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Part | Text

'Lesson One Prime Mover

The source for power is most often a generator set driven by a combustion engine which is
fueled with diesel or heavy fuel oil. Occasionally one can find gas engines , and also gas turbines,
steam turbines or combined cycle turbines, especially for higher power levels, in light high-speed
vessels, or where gas is a cheap alternative (e.g. waste product in oil production, boil-off in LNG
carriers, etc.).

In a diesel-electric propulsion system, the diesel engines are normally medium to high-speed
engines, with lower weight and costs than similar rated low speed engines that are used for direct
mechanical propulsion. Availability to the power plant is of high concern, and in a diesel electric
system with a number of diesel engines in a redundant network; this means high reliability but also
sophisticated diagnostics and short repair times.

The combustion engines are continuously being developed for higher efficiency and reduced
emissions, and at present, a medium speed diesel engine has a fuel consumption of less than 200g
per produced kWh at the optimum operation point as seen in Fig.1-1. Even though this is regarded to
be a high utilization factor of fuel, it represents only about 40% of the energy in the fuel, the rest of
the energy being removed by the exhaust or heat dissipation.

Moreover, the efficiency drops fast as the load becomes lower than 50% of MCR (Max
Continuous Rating). At this working condition, the combustion is inefficient, with high NOx and
SOx content, and with a high degree of soothing which increases the need for maintenance. In a
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diesel electric system with several diesel engines it is hence an aim to keep the diesel engines loaded
at their optimum operating conditions by starting and stopping generator sets dependent on the load,
with an aim to keep the average loading of each running diesel engine closest possible to its
optimum load point.
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Fig.1-1 Example fuel consumption for a medium speed diesel engine

New Words and Expressions

combustion [kem'bast[an] n. BREE, KK, mk
diesel [ 'di:zal ] n. SEMHL, BRHL
turbine [ 'ta:bin, -bain] no G %ML, MHERHL, FREEHL, BEFAL
redundant [ ri'dandant ] adj. BF 21, JURE, JUKE CCFES%) 3 HEM
diagnostics [ daiag'nostiks] n. fiEA%, HE4E
sophisticated [ sa'fistikeitid] adj. AR, Ruh, SR M
emission [ i'mifan] no R, RS, ST, U AR RE
utilization [ju:tilai'zeif an] n. R %H
dissipation [ disi'peifan] n. WHEL SHER
Notes

(1) “...asseeninFig...” as (X770, FEAE. fHOLEE) Wil & &R
510 .

1) 1 work as others do.

BHONAN —FE LAE

2) Iremember it as it were but yesterday.

FRAGE I A S mfl 077 b A W R R A — A

3) Parks are to the city as lungs are to the body.

X [ed 0 330 T A B A [ i B g B AR — A
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Prime Mover | 4550005 il

“as”AE T UL ANERCR W NNEE 2. AR “as” MNNELLES T, A liE ),
FHELASEAN LY 19 R

D I, F LS “such™ 341

We call such metals as copper and silver good conductors.

PAIPRIXIE G ), B AR, O )4

There are different forms of energy, such as heat energy, sound energy and electric energy.

17 B AAH I RE, Bl andage . e ReRniLfE .

2> JA il

Electronics is regarded as an applied science.

HL 27 A At — T IR

Electricity is especially convenient as a source of mechanical power.

H A S LB ) 20 0 5 ol T A

3) HMHOC R A G R Fl], 51 H i T

This is the same material as is used in the diode.

AR A P RS .

[ want to get such a tool as he is using.

TRARAT B — FEAG A AR A H] AR TR

He repaired the machine in the same way as we did. (iX%) “in the same way” FT{C )2/
W R as”, T LR R F AR, Brblcas™fE R A . ) ARERAIIAFIFE R 7
FAEBEHLA -

4> N RIE, Sl R T7a0, ERAERIRTE G

As the piston moves down, the pressure in the cylinder decreases. CHf [RIIR T M 1))

G FE ARSI, VREE L A S D me) -

As the question is of importance, we should tell the chief engineer at once. CJ5[EPIR1E M G])

DRI A XA T AR B, BT ARAT T 207 R o YR AL

Light waves are different in frequency just as sound waves are. (J7 2 UCRTE M)

WA FE, SCBAAT AR R SR .

This generator is as effective as that one (is). (LLEARTEMNA]D

XG5 R BRI 6 & LR — .

(2) “...to its optimum load point” to (K /RJE[H. FEE) F|, AF|; --oeeF, -ooeee 5.

f5lan .

1) The room was hot to suffocation.

A ESEE RPN

2) to his name be it said

CHBGEBARITD HRAANE L.



