RIBSTCWAA S RAMBERMPEARKNEBERESEH “BINKE ZXAXNES

Yeilll Liesd

X

X%

PLBE T W HH iRt

CHINA MACHINE PRESS




NI ERIE

English of Marine Engineering

REHE F 4

o

MLk T R A



AEM YR STCW AL DR ERMPEANRIEMERFRHEH “HRHL%EE"
ERANRE . EHAFCBEMANTHEERE, ML, SaRREs 83hiEsl,
PR E B R Bivs 3, TEEBAASERMBINLSEESE; BhEWEEG AR R
RLBR AR . ABMAER T RILTEIGENREEM BN, NEFRH, L
F R .

A AN A/ RN “RHLE” RIER BN, HTH XTI REIGEH
%, AE “BPGE” B H KNS EWRAERS B Eht & gt TREEARAN i TAE
Z% . M ASOE BRI G M B RE BTN A

EHERSmE (CIP) HUE

N TR ER R X4, —dbat: MU Tk HARAE, 20124
ISBN 978-7-111-38043-6

[. O 1. Of- 1L OfH—IE—mEYR—HH V. OH31
[ R A B T CIP B (2012) 28 069710 5

B Tk AR AE et EmERE 22 5 PG 100037)
HKRgmiE: =T TfEgE: =F

fRaE et kA TR FHiE

Bt gk B FATENH: T F

=Rl 2 Ik BRI A BR 2 F E R

2012 4F 6 A4 1 AREE 1 REPRI

184mm x260mm - 24. 25 Efik - 593 FF

0 001—3 000 Jiit

ki S, ISBN 978-7-111-38043-6

EHr: 49.00 T

FIEAS, i, #u. BRI
¥ kI 4w % . (010D 88379732

AR RAT HR R

L IR 55

A R 55 A D
WE W
BOE =
B WAL

(010) 88361066
(010> 68326294
(010) 88379649
(010> 88379203

W9 2 AR 55
17/ http://www.cmpbook.com
#HA M http://www.cmpedu.com

HE T FH PRS0 ZAR



b

b

—g Preface

STCW A2y 5 Je 1 1E 51— A 3R w12 3 s e b ISR 1R (05 RSB ) 70
WL A BRACATE BRAL I HERE A 20000 308 £ A 5% P9 SRR RN S IR A L S B A B e . %
T RALTR” BOLEBESS . AR TEES RIEENE A, & (BHLTHEEE) %
MBI RIGEEF I, HEEEREBILEWAIRNE, ISR R, ATk
FSEHEPE, SRUHSETE N B8N ISR, (b EME R ML A& N £ [ R A R R T
YEHRIRFBR A B

LRI E BRI F RN TR T, EE AN SRR iR 2 T
FRNBELRMKRM BB, ESEMMABHKC SRR ETRE R %
YEPORIR T IR SE SR AR B R}, IS A EAM IR BHT F T BIFHEERL . FiE 40260 F
WANBHURRFTENES, TEARBRE HSH T Bl N _- RN 55 R JEAAR 55 355 428 STk

ARASZ M TRR” L2 M “ RN ZE " LB, 15 BB KTTH, WASH STCW
RAGRHBERFRF “RIFE” ZRAN. SHSH 6. 81 3R AL EHE
PE, B2 ERMNENL, B3 EEMIBRRRA S A, £ 4TRINSHE, 553
REBR AL SEN, B 6 HRERHNEE/E. Brh W BT KN ERIEM, SR
RYHFMUF o SCHABFRCE S B ARESH2R TR, HAh 34 AL TR iE 5t
AWE, AERBUN AL BN B . S35 A R s, It b s s4T T
B, WSS HEEHSEE PHEMEE,

