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Chapter 1 The Electric Power System

Part 1 Minimum Power System

A minimum electric power system is shown in Fig. 1-1. the system consists of an energy
source, a prime mover, a generator, and a load.

The energy source may be coal, gas, ,
. . ‘Egﬁgg g{,“,’.’g Generator Load
or oil burned in a furnace to heat water

and generate steam in a boiler; it may

be fissionable material which, in a nu-

clear reactor, will heat water to produce

steam;! it may be water in a pond at an

elevation above the generating station; Control
or it may be oil or gas burned in an in- Fig. 1.1 The minimam electric power system
ternal combustion engine.

The prime mover may be a steam-driven turbine, a hydraulic turbine or water wheel, or
an internal combustion engine. Each one of these prime movers has the ability to convert
energy in the form of heat, falling water, or fuel into rotation of a shaft, which in turn will
drive the generator.

The electrical load on the generator may be lights, motors, heaters, or other devices,
alone or in combination. Probably the load will vary from minute to minute as different de-
mands occur.

The control system functions to keep the speed of the machines substantially constant
and the voltage within prescribed limits, even though the load may change. ? To meet these
load conditions, it is necessary for fuel input to change, for the prime mover input to vary,
and for the torque on the shaft from the prime mover to the generator to change in order
that the generator may be kept at constant speed. In addition, the field current to the gen-
erator must be adjusted to maintain constant output voltage. The control system may in-
clude a man stationed in the power plant who watches a set of meters on the generator-out-
put terminals and makes the necessary adjustments manually. * In a modem station, the
control system is a servomechanism that senses a generator-output conditions and auto-
matically makes the necessary changes in energy input and field current to hold the electri-

cal output within certain specifications.
New Words and Expressions

1. minimum a /PR 2. prime mover B ah#l

o A A 3 <o < s 3 o+ e i s s o o ey o e



3. generator n R 4.load n ]

5. furnace » e, BT 6. boiler Y
7. fissionable « GIE- L 3:5) 8. reactor n R

fissionable material Rl nuclear reactor B I 5 M
9. elevation » BE . mR 10. internal combustion engine K #R#L
11.steam-driven turbine ¥3#l 12. hydraulic turbine K3
13.convert v i B 14. rotation n NESs , #63h
15.shaft » fEsh%h, #h 16. combination = HE. &
17. function v BIEH 18. substantially ad K& E
19. constant a HEHN,BEM 20.prescribed a BrilE s
21. torque n N5 22. field n ®i
23.current n i ) 24. station v E~F,.{HH
25. terminal a KUEH A MA 26. manually ad ALK, F3H
27.servomechanism n  fRIRHL#, 28. specification z HARER

BERKE
29.sense v B, Wz
* * * *
1. convert*+into*+* o g
2.1n turn ¥, bEJE
3. from minute to minute BB, BEAT
4.in addition H4h
Notes

1. =it may be fissionable material which,in a nuclear reactor,will heat water to pro-
duce steam;---

EH TR T AR, BRI A K LA P R

A ¥ KA H 8 1E in a nuclear reactor £ & iE , B K018 which. which 3| B Fi5
M 154 fissionable material

2. The control system functions to keep the speed of the machines substantially con-

stant and the voltage within prescribed limits,even though the load may change.

ERRANERR EARATEELMHWAETHEARASOREREHFHEEE
HEREHEEA,

#J 5 i) speed fil voltage BRI IR R, B H B AR ER keep M iE. even though FF 5|
BRI RN, BB RE--HNIFR T

3. The control system may include a man stationed in the power plant who watches a
set of meters on the generator-output terminals and makes necessary adjustments manual-

ly.
EHREABSOE—CLIRFESR HEBR, REHRAME L BB —%



ENR FM—BVENTIHRE.

] #1 stationed in the power plant Jy it % 4318 %6 15 . 4E & & B0 man, MV “BWIETHE
? REERE 0% RARE who B3| Hi #9585 M AT M man . 5 M SR B3R5 38
B 317 watches Ml makes, 2} Bl4E H IR FER) WEARBOPAMESF .

