are spring-loadeq

lever teppet and the valve stem, and so obviate
'velve clatter' ang wear,

The rocker gear teppets are mounted in valve
levers which operate in beirs. The motion of

the outer lever isg transferred to the inner lever
vVia a thrust link, Tappet adjustment 1s carried
out by rotating the ad justing sleeve, which can
be subsequently locked by a nut 2nd washer,

The thrust 1ink pPlns end valve lever pivots are
of case hardened stee] working in phosgphor

bronze bushes. The outer end of the outer valve
lever contains s bell plug which engsges with

the concave end of the push rod. The lower end
of the push rod sits in & concave in the radius
arm, The radius arm is mounted on a supgort
brecket bolted to the camshaft through boltplaete,
The radius arm is operzted by the camshaft,

lubricating the tappets, valve lever fulcrums,
thrust link pins and balj plug. A seccnd pipe
Supplles the radiys arm pivot and bsll cup, this
plpe 1is supplied frop the adjzcent camshaft
bearing,

Valve Timing:

Inlet valve opens - 320

BoI’oD.kl.
inlet valve cloges - 46° 4.B.U.C,
Exhaust valve opéns - 569 B.B.D.C,
Exhaust valve closes - 220 A.T.D.C.

Valve overlap - 549
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(8)

¢ C D . 7The camshafts are
built up in four sections one for each ad jacent
pair of cylinders. Each section has 6 cams (2 fuel,
2 inlet and 2 exhaust), The cems are machined
integral with the shaft, and are carburized to a
depth of 1/32 in. The couplings are marked with
the number and handing of the section. Egch
séction 1s supported in two shell bearings mounted
in the fuel pump supports. The besrings are lineq
with a 0,015 in, thickness of whitemetal 2nd zre
lubricated with o1l supplied from the hollow Cawshaft,
One pump support is drilled £o provide lubriczting
011l supply to the ad Jacent radius arm assembly.

The camshaft is driven by a hollow stub shaft
which protrudes from the camshaft gear train.
The gear trailn for each camshaft consists of:

(8) Crankshaft wheel

(b) First motlion wheel and Plnion on same axle
(c) Idler wheel

(d) Camshaft wheel driving the stub sheft.

The wheels, hubs and bearings ete. are housed
between two plates {front and back). The plates
together with stey bolts etc. form the gear train
¢radle, and one cradle is fitted for each camshaft.

The crankshaft wheel is bolted in two halves to
the collar on the Crankshaft,

All wheels sre of nickel steel and the teeth are
slngle helical., The first motion wheel and pginion
and the idlers are 'free' and ape bolted to hollow
hubs which run on tapered roller bearings at esch
end of a fixed sheft secured between the front

and back pletes, These shefts are extended through
the baeck plate to form securing studs to the enzine
freming. Between the two maln plates, 3 stay boiis
are fltted, and these are also extended througl: the
back plate to form securing points on the engine
framing, The back plate 1s also fitted with

three location bolts, thus elght securing polints
are used to fix the trailn to the engine frames,

The camshaft wneel of €ach trzin 1s bolted to a
hub wnich is keyed to the stub shaft. The stub
shaft runs in tapered roller bearings housed in
the cradle plates.
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Each cemshaft wheel is drilled axlally at s
polnt near 1ts periphery. At g poilnt in the
front plate a further hole is drilled, sand
an sllignment peg cen be fitted to lock the
train for refitting or timing operestions.

The tapered roller bearings of the train are
lubricated Internslly by en oil supply through
the fixed shafts which are drilled and ported
to take banjo connections. The stub shaft is
supplled from a fasce to face fitting which
incorporstes a reguleting valve since this also
supplied the camshaft.

All geer train wheel surfaces are lubricated by
Jets supplied from the main lubrlcating oil
system.

In order to prevent axial float of the gezr wheels
when the train 1s hot, the bearings are given a
degree of axlsl nip when cold (0,001 - 0,002 in.).
This nip is adjusted by steel distance washers
fitted between the front plate and the outer
bearing., The camshaft wheel nip is adjusted by

a slmilzr washer fitted between the front plste
and the oll retaining cover., A further check on
the nip is carried out by measuring the torque
required to turn the wheels - this should be

(9) Zurning Gear. The turning gesr is situsted at the

drive end of the engine between the camshaft gear
train and the drive to the supercharger. Pressure
from the ship's hydraulic system is supplied to a
Deri-Sine motor which operates the turning gear
through two stages of worm and wormwheel reductlor,
the second stage wormwheel being fitted to the
crankshaft. The overall speed reductlion obtained
is 1 : 95.6; thus it 1s possilble to turn the
engine at very slow speeds. For emergency use,
the motor can be opersted by means of a hand pum..
Engagements of the turning gear is effected by
means of a lever which operates a sheft fitted
with two cems, which engege the underside of %wo
brackets, which In turn cerry a suspension box.
This box houses the second reduction worm and
shaft. The second reduction wormshaft and the
filrst reduction wormwheel shaft are in line and
connected by a unliversal coupling, one member of
which 1s free to move laterslly on the splined end
of the flrst reduction wormwheel shaft. The first
reduction assembly, includinz the motor, is susgended
in trunnion bearings to permit slight tilting of
the assembly.
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(9a)

The counter-weight spring 1is designed to balance
the welght of the suspension box in its
approximate mld-position; the cams therefore
press the lower rubbing strips downwards to
eéngage the turning gear, but supgort the entire
welght of the box, through the upger rubbing
strips (contained in the brackets s when the
turning gesr is 'out’'.

When the turning gear 1is engaged, the cam
operated eir start interlock valve will be shut,
thus no starting sir cen be supplied to the zair
start system.

Lubricating o1l to the assemblies is supplied
from the L.O. priming system to a stand pipe -
in the engine bed adjacent to the turning gear,
From this pipe flexible plpes supply oil to the
first and second reduction stages,

The first reduction stage is supplied by a flexible
lead teken to each of the two tapered roller
bearings which support the wormwheel shaft.

After leaving the bearings the oll floods the
casing and thus lubricates the gears and the
wormshaft bearings.

The second reduction stage 1s supplied by a
flexible pipe to a connection on the coupling
end of the worm box., Oil is supplied from there
by ports to the bearings, and by a perforated
tube to spray the geers,

Turning Gear Motor. The motor is coupled to
the first reduction worm shaft, and connected
to the hydrsulic system through wire-wound
flexible hoses,

Motor details - Type............... Deri-Sine s/5-1
Max. working pressure ,. 2C00 p.s.t.
Max. speed ............. 2500 rev/min.

Corresponding engine speed .. 26.14 rev/
min.,
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The fixed portions of the wotor consist of five
principal components; a centre plate, two stators,
@ rear end casing and a drive end casing, Thesge
members are located radially by two dowels, and
Seécured, together with a rear end cap, by six
long bolts. A drive end cep 1s also secured to
the drive end Ccesing by six short bolts,

The motor shaft is supgorted in znd locateqd
axlally by bail bearings housed in the end
casings. 1t is driven through keys by two
rotors of double-cam form which are phased
at 90° to one another, and operste in the
pressure chambers of the stators.

Depending on the position of the control valve,
hydraulic pressure is led to elther the resr

end or drive end casing and thence through axial
chennels to two ports in each pressure chember,
Similsr provision is made for the return oil.

To form a seal between the hydraulic pressure and
return flat steel brushes sre provided, two for

- €ach rotor. The brushes bearp lightly on the curved

surfaces of the rotors due to the influence of

the hydraulic pressure. A light spring and

rocker erm is provided to ensure initial contact

of the brushes upon the rotors when sterting

the motor. The contact ends of the brushes zre
profiled as shown to ensure that the resultant
bréssure of the brushes on the rotors 1s sufficient
only to obtain light contact,

Zgch motor is provided with a 'bleed off!
connection which is led to the hydraulic
réplenishing tank via a spring-loaded ball
valve,

Control velve - double acting piston type;

limiting flow valve fitted on
inlet side,
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(10) I .S

Alr Menifolds, one for each bank, ere made of
four aluminum alloy sections, running the full
length of the engine,

At the free end they are blanked and a2t the drive
end are connected to the outlets from the super-
Charger air ccolers. To ensure pressure balence
the two manifolds are cross-connected =zt the
cooler outlets.

From the menifolds branch pipes lead to the
¢ylinder heads, these are made of aluminum alloy,
(when renewing they should be replaced with

steel pipes) only the two end plpes are in one
plece, the other six are cut in halves and joined
wlth a rubber sleeve to facilitate fitting and
lining up. (Mod. No. 303). A boost pressure
gauge and a Bototherm thermometer are fitted on
each msnifold, Two Alr Inlet vzlves are zlso
fltted to e¢ach manifold to provide asn alr supply
when unsupercharged, Action of these valves is
automatic but hand control gesr is fitted to
prevent vsalve flutter,

Superchargers

The Godfrey Supercharger is 2 centrifugal type
blower driven through geering from the engine
crankshaft. The drive, which incorporates a
fluid type coupling, is stepped up in four stages
from 920 rev/min. at the crankshaft to a maxlmum
of 16,700 rev/min. at the supercherger (ratio
18.15 : 1). Thls speed ratio can be varied by
the operstlion of & scoop trimmer on the fluid
coupling.

The impeller wheel is a fully machined aluminum
8lloy forging consisting of & hub sround which
the lntegral blades are equl-spaced. The blades
are tapered to the tips and blend into guide
vanes at the centre to 1lnduce the air flow into
the superchsrger. Air discharged from the ilmpeller
passes througzh a displecer ring fltted in the
casing. The impeller ls keyed to its sheft ord
retained by a nut and tab washer., Su.gort for
the assembly is glven by a8 double bell bearing
at the 1mpeller end and a roller bearing at the
drive end, The bearings are force lubricsted,
leakege of oil into the impeller beingz prevented
by 2 gland comprising a scroll seal and & .arbon
seal assembly.
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The drive shaft from the finel step up gears

i1s coupled to the lmpeller shaft znd is serrstegd
at both ends. It 1s 2lso necked so that it

will fracture should defects develop 1in the
Supercharger,

(10a) s D « The drive from the crank-
shaft to the supercharger 1s taken through the
following:

(1) From a spring-loaded gearwheel on the crank-
shaft stub shaft to the smeller of two
gearwheels on a layshaft assembly which 1is
supported on the engine framing.,

(2) From the laorger wheel on the layshaft to an
input gearwheel keyed to an input shaft in
the supercharger caslng.

(3) From the input shaft %o & bevel gear drive,
via a toothed coupling, & fluid coupling and
an output shaft.

