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Lesson One

Text

Electric Power System

! is a most convenient, clean, safe, and useful form of energy? which

Electric power
supplies the major portion of energy needs of a modern society. At the present time the
lack of electricity (a blackout) is newsworthy>. Electric power is so vital to the lives of peo-
ple that its unavailability causes inconvenience, loss of production®, and danger to many in-
dividuals who are in operation (such as cardiac operation®) in hospital. A prolonged black-
out, which is inevitable when a growing load is combined with no generation additions,
could lead to social disorder, and even national tragedy. With the developing of industry
and growing in living standard, the electric power demand is growing continuously and its
growth rate is much greater than that of all other forms of energy. Now high electric pow-
er consumption per capita has been one of the indications of modernization of a country.

Electric power is generated in power generating stations (plants), or simply known as
power stations (plants). Power generation means conversion of energy from a primary
form® to the electrical form. The current sources of nearly all the electrical energy’ generat-
ed come from: the conversion of chemical energy of fossil fuels®, nuclear fission energy,
and the kinetic energy of water which is allowed to fall through a difference of elevation,
they are referred to’ as fossil-fired power, nuclear power and hydro power respectively.

The voltage is usually transformed to a high level'® at the power plant and then via'!
high voltage or extra-high voltage transmission lines the electric power is transmitted to
general power consumption areas (load areas). Electric power is transmitted at high volt-
age level either because of the distance or because of the amount of power, or because of
their combination!?. Before electric power is delivered to the electric power consumers or
users, there may be more voltage transformations'. First at primary substations, the volt-
age is reduced and then transmitted to local substations via subtransmission lines. Then an-
other voltage reduction is experienced!* in local substations and the electric power is deliv-
ered to the power consumers (loads) via distribution systems. In distribution systems,
electric power is directly delivered to electric users via feeders. Thus the entire system con-
sisting'® electrically!” of power stations, substations, power consumers, transmission lines
and feeders is called a power system. In functional terms, a power system includes power

generation, power transmission, power transformation, power distribution and power uti-
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lization. The connection between the power stations and Ioads is not a simple path but a
complex network. The electric power utilities will plan!®, design, build and operate their
power systems.

The growth in size of power plants and in the higher voltage equipment was accompa-
nied by interconnections of the generating facilities. These interconnections decreased the
probability of service interruptions, made the utilization of the most economical units!® pos-
sible, and decreased the total reserve capacity required to meet equipment-forced outages.
The modern power system must recognize the public’s dependence on electric service. Ser-
vice reliability must be very high. Ideally, the loads must be fed at constant voltage and

2, this means that both voltage and frequency

frequency at all time. In practical terms
must be held within limited tolerances so that the consumer’s equipment may operate satis-
factorily. For example, a drop in voltage of 10 — 15% or a reduction of the system frequen-
cy of only a few hertz may lead to stalling of the motor loads on the power system. Thus it
can be accurately stated that the power system operator must maintain a very high standard
of continuous electrical service?!.

Modern AC power systems are invariably?? three-phase?®. The design of distribution
networks is such that normal operation is reasonably close to balanced three-phase work-
ing?*, and often a study of the electrical conditions in one phase is sufficient to give a com-
plete analysis. Equal loading on all three phases of a network is ensured by allotting as far
as possible equal domestic loads to each phase of the low voltage distribution feeders. In-
dustrial loads usually take three-phase supplies?>. A very useful and simple way of graphi-
cally representing a network is the schematic or line diagram in which three-phase circuits
are represented? by single lines. Standard symbols are used to indicate the various compo-
nents. A transmission line is represented by a single line between two ends. The simplified
diagram is called the single-line diagram. The single-line diagram summarizes the relevant
information about the system for the particular problem studied. For example, relays and
circuit breakers are not important when dealing with a normal state problem. However,
when fault conditions are considered, the location of relays and circuit breakers is impor-
tant and is thus included in the single-line diagram. The International Electrotechnical
Commission (IEC), the American National Standards Institute (ANSI), and the Institute
of Electrical and Electronics Engineers (IEEE) have published a set of standard symbols
for electrical diagrams. A basic symbol for a rotating machine? is a circle.