AEE1E11, 1.2, 1.3, 14, 15, 167, HE3EW 34, BA4Z44FFE 6 =
6.6 W HIINE T R¥EREHEIRRE; 23 2.2, 2.3 1 2.6 THAHEERGE, 52
F24M25 WHATERBRME: B 3F 3.1, 3.2, 3.3, 3.5, 3.6 THEMREERE;
BA4FE41. 42, 43, 45, 46 VA7 VM EBRIBRRES: $5%5.1, 52, 5.3,
54, 55, 56 WHXIZMIFITME; 26 Z6.1. 6.2. 6.3. 6.4. 6.5 FHBLIITHE.
525 2.1 WHI%E 6 B 5.7 WM EB K/ N EZIME . RIUE T K¥A80E 530 h TR
BERIRIEEE. RRIK. BAMERRESN T ABNLE. Wk, FRERSHEE T/E. &
BB EBIE RS

KBAVERRILREEH L “BYLTEE” BRRMEA, FHTH X AR RIX0E #2,
AR “RpiE” BHH M2 EEIESE I EEEH TRERERAR T/ES . #iR
FE RN G BN b SRS BT o

ABERE . HRTAEPRBRMNEE T K. RMNFERBE . #LEESEE. e A RILH
EgH R, BT iR IE 5 A B R R R s A 7 & AL SRR ) S, 8.

W OE
20122 H



I

Chapter 1 Main Propulsion Plant

1.1
1.2
1.3
1.4
1.5
1.6

2.1
2.2
2.3
24
2.5

2.6

3.1
3.2
3.3
3.4

N 218 MATRSEE

.................................................................... 1
Ships and Machinery SEAAR EHIMIE B ..o oo —— 2
Diesel Engine Cycle ZE5MAIBIR .......oovoviieeeeeieeee e, 7
Diesel Engine Systems SE5HALER G ........cooovvieieeieeeeeeee e 15
* Typical Marine Diesel Engine B EUARFISIHIREY ... 28
* Shaft and Propeller {1 ZIRHEIE ..o 38
* Engine Performance Map and Operation 48/l AT Bl RBfTRIE ..o 46
Chapter 2 Marine Auxiliary Machinery
F o ALAGEYL [ 55
BOHEIS A B R T ettt ettt 56
Pumps and Pumping Systems fAAREE RS ... 73
Refrigeration and Air Conditioning AESAFIAFIZ Y ..o, 88
Pollution Prevention Devices SRR S REE .............. NUUT— 104
Centrifuger, Air compressor and FW Separator
L. SEVFGEABLIER ... s 114
Deck Machinery FURHIR .........c. . .ossssssmssmasmmamansmsmomssusmmmmmemspimsssssms 126
Chapter 3 Electrical Equipment and Automatic Control
E 5 AR SIRE S EEhint [ 145
-Marine Generators SEF R B ..o 146
Main Switchboard and Distribution System FEERSEBRL................... 154
Marine Electrical Equipment A BB AIE R ... 161
Main Switchboard and Generator Operation FECER S & BHIRE ............. 171
Ship Automation SEBABIBIL ...........comsanissmmsrosemsmsunessimmmmssnsssmresensasusmsssssnasaes 181

3.5
3.6

Centralized Control and Unattended Machinery Space

BB R A TE A L oottt 197



B®
Chapter 4 Engine Room Management
EAE HUEID [ 205
4.1 Watchkeeping in Engine ROOM HLABTEEE ......cooovveveeeiceeeeeeeeeeeeeeeee o, 206
4.2 Main Engine Operation Procedure EHIEMEFRTR ..oooovoveeeoeeeeeoeeeeeeeeee 216
4.3 Safety Operation B AR SRR ..o 223
4.4 Oil handling and Water Treatment ARAEHRAIESKAIE ..o 232
4.5 Ship’s stores and Spare Parts SRR S & HEBEIE oo 242
4.6 Ship Repair and Survey SEREZEESII ..o 247
4.7 Pollution Prevention Operation and Port State Control
B BRER B T EIEE e 256
Chapter 5 International Conventions and Regulations
EoE ERAZSEIL [ 267
5.1 *IMO and International Maritime Conventions
BB E AR E R RS oo 268
5.2 STCW B RIZII. RIEFEFFRAERFRRALY ..o, 276
5.3 MARPOL fBAARTTSZEBRAL ..o 285
54 SOLAS B EAGEEEBRAL oo 289
5.5 ISMEFRZEEIEFII ..o 296
5.6 *BWM MAAEHKEITUEMIEFEIEEFRAL .o, 305
5.7 ISPS EFRARFAFIE DEFEMRZHI ..o 311