(4)  From the bevel gesr drive to the final step
up gear drive to the supercharger,

(10b) F ¢ - The fluld coupling (hydro/
kinetlc transmission) ensbles the speed of the
Ssupercharger to be varied over a wide renge by
the operation of a lever controlling a scoop
trimming mechenism. The drive member (impeller)
of the coupling has & number of redial vanes and
1s contained within snd attached to a scoop
chember, which 1s driven at constant rotation
with the engine crankshaft through the toothed
c¢oupling on the input shaft, The driven member
(runner§ 1s similarly vaned and is bolted to
the output shaft, which basses through the axis
of impeller and 8Coop chember to trsnsmit the
drive to the bevel gear drive,

O11 enters the impeller through ports in the hub
and 1s pumped in a continuous flow into the scoop
Chamber via ports in the periphery of the impeller,
The 01l circulates in the form of a vortex to the
runmner which is thereby set in motion to transmit
the drive to the output shaft. A Scoop tube,
housed in the supercharger casing, can be lowered
into or withdrawn from the stresam of 0ll rotating
in the scoop chamber., When the 8Coop 1s lowered,
0il is swept up the tube and transferred to the
gearbox sumy; the consequent reduction in the mass
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(10c)

of oll in the working circult has the effect of
increasing the slip and therefore reducling the
speed of the output shaft, Conversely, withdrawal
of the tube allows a greater mass of oil to

remeln in the working circult thereby reducing

the slip and increasing the speed of the outgut
shaft,

F C 0 S

011 for lubrication of the gesrs and bearings
and for the operation of the fluid coupling
flows through four sepsrate circuits. The

first circuit is supplied from the englne system
and the other three from a pump assembly which
comprises three individual gear type pumps. The
pump assembly 1s driven through gearing from the
outer end of the input shaft.

1st Circuit -‘Supplied from engine system at
30 1b/sq.in. to:

(a) Layshaft gears and bearings.

(b) 01l pump drive gears and bearings.
(c) Input shaft bearings.

011 drains to engine sump.

2nd Circult - Supplied from section of oil pump
at 5.75 gal/min. at 40 1b/sq3.in. to:

(a) Serrations at each end of supercharger drive shaft,
(b) Supercharger shaft besrings.

(c) Bevel and final step up gears and shaft bearings,
(d) Output shaft bearing (outer),

Oil dreins to geerbox sump.

J=d Circuit - Supplied from section of oil pump
at 9 gal/min. to:

(a2) Fluild coupling scoop chamber,
{b) Impeller snd rumner.

(¢} Impeller beering.

(d) Output sheft bearing {inner).
011 drains to gesrbox sump,
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bth Circuit - In this circult the third section
(scavenge) of the oil pump sucks the oil from
the gearbox sump and discharges it to an oil
Supply tenk vis a 80 1b/sg.in. relief valve,

3n oll cooler and a 3-way control velve (cooler
by-pass valve),

NOTE: The gear pumps for the 2nd 2nd 3rd circuits
suck from the oil supply tank.

In an emergency the 2nd end 3rd clrcuits czn bhe
supplied from the engine lubricating oll system,
Flexible hoses and connections are carried on

board to ensble this to be carried out, and a
blanking plate 1is provided on the gearbox sump

S0 that the sump can be drained to the engine sump.

Iemperature Control Systen

A temperature regulstor in the 2nd. 01l circuit
between the pump and the filter controls the
setting of the 3-way (cooler by-pass) valve in
the 4th, (scavenge) circuit,

011 discharged to the 2nd clrcult Flows past a
thermo sensitive rod in the regulastor to the
filter, and slso via a 40 - 10 P.s.1l. reducer aznd
a throttle screw to a dilaphragm chamber at the top
of the spring-loaded 3-way valve. When the 01l
tempersture rises sbove the regulator setting a
leak port in the regulator outer casing is auto-
matically opened 8llowing the oll from the outlet
of the reducer to bass to the supply oil tank via
@ sight glass. The pressure in the diaghragm
Chember of the 3-way valve then falls, ceusing
the spring to move the vslve upwards resulting

in more oil passing through the cooler,

NCT&: In the event of fallure of the control system
the 3-way valve will be automztically held
on lts upper seat by the spyring end all oil
wlll pass through the cooler.

Temperatyre angd Pressyre darning Lights

Two werning lemps for €ach engine are provided
on the engine gsuge bosrd:
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(11)

(1) One lamp is extinguished when the pressure
in the 2nd. circuit falls below 30 p.s.i.

(2) The other lamp is extinguished when the
tempersture in the scavenge suction line
exceeds 205°F,

Exhoust System

Exhaust gas from esch cylinder 1s led to a
manifold running the full length of the engine,
The manifold is in three sections each recelving
ges from it's adjacent tylinders. The exhsust
bénds and manifold sections sre formed of steel
pipes surrounded by water Jackets made in hslves
and welded,

Cooling water is supplied from the cylinder heads
vla a stand pipe on esch head to the exhaust bend.
Water then passes to the menlfold through bridge
pleces. From the manifold,water is led to the
Cooling water outlet manifold, A trunging 1led
from the for'd end of the manifold conveys thne
€xhaust gas to the group exhaust valve. This
trunking incorporstes corrugated exgansion sections,
and 1s supported by a spring pipe clip. The

group exhsust valve is water cooled, the water
beilng supglied from the englne distilled water
system,

The group exhaust valve incorporates a grinding
device since it has & metsl seat in the gas
stream,

The Eroup exhaust valves on ONONDAGA and
OKANAGAN sre air operated sluice valves,
designed for quick shutting in the event of
snorkel muffler valve failure.

They have the followlng advantages:

a. The bore is increased to 8 in.

b, The valve is not in the gas stream when open.
¢. The reslstance to shock is increased

d. It 1s controlled from the starting platforam.

The valve consists of a double faced (two 1ids)
slulce valve operated by an external air travel
piston through a rack mechanism.

The valve is locked when in the shut position

by means of two toggles, operated by an HP piston
8nd power spindle; which force the two 11ds against
the seats. In an emergency both the operating

and locking gears can be worked by hand.
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(12) ~ ALR START SYSTE

The system consists of:

8. Alir stert bottle - relief valve set to 1200 p.s.1i,

b, Mester valve - relief valve set to 700 p.s.1. on
outlet side

¢, Turning gear interlock

d. Air start distributor

e. Cylinder injector valves.

The air start distributor is driven by the left hand
bank camshaft, and directs relay alr at full air start pressure
to the injector valves fitted to the left hand bank cylinders in
firing order., The relsy air opens the injector valve and allows
starting 2ir to enter the ¢ylinder, The relay system is used
slnce the full flow of alr 1s not required to pass through the
distributor and smsller Components can therefore be used,

Zurning Gear Interlock

The interlock vslve is opersted by a cam behind the
turning gesr engaging lever, With the turning gesr 'in', e

plunger cuts off the air supply to the distributor and the
injector valves,

Ristributor

The distributor is driven from the camshaft through
bevel gearing and a tongue and groove joint. The drive also
provides a worm and wormwheel drive to the engine tachometer.
Lubrication of the parts 1s by oll supplied from the hollow camshaft,

The distributor disc is splined to the driving spindle
and 1is held off the block face by a leef spring fitted in the
tongue znd groove coupling. When relay air is admitted to the top
of the disc the lattep is held on to its seat agalnst the lesf
spring, and relasy airp pésses through a hole in the disc to the
appropriate injector valve. At the same tlime the relsy air of
the other seven injectors is vented to atmosphere, via a recess
on the underside of the disc, and past the drive spindle,

injector Valye

The injector vslve consists of s spring-loaded poppet
valve operated by s differential area piston. Belay air acts on
the larger area and will open the poppet valve agsinst the Spring

force plus the main sirp force. Main air is thus admitted to the
¢ylindepr,

A T-hendle is fitted which csn be engsged to rotate

the popy.et valve on 1ts sest should it be leaking phrough dirt
etc.
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{(13) NGINE 01 ; 1EM - GOVE

Puel is admitteq to the system from the subsequent
line, via a valve (operated by a float in the gravity tank),
angd a centrifuge. Both op elther of these can be by-p8ssed
if necessary, The outlet from the gravity tank is led to a
6-velve chest where it can be fed to elther the éngines, or
to the snap taenk, The valve chest c¢an also be used to by-psss
the gravity tank enabling fuel to be Supplied direct from the
centrifuge discharge, should the booster pump fail,

Fuel passes to the engine suction rail vis the
following flttinge:

8. Non-return check valve
b. Booster pump

¢ce Twin filter

d. Flowmeter

e. Shut-off cock

(a) and (b) can be by-passed,

Injector leak-offg and gravity tenk drains are led
to a drein tank which cap be €mptied by a2 hand pump, A cock
lg fitted on the leak-off line to allow measurement for trial
purposes,

(14) FUsl rUnps

Lach is operategd by 2 cam on the engine camshaft, return motion
being effected by a heavy Spring contzined within the pump
tappet. Two shel]l bearings for the camsheft are housed in

the lower part of the pump,

In f1g. (a), (b) and (o) show the pump plunger at
three positions °n 1ts upward stroke., Ag the plunger rises
from positions (a) to (b fuel will be discherged through
the two suction ports until the upper edge of the plunger
réaches the upper edge of the suctlon ports (position b).

At this point the fuel in the barrel is imprisoned and further

the spring-losded discharge valve and passes at high pressure

to the injector, Further upward travel of the plunger increases
the pressure to s point at which it overcomes the resistance

of the spring-loaded valve in the injector and fuel 1s injected
1nto the Cylinder,
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The point st which fuel ceases to be supplied is
governed by the incldence of the upper edge of the helical
recess in the plunger. Once this edge reaches the lower
edge of the spill port, the fuel pressure will be instantly
released through this port (position c).

Although two ports sre provided in the barrel only
one governs the point at which fuel ceases to be discharged,
the purpose of the other belng to ensure complete charging
of the barrel with fuel.

i1t will be apparent that the 'mechanical’ stroke
of the pump remsins unaltered, but the 'effective stroke will
be subject to the relative positlons of the -upper edge of the
Splll port and the upper edge of the helical recess. In the
Fig. the effective stroke is D minus E,

Pump output is dependent upon the radial position
of the plunger which can be varied by means of a control
sleeve., This sleeve 1is slotted at the lower end to engage
8 rectangular flange formed near the lower end of the pPlunger,
and has a pinion machined on the upper end to engage a rack.
All racks are connected to & common control shaft,

Discharge Valyg

The spring-loaded discharge valve is flat-geated
and works in a valve guide also spring-loaded. As the pump
plunger rises the initial pressure 1lifts the valve until it
contacts a shoulder inside the guide. BResulting from this
the avsilable area subject to fuel pressure 1s 1lncreased and
further upward movemsnt of the valve is sharper, The fuel
pressure in the chamber outside the valve is also sharply
increased,

Similarly, on the return stroke of the plunger
8 sharp decrease in the fuel pressure is obtained. The
sharp lncrease and decrease in the fuel pressure results
in a 'snap' action of the injector valve, thus producing
'anti-dribble' condiltions at the injector orifice.