Part 2 More Complicated Systems

In most situations the load is not directly connected to the generator terminals. More
commonly the load is some distance from the generator,requiring a power line connecting
them. It is desirable to.keep the electric power supply at the load within specifications.
However,the controls are near the generator, which may be in another building, perhaps
several miles away.

If the distance from the generator to the load is considerable,it may be desirable to in-
stall transformers at the generator and at the load end,and to transmit the power over a
high-voltage line (Fig. 1-2). For the same power, the higher-voltage line carries less cur-
rent,has lower losses for the same wire size,and provides more stable voltage.

In some cases an overhead line

. Trans Transformer
may be unacceptable. Instead it may pyp. ransormer Load
. 08!
be advantageous to use an under- MCOSH Ge;e\‘f““ ;g High-voltage line }g D
ground cable. With the power sys- ~ t{ ts

tems talked above,the power supply
Fig. 1-2 A generator connected through transformers and

to the load must be interrupted if ,for
a high-voltage line to a distant load

any reason, any component of the
system must be removed from service for maintenance or repair.

Additional system load may require more power than the generator can supply. Another
generator with its associated transformers and high-voltage line might be added.

It can be shown that there are some advantages in making ties between the generators
(1)and at the ends of the high-voltage lines (2 and 3),as shown in Fig. 1-3. This system
will operate satisfactorily as long as no trouble develops or no equipment needs to be taken
out of service.

! ) 3 . The above system may be vastly
%__‘ —{E— Load improved by the introduction of cir-
] cuit breakers, which may be opened

and closed as needed. ! Circuit break-

G .
nerators E ers added to the system, Fig. 1-4,

permit selected piece of equipment to

Fig. 1-3 A system with parallel operation of the generators, switch out of service without dis-
[ 3 B
of the transformers and of the transmission lines turbing the remainder of system.?

3



Low- High- High-
voltage bus voltage bus voltage
High-voltage line
O—-D— )~ ———— —— —H
O H——— — ——-- —
Generators

bus voltage bus
LDE Loads

Low-

Fig. 1-4 A system with necessary circuit breakers

With this arrangement any element of the system may be deenergized for maintenance or

repair by operation of circuit breakers. Of course,if any piece of equipment is taken out of

service, the total load must then carried by the remaining equipment. Attention must be

G1

L1

N

L3
G3

Fig. 1-5 Three generators supplying three

loads over high-voltage transmission lines

given to avoid overloads during
such circumstances. If possible,
outages of equipment are sched-
uled at times when load require-
ments are below normal.

Fig.1-5 shows a system in
which three generators and three
loads are tied together by three
No

breakers are shown in this dia-

transmission lines. circuit
gram,although many would be re-

quired in such a system.

New Words and Expressions

1. complicated a g -3 0] 2. desirable a BHEHN
3. considerable a EEERY . HYAH 4. transformer 7 AR R 7%
5. stable a BER 6. unacceptable « AT RN
7. advantageous a R B 8. high voltage line R ELR B
9. overhead line PSR 10. underground cable 35 #fj 5, 48
11. component » (A )4 12. maintenance » %E. KB
13. associated a BREER, RBEH 14. circuit breaker 7 B 2% 44
15. deenergize v LW . T el 16. outage n yiq::
deenergized a AR
17. schedule v HEE R H 18. diagram » AL RE
19. transmission line e s



-

* * * *

1.in some cases HEREERT 2. for any reason it R A
3.as long as R¥E : 4. switch out (off) X,
Notes

1. »»* ywhich may be opened and closed as needed.

4] H B as needed ] —F H WAL S KB BRI\ A,

2. Circuit breakers added to the system,Fig. 1-4,permit selected piece of equipment to
switch out of service without disturbing the remainder of system.

FRGE b 0 b0 &4 57 B A% I B 1-4 BT/ ) 7] 3% 52 9 B & 1B B AT , T AN & 0 R 85 49 St fik
RrZBEW.

Part 3 Typical System Layout

The generators,lines,and other equipment which form an electric system are arranged
depending on the manner in which load grows in the area and may be rearranged from time
to time. !

