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1. The burning of the fuel adds more heat to the air charge, causing it to expand and force

the engine piston to do work on the crankshaft which in turn drives the ship’s propeller.
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ship’s propeller’ 0 0000000000000000000000 capsing 0000000
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2. If we combine the suction and exhaust operations with the compression and expansion

strokes, the four-stroke engine will be turned into a two-stroke one.
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OO0O000O0O0D00O0B the four-stroke engine will be turned into a two-stroke one” (0 O O
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3. The two-stroke cycle begins with the piston coming up from the bottom of its stroke, i.e
bottom dead centre (BDC) . with the air inlet ports or scavenge ports in the sides of the cylinder
being opened,
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4. The four-stroke enginel usually rotating at medium speed. between 250 to 750 r/min) is



used for alternators and sometimes for main propulsion with a gearbox to provide a propeller speed
of between 90 to 120 r/min
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1. If the engine is naturally aspirated, or is a small high-speed type with a centrifugal turbo-
charger, the period of valve overlap , i.e. when both valves are open, will be short. and the ex-
haust valve will close some 10°after top dead centre (ATDC).
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2. Propulsion engines and the vast majority of auxiliary generator engines running at speeds
below 1 000 r/min will almost certainly be turbocharged and will be designed to allow a generous
throughflow of scavenge air at this point in order to control the turbine blade temperature
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throughflow of scavenge air at thispoint " DO OO0O0OO00O0O00OOD in order to control the
turbine blade temperature” U0 00000000000

3. To maximise this, balancing the reduced opening as the valve seats against the slight ram
or inertia effect of the incoming charge, the inlet (suction) valve will normally be held open until
about 25-35° ABT(@ 145~155° BTDC).
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4. The rising piston expels the remaining exhaust gas and at about 70-80° BTDC the inlet



valve opend] 1VO) so that the inertia of the outflowing gas, plus the positive pressure difference,
which usually exists across the cylinder by now, produces a through flow of air to the exhaust to
‘scavenge’ the cylinder.
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5. ln this way the inertia of the exhaust gases - moving at about the speed of sound - is cont-
rived to encourage the incoming air to flow quickly through the cylinder with a minimum of mix-
ing, because any unexpelled exhaust gas detracts from the weight of air entrained for the next
stroke.
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6. The exhaust should close before the inlet on the compression stroke to maximise the

charge, but the geometry of the engine may prevent this if the two events are piston controlled.
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1. The bedplate, which in most cases is of the welded design, is bolted to the seating which



forms a part of the double bottom of the ship.
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OO0000C00D000 which OOOOOOO0OO0OOOOOOOODO the bedplate U U 0 the
seatingo

2. It is secured in the transverse direction by means of bolts known as side-chock bolts and in
longitudinal direction by means of end-chock bolts.
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00000000 andOOBO0OOOOOOO" Tt is secured”

3. At the top of the A-frames there is a strong cast iron frame called the scavenging air box,
which is built of a number sections provided with vertical flanges enabling them to be bolted to-
gether to form a block for 1 - 3 cylinders in front of the chain transmission, and a block with 4 -

6 cylinders aft of the chain transmission,
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00000000000000 provided with vertical flanges” U O 0 O“enabling them to be
bolted together "0 flanges 0 0 0 0 O [C“to form a block for 1 - 3 cylinders” 000000000
0 0O O C%in front of the chain transmission” & 1 - 3 cylinders”" 0 0 0 0 0 and00O0D0" to
form”,

_4. The bedplate, frames and ‘cylinder blocks are secured together by long tie-rods to achieve
a greater rigid construction with less deformation in service and lower vibration.
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5. The cylinder liners are extend somewhat down in the scavenging air box, and sealing be-
tween the liner and the top of the scavenging air box is achieved by the rubber rings fitted into the
slots machine-turned in the liners.
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1. To resist crankshaft loading transverse bending the main bearing keeps are held down by
jack-bolts.
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2. Loop type scavenging is employed and an electrically driven automatically operating auxil-
iary blower is provided for slow speed and manoeuvring operations.
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oooo0oooododooon blower, “electrically driven” . automatically operating” .
“anxiliary”D 000 00000000 for slow speed and manoeuvring operations "0 0O O
ooo

3. A deep single-wall, box type bedplate fabricated from welded steel plates and castings, and
substantial welded ‘A’ frames surmounted by cast iron cylinder jackets bolted together to form a
cylinder block, together give a rigid overall construction.
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OO0O0O00D0 giveDODO together 10D O00OODOOO0OOOOOOODOO