Chapter 6 Marine Business Writing

6.1
6.2
6.3
6.4
6.5

6.6

Erglnie Logbook BHLEE . connsussmmmssmpmmrommmn nusmsmswn p oo 318
Repair List ARREE IR ..o 324
Store order and Spare Parts Requisition Form #1882 R &{FERGE ... 341
*Accident report BEIFRET .....ooov i 353
*Engineers’ Reports, Letters, Faxes and Emails

BHIRTR. BB BEBRIEE oo 356
Operating Instructions for Critical Equipment X &ERIERME ... 371

Kl K‘h‘

Reference [ v b ¢




B TS
‘English of Marine Engineering




1.1 Ships and Machinery B30 EN IS S
| Ships BALERN

Ships are large, complicated vehicles which must be self-sustaining in their
environment for long periods with a high degree of reliability. A ship is the product of two
main areas of skill, those of the naval architect and the marine engineer. The naval
architect is concerned with the hull, its construction, form, habitability and ability to endure
its environment. The marine engineer is responsible for the various systems which propel
and operate the ship. More specifically, this means the machinery required for propulsion,
steering, anchoring and ship securing, cargo handling, air conditioning, power generation
and its distribution.? Some overlap in responsibilities occurs between naval architects and
marine engineers in areas such as propeller design, the reduction of noise and vibration in
the ship’s structure, and engineering services provided to considerable areas of the ship.

A ship reasonably is divided into three distinct areas: the cargo-carrying holds, the
accommodation and the machinery space.® Depending upon the type each ship will
assume varying proportions and functions. An oil tanker, for instance, will have the
cargo-carrying region divided into tanks by two longitudinal bulkheads and several
transverse bulkheads. There will be considerable quantities of cargo piping both above and
below decks. The general cargo ship will have various cargo holds which are usually the
full width of the vessel and formed by transverse bulkheads along the ship’s length. Cargo
handling equipment will be arranged on deck and there will be sufficient space to meet the
requirements for the ship’s crew, provide a navigating bridge area and a communications
centre. The machinery space size will be decided by the particular machinery installed and
the auxiliary equipment necessary. A passenger ship, however, would have a large
accommodation area, since this might be considered the ‘cargo space’. Machinery space
requirements will probably be larger because of air conditioning equipment, stabilizers and
other passenger related equipment.

Ships have developed alongside mankind. They have become an integral part of
modern commercial and military systems. Fishing boats are used by millions of fishermen
throughout the world. Military forces operate highly sophisticated vessels to transport and
support forces ashore. Commercial vessels, nearly 50,054 in number, carried 10.9 billion
tons of cargo in 2010.

Arrangement

Three principal types of machinery installation are to be found at sea nowadays. Their
individual merits change with technological advances and improvements and economic factors
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such as the change in oil prices. It is intended therefore only to describe the layouts from an
engineering point of view. The three layouts involve the use of direct-coupled slow-speed
diesel engines, medium-speed diesels with a gearbox, and the steam turbine with a gearbox
drive to the propeller. This book only talks about diesel engines instead of the steam turbine.

A propeller, in order to operate efficiently, must rotate at a relatively low speed. Thus,
regardless of the rotational speed of the prime mover, the propeller shaft must rotate at about
80 to 100 rev/min. The slow-speed diesel engine rotates at this low speed and the crankshaft
is thus directly coupled to the propeller shaft. The medium-speed diesel engine operates in
the range 250-750 rev/min and cannot therefore be directly coupled to the propeller shaft.
Thus, the drive from the diesel is provided to the propeller shaft via a gearbox.

Slow-speed diesel

Figure 1.1.1 shows the arrangement of machinery in the engine room of a slow speed
diesel ship. The engine rooms is located near the bottom, and at the aft and end of the vessel.
This design maximizes the cargo carrying capacity of the vessel and situates the prime mover
close to the propeller, minimizing equipment cost and problems posed from long shaft lines.