Tiping Gear
Fitted to each pump to enable the point of fuel

lnjection to be adjusted as necessary. Consists of & rocker
arm pivoted at one end on 2 block which is free to osclllste
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on two bearings. The other end is forked to carry two rollers
one of which bears on the fuel cam apnd the other on the pump
tapyoet. The pivot block is threaded internally to receive an
ad justing screw, which is positioned axially by a positioning
nut screwed to the rocker arm. The outer end of the screw 1is
squared to take a 'T' ghsaped adjusting handle, and the screw
can be retained in any of eight poslitlons by a spring-loaded
key-plate which engages in 'V' shaped slots onm the underside
of the positioning nut. Ad justment is made by compressing
the spring until the kéy-plate is clear and then turning the
adjusting screw as necessary. This constrains the rocker arm
to move laterally.

Bote: The pivot block has no lateral movement but only
osclllates, :

Yariations of Timing
One turn of adjusting screw = %lus or minus 4°
on crenk angle basis),

The maximum veristion obtainsble is 6° either side
of mid position.

Note: The pump must be cut-out to alter timing.

(15) aArdleigh Governor

The Ardieigh governor is of the centrifugal filyweight
type and operates through a hydraulic servo-mechanlsm, the oil
reéservolr, gear type pump and two spring-loaded accumulators
for which, are conteined in the governor casing. The flyweights
aré driven from the right hand bank camshaft through gearing,

a rotor sleeve snd a rotor spring, the latter assisting in
dampening out the Cyclic verliations in the drive,

The power plston of differential srea type 1s linked
to the fuel pump control shaft. It is also limked %o the
stabllising feedback piston and the droop control valve, these
links being adjustable so that the amount of stabilisi fecd-
back and/or droop cen be varied as necessary, In the S
application of the governor the setting of the droop control
valve 1s kept constant. A droop restiictor sllows high
SsTressure oll to pass to the feedback system, and an adjustable
restrictor, in the form of a screw, controls the flow. Any
eéxcess pressure 1s relieved to drein through the droop conmtrol
ball valve,
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Shut down is effected by means of a solenoid-
opersted ball valve, which, when the solenoid is de-energised
directs the pressure oil above the shut-down valve to drain,
resulting in the shut-down valve being moved upwards by its
spring and so opening the underside of the power piston to
drain. This allows the power piston to be moved downwards
by the pressure oll sbove it and so move the fuel pump
control shaft. '

Operation

Load Increase. Any increase in load will cause
the speed of the engine to drop and the flyweights will
move inwards because the force of the speeder spring will
be greater than the force exerted by the flyweights plus
the pressure in the feedback system. The pllot valve will ﬂ@ﬁ“ﬁ
move downwards, permitting high pressure oil to pass to P
the underside of the power plston which will therefore be
moved upwards to lncrease the fuel supply to the engine,
Simultaneously the stabilising feedback plston will be
moved downwards by the links and the oll on its underside
will be displaced in the feedback system causlng the feedback
Plston to rise against 1its spring sctlion, thus increasing
the pressure in the system., Thnis increased pressure acting
on the bottom of the pilot valve plus the flywelght force
ténds to raise the pilot valve to cut off the flow of pressure
01l to the underside of the piston.

Due to increesed output of the fuel pumps, the
drop in speed will first be checked, then increased to the
original rev/min. This will ceuse force of flyweights to
return to i1ts original value, but as this occurs, oil
pressure in the feedback system elso returns to its original
value through the adjusteble restrictor and the droop ball
valve, thereby keeping the pilot valve in a state of balance,
in its neutral position.

Load Decrease, As the load is decreased the speed
of the engine will rise causlng the flywelights to move out-
wards and 1lift the pllot valve to relemse the control oil
trapped below the power piston. The high pressure o0il acting
on the upper surfaces of the power piston will force it down
and so decrease the fuel supply. Simultaneously the stabilising
feedback piston will rise causing the pressure in the fesdback
system to drop and this will tend to bring the pllot valve
down to close the control oil port.
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Seneral Instryctions

8.

b,

C.

The
racks by a Col

to:

a,

Before engaglng the governor to control the engine
1t 1s desireable to adjust the stabilising feed-
back to its maximum value (No. 10 on indiecator),
and to adjust the re-cet restrictor to apLrox,

# turn open. This will ensure stability under al]
normal conditions (i.e. the governor will not hunt),

The setting of the droop control (zero on indicator)
should not be altered,

Before any final adjustments are carried cut onp
the governor it should be allowed to reach its
normal running temperature,

To reduce overspeéeding to & minimum when the

load is thrown off the engine, the stabllising
feedback should be graduelly decreased (indicator
moved towards zero) until continuous hunting occurs

glve the lowest maximum speed temporarily obtsined
when the load 1s thrown off the engine, and the
quickest return to s steady state.

governor 1is connected to the fuel pump control
lapsible Bell Crank Lever. Thig lever functions

Disconnect the fuel pump racks from the governor
when the pressure in the engine lubricating o1l
system falls below 10 Pe.8.1.

Limit the fuel consumption of the engine to the

maximum pcrmissable when running both super-
charged and unsupercharged,
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(16) LUBRICATING OIL SYSTEM
(a) GQeneral

Clean reserve lubricating oil 1s stored in two tanks
constructed beneath the engine beds, Tank capacities - port
2603 gal. starboard 2200 gal. Oil in these tanks is used to
réplenish the D.0.T. (capacity 780 gal.), bullt between the
reserve tanks,

The D.0.T. functions as an oll reservoir common to
both engines., It i1s 8plit into port snd sterboard sections by
a8 baffle which hag s number of limber holes cut through 1it,

Hot 01l drained from the engine bearings collects in
& sump from which it 1s extracted by an engine-driven scavenge
pump &nd dischsrged to the starboard side of the D.0.T. via an
o1l cooler. 011 then flows through the limber holes into the
port side of the tank where it provides suction to the engine-
driven pressure pump. The pressure pum supplles the engine
L.0. panifold via & perallel flow twin Vokes filter. Ope
branch from the manifold supplies the generstor end bearing
which drains direct to the B-O-T-

Clean 01l for general purposes 1s stored in a ready-
use tank which is filled by & hand pump from the port reserve
tank. This pump can also be used to prime the engine from
the D.O.T. or P-R-LlOu tank.

A motor-driven priming pump provides pre-starting
Circulation of oil, t can be used to discharge oil through
the filling line, and has & suction from all tanks.

A centrifuge is provided which can suck from or
dischsrge to any selected tenk, Alj tanks have a dip rod and
@ comblned vent and blow.

011 1& embarked through a portable gooseneck No, 2
Connection on the casing,

(b) System. Werm oil frowm the engine sump
ie extrscted by an englne-driven gear type scavenge pump.
The pump discharges to s Serck cooler via a thermostatically
contro%led by-pess valve which is set to meintain a tempersture
of 145% st the engine inlet. The by-pass valve (Serckstst)
1s set by the manufacturer and should not be altered.
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The o011 cooler 1s of conventional Serck type con-
sisting of & stralght tube nest supported between two tube
plates. One tube plate is free to move to allow for the
expanslon of the tubes, 0il snd water sealing at this end
ls obtailned by fitting en expansion ring with a rubber ring
on esch side of 1t, around the tube plate and clemping the
three rings between the ed jecent flanges of the cylinder
and the end box, On assembly the rubber rings are comgressed
only sufficiently to wlthstand the water pressure tests of
the oll and water spaces,

011 flows around the outside of the tubes in a
single pass, and baffle plates are fitted to increase the
effective length of the cooling pass. The water flows
through the tubes in & two pess arrangement. Vent plugs
are provided for the oil and water spaces,

Pumps. The scavenge and pressure pumps are similer
in design differing only in dimensions. They are driven from
the spring wheel drive at the free end of the engine. The
pPumps are of the Drysdsle Horzoil type, the two rotors (driver
and driven) of each conslsting of a pair of opposite handed
double helical gearwheels. The rotors are keyed to the shafts
and work in an intermediste piece which ha s suction and delivery
Ports cut in it, The shafts are supported in whitemetesl lined
bearing bushes and the whole assembly is locsted axielly by
a ball thrust bearing fitted to the driving shaft.

N The priming pump, of Imo type, 1s driven through a
Crofts type coupling by an electric motor, the armasture shaft
of which is extendeg at the other end to form the driving
splndle of the engine distilled water cooling pump. 4 hand-
cperated, spring-loaded by-pass velve normally set to 60 p.s.l,
is fitted across the suction and delivery passages in the pump
body.

{17) £URIF1ER

If & 1liquid 1s allowed to séttle in & tank, the heavy
perticles suspended in the liquid will fall to the bottom. If
the 1liquid is subjected to centrifugel force many times greater
than gravity, this separation will be accelerated and rendered
more complete,
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Fig. a shows a bowl containing a 1iquld revolving
at high speed around a vertical shaft. Due to the action of
centrifugal force, the suspended particles will settle out
rapdily at right angles to the axis of rotation, i.e. towards
the periphery of the bowl,

The degree of separation obtainable depends on the
veloclity of the particles in the 1iquid and on the distance
they have to travel before being separated.

The introduction of comicsl discs over the vertical
shaft enabled a small bowl to be used and run at reasonable
speed, this gsve a high efficlency and output. Fig. b shows
the effect of using these discs. Liquid is supplied through
the central tube and is distributed between the discs, which
are fitted very close together and divided the 1iquid into
8 number of thin layers. Sepsration takes place between the discs,
the heavy particles moving towards the periphery of the bowl
under the action of centrifugal force. They soon reach the
underside of a disc and so are separated from the stream of
llquid.

Flg. ¢ shows an enlarged section of the bowl, con-
talning conical discs used for the separation of oil, dirt snd
water. Water and dirt being heavier move towards the periphery
of the bowl following the underside of the discs. The water
énd the discs form a seal through which the o1l cennot escape.
As more liquid is supplied the oil will be forced to move towards
the centre of the bowl 8geinst the actlion of centrifugsl force,
The mixture of 011, water and dirt passes down the distributor
tube to the distributor chesmber and enters the set of discs
through the distributor ports, Here separation sterts, water
and dirt moving towards the sludge spsce 1n the perliphery of
the bowl, and the 01l towsrds the centre. The water passes
through the water outlet ports, which are grooves formed
between the top disc snd the cover. The purified oil passes
through the o1l outlet ports to the o0il outlet.

Fig. d shows & 'U' tube containing 2 mixture of
01l and water. These two llgulds will settle out, the
relation between the levels 'hl' and 'h2' sbove the line of
contact 'G' adjusting 1tself to correspond to the relation
between the S.Gs. of the two llquids as follows: -
hl/n2 = S$.G.2/5.G.1,
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The action of the De Lavel purifier is based on
this physical law. As shown in Fig. e, the force acting
on the mixture is horizontal. The relation between the
radial distances of the 1iquid outlets from the oll/water
interface 'G' 6 'p1' gng 'pot corresponds to the relation
between the S.Gs, of the two liquids: rl/r2 = S.G.2/5.G.1

top disc because the water seal will then be broken and oll
will discharge from the water outlet, The location of the

is controlled by the internal diameter of the gravity discs
used. Bach purifier 1ig provided with a set of gravity discs
_gtovarying internal diameters to cover a range of varylng

I3,

The purifier 1is driven by _an slectric motor through
a friction clutch snd worm gearing. It incorporates a gear
type pump which can suck from either of the three lubricating
01l tanks and discharges vis an o1l heater to the distributor
tube. Purified o011 discharged from the centrifuge can be
directed to either of the three o1l tanks.