The basic elements of a modern power system are shown in figure 1-1. Obviously not
every bossible element of a power system is shown, for example, combustion turbines, cir-
cuit breakers, and fuses are not included. In this figure, for convenience, geographical
separation is used to distinguish between bulk power supply® and distribution. The genera-
tion plants, transmission lines, and primary substations are shown above the dashed line,
the load (except the large industrial customer) and distribution below the line. In most ac-

tual systems, all the elements are more or less intermingled geographically.
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New words and expressions

electric power )]
blackout n. WrH 45
power consumption (&)
electric power demand HARKE
rate n. BE, BE
hydro power TKH,
power transformation FH K
extra-high voltage(EHV) BEE
load v n. A AR
power transmission Lt
domestic load[do'mestik loud]  ERFAM
deliver v. % AT B
power consumer AP
substation n. ARE VG BT
subtransmission n. ZIKHiE
power distribution [
feeder[ 'fi:do] n. REK
network n. M
operate v. BT TIE JRIEBIE
interconnection n. HERCHEBRE)
probability n. AIRETE ML
interruption[ints’rapfon] n. P
reserve capacity #HRAAE
outage[ ‘autidz] n. WBE 58 Fiz
reliability n. ATEEME
frequency n. MHE
limited a. BRI
tolerance[ ‘tolarens ] n. BE
per capita[ ‘keepita] A
power generation y4::

power utilization A
power station (plant) K
fossil fuel[ fosal ‘fjuzsl ] R 7 ]
fission[ ‘fifon ] n. A
elevation[eli’veifan] n. BE, A8
fossil-fired power K
nuclear power B
hertz[ ha:ts] n. W%
stall[sto:1] v. RE
motor n. B3
alternating [ 'o:1ta:neitin]current (AC) A&
direct current (DC) B
three-phase n. =M
single-phase n. HH
balanced a. PHEH SHEREY
allot v. SrEC AR
schematic [ski'meetik Jdiagram
AEE.JREE
symbol n. 5 BEMS
fault[fo:1t] n. W&
relay[ 'ri:lei] n. SKELRF
circuit breaker (CB) WK 2%
normal /abnormal a. IEHB/RER
combustion turbine[ ta:bain ] MK FHL
fuse n. fEErEs
dashed line 5457
hydro power station 7K EE o
high/medium/low head B /P ALKk
transformer n. THELH
residential customer BRRAF

Notes to the text

1. power ¥ B 1. ABPHIE power 48 KEFRRTE electric power(electric 278 )N
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AN N AW

16.
17.
18.
19.
20.
21.
22.
23.

24,

25.
26. ...
27.
28.

power system B RE
. form of energy +-- RETRAIE R
is newsworthy A HFENEN ERREN, ’d!ff%léﬁﬂ’%%ﬁi%‘ﬂﬁ
loss of production &=
cardiac operation CHEFAR
primary (form of) energy —K(ERK) BEIR, Ik A ¥ 10 N ) ] Y b
KRETR
The current sources of nearly all the electrical energy ... XEHJ current {7 X% B AT
i B2 A B8 I (4 i8])
fossil-fuel  FHR%l. E AWM KRS

. be referred toas A
10.
11.
12.
13.
14.
15.

high level BAI(RE)S%, BAHRKTRE T HE R EMNCEIRHEFHEFR
via=by way of %

or their combination HEFERMAZ

There may be more voltage transformation 7] 8§ B

then another voltage reduction is experienced PI#ER :SRJG B R 2230 KRR
transmit i deliver 7E—E B X AR BZE,E deliver KWXTRER NS, HHHE
43815 transmission line 1 feeder X[

consist of Hi*r* H AL

electrically FEBSL

plan 31X

units XBIEHBEHA generator units

in practical terms=in practice 3EBr L

service X BJE# power supply HtH

invariable = always &2

three-phase = #H(phase AN s, ZEP A H ) three phases =4~ (phase JG 0
s, TEHP B &R

The design of distribution networks is such that normal operation is reasonable close to
balanced three-phase working, HACH Rt S L IE % s 17 B A M = X RR BT
take three-phase supply FE=HIfitH

three-phase circuits are represented ... X8 circuits HZB

rotating machine X B4 rotating electric machine HEF L

bulk power supply AZERHtH
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Translation Skill
FARIERXESER