A six-cylinder direct-drive diesel engine is shown in this machinery arrangement. A
diesel generator is on the upper flat and an air compressor is below. Other auxiliaries within
the machinery space would include additional generators, an oily-water separator, an
evaporator, numerous pumps and heat exchangers. An auxiliary boiler and an exhaust gas
heat exchanger would be located in the uptake region leading to the funnel.* Various
workshops and stores and the machinery control room will also be found on the upper flat.

1
Funnel ﬂ =a
Accommodation
Oil burning Pe Exhaust boiler
boiler \
v
®
Generator ?
o-. i
Rudder g
T <[ =11
-5 l ) 10 15 20 25 30
Propeller Main engine

Figure 1.1.1 Cutaway drawing of a ship
o
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Geared medium-speed diesel

Two medium-speed (500 rev/min) diesels are used in the machinery layout of a ship
shown in Figure 1.1.2. The gear units provide a twin-screw drive at 170 rev/min to
controllable-pitch propellers. The various pumps and other auxiliaries are arranged at floor
plate level in this minimum-height machinery space. The exhaust gas boilers and uptakes
are located port and starboard against the side shell plating.

Ballast pumps

Diesel engine Waste combus/uon plant

Gear units

| ,i]
T — =
ol ole ]
N | oo | 8
]| ?D T .}. Y | 5,:0 =
= Lieeotooe PFo "o | 0
HNE e [ ¢ &3 F B[ & Al F & &
B} | B s 0
o] MR |
O - -
o] [
\ m
Stern thruster plant I— oo @

Diesel generator units
Figure 1.1.2 Medium-speed diesel machinery arrangement

A separate generator room houses four diesel generator units, a waste combustion
plant and other auxiliaries. Engine control room is at the forward end of this room.

Operation and maintenance

Usually all shipboard machinery, with the exception of radio equipment, is maintained
by the marine engineers. Electrical engineers may be carried on very large ships, but if not,
the electrical equipment is also maintained by the marine engineer.

A broad-based theoretical and practical training is therefore necessary for a marine
engineer. He must be a qualified mechanical, electrical, air conditioning, ventilation and
refrigeration engineer. Unlike the people who work on shore in these occupations, he must
also deal with the specialized requirements of a floating platform in a most corrosive
environment. Furthermore he must be self sufficient and capable of getting the job done
with the facilities at his dis.posal.5

SRCRBNE

Figure 1.1.3 shows a combined gas ship. The ship is built in accordance with the
IMO’s Gas and Chemicals Codes, and during construction of such ships the strictest of
these codes must be observed.

Combined gas and chemical ships are usually built in sizes ranging from 5,000 to
10,000 m®, with cylindrical tanks. The tanks are constructed for an excess pressure of 3 to
4 bar, and are built using acid-proof steel with regard to the transportation of chemicals.

The semi-pressurized ships are for the transport of LEG, LPG and ammonia. In
addition to the direct cooling system (reliquefaction plant) for the cargo, they also have an

4

A gas carrier
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indirect cooling and heating system, where there are coils fitted onto the outside of the
tanks. In these coils a cooling/heating medium circulates.® The indirect cooling system is
used for gases which will wish to avoid compression of the gas. Another advantage with
indirect cooling is that the tanks can be pre-cooled before any cargo is taken on board, and
tanks heated during gas freeing.

To achieve flexibility in the transportation of chemicals, each cargo tank has its own
loading and discharging pipe lines, the ventilation systems are also segregated, and the
ships can often carry up to six different cargoes at the same time. These cargoes can be a
combination of gas and chemicals, or only chemicals. For the transportation of the same
cargo in all the tanks, the pipe systems are connected with removable spool pieces.