Operstianal Data

Speed of bowl 7000 rev/min.
Speed of wormwheel 1450 rev/min,
Speed of counter 77~-83 rev/min.
Capacity 210 gal/min,

Temperature of o1l for o
purification 160%P,

Acceleration time for
bowl 2-3 min.

Mountings (centrifuge
and motor) 250 1b. type 'L!
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(17a)

Fault Flndlng

Fault

£rohable Cayge

Bemedy

O1l1 discharge from
bowl casing.

Bowl or gravity disc
lock rings not properly
tightened or rubber
rings defective,

Tighten lock ring
using special spanner
provided; renew rubber
ring,

Discharge of o011 in
overflow sight gless,

Feeding capacity too
high. Bowl choked with
s0llds,

Regulate control
valve. Bemove and
clean bowl.

Max. degree of
purlfication not
obtalned,

- Feeding capsacity too high.

Sediment space of bowl.
filled with solid matter.
Separator not running

at its designed speed.

Regulate capacity,

Bemove and clean bowl.
Check bowl brake clearp.
Check motor sgeed with
tachometer, if correct:
check clutch for o0ll,
clutch blocks for
freedom on their
spindles, and PFerodo
pads for wear,

011 st Incorrect temp,
Wrong size gravity disc
in use,

Ad just hester switches.

Select and fit new disd

O%l discharges with
water,

Insufficient quantity of
sealing water in bowl.

Separating temp. has
changed so that gravity
disc in use does not
correspond to the S.G.
of the oil, at the
treating temp,

Loss of sealing water
through evaporation.
Wrong size S.G. dise
in use,

Bowl joints leaking;
indicated by discharge
from bowl casing drain,

Shut off oil feed and
pour warm water
gradually through
water filler plug.
Temp. of 01l should
not be sllowed to
fall to any great
extent.

He-seal bowl with
warm water,

Select and fit next
spaller size disc,
Tighten locking rings
and/or renew rubber
rings as necessary.
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Fayi, Probable Cauge Bemedy }
|

Centrifuge does not Bowl has been wrongly Strip bowl and re-
function satisfactory, assembled, assemble. ‘
Solids have settleqd Clean bowl thoroughly !
unevenly in bowl, before attempting |
to re-start, i
Components of bowl Fit spare bow, |
damaged or corroded, i
J
Uear pump does not Taper pin securing Examine gears; fit 1
function correctly, Pinion to wormwheel new taper pin.

shaft sheared,
RBelief valve leaking or Befit and reset to

incorrectly set, 10 1b/sq.in.
End clearance of rotors Adjust clearance
too great, to 0.0015 in,

(17b) Sag Water Contamination ofAgnglnquuhnlgaglng_Qll

The Possibllity of contemination of the main engine
lubricating 011 by salt water cannot be entirely eliminatéd 1in
S/Ms. Contamination cén, however, be checked by frequent test
of the oll, and the resulting damage (corrosion, bearing fallures,
etc.) can be obviateg by prompt treatment. :

The importance of early discovery of Contemination and
the correct opeération snd meintenance of lub, oil séparators
cannot be too highly stressed.

The falling ofr in performance of the separator is
most frequently due to one or more of the following fectors:

8. An unsuitable gravity disc,
b. 011 temperature too low.
¢. Presence of emulsion in the oil,

The most frequent cause 1z (b)., The 01l should be
heated to 160°F. in normal use, and up to 190°F. for short
perlods, of up to 8 hours, when excessive water contamination
is present,. he S3.G. of the oil in use 1s to be checked weekly
at 160%F, and 190°F, snd the results noted. (The S.G. correction
factor 1s 0,0004 per OF, Chenge of temperature),
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Should contamination be discovered and subsequent
to the action taken below, a full report should be forwarded
to "CANCOMSUBRON ONE, Thisg réport should include detalls of
the cauge ofr Contaminastion, action taken, and also the msnner
in which the Separator was operated during the period of
contamination, €.g. times of starting and stopping, routine
cleaning, smount of sludge removed from the bowl end temperature
input, both before end during rewmedisl sction.

In order that the Instruction below can be fully
1mplemented, sepearate action 1a being taken to:

8. Provide means of drainaege for any pocket in
the 1lub. oi1l system that is not already
provided with drainsge, '

b. Provide where possible larger heaters for
the separators,

The treatment has been divided below lnto two
sectlions, in harbour and at sea,

(17¢) QnnIamlnaLlQn_Llmlh&JnxLlhxm&mﬁntgajiLﬁ&zhnun

Each week o séumple should be drawn off the D.0.T.

whilst the €nglnes are running, using the hand pump, and the
following taegts made :

a. Water content using the speedy moisture tester,
b. Specific gravity test.

e Salinity test using the Boller Feed Water Test Set.
Satisfactory 011 Condition

. If tests in paras. 7 show a water content not greater
than 1% znd/or selinity not greater thran 10 grain/gal., then
the oll may be cons:dered satisfacteory provided:

&. Bngine lub. oil consumption, as shown by make
up of the D.0.T., i3 not less then 2% of fuel
consumption (i.e, there is sufficient additive
replenishment to deal with this degree of
contamination),

b. The sepsrstor 1s operesting efficlently,
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C.

d.

Any source of contamination is investigated and
eliminated or controlled,

Known pockets or system low points, e.g. filters,
coolers, pumps, pipe loops, etc., are checked
clear of water at regular intervals.

Moderate Contamination

If tests in psra 7 show a water content between 1%
and 5% snd/or salinity between 10 grain/gal. and 30 grain/gal.
the following sction should be taken as soon &s possible:

e

b.

C.

Stop engines and check all known pockets and
filters clear of water. Repeast at intervsls,

Ascertain sources of contamination and eliminate
or control them.,

Bun the purifier . contlnuously, preferably with
the engine running at sbout half full power
loadiag, at a throughput temperature of 190°F,
until contemination is down to an acceptable
limit.

If with the contamination sources located and
checked, there is no significant improvement,
particularly of salinity, then action should
be taken 25 below.

Sross Contaminagtion

. If the tests in para 7 show a water content above
5% and/or salinity above 30 grain/gal. action should be taken

8s below:

_éhﬁzc_i

a,

b.

Drain down the lub. oll system, clear all
pockets and filters, remove felt filters,
insert tewmporasry filters, discharge and mop
out D.0.T. using butning or rags.

Azcertaln and ellminate or control the gsource
of contaminstion,
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¢, Charge the D.0.T. with the minimum amount of
— clean 0ll, to maintain adequete circulsetion,

d. Switch on D.O.T. heaters, where fitted, to
maintein a tempereture of 1200F, in the D.o.T.,
8nd clrculate the o1l through the engines and
system for 1 hour, using the priming pump, with
the engine turning up and the separator running
with @ throughput temperature of 190°F,

e¢. Draw off a sample from the D.0.I. using the
hand pump and carry out test as in para 7(a),
7(b) and 7(c).

f. If the tests show that the 01l 1s still con-
taminated repest (a), (c) and (d) sbove as
many times as necessery until the results
show a 'satisfactory oll condition', para 8.

Stage 2

. When (f) above has been completed, drain down
the system, clear pockets, wipe out D.C.T.,

- remove temgorary filters and replace the felt
filters., Charge the D.0.T. with 400-500 gals,
of clean o1l. Circulate for 4 hrs. with the
engine running at about 2/5 to 365 full power

~- and the sepsrator running at 190°F, throughout
temperature. Check water content snd salinity
on completion.

h. Top up D.0.T. to working level.

Jo Bevert to normal operating conditions.

dreatment gt Seg

. Egch week at sez the following test is to be
carried out:

A semple of 01l drewn from the D.O.T. by the

hand pump 1s to be diluted with 100 times 1its
volume of pure distilled water. The addition

of silver nitrste will Just show & cloud if

the salinity of the D.O.T. sample 1s 10 grein/gal,

- 13=-79 -



AT

BoaSTHACIED

Should contaminstion exist it is lmportant to take

action as quickly as possible, Obviously the positive action
is limited. The following should be carried out:

NOJE:

a. Investigate source of contsmination and eliminate
or control it.

b. Stop engines. Drain down system, clear pockets
end fillters, On completlon top up D.0.T. to
maximum working level,

¢. Ensure sepsrstor is working correctly. Bun
separator contlnuously at throughput temperature
of 190°F,

d. If possible the engines should then be run at
about # full power loading whilst the salt
contamination remalns above 10 grain/gal.

e¢. On return to harbour commence full treatment
immedistely,

The Silver Nitrate test used with detergent olls is
known to be unsztisfsctory. 'Cloudiness' or '"Turbidity’
1s detectable in contsminated oll samples, when treated
8s detailed, A slight cloud in s semple from the D.0.T.
should therefore be treated with reserve. A comparison
test with a known clear sample will be the best guide,
If & doubt exists then every effort should be made to
obtain a check using the Boller Feed Water Test Equipment
8t the earliest possible opportunity. (This equipment
too is suspect when used with detergent oils, but no
superior 'leymans' equipment is yet available),

- 13-80 -



BRESTRICTED

{18) INSTRUCTIONS FOR_FLUSHING A.S.H. VMS SUBMARINE
DIESEL ENGINE LUBEICATING OIL SYSTEMS

The procedure detsiled below 1s to be adopted to
ensure the cleanliness of the lubricating o1l systems. Once

both engine Systems and their associated external systems
have been cleaned ang flushed through.

Only one engine system 1s to be flushed through
at & time, The Lup, il Purifier is to be run continuously
on the D.Q.T, during the flushing process, and the Priming
Pump pressure 1s to be meinteined at the maximum avallsble.
Temgerature of the o1l 1s to be malntzined as near as possible
to, but not exceeding, 1600F,

8. Clean engine sumps including scavenge pump
suctlon boxes and straliners,

b. Clesn Filter bodies snd check Vokes Filter
€lements in plsace,

¢. Check suction plBeS from D.0.T. to Priming
Fump end Engine Driven Lubricating 01l Pumps
cleen. (See Note (v),

d. Clean D.0.T. spd R.L.O. tanks. On completionm,
and immediately before closing up, these are
to be inspected,

e. F111 D.0.T. with 600 gallons of 3GP, 903b
grade 30 (or oil normally used) using 100 mesh
gauze during filling. Check pipe length
external to hull filling valve clear of water
and dirt. :

f. Check Filter by-pass valves for tightness.