4. It is opened by hydraulic pressure from a cam driven actuator and is closed under the ac-
tion of an air spring.
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5. The piston is oil cooled using both the ‘shaker’ method and small jets to propel oil into
bore holes close to the underside of the crown and behind the ring grooves.
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“using both the ‘shaker’ method and small jets " U U U UOOOD0OOOO0OODOOOOOON0
[ to propel oil into bore holes” U 0 0 0 O [close to the underside of the crown and behind the
ring grooves 00 000000 O00OMO holeso

6. The single piece crosshead has the piston rod bolted to its upper surface and a continuous
full-length lower half, top end bearing. which is of white metal and lubricated with high pressure
oil.
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“bolted to its upper surface and a continuous full-length lower half, top end bearing”(0 0 O
the piston rod 0 0 0 Cwhich 000 top end bearing 0 0000000

7. A semi-built up crankshaft has slim webs to allow large bearing areas; main bearing caps
are secured by jackbolts from the engine frames.
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8. The main camshaft is gear driven and is fitted with servomotors to re-time fuéel pump cams
and the air start distributor when operating the engine astern.

0o0oboooooooooooooooobooboobooooooooooooooo

D0000O0Csfittedd ODOO0OO00O0O themaincamshaft 10 00000000000
(7 ‘fuel pump cams and the air start distributor] 0000000000000 when operating
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9. Fuel pumps are of the cam-driven valve-timed type, with variable ignition timing to adjust
timing and maintain efficient combustion at low speed.
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OD000D0000000Cf0000000GwithOODOOOO0OD0OOO0OOOO0OO
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10. The engine has through-scavenge and constant pressure turbocharging with a high effi-
ciency, uncooled turbocharger supplemented at very low speeds by two constant speed, electric
driven auxiliary air blowers.
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1. The two or three topmost rings are narrow rings having diagonal cuts, while the next two
are broad and are provided with overlapping end joints. The lowest ring is an oil distributor ring.
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U0D0000O0 whileDOODOOODOOODO “having diagonal cuts” DO 000000
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2. In this case, the piston has an internal insert in the piston crown, which serves only to di-
rect the cooling liquid flow and, thereby, to intensify the conventional ‘cocktail shaker’ effect.

goobooobbooooobbuooboobboobbuooobbouoooooboo* ooo
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UO0O0O0O0OLwhichOOOOOOOOOOOOO an internal insert” 00000000
gooooooooad

3. Through this bore, a long pipe is inserted which goes nearly to the bottom of the bore.
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god

4. The lower end of the piston rod is reduced in diameter to fit a bore in the crosshead, this
being secured to the piston rod by a nut.
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5. The crosshead is short and rigid and the bearings are so constructed that the bearing pres-
sure between the journal and bearing is distributed evenly over the entire length of the bearing.
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0000000000000 bUunD ses=-thatD OO0 OOO
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6. In order to improve the working conditions of the bearings, the bearing pressure is made



smaller and the peripheral speed higher in later designs.
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OD00000Cand0D000O0O00O speed DO OO0 is madeo

7. The cooling oil is admitted through the pipe, from which the oil is led to the cooling spac-
es of the piston through telescopic pipes or articulated pipes, and round the internal pipes of the
piston rods. The cooling oil is conducted from the pistons through the internal pipes of the piston
rods and ducts in the crossheads, as well as the slotted pipes from which the oil is led to ‘ control
boxes’ with sight glasses on the engine.
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1. The bedplate is of fabricated design and consists of two I-shaped longitudinal girders with
transverse members into which the cast steel bearing housings are welded.
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2. The fabricated top and bottom sections run the full length of the engine and are mounted
on the bedplate.
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3. Such an engine frame helps to stiffen the engine and so protect the bearings from the de-



formation forces transmitted via the ship’s double bottom.
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4. The scavenge process is the MAN. loop system and the scavenge and exhaust ports are ar-
ranged in two tiers and are carried far around the liner.
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“are carried " O OO0 OO ‘the scavenge and exhaust ports

5. Each cylinder cover is in two parts, the lower section is of special thin walled forged steel
permitting the area in way of the combustion gases to be intensively cooled whilst absorbing ther-
mal stresses and this is held in position by an upper supporting unit of cast iron, which transmits

the gas forces to the cylinder jackets via long studs.
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6. The drive for the camshaft gear train is taken from a spur gear which for a six cylinder en-
gine is at the coupling end and for 7 to 12 cylinder engines the drive is located in the middle of the
engine.
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7. The piston crown is of forged steel and is designed for intensive cooling; the central sup-
porting body is of cast steel and is mainly subjected to corﬁpressive stress.
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8. This is achieved by means of high pressure pumps with two plungers and rods operated by
the oscillating movement of the connecting rod, high pressure oil is delivered to the lower part of
the crosshead bearing, the pumps press oil into the bearing gap when the load on the shell is at its
lowest.
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