Deck cargo piping

Reliquefaction plant

Rudder
Propeller

Void space Bow thruster
Compressor room Cargo pump

Auxiliary engine

Steering gear room

Main engine Cargo tank, cylindrical with spherical heads

Figure 1.1.3 A semi-pressurized ship for Ethylene

marine engineer AL TR
propel [pro'pel] V. FEHE, HED
naval architect M TR
accommodation [a.koma'deifan] n. Fa, AEX
propeller [pre'pela] n. RhEX, S
cargo-carrying region PR A e B X 45
longitudinal bulkhead HAEEE
transverse bulkhead BEfeBE
stabilizer ['steibilaiza] n. IR E
layout [lei.aut] n. MR, it
steam turbine AL
refrigeration [rifridza'reifan] n. I

5




@ @ iEnglish of Marine Engincering

arbitrary [a:bitrari] adj. | BENUERER), EWH,
auxiliary boiler HBhER P

pump [pPAmp] n. ®

reliquefaction [rizlikwi'feek [an] n. BBk

flexibility [fleksa'biliti] n. RiEte, 4k

1. The main propulsion machinery installed will influence the machinery layout and
determine the equipment and auxiliaries installed. This will further determine the
operational and maintenance requirements for the ship and thus the knowledge
required and the duties to be performed by the marine engineer.

FHHE BN REGLSEWIRINAR, e TR RENHREN 2%, #t—F
YOE T AT R B, BTEL, %ﬂﬂiﬁﬁz‘éﬁﬁéw%mﬁuw%ﬂﬁ%ﬁﬁ
# HRERF .

2. The marine engineer is responsible for the various systems which propel and operate
the ship. More specifically, this means the machinery required for propulsion, steering,
anchoririg and ship securing, cargo handling, air conditioning, power generation and
its distribution.

WAL SR RO AR RS ERGHILKERGUREEN. B,
PGS, BRI, 2R, REFRNERRiEES.

3. Aship might reasonably be divided into three distinct areas: the cargo-carrying holds,
the accommodation and the machinery space.

i T AEMA N =ARFARXER: BYX (R, EFEKMYARE.

4. An auxiliary boiler and an exhaust gas heat exchanger would be located in the uptake
region leading to the funnel. - .
ﬁﬁb%ﬁﬁ%ﬂ&‘ﬁ#&&%&ﬁ?m&li\m J:?hﬁ&to

5. He must be a qualified mechanical, electrical, air conditioning, ventilation and
refrigeration engineer. Unlike the people who work on shore in these occupations, he
must also deal with the specialized requirements of a floating platform in a most
corrosive environment. Furthermore he must be self sufficient and capable of getting
the job done with the facilities at his disposal.

i —ER— A EHEIPR. B A, ﬁﬁhiﬁfﬁﬂfé‘:ﬁ&ﬁﬁ TI’J?E‘?L%&X%XT&E‘J
Bk, fb—eEAEERE MK EPES NPT ERIEE . TH, Moz
SITHE, BEMET BOCATRRE.

6. In addition to the direct cooling system (reliquefaction plant) for the cargo, they also
have an indirect cooling and heating system, where there are coils fitted onto the
outside of the tanks. In these coils a cooling/heating medium circulates.

BT RYHEEANASL (FERLER) Db, B REANMINARS, b%ﬁ‘lﬁ‘é“
LA MSNRT, R MBS RAERE NIER
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1.2 Diesel Engine Cycle Y18

The diesel engine is a type of internal combustion engine which ignites the fuel by
injecting it into hot, high-pressure air in a combustion chamber." In common with all internal
combustion engines the diesel engine operates with a fixed sequence of events, which may
be achieved either in four strokes or two, a stroke being the movement of the piston between
its extreme points. Each stroke is accomplished in half a revolution of the crankshaft.

Four-stroke cycle Uiy =St MEE =7

The four-stroke cycle is completed in four strokes of the piston, or two revolutions of
the crankshaft. In order to operate this cycle the engine requires a mechanism to open and
close the inlet and exhaust valves.