8. Check calibration of Lub, 011 Filter differential
gauges,

NOTE: A1l cleaning is to be done with lint -
free cloth,

Fump discherge flexible Pipe using a temporary flexible
pipe. This isclates the éngine system during initial
flushing of the external system. The operastion is to be
carried out with minimum delay and with cereful attention
to ensuring that no dirt enters the system.
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Fit 100 mesh geuzes in the suction of the Lubricating
011 Priming Pump, the inlet to the Filter, at the flexible plpe
Scavenge Pump discherge to the Lub 01l Cooler and in the return
line at the inlet. to the D.0.T. Where fitted in a pipe of
greater bore than 1%" the gsuzes should be bscked by a per-
forated plate of open ares, The gauzes are to be examined and
cleaned at frequent intervsils during the flushing procedure.
Check bypass valve "open" to filter. All sections of the ex-
ternal system sre them to be flushed through by means of the
Priming Pump, blenks and flexible pipes being used where
necessary to facilitste flushing of pipe lengths not catered
for by arrengements deteiled in peragraph 4, Particular caere
should be taken with the sectlon through which oil flows when
the Filter is bypassed, Flushing of each section 1s to con-
tlnue until no further foreign mstter is collected by the 100
meésh gauze snd the D.0.T. inlet or for four hours whichever
ls the longer. On completion check the Filter bypass valve
"open" to Filter.

On completion of the process in paragraph above
unblsnk the externsal system, and, after flushing through
the previously blanked dezd end, reconnect it to the engine
Supply reil, Open crankcase doors and disconnect all maln
bearing lubrica ing oil supply pipes at the bearing end.
Shut the camshsft 8upply regulating valves snd disconnect
the sup, ly Plpes to the velves controlling the supply of
0il to the valve gear. Fit 100 mesh gauze over the ends of
the open pipe connections. Circulate hot oll for 2 hours
Or until gauzes show clean 01l to be Clrculating, whichever
period 1s the longer, with Purifier and heaters in use,

On completion reconnect beering supply pipes and
valve gear supply pipes. Disconnect the o1l supply :
connections to each valve lever brecket and camshaft bearing
and flush through with hot ¢11 on each bank of cylinders
in turn.

Keeping 011 temperature as near 160°F, as possible
and with fllters and heaters in use, flush through complete
eéngine lubriceting oil system for 6 hours using the Priming
Fump, The purifier is to be running continuously on the D.0.T.
during this process and turn the engine by hand for %
revolution every 15 minutes.
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On completion remove and exsmine s11 gauzes. Bun
the engine at no-losd idling speed for 5 minutes and then at
no-load full speed for a further 10 minutes,

Allow engine to drasin. Pump out sumps and D.0.T,
discharging flushing oil as dirty waste, Clean sumps snd
D.0.T7. end refiii with 600 gallons fresh 3GP903Db. Thoroughly
clean Filter bodies and renew Filter elements. Examine and
Clesn gauges and serckstet elements,

NOT&S:

(1) Particular care is to be taken that the
differential pressure of the lubricating oil
filter does not exceed 6 p.s.l, during the
flushing procedure, as bypassing of the filter
will occur above this figure. his has been
known to occur on initial firing due to
sudden choking. :

(11)  Purifiers are to be cleaned before commencing
the procedure laid down in each of parsgraphs
5, 6, ?, 8 and Ge

(111) Particular care is to be taken to ensure that
lubricating oil purifiers are run durlng the
whole of the generstor trials and during any
preliminsery running snd trials, Purifiers are
to be opened up on completlion of any running
for examination of centrifuged solid matter,
Purifiers are to be fully used and cleaned
frequently during Sea Trisls and during
intervals when machinery is not running.

(iv)  The flushing of the external systems should
only be undertaken when the degree of disturbance
during a refit or ma jor repeirs warrsnts it,
The flushing of the engine lubricating oil
Systems need only be done when the degree of
disturbance of the eéngline warrents it i.e,
not normelly at top overhsuls,

(v) Cleaning of suction pipes from D.O.T. to
the Priming Pump and Engine driven lubricating
01l pump, and of other Pipes associated with
the lubricating o1l systém but not specifically
covered by the above instructions, is only to
be undertsken if these plpes have actually been
disturbed during the repalrs or refit., The
refitting authority hes discretion in deciding
the amount of work undertaken in this respect.
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(19) ENGIN& COOLING WATER SYSTEMS

Two systems are provided, fresh water and sea water,
each being supplied by an engine driven centrifugal pump driven
by & spring drive wheel bolted to the crankshaft damper, Part
of each system 1s outside the pressure hull, and is consequently
tested to 400 p.s.i., Internsl systems are tested to 150 p.s.1,

Seg Water Sygtem

Water is admitted vis a hydraullically-operated hull
valve, a strainer and an intermediate valve %to the pump suction,
The pump discharge is led to a valve chest which supplies:

a, O,F, compensating water

b. Supercharger air coolers

c¢. Lubricating oil coolers

d. Fresh water coolers, external exhaust pipe
ackets and muffler tank sprays.

e. Uodfrey (centrifugal) supercharger oil coolers.

The water flow through the L.0. cooler is controlled
by the setting of the cooler by-pass valve. Under normal con-
ditions the supply valve to the air coolers is wide open,
allowing a flow of 8000 gel/hour to the coolers. As the pump
output is 16,500 gal/hour, the remsinder is avallable for L.O.
cooling. The outlets from the air coolers snd the L.O. coolers
are led outboard vie a S.D.N.R. valve to the fresh water cooler
and remaining external system.

Eresh Water System

Circulstion 1s melnteined through a closed circult
by the fresh water pump., The pump sucks from the fresh water
cooler via a thermostatic by-pass valve, and discharges into
the engine circulsting water supply menifold, From this
manifold water 1s led to the liners, heads, exhaust bends and
oxhaust manifold and is collected in the outlet manifold.,
Prom the outlet manifold water is led to the cooler inlet.

An expansion tank 1s fitted to keep the system full.
Ethelyne Glycol 1s added to the water im the system.

A priming pump is provided which i1s driven by the
sameé motor as the L.0. priming pump. This pump can be used
for the following purposes:

a. Filling the system

b. Circulating prior to starting and after
stopping the engine,

¢. Bmptylng the system and reserve tank.
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A semi-rotery hand pump is also provided for re-
plenishment of the expsnsion tank.

Eresh Wagter Cogler

The fresh water cooler 1s constructed to withstand
full diving pressure. Cooling water from the sea water service
passes through the tubes, double flow being obtalned by division
of the inlet water box., The tubes ere of aluminum bronze and
are rolled into the tube plate and sealed by a coating of lead
nickel binding metsl. Baffle plates are ritted to extend the
effective length of the fresh water passage. A dummy tube wall
ls slso fitted to further extend the length. These tubes ere
secured to the fixed end tube plate only, by means of lead
nickel binding metal.

The tube nest and free end water box are conteined
within & pressure tight cesing in which the fresh water cire
culates, Expansion of tubes 1s zllowed for by clesrance
between the tube nest essembly snd the casing. No sealing
arrengement 1s required since there is no passage for mixture
of salt-fresh water,

In order to reduce corrosion effects, all studs
are fitted with cap nuts,
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AIR VENT

"T' PIECE FOR cock
KINGFISHER
OIL SEAL LUBRICATOR
RETAINER 11
0 IMPELLER
SEAL GREASE RS
CEAR WHEEL "STAUFFER'
DISTANCE LUBRICATOR
PIECE SPINDLE
SLEEVE PLUG
SPINDLE
NUT
~ = B 58 A N SPINDLE SLEEVE
o —r I,’.'l — “. ." - ~ - NUT

GEAR 7 ] / /1‘.;- l ‘_- AMPELLER BEARING

WHEEL =] PERFECT OIL / RINGS

SEAL NECK . )
BALL BEARING RING
DISTANCE PIECE
GARTER
SPRING

SEAL REMOVAL PLATE
SPLIT LANTERN
RING

DiSTANCE
PIECE

— R/

O T

HOLES A & B ARE DRILLED IN ALL PUMPS. ON FRESH WATER
PUMP THESE HOLES PROVIDE GLAND SEAL & LUBRICATION
TO BUSH (YW’ DIA.ORIFICE IN PLUC A). ON SW. PUMP
THESE HOLES ARE PLUGGED & GREASE SEAL & LUBRICATION
TO BUSHES IS SUBSTITUTED.

ENGINE DRIVEN FRESH & SALT WATER PUMP
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(20) MEASUREMENT OF WEB DEFLECTION AS AN INDICATION
F ALIGN D BEARING WEAR

Migs-alignment of cranksheft bearings causes
deflection of crank webs and will ultimetely result in
fatigue failure of the webs (see A and B in Fig.).

This deflection should be within the acceptable
limits given (see chart in Fig,) e.g, an engine with an 8 in.
stroke mey have a deflection of 0,001 in.: be re-ligned at the
first opportunity up to & 1limit of 0.003 in., when re-alignment
becomes imperitive., Smaller sizes are ususlly aligned from
the wheel of the flywheel as measurement of deflection in
between the crank webs may be impracticable,

While the most serious deflection in multi-crank
units leading to fetigue fracture is to be expected at the
driving end, where adjustment will first be necessary, care
should be taken after meking these to follow the deflection
in sequence through to the other end, fitting spare main
bearings 1f necessary,

The alignment of bearings at the driving end is
to be checked by measuring the deflection of the crank webs,
8t the first opportunity sfter every 1,000 hours. Other
crank webs are to be meesured in the same manner every 2,000

hours.

In the case of angled or highly finlshed crank webs
where the gsuge may slip, & prick punch merk may be required;
but, owlng to the irregular contour of punch marks if the gauge
ls rotated about 1ts axls to facllitate taking a reading, a
false result may be obtained. It is better to use a mirror
for those posltions of the crank where it 1s possible to see
the face of the gauge directly. -

1l to 5 on ¥ig. show how readings can be taken for
almost & complete revolution wlthout dismentling the crank-
head.