BiE RS —FESERA MBS, A% RGBSR R TR 3B
BB BIR RIS . XRE— X RESCH TR AR B4 HA RERNER, MEHEA
Bk, 8RBT BRI S, B L BB M SRR S — MR T . RIER &R
FRIEI SR, 30 3otk i SOk R RSO SE , % ME3E3E i SUR R R T RHE 30 3T
k. TiRHEIIE XAREFE, L ABEEE, 5 —LRBRAR T L 3HE, TR
BB SR SR A B EEN SRR R, RAS R T FERARZE T, T
ERITEE T IE A TR

1. BUARIEGRLD) MNERLC.EXRABEAZ

B BT, R EEES , Bl ENC B S R R B . [HREE M5 EARR
BRRE, EZEVEEPHBAREEIF N LTI AE, 20 flexible AC transmission system
(FACTS) RIE(FEM)ZHHBHE, custom power EFENE, EEUREPH LG
AR ) R i SR A A AL TR A9 , 10

feed back v. SUR feedback n . B
shut down v. XM KA shutdown n. %M . B
break down T i breakdown n. 5%

At A RS RNEEA AT ERNRE, A SELT RHAEFN%E
BER,, tAC—alternating current, 2 i
DC—direct current, Hfi
GIS—gas insulated switchgear, SR B A 5 H 48
SCR—silicon controlled rectifier, A # EEH i 8%
2. FiZEREINIER
PASE 1348 3 B s, 12 MO Fhgshigama o A, SaT BB 75%. XEEN
LA HEMR R EIENENS HE MAEREY, REREE— B AR, LERER
BEMTHYENS . N The capacitance of a capacitor is measured in farads. FLASF A B LItk
1 S B3 R B, T B We measure the capacitance of a capacitor in farads. ATLAEBL N
BRI,
3. HEMKa
BB EES, ARATER-NMELANES, FEZBR™E, SHEE, GF
FERA—-SHRH AR, XRBRTREEMT KRNEH, FETFERBK, HXRK
Ap, HERAGZNDREE, BHREReREE, KbMa, GiETHEESR,
). 7% 2 iRAY R EM B, Further interconnection of electric power systems over wide

areas, continuing development of reliable automated control systems and apparatus, provi-
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sion of additional reserve facilities, and further effort in developing personnel to engineer,
design, construct, maintain, and operate these facilities will continue to improve the relia-
bility of electric power supply. X—H)3LHF 48 MAHK, XM FEEKEEHHAE 2,
HAHT 38 MAMRE EERS, YR EFBPEFSHFINRS MM MES, BREHHES,
Bt LA MR

4. AFEH™iE, 28R

XM TREERETFREREL SRR ER, XA, E
AR P AT

BeAh, M TE P —BE R A AR EE R EEMFEEE,

Reading material

' The Development History and Status Quo of Power Industry

Electric power industry is one major industry that has shaped and contributed to the
progress and technological advances of mankind over the past century. It is not surprising
then that the growth of electric energy consumption in the world has been nothing but!
phenomenal. In the United States, for example, annual power generation had grown to
well over 400 times in the period between the turn of the century? and the early 1970s.
This growth rate is 50 times as much as the growth of any other energy forms used during
the same period. In China, since 1949 the electric power industry has made big stride in its
development, the annual generation of electricity increased from 4.3 TWh(1 TWh = 10°
kWh) in 1949 to 12000 TWh in 1998 and total installed capacity from 1850 MW in 1949 to
280 GW in 1998, both ranked second only after U.S.A.3

Edison Electric Illuminating Company of New York pioneered the central station pow-
er generation in 1881. This station had a capacity of four 250-hp boilers supplying steam to
six engine-dynamo® sets and supplied bower for lighting to 59 customers within an area of
approximately 1 square mile. Edison’s system used a 110 V two-wire DC underground dis-
tribution network. The low voltage of the circuit limited the service area of a central sta-
tion, and consequently this type of central stations proliferated throughout metropolitan ar-
eas.

The present form of power systems would be impossible without alternating current.
The development of a practical transformer freed the utilities from the limitations imposed
by the low voltage inherent in direct current. After the advent of transformers, much of
the load was served by alternating current instead of direct current. Then it became possi-
ble to generate power and transmit it to the load area at voltages appropriate for those func-

tions, while continuing to serve the utilization devices at the low voltage considered safe for