The cycle begins at Top Dead Centre (TDC), which is farthest away from the axis of
the crankshaft. The inlet valve opens and fresh air is drawn in as the piston moves down
(Figure 1.2.1 (a)). At the bottom of the stroke, i.e. bottom dead centre (BDC), the inlet valve
closes and the air in the cylinder is compressed (and consequently raised in temperature)
as the piston rises (Figure 1.2.1 (b)). Fuel is injected as the piston reaches top dead centre
and combustion takes place, producing very high pressure in the gases (Figure 1.2.1 (c)).
The piston is now forced down by these gases and at BDC the exhaust valve opens. The
final stroke is the exhausting of the burnt gases as the piston rises to TDC to complete the

cycle (Figure 1.2.1 (d)). The four distinct strokes are known as “suction”, “compression”,
“power” and “exhaust”.

Inlet Exhaust Fuel injector
valve valve

el Wl el e

Piston —— (\

Connecting rod -
/
\
\

Rotation ™~ —

~~o
|_o

Crank
(a) (b) © (CY]

Figure 1.2.1 The four-stroke cycle
(a) Suction stroke, (b) Compression stroke, (c) Power stroke, (d) Exhaust stroke

These events are shown diagrammatically on a timing diagram (Figure 1.2.2). The
angle of the crank at which each operation takes place is shown as well as the period of the
operation in degrees. This diagram is more correctly representative of the actual cycle than
the simplified explanation given in describing the four-stroke cycle. For different engine
designs the different angles will vary, but the diagram is typical.

7
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Exhaust valve closes

Fuel
injection

injection

\ijtiy

Compression stroke
ons JmMog

Inlet
valve
closes

Exhaust valve opens
Figure 1.2.2 Four-stroke timing diagram

—hiRLem| TIEEH

The two-stroke cycle is completed in two strokes of the piston or one revolution of the
crankshaft.? In order to operate this cycle where each event is accomplished in a very short
time, the engine requires a number of special arrangements. First, the fresh air must be
forced in under pressure. The incoming air is used to clean out or scavenge the exhaust
gases and then fill or charge the space with fresh air. Instead of valves holes, known as
“ports”, are used which are opened and closed by the sides of the piston as it moves.

When the piston is at the top of its stroke, the fuel injection and combustion have just
taken place (Figure 1.2.3 (a)). The piston is forced down on its working stroke until it
uncovers the exhaust port (Figure 1.2.3 (b)). The burnt gases then begin to exhaust and
the piston continues down until it opens the inlet or scavenge port (Figure 1.2.3 (c)).
Pressurized air then enters and drives out the remaining exhaust gas. The piston, on its
return stroke, closes the inlet and exhaust ports. The air is then compressed as the piston
moves to the top of its stroke to complete the cycle (Figure 1.2.3 (d)).

Fuel injector

4 o o 0 .
Cylinder —
Exhaust m
| port — - - \L_ 7] |
. Piston —— — LK — [—
X Scavenge “
port
_ _ A Connecting —

2 -~ \ s - \ , ' \ rod 7 \

Rotation { | \ I \ [ \ {1 \

\ \ \ / \ /

N ~/ “Crank N / N 7 w7

(a) (b) © (d)

_ Figure 1.2.3 Two-stroke cycle
(a) Injection, (b) Exhaust, (c) Scavenge, (d) Compression

8



( Chapter 1

Main Propulsion Plant £ 1 & AT #HES

g =S

A cross-section of a four-stroke cycle engine is shown in Figure 1.2.4. The engine is
made up of a piston which moves up and down in a cylinder which is covered at the top by
a cylinder head. The fuel injector is located in the cylinder head. The inlet and exhaust
valves are housed in the cylinder head and held shut by springs. The piston is joined to the
connecting rod by a gudgeon pin. The big end of the connecting rod is joined to the
crankpin which forms part of the crankshaft. With this assembly the linear up-and-down
movement of the piston is converted into rotary movement of the crankshaft. The
crankshaft is arranged to drive through gears the camshaft, which either directly or through
pushrods operates rocker arms which open the inlet and exhaust valves. The camshatt is
“timed” to open the valves at the correct point in the cycle. The crankshaft is surrounded by
the crankcase and the engine framework which supports the cylinders and houses the
crankshaft bearings. The cylinder and cylinder head are arranged with water-cooling
passages around them.