Should re-alignment be necessary in the case of
generatlng sets, with a single bearing dynamo a reading
within limits can be obtained by tesking the welght of the
armature on a screw jack before shifting the pedestal bearing
to the reaguired position.
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MEASUREMENT OF WEB DEFLECTION AS INDICATION
OF ALIGNMENT AND BEARING WEAR
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(21) CAMSHAFT DRIVING TRAIN

(assuming that the entire assembly has
been dismantled),

1. Assemble the three rotating members, located in
the cradle, of the B.H. train. The two free
members, i.e., the 1st. motion wheel and pinlion

locating peg
inserted here
Camshaft whesl

S

18t, ibtion pinion’

18t..0tion wheel

” 'y
wheel “‘;‘@‘ e‘.-,’g
[ 1

Coupling

KEY DIAGRAM - GEAR TRAIN ASSEMBLY
and the idler wheel cen be freely assembled upon
thelir sppropriate Spindles, the only requirement
being that the lst. motion wheel and Pinion datum
mark must coincide. The dstum marks consist of a
'D' stamped on the side of the wheel ad jacent to
one of the bolt holes., Similarly the camshaft
wheel 1is gecured to its hub using identical datum
marks on the side of the wheel and the flange
of the hub,

2. When secured to the hub, fit wheel to stub shafc. -

This location is governed by a keyway fitted to
the stub shaft and the bore of the wheel hub.
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3. Fit crank wheel to crankshaft., This wheel 1s made

9.
10.

in halves, the halves beling bolted together and

to a flange on the extension of the crankshaft, On
the side of the wheel &d jacent to one bolt hole

is stamped 'D' and the wheel must be secured such
that the 'D' ig directly in 1ine with the crenk of
No. 8 B.H.B. cylinder,

Botate crankshaft until No. 8 B.H.B. cylinder is at T.D.C.

insert locating peg through outer member of cradile
end camshaft driving wheel and offer assembly to
engine frame,

Remove locating peg and rotate first motion wheel
slightly until it engages with crankshaft wheel,

Fush trein into position. (Note: The bottom half of
the camshaft end bearing must be sssembled with the
gear train.) As the train moves into position, the
wheels may move slightly owing to the slight angling
of the teeth which are out on a helix,

Re-insert locating peg. I1f locating holes are not
exactly in line, the training must be removed, a
different tooth engaged on the crankshaft wheel and
operations 5, 6 and 7 repeated, On completion the
locating %eﬁ holes must be in line with No. 8 B.H.B.
crank at T.D.C,

Secure cradle with stay bolts and spindle nuts.

Beplace cemshaft, ensuring thet the marks on the flange
of the stub shaft and coupling on the end of the camshaft
colncide. In this case the marks will be 8 R.H.B.

The procedure for asseémbly of the left hand gear train
follows identical lines, care being taken that the
cranksheft remains in the same poslition as before,
l.e, No, 8 B.H.B. at T.D.C.

Note: It 1s the responsibllity of the senior rating
présent to see that the locating pegs are removed
énd stored in a safe plsce. Only the specisl pegs
proviied are to be used for timing operations.
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{22) ASSEMBLY OF ASRI CONNECTING ROD ASSEMBLIES

Prior to fitting in an engline, each connecting rod
componeént is to be checked and assembled on a bench under

clean conditions.

l. General Examination

a.

b.

Ensure that all items, including ollwsys, are
completely cleen and free from burrs.

Check that all components sre identified so that
they can subsequently be zssembled in the same

- order,

If the bolts and nuts have not been identifieq,
this should be done by marking (preferably by
etching) with the engine No/cylinder 1ine,
followed by a number from 1 to & (fork rod)/1

to 2 (blade rod) in en easily readsble position,
viz 6007/8/3 indicates thst the bolt (or nut) is
fitted in the No, 3 bolt hole of the fork
connecting rod for No. 8 cylinder 1n engine

No, 6007. Bach bolt hole is to be merked 1 to

4 (fork end)/ 1 to 2 (blade rod).

Check that the 'free' length of each bolt (over
gouging pallets) conforms with the decimsl part

of the length stemped on the side of the head

of the bolt adjacent to the dowel locating slot.
For the fork rod bolt, this should lie between

JI44 and .354 and for the blade rod bolt, between
«125 and ,135 Where the lengthn 1s not indlcated
or the measured length differs from thst indicated,
the incorrect length marking is to be deleted

end the actual length stamped on - over it,

Check that the psrallelism and twist tolersnces
of small end to large end bores are within the
llwits on rods which have not been mated or
where the smell end bush is renewed (Bepair
Instruction No. 021 refers).
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Try each 'Cleveloc' nut with its respective
bolt, The gelf-locking feature should be
sufficlent to make it impossible to screw
this portion of the nut down by hand over a
standard bolt or screw thread gauge., Where
the nut can be run down the full length of
the bolt thread by hand, check the bolt
thread by using a female gauge. If the bolt
thread is satisfactory, reject the nut. If
the bolt thread is unsatisfactory, reject the
bolt,

Check that bearing shell locating dowels fitted
in the Conn-rod large end bores do not fret
the beck of the besring shell.

Asgembly on a Bench

a,

C.

Assemble connecting rod components complete

with large end bearing shells. Tighten nuts
evenly until butt faces of the rods are Just
touching.

Zero the dial micrometer of gauge 81/355/81 to
the free length of bolt No., 1 using stick
micrometer and tighten the nut of No. 1 bolt
until a stretch of approximately 0.01% in. 1is
obtained., The stretch must be between 0.011 in,
and 0,015 in,

Bepeat for the remaining bolte, moving diagonally
opposlite in case of the fork rod, finsally
checking the stretched length of each boit

in turn.

With the nuts tightened to give the correct
extenslon, mark, with a single vertical line,
the centre of a conveniently Placed nut face
on each nut, Then mark & single radial line,
coincident with the vertical Iine of the nut
face, on the flat surface of the rod. This
line is to run to the edge of the rod and a
short vertical 1ine to continue down the side
of the rod. The lines must be scribed or
etched on end nof spplied by chisel,

Check large end bearing shell 'nips' in normal
ménner, 1.e, slacken nut(s) on one side and
measure gap between butt faces. For fork rod
shells, 'nips' should be between 0,004 and 0,014
in, and for blade rod shells, between 0.006

and 0,014 in,

Slacken remaining nut{s).
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3. Assembly in an Engins

Assemble piston, connecting rod, large end bearing
shells, etc, in the engine in the normal manner up to the polnt
of tightening the 'Cleveloc' nuts, These should 2ll be tightened
evenly untll the butt faces of the comnecting rods are 9ust
touching and then tightened through another 38° (epprox)}, when
the lines on the nut land and on the rods should coincide.
Check bolt extensions snd, if necessary, adjust the bolt
stretch until it lies within the range 0.013 to 0.015 in.

NOTES:

1. As a rough gulde the following aspproximate
anzular movements of the nuts are required to produce the
associated bolt extensions, starting with the butt faces just
touching:

Bolt Extension Angular Movement of Nut
(1n) (degrees)
Fork Blede
Minimum extension 0,013 40 35
Beguired extension 0,014 43 38
Maximum acceptable 0.015 Ly | 42

2. It must be realised that the locking properties
of the 'Cleveloc' nut are only a secondary safeguard znd,
providing the nuts are tightened to give the correct bolt
extenslon, no failures will occur, f the correct stretch
is nok applied, event with the locking properties of the nuts,
fallures gan and will occur.
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MICROMETER

LUB. OI TuBE ﬂ'

BEARING CAP

TURNING CUT Pli¢

TURNING OUT BAR
{CENTRE BEARING ONLY)

MAIN BEARING. EXTRACTOR TOOLS

STROP

SHELL BEARING CRANKSHAFT

MAIN BEARING WEAR DOWN GAUGE

SHACKLE AP. No, 5365

EYE - BOLT BS. 529 Part |.

LIFTING BAR

LIETING BRACKET

ENGINE TOP PLATE 4.

\
"8 EXISTING STUDS ON ENGINE

CRANKCASE VENT MANIFOLD
(NOT DISMANTLED}

LIFTING BRACKET - ENGINE FRAMES
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SPANNER FOR GRINDING VALVES

UPPER PLATE THREADED BUSH

s

ENGINE
J FRAME
WATER j l
JACKET It
- : N CENTRE
STUD
\

-

WATER JACKET
EASING & LIFTING GEAR

DEXINE

LOWE
RINGS R PLATE
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DUMMY GRINDING VALVE

EXISTING INJECTOR NUTS,
STUDS AND PLATE

CLOCK GAUGE

VY |

[+ KNURLED
NUT WITH
SLOT

BUMPING CLEARANCE

F; E. M~ KNURLED
] 0 NUT

SPIGOT

CYLINDER
'_]_ HEAD

]

- INJECTOR
i HOLE

PISTON



UPPER FITTING

b
ENGINE
FRAME
LINER
1 CENTRE
3 STUD
- ! \\
1 i
TOP OF LINER
DEXINE
CYLINDER LINER
EASING & LIFTING GEAR
INTERNAL MICROMETER
GAUGE
3
GAUGING POSITIONS
N sl A T s T c] o] ce F

L i Leo | 222 [ Tars | oase | ews | t7m2

GAUGING JIG FOR LINER
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RING EXPANDED

KNURLED SCREW

EXTEANAL MICROMETER

——— GAUGE

PISTON RING EXTRACTOR

GAUGING POSITIONS

e reon A & ¢ D 3
I e a5 Ll .06 “00 .9

GAUGING JIG FOR PISTON
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GAUGE RING FOR PISTON RINGS

A+ P.R. RADIAL THICKNESS

8 WIDTH

€ *GROOVE WIDTH

D= GROOVE DEPTH

= .8
=) FE
RING Gl |«

Numpen | A 1 B | €| D |8 xS

gl s

[¥]

Comprassion | .312- |.4865. ] 1925.[.3415. az0 | 5

Ming 1 | 320 |.1875 |.1935 | 34s5 |° 067

Compression J312- |.1865. 1. 1905-[ 344, o1 003-

Nng 2 [ .20 |875 (g9us | 348 | | 008

Compression .| .1865-] 1905. . i

Neg 3| 212|188 1905 | 204 om0 [

{Tapers) 320 11075 | (915 .48 005

Scraper | .312- | 374 | 378- | 4. 020 |99

Ring 4 320 [.375 (379 | 349 || .00

Scraper 312-1 .374- [.378. | 352 003
020

Riog 5 | 330 [ ars [.ar9 | 356 005

NOTE: COMPRESSION RINGS | AND 2 TO BE ASSEMBLED
WITH RADIUSED EDGE UPWARDS,

COMPRESSION RING 3 TO BE ASSEMBLED WITH
WORDS "TAPER TOP" UPWARDS,

PISTON RING CLEARANCES
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ASR.|. PISTON WITHDRAWING GEAR

PISTON % @
SUPPORT BAR S
@ CRUTCH SUPPORTS

BRACKET

BOLTED TO
OUTSIDE OF
CRANKCASE ~————m

T FULCRUM LEVER

LINK

ke

SAFETY BAND

20018 TO TORQUE
DISTANCE 2
COLLARS

PISTON
SUPPFORT BAR

T
NIP CLEARANCE
O 004~ 0-014"

FITTING OF SHEL, BEARINGS

SUPPORTS

———
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PUNP
HOUSING

LOCATING
SET SCREW

TOOTHED
PINN iON

BARNEL

FRING PLATE
- UPPER

FUEL PUMP - = 3 e
VALVE SEAT EXTRACTOR 12 — PLUNGER

PLATE
(&35 -

SPRING PLATE . PLUNGER
‘LOWER TAPPET .