LessonTwo __ Transformers

The purpose of the transformer is to isolate the different parts of the electric power distribution
system into several partitions, normally in order to obtain different voltage levels and sometimes also
for phase shift. Phase shifting transformers can be used to feed frequency converters, e.g. for
variable speed propulsion drives, in order to reduce the injection of distorted currents into the
electric power network by canceling the most dominant harmonic currents. This reduces the voltage
distortion for generators and other consumers. The transformers also have a damping effect of high
frequency conductor emitted noise, especially if the transformer is equipped with a grounded copper
shield between primary and secondary windings.

There are numerous different transformer designs in use, and the most common types are; air
insulated dry type, resin insulated (cast or wound), or oil/fluid insulated. Regulations, ambient
conditions, and user’s, yard’s, or supplier’s preferences govern the selection of type, material, and
design of the transformer.

Physically, the transformer is normally built as three-phase units, with three-phase primary coils
and three-phase secondary coils around a common magnetic core. The magnetic iron core constitutes
a closed path for magnetic flux, normally with three vertical legs and two horizontal yokes; one in
bottom and one at top. The inner winding constitutes the low voltage or secondary windings, and the
outer is the primary or high voltage winding. The ratio of primary to secondary windings gives the
transformation ratio. The coils may be connected as a Y-connection or A-connection (also called
D-connection). The connection may be different on primary and secondary sides, and in such
transformers, not only the voltage amplitude will be converted, but there will also be introduced a
phase shift between the primary and secondary voltages. The phase shift can also be adjusted by use
of Z-connected windings, normally in the primary, where the phase shift angle can be accurately
determined by the ratio of turns in the segments of the Z-windings. Three or four winding transformers
with multiple secondary windings are also in use, e.g. for multi-pulse drive applications.

A transformer with /\-connected primary and Y-connected secondary is called a Dy type




Transformers 1.¢sson two

transformer. The first and capital letter describes the primary winding, and the second and small
letter describes the secondary winding. The letter n is used to describe if the common point in a
Y-connection is grounded, e.g. Dyn or Ynyn.

Transformers may be designed according to IEC standards. For converter transformers, it is
essential that the design accounts for the additional thermal losses due to the high content of
harmonic currents. IEC also gives design rules and guidelines for such applications.

New Words and Expressions

partition [pa:'tif an] no pEl R TR X4y, K4y, FdAy

harmonic [ha:'monik] n R EE

damping ['deempin] n. FRJE, Vg, ZER

insulate ['insjuleit] vt ffas; fHLh

ambient ['zembiant] adj. BEEN, FEK

magnetic [meeg'netik] adj. WL (D By (A]D WL

flux [flaks] no e, BE, HEE, MEE

horizontal [hori'zontl] adj. # PR, HFZRR

yoke [ jauk] n. JoRY)

thermal [ Ba:mal] adj. #W), ER), EHA); HAGERT
Notes

(1) “...not only the voltage amplitude will be converted, but there will...”

not only... but... AN{H-e-- ([N IXH but [5A#E T also, “not only ...but also...” & 35
], EEEENAERIBIS . ETERER AN E R R iR
5.

1) Furthermore, education is not only just about knowledge but also about values.

A, BEIHFARKRMIRER, BERMERBEEFE.

2) We will protect not only individual rights, but also must shoulder collective responsibilities.
BATERBEA ANAA, (B Nz A EARTIE .

(2) “... for the additional thermal losses due to the high content of harmonic currents.”

due to T, MIHTF

f5u4n .

1) Inability to stand due to muscular incoordination.

BT LA AN U T AN Bg b 5L .

2) His illness was due to overwork.

bR R T B 5T &R .




Lesson Three A.C.Generator

Synchronous A.C. generators for auxiliary supplies are usually of the type having a rotating
field and with the armature winding on the stationary frame. Inverted constructions are also available
and in this type the armature is rotating. Limitations in the size and complexity of the slip rings and
brush-gears limit the invented construction to about 150 kVA.

On generators used for marine installations the field system may be of the salient-pole type in
which the field-poles will be similar to those of a D.C. generator. Alternatively generators of the
non-salient or cylindrical construction with distributed field windings embedded in slots may be used.
The cylindrical type is generally used in high speed turbo-generators but some manufacturers now
prefer them for all speed.

The physical size of the machine is influenced by the power factor of the system, and it is usual
to base the rating on a power factor of 0.8 lagging which represents average operating conditions.
The kVA rating is proportionately higher watts to be dissipated in the stator windings (usually
referred to as the “copper losses”).