__ The four-stroke engine

Rocker arm

i

'\! Exhaust valve
.2l :'.'@!‘
Cylinder cover [..!\Q ,f | o =

N _Q‘,{f;}

N

lf!vii[ i
= l""'-‘

1
IS

Z

Gudgeon pin
Connecting rod

B2V L A i
Cam —[[ l “
I'.j *‘SI '):\ |
:\;a;ts:rg :;oolmg % Y
N

&
]

Crankpin
Bottom end
bearing
Crankcase

‘1.+—

Y=

Figure 1.2.4 Cross-section of a four-stroke diesel engine

e = SsL I
A cross-section of a two-stroke cycle engine is shown in Figure 1.2.5. The piston is
solidly connected to a piston rod which is attached to a crosshead bearing at the other end.

The top end of the connecting rod is also joined to the crosshead bearing. Ports are
arranged in the cylinder liner for air inlet and a valve in the cylinder head enables the

9
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release of exhaust gases. The incoming air is pressurized by a turbo-blower which is
driven by the outgoing exhaust gases. The crankshaft is supported on the bedplate and
house guides in which the crosshead travels up and down. The entablature is mounted

above the frames and is made up of the cylinders, cylinder heads and the scavenge
trunking.

Exhaust mainfold

Exhaust port

Turboblower. CNA Piston

— Piston rod

b

Air inlet ports A ]
H\ /I
Al pvigliim
Crosshead _l[.. : 1 Connecting rod
| \l i
Bottom end bearing - T A - frame
N
TRT \ Bedplate
Crankshaft %

Figure 1.2.5 Cross-section of a two-stroke diesel engine

PRI T/EEIAL R

The main difference between the two cycles is the power developed. The two-stroke
cycle engine, with one power stroke every revolution, will theoretically develop twice the
power of a four-stroke engine of the same swept volume. Inefficient scavenging however
and other losses, reduce the power advantage to about 1.8. For a particular engine power
the two-stroke engine will be considerably lighter. Nor does the two-stroke engine require
the complicated valve operating mechanism. The four-stroke engine however can operate
efficiently at high speeds which offset its power disadvantages.

Each type of engine has its applications on board ship. The two-stroke engine in slow
speed is used for main propulsion. At this low speed the engine requires no reduction
gearbox between it and the propeller. The four-stroke engine is used for auxiliaries such as
alternators and sometimes for main propulsion with a gearbox to provide a propeller speed
of between 80 and 100 rev/min. '

10
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SO EZIMLRETEIR

RPM

Revolutions per minute (RPM) is a measure of the frequency of a rotation. It annotates
the number of full rotations completed in one minute around a fixed axis. It is used as a
measure of rotational speed of a mechanical component, for example, the engine speed.

MCR

Diesel engines are typically furnished with a rating or a maximum continuous rating
(MCR), i.e., a stated value of power output at a corresponding RPM. This is a description of
the performance characteristics of the engine.

Indicator cards

Figure 1.2.6 represents the pressure in a four-stroke engine cylinder plotted against
the piston position, which in turn is directly proportional to cylinder volume, and is therefore
called a pressure-volume diagram. When the P-V diagram is obtained from the engine

itself, using an engine indicator for low speed engines or electronic means for higher speed
engines, it is called an indicator card.

P

Power stroke

Exhaust stroke Compression stroke

Standard atmospheric
pressure

Suction stroke 4

Figure 1.2.6 Pressure-volume diagram of a four-stroke engine

Indicated power

IHP (Indicated power when expressed in horsepower). In thermodynamic terms, the
work done during a cycle is the product of the pressure at any point in the cycle times the
volume displaced by the piston at that point. It is therefore proportional to the area
enclosed by the curve on the P-V diagram. The area enclosed can be determined by
measurement with a planimeter, or by graphical or mathematical integration. Once multiplied
by the appropriate constants, this area is the net work (Whet) done by the piston during the
cycle; i.e., it is all the work delivered by the piston to the crankshaft during the power stroke,
plus or including the work to overcome friction and to drive engine accessories, less the

11