FUEL PUMP ASSEMBLY GEAR

FUEL PUMP- ASSEMBLY DIAGRAM
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(23)

4Q SPILL LEST A FUEL PUMP

1. BRemove delivery valve and spring.

2. PFit small bore pipe provided om pump discharge,
3. Set pump rack at 18 mm,

4.  Ensure independent timing gear in wid-position,

5¢ Pully open fuel Supply from gravity tank;
thoroughly vent suction side of pump,

6. Turn engine until pump Plunger is at bottom of
its stroke. Fuel will flow steadily from the
small bore discharge pipe. '

7+ Turn engine 8lowly until flow ceases. This will
indicate that the Plunger has covered the spill
pborts,

8. Turn engine back until fuel flows and then
repeat %%) above, stopping the engine at the
exact polnt the flow ceases, This 1s the point
of inj)ection and can be read off in crankshaft
degrees from the graduated scale on the demper
gig.n ghe reading should be between 263° and 270°

9. Once the point of injection has been determined
the engine can be turned through the effective
stroke of the bump and the point of cut-off read
off when the fuel flows again, Thie should be
% degree B.T.D.C,
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(24) TIMING DIAGRAM

FUEL VALVE OPENS — 26% BEFORE TDC.
CLOSES— ¥ BEFORE TDC

AIR START VALVE QOPENS-10°BTDC CLOSES-1M0ATDC
PERIOD 120°

INLET VALVE OPENS —32°BIDC. CLOSES-46° ABDC.
PERIOD 258°

EXHAUST VALVE OPENS-56°BBDC CLOSES-22°ATDC.
PERIOD 258° :
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(25) FEBATING INSTRUCTIONS F SB] - VMS ENGIN

Because of the varying conditions of Suction Depression
and back pressure under which ASR] - 16 VMS engines operate,
maximum cylinderpr pressures, exhsust temferatures and fuel con-
sumption can vary for any given load. t follows that the
engines should be tuned under conditlons where the number of
varlations are at a minlmum, i.e. the surface condlition at
920 rpm,

it has been the practice when tuning ASR1 engines
to concentrate opn equallzing meximum pressures within the
liwits latd down in BR 3601 at the expense of acceptable fuel
pumy timings or rack readings. Because manufacturing tolerances
affect cylinder clearsnce volume, maximum pressures will vary
from cylinder to ¢ylinder. In addition the Diesindicator
instrument can be inaccurate. However, hot compression
(1ndividual fuel pump cut out) pressures will glve a good
indicetion of the verlstlion that can be expected when com-
»8ring maximum pregsures c¢ylinder to cylinder. These hot
Ccompresslion pressures should be within I 15 P8l of the mean,

It 1s ewphasized that the main criterion when tuning
must be exhsust tempersztures. High exhaust temperstures will
résult in burnt exhaust valves end increased meintensnce
whereas the varistion in maxlmum pressures obtained in a
correctly bullt engine is relatively unimportant.

ASR] -~ 16 VMS engines in "0O" Class Submarines are
to be tuned snd operated as follows:

1.  ZIuning Procedure

8. Check valve timing to ensure that camshaft
drive gggr trains are correctly phased to

within 2 6° of design figure.

b. Set 211 fuel pumps to 26.%O - 279 advance
by splll test and lock. his setting must
not be altered for any reason,

C. Set all fuel pumps to identicsl rack readings
Cchecking that racks are free frowm back-lash
and easy to move,

d. Set the maximum fuel stop to 10048 full load

condition (about 19 mm but see Engine Builders
triel reports),
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e. Bun engine at 920 rpm 400 KW unsupercharged,
Check and record the hot compression (fuel
pump cut out) pressure of each cylinder,

f. Bun engine at chosen load (suggest 804 FP
surface condition, 1024 KW at 920 rpm) end
record exhaust temperatures,

g+ Vent injectors, chenge exhsust pyrometers
- and/or injectors where exhaust temperatures
are suspect,

h. Bun engine sgain at chosen load and equalize
exhaust temperature to within . 5S0°F of the
mean by ad;ustlng individual fuel pump racks
to within T #mm of mean. Set scale on
Governor to indicate aversge fuel pump rack
resding. Becord all exhaust temperatures.,
Check and record all maximum pressures,

NB: The use of Metaflex joint rings (fitted
in engine sets) and of reclaimed cylinder
heads will not have any effect on exhaust
temperatures,

Providing the recording instruments are reasonably
accurate and fuel pumps are correctly calibrated, the engine
should produce the desired output with the specified rack
settings for thet load, end satlsfactory exhaust temperatures,
If the output 1s low for the particular rack settings, a check
on fuel consumption should show whether 1t 1s the engine or
the electrical instruments that sre at fault, LIf the engine
outiput ap esrs satisfactory but an individual ¢ylinder exhsust
pyrometer reads exceptionally Qigher or lower than the average
for the others, (1.e. exceeds f 509F of the mean) the pyrometer
should be replaced., If after a pyrometer change the tempsrature
variation persists, vent fuel system, chenge injector and/or
pump. DO NOT change the fuel pump timing.

When tuned in accordance wlth the above procedure,
the engine exhsust temperatures, fuel consumptions etc obtained
under various running conditions should conform approximately
to the curves shown in BR 3601.
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(25)

QPLRAT ING INSTRUCY IONS
2. Operating Limits

The engine is subject to the following

the most critical being the exhaust temperature:

limitations,

Surface Snorkelling
Condition Condition
a, Max fuel lbs/hr/rpm
Supercharged .85 77
Un-supercharged «55 48
b. Max mesn exhaust temperatures ' 9509F 950°F
Ce Max individual cylinder o o
exhaust temperature above mean 50°F 50°F
d. Max permitted back pressure 8 psi
e. Max permitted suction depression L 1n Hg,
continuocus
f. Max permitted suction depression 6 in Hg,
(intermittent)
2. Max speed 920 rpm

3. LEreparvation for Starting

8. Before attempting to start the engine,
remove all loose objects which might

foul moving parts.

b. (In S573 and SS74 when preparing to Snorkel).
Check Induction Hulil Valve lever is in the

BES:T position.
C. RO, System - Dip Drain 011 Tank.

Level is

not to be below 550 gallons. Switch off
' DOT heaters if DOT temperature is above 120°,
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(25)

OPERATING INSTRUCTIONS
==2ha s A lHVLL LONS

d,

Note: Engine is not to be started unless
lubricating o1l temperature is at
least 90°F at lub oil inlet (on
Bngine Temp Gauge), Sterting with
lower lub oil temperature ig likely
to cause temporary oil starvetion, and
resultant damage to supercharger drive
train bearings.

Check L.0. system 1is opened up to englne, with
the P & S Scavenge cross connection shut, Start
L.0. purifier, 011 temperature at inlet to
purifier is to be maintained at 160°F,

E ne C S D W
=G

Check Coolant expansion tank level - about 3/4
fu11¢ ' '

Check Coolant system opered up,

Vent system and pumps,

Check pumg lubricators fully charged with
grease 3-GP-691,

NOTE: Wnen topping up the system, ensure that
& record is made in the Engine Boom Lo
sheet of the amount added. This is to
ensure that the exlistence of minor
coolant leaks is not overlooked when a
series of small amounts are added to
top up the coolant system.

Sea Watep Systen

Check system opened up to Engine,

Check system opened up to heat exchangers,
supercharger air coolers and Generstor air
coolers,

Vent system and pump.

Check After Services pump running asnd system
opened up,

Check pump lubricators fully charged with
grease 3-UP-691,

NOTES: 1, When venting the system, pay
particular attention to the pipe
between the hull valve ang the
intermedigte vsive.
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(25) OPEBATING INSTRUCTIONS

2. Whenever the LP Blower is running watch
the engine salt water pump discharge
pressuré gauge snd vent the pump at the
first sign of a slgnificant drop in
pressure. Check the salt water side of
the Generastor Air cooler periodically for
indication of air, and vent as necessary.

f. BExhaust System

Check open all indicator cocks,

Check all exhaust manifold and Group Exh, Vv,
drains open.

On surfsce, release the surfsce muffler locks,
When snorkelling check clutch for snorkel
muffler Deri-Sine motor is engaged, and open
Snorkel Exhsust Mast blow hull valve,

8. Fual System

Check Gravity Tank is at working level and
free of water,

Open fuel supply to engine.

Check compensating water opened up to tank
in use,

Start fuel o1l purifier.

If fuel system has been distributed (1.e.
injectors or pumps chenged) vent system.

h. Superchargers

Check Supercharger 1s disengaged (scoop fully
lowered

Check o1l level 1in supply tank (3/4% or 7/8 full)
Vent air cooler.

Check air inlet valves to mormel aspiration,

1. Sovernor

Check 011 level in governor (at least # full)

Set speed regulstor to 750 or 850 rpm, as

desired, for surfsce running (850 rpm for
snorkel)

Check hand sterting lever for freedom of

movement,
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“.  Starfing Procadures

‘@, Start the L.O. Friming pump

b. Check the flow indicator to ensure & reason-
able flow of olil is being passed through the
rocker gear. Vent engine driven L.O. pump.

¢s Check the camshaft oil pressure and the main
bearing supply pressure gauges. With the
Priming Pump running these will only indicate
pressures of approx. 2 psi and 8-10 psi res-
pectively, These pressures should increase,
when the engine is started, to a minimum of
10-12 psi and 36-38 psi respectively,

d. Energise the staerting panel for the engine
réquired by putting the switch to ON and
gresslng the solenold reset button. (In

3?73 end 74).. Open up air to the Group
Bxheust valve, and unlock the Group Exhaust
valve,

®. Check the hydraulic return and pressure valves
to the turning gear OPEN, engage turning gear,
and "turn up" engine slowly for at least Four
revolutions, checking cocks and drains clear.
Open the Group Exhaust vslve ensuring that it
18 open for at least two revolutions whilst
turning up,

f. Disengage the turning gear,

g+ Open up air supply to the eir start system.
Check the a2ir stert bottle free of water
and build up starting sir bottle pressure
to 800 psi surfaced %1000 psi snorkelling),

h. Blow round engine (6 to 10 revolutions) and
check cocks and drains clear,

1. Stop the Priming Pump - this is to prevent
the engine sump filling up. Although the
high level drains will cope with the excess
o1l 1t 18 not desirable to start the engine
with the sump filled to this caracity.
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QPERAT ING INSTBUCTIONS

Je

1,

L.