The power factor (p.f.) of the system is dependent on the type of load. Filament lighting,
heating and cooking will be at unity power factor but induction motors, fluorescent lighting and
transformers will take less than unity. Motors running at less than their full load rating will generally
have a lower power factor than at full load, so the load current is not strictly proportional to the
output. As it is desirable to keep the p.f. as high as possible it is therefore important not to install
over-size motors. Cage type induction motors also have a very poor power factor which may be as
low as 0.3~0.4, when starting, the current is 5~7 times the full load current.

The characteristic load-voltage current of an A.C. generator is very similar to that of a shunt
wound D.C. generator, although the cause of the voltage drop is caused by stator resistance and by
distortion of the flux path. With lagging power factors, there is a further loss of voltage caused by
stator leakage reactance and by the fact that a component of stator m.m.f. has a directly

demagnetizing action. The lower the p.f. the greater will these effects become.

L 6 ]



A.C.Generator | @ss08 |l

In machines of normal design the drop between no load and full load with 0.8 p.f. will be of the
order of 25%~35%, assuming constant excitation. In practice the voltage is restored to normal by
increasing the excitation, and it will be seen that as the p.f. gets worse, more and more excitation is
required, thus increasing the amount of heat dissipated in the field windings.

The behavior of an A.C. generator, when subject to transient load, e.g. starting comparatively
large induction motors or when subject to short circuit, is somewhat complicated. There is an
instantaneous voltage dip followed by recovery to a final steady state condition. The amount of dip is
independent of partly heating and lighting and partly power. Too great a dip with too long a effects
on the running of other motors and voltage sensitive equipment such as radar (if operated directly
from the supply system) and on the starters for fluorescent lighting. The effect of p.f. of the transient
loading on the transient as well as the steady state voltage regulation is important and it is necessary
to take these conditions into account in the design of the machines.

New Words and Expressions

A.C.—alternating current AS ML
synchronous ['sinkranas] adj. WL 1)

rotate [rau'teit] vi. ¥7)), Jeks
armature [‘a:matjua] n WK, o1
stationary ['steif (a)nari] adj. #1ER

frame [freim] no KA, B, P, 4t
invert [in'va:t] ve. ¥ [i)
limitation [limi'teif an] n. PR, JRRR
complexity [kam'pleksiti] n. X%

slip ring [slip rin] n. fEER

brush-gear [bra[ gia] n. R E
kVA—Xkilovolt ampere TR%Z

salient ['seiljant] adj. " &R, WEN
nonsalient ['non'seiljant] adj. AL
cylindrical [si'lindrik(a)I] adj. [AFEAARY
distribute [dis'tribju(:)t] vt. Srid, orAn
embed [im'bed] A R
slot [slot] vt. 4%, fE
turbo-generator ['ta:bau'dzenareita] n. VAR WAL
physical [fizikal] adj. Y, SEBRE
influence ['influans] n. 5%, B4k

lag [leeg] vi. ¥ila

represent [ri:pri'zent] vi. #igz, A, Fow
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proportionate [pra'po: [ anit]

dissipate ['disipeit]
copper ['kopa]
filament [filomant]
unity ['ju:niti]
induction [in'dak [ an]
fluorescent [flua'resant]
strict [strikt]

cage [keid3z]
distortion [dis'to:[an]
flux [flaks]

leakage ['li:kid3]
reactance [ri'sektons]

component [kem'paunant]
magnetic-motive force
demagnetize [di:'maegnrtaiz]

m.m.f

behavior [bi'heivjsa]
subject ['sabd3ikt]
transient [' treenziant]
somewhat ['sam(h)wot]

instantaneous [instan'teinjas]

dip [dip]

objectionable [ab'd3ek [ anabl]

flicker [‘flika]

adverse ['aedva:s]
sensitive ['sensitiv]
starter['sta:ta]
regulation [regju'leif an]

Notes

adj.
Vi.

S S

adj.
adj.

vt.;adj.
n.;adj.
adv.
adj.

adj.

adj.
adj.

EE SRS

JEEBI T, AT
IR, fEFEHL

4l

p2

H—, A

SN

KIGH

KA

%

e, B, W%
T

M

L

Jof, @Ak, bl
IS

(FBEY]

TRE, 178, M
52 3); R
BEAZ T, BEAME
EEP=t

W [a) fey, RO ZI
TF, TUL
WERET, 51 R Xt
g, BH, WK

R E), AT
R, BUEH
JRhE%

WY

(1) ...by the fact that a component of stator m. m. f. hasa ...

“fact” JEIfIH “that” 51382 —NFEAEMNG). XFER A A7 ik FALEE R )

B H M %R “that” 5.
{5140 .

1) The fact that electric currents passing through a wire produce heat is known to all.

HLJEIE I 3 2 N AR X — S S R BT ANIE 1

2) This experiment leads to the conclusion that unlike charges attract each other.