If cocke and drsins are clesr shut all
except the drain cock on the forwaerd end
of the exhaust manifold,

NOTE: If there is = delay of more thenm
b minutes before the engine is
started, start the Priming Pump,
“turn up" and blow round again,

Start the Priming Pump. Check that the
piston in the mechanical overspeed trip
valve has fully returned (1.e, piston
is right out),

Move the heng starting lever on the
Collapsible Bell Crank Lever (CBCL) to
approximetely the mid posltion,

When snorkelling - Open the Quick Acting

blow to the Snorkel Bxhaust mast end proceed
with starting when the differential pressure
steadles at 6 psl or less,

Open the air stsrt velve and blow round until
the engine fires, Sometimes it mey be necessary
to move the hangd starting lever to the full fuel
position so thet the engine will fire. Under
these conditions i.e., full fuel and no load,
care must be taken not o overspeed the engine,
Should the engine fire snd accelerste, the

hend control lever is to be returned immediately
to the no fuel position. On starting, the
engine can NOT be shut down by any of the
automatic protective circult devices,

The drein cock on the forward end of the
eéxheust manifold should be shut, the surface
muffler valve (or snorkel muffler valve)

opened, and the air start valve should be
shut, as the engine fires,

As soon 8s the englne reaches the set
revolution, 750 or 850 reu surfaced, 850
rpm snorkelling, check that the CECL dogs
have engaged, The governor will now take
over and the hand starting lever can be
released., The blow to the snorkel exhasust
should not be shut off until the engine is
on the governor. -
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Qe Lub o1l 2nd fuel pressure gauges should be
checked immediately the engine starts., If
the pressure does not build up the engine
18 to be stopped and the cause investigated,

r. Check coolent and ses water pressure gauges,

8., Check oil pressure to Generator pedestal
bearing, 12 - 2% psi.

t. Re-check o1l level in governor.

u. If oll pressures are satisfactory - stop
the Priming Pump.

v. Belease pressure, snd shut down the air
start system.

5. &Engaging Supercharger
Do not engage before Superchsrger o1l temperature
reaches 120°F, This will normslly involve running
the engine loaded but unsupercharged until this
temperature 1is resched. Wind the scoop out slowly
and chenge the alr inlet valve to the supercherged
position. Continue winding out the scoop tube
untlil the required boost pressure is obtained.

Boost pressure st 920 rpm should be 7% psi surfaced,
6 psi snorkelling.

6. Loading

When the engine is running correctly, inform the
Motor Boom that the engine 1is ready for light 1load.
Apply an inltisl load of 230 KW if engine is at

750 rpm or 460 KW if engine is at 850 rpm (normally
for convenience use 500 or 1000 amps resgectively),
When the exhaust temperatures are steady, inform
the Motor Boom and increese rpm and losd as indicated
- by the table of 'Optimum Loads' below. In normsl
Clrcumstances, when running sugercharged on the
surfece, the maximum load per Uenerastor should be
1024 KW (4/5 £ull power). In normal circumstences,
when snorkelling, the meximum losd per generator
should be 854 KW (2/3 full power).
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Pi.BAT ING INS
(zs5p) LOADING CHART

s

CTI

S

Kw_ LOAD PER GENERATOR (supercharged & unsupercharged)

D,

OPTIMUM . — OPTIMUM, —
— SURFACED — SNORKELLING
FULL POWER | FuLL POWER [4Ss/CH afhsunsicH. || 2M95gcn 27O UNISICH,
RPM > 5 3 3
S/CH UN S/CH
s20 | 1280 775 1024 620 854 516
ss0 | 1190 700 052 540 792 466
7s0 | 1063 575 848 460 NOT USED
7. 2topping
- a, The Priming Pump shall always be rum to supply
lub o011l whlle an engine 1is stopping or being
"turned up", Unless operstional considerstions
revent it‘ an engine should normelly be
turned up” after stopping, until exhayst
temperatures have reduced to sbout 200°F,

Whenever possible engines should be allowed to
cool to agout 350°F by reducing the load

gradually, disengaging the supercharger and
changing over to normal asplration, reducing

éngine speed and load to 750 rpm 500 amps
(surfaced) or 850 rpm 1000 amps (snorkelling)

and then running until the mean exhaust tempereture
reaches about 350°F, The losd should then be

taken off and the englne stopped, The engine
should then be "turned up" with the turning gear
unté% exheust temperstures have reduced to about
200°F,
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(25) OrERATING INSTRUCT LONS

¢e Under normsl conditions, the sbove sStopping procedyre
should always be used ip harbour and at sea, it is
the normal routine for a stop ordered by the Generstor
Telegrapn,

de When en immediate Stop of engines 1s carried out, 1i.e,:

(1) on the order "sTop SNOEKELLING" by alarm and/or
Main Intercom

(2) on the Kiaxon

(3) on the order by Main Intercom "STOP PORT/STBD/
BOIH GENERATOR(S)"

(4) as a result of loss of depth control whilst
Snorkelling or on indication of equipment
fallure etc,

ag soon as the evolution requiring this immediate
stoppi of the engines has pessed, and s normsl

Patrol/Dived Boutine has been resumeg, permission

should be granted/sought to "turn up®.

e, Means or stopping an engine, in order of preference,
are as follows:

(1) Breaking the governor solencid circuit by
weans of the electricsl switch on the control
panel .

(2) Collapsing the CBCL by depressing the mechsnical
overspeed kick trip knob.

(3) Collagsing the CBCL by depressing the hand-push

(4) Breaking the governor solenoid circuit by means
of the emergency electrical switch above the
door at Blkhd 77,
T+ Stopping Procedure when snorkelling:
(1) (In 8873 ana 74} Check open air to Group Exhaust.

(2) Open ick Acting blow to Smorkel Bxhaust Mast,
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8.

ERALTING INSTRUCTIONS

{3) Wnen engine rpm is reducing below 400 rom,
put the snorkel muffler control switch to
shut. If the muffler does not operste in
power, switch to "BESET" and shut the muffler
by hand .

(4) Open the three exhaust manifold dreins.
(5) Shut the Group Exhaust valve.
(6) (IN SS73 snd 74) Lock the Group Bxhaust valve,

(?)  Switch the Snorkel muffler control switch to
OFF (If the switch 1s left in the SHUT position
hydraulic oil continues to flow through the
HIDE% Valve and greatly reduces the valve's
life), '

£mergency Hand Control

In the case of complete governmor failure the linkage
between the governor end the Collapsible Bell Crank
Lever can be disconnected. The englne can be run on
hand control by comnecting the linkage from the
eémergency hand control lever to the CBCL. A careful
watch 1s to be kept on the Coolant temperature snd LO
préssures as the automatic protective circuit devices
are not in operation when hend control is in use.
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_ The following hints fop watchkeepers are not in
ény order of importance, 1t should be borne in mind that
defects deterlorate fast On &n engine running at high sgeed,

3.

Se

Ardleigh governor. 011 level should be checked
at least once per hour; the sight glass is
8ltusted at the back of the governor and is not
readlly visible,

The booster pump discharge pressure will vary
with load alterations. hls 18 a good quiock
check on any uneéxpected change of load, The
Pressure will rige or fall before the byrometers
will register. The préssure should be waintained
at about 20 P.s.1,

Lub. 011 filter, The filter will by-gass when the
differentia) gouge reads 6-8 p.s,i, Whe
fhe ga8uge will resd zero ang might be misleading,

8. Tightness of exactor Couplings, fuel pipes
and water joints,

b, Keeps ang festenings,

e That o011 is not spllling out of the push
rod holes in the Casings,

d. Thet 1ub. apd fuel o1l drains are clear,
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e¢. That cylinder head joints are tight.
Blowing can be heard quite well with
ear defenders; slight leaks may possibly
not be heard but can detected by hand or
by the presence of olil.

f. That sufficient lub. oil is passing to
rocker gear,

BRI, W nut-D

Woerning devices:

8. Lubricating oil system - Green lamp on control
panel will go out when pressure at engine
wanifold falls to 15 p.s.i.

b. Lubricating oil system - Green lamp on control
panel will go out when temgerature at scavenge
pump suction rises to 170°F,

In vessels with centrifugal superchargers:

¢. Superchsrger lubricating oll system - Green lamp
will go out when pressure fells below 30 pP-8.l,

d. Superchsrger scevenge oll system - Green lamp
will go out when temperature at scavenge pump
suction resches 205°F,

Shut-down devices:

a. Distilled water system - To operste governor
solenold-operested shut-down valve when tempersture

of distilled water reaches 200°F, at engine outlet.

b. Electrical overspeed trip - To operate govermor
gsolenoid when tachometer switch is made (set to
960 rev/min.).

¢. Mechanicel overspeed trips - Balance weights driven

of f camshaft operste a piston valve which results
in collapse of pressure on and dis-engagement of

C.B.C.L." Piston valve can also be operated by hand.

A second piston velve, opersble by hand, is also
fitted in the pressure line to the C.B.C.L.
Balance welghts set to operste plston valve at
1000 rev/min.
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d.

Q.

Lubricating oll system - To operste when bressure
in system falls to 10 p.s.i. Spring in C.B.C.L.
overcomes pressure resulting in dis-engagement

of C.B.C.L. and movement of fuel pbump racks to
zéro through action of rack return springs.

Electrical 8ush switches - To operate governor
s80lenoid. ne fitted on the control panel for
normal stopping and the other fitted on the E.R.m,
bulkhead for use in an emergency.,

A further device 1s fitted for automatically cutting
off current to the snorkel head heater when the engine lubricating
oll pressure falls to 25 p.s.i.,

(28) Suildance Noteg - Preparation for Full Power and

1.

2.

8.

Pertial Bepalr Trials.

The relevent orders should be fully understood,

An adequate supply of stores for the production

of the necessary records should be carried on

board - Thermometers (long and short) to fit

all bearings, 2 outfits of Diesindicators, hydrometer
for fuel o1l, 2 stop watches, spare gauge glasses

for snap tank,

Indicators should be tried on easch indicator
cock to check ease of fitting.

Ship's staff should be proficlent in the quick
operation of the snap/gravity tank velves. The
valves should be eased to work freely.,

The measuring and emptying arrangements for the
fuel drain tanks should be checked,

D.0.T. to contaln not 1less than 600 gal,

Statlc settings to be taken prior to trisl and
readings recorded for reference during actual
running of trials. BReadings to lnciude point
of injection and duration of fuel injection,

CF 381/2/3 . should be examined to see nature

and extent of records required, and hoards
menufactured for recording readings.
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9.

10.

11,

12,

i3.

14,

Hot compression resdings required for trial
may be taken prior to trial opr during pessage
to triel area. On a steady run the pressures
in a refitted engine should be uniform within
115 PSI of the mean.

The E.Bm. staff should have a thorough knowledge
of the effects of ad jJustments to the timing and
output of fuel pumps in relation to maximum
pressures end exhaust temperatures.

Care should be taken that the requirements of
trim necessary are arrsnged for, well in advance
of full power. Consideration must be glven to
avoldance of using the L.P. blower durlng full
power 1f this 1s possible, owing to the almost
inevitable induction of air into the C.W. system,

A considersble amount of calculation can beodone
beforehand, once the S.G. of the fuel at 60°F.
is known. Detail of No., of snap tank seconds
over a range of revs. up to full power in con-
Junction with the S.G. of fuel carried, will
avold delays during the actusl trial. Fuel,
power and revolution curves cannot be relied
upon as they are usually produced for the class,

The actual figure of lmportance i the MAXIiMUM
1b/hour allowable, bearing in mind of course that
the figure of 1b/rev/min. wust not at any time

be exceeded,

B.0s, are advised to confer with their C.0.s
before the trisl and come to a settled arrange-
ment regarding the use of the telegraphs during
the trial,
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