AR FBOXFE— N8 R AR



A.C.Generator [.esson Three

(2) ...“aswellas...” iXJi&— 2], as Fl well #8225 T AT M0 & X, X AN iA 4
AT — ”ﬁHMiﬂme AL “BLK, AL -eeeee1T HL”.

EREERRE, as well as HIMIFZE WIS, HERARL as well as 2 GBI, 2T 2

N A], By AR PRI 5 56 05 as well as 2 5 i3], ARG FERH PR 2 BB

Bian:

Conductors and insulators are of great use in industry as well as in our daily life.

PRRIL GARAAAE T H F RIS AR CHIAL, T HAE Tl Bt AR K

Jihb, 1 “as well as” HIKEHEPIAS B, ILHTIE )i N BERT— AN 378 B’]}\fuﬁtﬂ’]}%
AL

Bizn.

He as well as the other students has learned how to install this electric equipment.

AN A 27 A — R 25 T o] 22 R IR ol e o



| Self-excited A.C.Generators
‘Lesson Four and Their Parallel Operation

It has long been known that self-excited generators were feasible but the practical development
of sizes suitable for ship’s generators was delayed until the advent of the silicon semiconductors
rectifier. The copper oxide rectifier was not commercial until 1925 and was unsuitable because of its
size. The better performance and efficiency of silicon-junction rectifier made the use of self-excited
A.C. generators practical and acceptable.

Many of these generators are also compound and therefore come into the category of voltage
regulating schemes (called as “functional”). This term means systems of voltage control are operated
by measuring or sensing changes in loading condition and maintain the normal voltage by the use
components built into the systems. They differ from “error-operated” systems in which a change of
voltage takes place and is then restored to normal.

It follows that functional system will generally respond faster than error-operated systems.
Nevertheless most functional systems, because of practical difficulties in maintaining normal
voltage within very narrow limits, use an automatic voltage regulator (a.v.r.) for trimming purposes.
All the methods normally supplied will maintain the A.C. voltage within +2.5% but some work
much closer and 1.5% is attainable with standard equipment.

The systems adopted by manufacturers differ slightly from one another but the following
examples demonstrate the general principles in use.

A common principle is the use of terminal A.C. voltage for establishing the no-load voltage and
using the load current as a means for providing the extra excitation needed to balance such things as
armature reaction and leakage reactance. Where systems differ (and no two systems are alike) is in
the trimming necessary to take care of loading conditions, variation of field resistance between cold
and hot condition, and power factor.

When paralleling an A.C. generator with other sets already on load the following operations are
necessary:

(1) The speed of the incoming machine must be adjusted until its frequency is approximately

(10 )



Self-excited A.C.Generators and Their Parallel Operation [.ess0n ['our

equal to that of the generator already connected to the bus-bars. Ordinary engine tachometers are not
suitable for this purpose.

(2) The voltage must be adjusted with that of the bus-bars.

(3) The paralleling switch must be closed as nearly as possible at the moment when the two
instantaneous voltages are in phase.

In practice these operations are just as simple as paralleling two D.C. supplies, but they require
a little more patience to get the right conditions, as closing the switch when two supplies are
approaching 180° phase difference can have disastrous consequences.

To facilitate the operations a synchroscope is provided. This shows by the speed of rotation of
the synchroscope pointer the difference between the two frequencies, and together with the lamps
indicates when the voltages are in phase. When the conditions are right the circuit breaker must be
closed immediately.

It is preferable that before synchronizing the generator voltage and frequency should be not less
than those already on the bus-bar so that the incoming machine immediately assumes a certain load.

The p.f. of a single generator supplying a load is determined by the load impedance but when
two or more generators are connected in parallel they forma closed circuit in which power or wattles
Kvar can circulate while by passing the load. The p.f. of each machine is therefore not a function of
load impedance alone. For a giving driving torque the kVar output of each generator been
synchronized and connected to the system, it does not share the load until its speed has been suitably
adjusted. Voltage regulation by adjustment of the a.v.r. affects only the distribution of the wattles
load.

New Words and Expressions

self-excited ['selfik'saitid] adj. F, B
feasible ['fi:zabl] adj. WIATHY, AR
advent ['zedvant] n L, Bk
commercial [ka'ma:[ al] adj. pftk

silicon ['silikan] fif
semiconductor ['semikan'dakta] S

rectifier ['rektifaia] Ay

oxide ['oksaid] A

efficiency [i'fif ansi]
junction ['d3ank|an] R, 4ital, 4
category ['keetigaril Fh, KH
functional ['fankani] adj. REM], PREUK
sense [sens] vt [ 3l

R, DR, e

S S 8 8 8 88