However, there are certain plans into G L4
which a particular system design may be
classified. Three types are illustrated :the .
L

radial system, the loop system, and the L1 L2

network system. All of these are shown
Fig. 1-6 A radial power system supplying

without the necessary circuit breakers. In
several loads

each of these systems,a single generator
serves four loads.

The radial system is shown in Fig. 1-6. Here the lines form a“tree”spreading out from
the generator. Opening any line results in interruption of power to one or more of the
loads.

The loop system is illustrated in Fig. 1-7. With this arrangement all loads may be served
even though one line section is removed from service. In some instances during normal op-

eration, the loop may be open at

G some point,such as A. In case a line
A L4 section is to be taken out,the loop is
‘ L3 first closed at A and then the line

L1 [:j Ls . .
section removed. In this manner no

service interruptions occur.
Fig. 1-7 A loop arrangement of lines for Fig. 1-8 shows the same loads be-
supplying several loads ing served by a network. With this

5




arrangement each load has two or more circuits over which it is fed.

Distribution circuits are commonly

G designed so that they may be classi-

L4 fied as radial or loop circuits. The

N high-voltage transmission lines of
3

L1 L2 most power systems are arranged as

networks. The interconnection of
Fig. 1-8 A network of lines for supplying several loads . .
major power systems results in net-

works made up many line sections.

New Words and Expressions

1. typical a WA 2. layout n ik, BiCHE
3. particular a 6537 3] 4. classify v 42
5.illustrate v P i, 135 BH 6. radial system AR ES
7. loop system ENCES N 8. network system SEEX:S
9. distribution circuit B0 e 2R B% 10. interconnection n HB
11. section n = 8%

* * ¥* ¥*
1. result in 25 2.1n case B, F—

Notes

1. The generators, lines, and other equipment which form an electric system are ar-
ranged depending on the manner in which loads grows in the area and may be rearranged
from time to time,

— T HEZEN ABUREME SRR E SR, HAA R T Y5 R Mgy
K HE R BB ATEE,

A B] B £ 45 W 4 The generators, lines, and other equipment *+- are arranged - and

maybe rearranged -

Part 4 Auxiliary Equipment

Circuit breakers are necessary to deenergize equipment either for normal operation or on
the occurrence of short circuits. Circuit breakers must be designed to carry normal-load
currents continuously,to withstand the extremely high currents that occur during faults,
and to separate contacts and clear a circuit in the presence of fault. Circuit breakers are rat-
ed in terms of these duties,

When a circuit breaker opens to deenergize a piece of equipment,one side of the circuit

breaker usually remains energized,as it is connected to operating equipment. Since it is

6



sometimes necessary to work on the circuit breaker itself,it is also necessary to have means
by which the circuit breaker may be completely disconnected from other energized equip-
ment. For this purpose disconnect switches are placed in series with the circuit breakers. By
opening these disconnests, the circuit breaker may be completely deenergized, permitting
work to be carried on in safety.

Various instruments are necessary to monitor the operation of the electric power sys-
tem. Usually each generator,each transformer bank,and each line has its own set of instru-
ments,frequently consisting of voltmeters,ammeters,wattmeters,and varmeters.

When a fault occurs on a system,conditions on the system undergo a sudden change.
Voltages usually drop and currents increase. These changes are most noticeable in the im-
mediate vicinity of fault. On-line analog computers,commonly called relays monitor these
changes of conditions ,make a determination of which breaker should be opened to clear the
fault, and energize the trip circuits of those appropriate breakers.' With modern equip-
ment,the relay action and breaker opening causes removal of fault within three or four cy-
cles after its initiation.

The instruments that show circuit conditions and the relays that protect the circuits are
not mounted directly on the power lines but are placed on switchboards in a control house.
Instrument transformers are installed on the high-voltage equipment ,by means of which it
is possible to pass on to the meters and relays representative samples of the conditions on
the operating equipment. The primary of a potential transformer is connected directly to
the high-voltage equipment. The secondary provides for the instruments and relays a volt-
age which is a constant fraction of voltage on the operating equipment and is in phase with
it. similarly ,a current transformer is connected with its primary in the high-voltage circuit.
The secondary winding provides a current which is a known fraction of the power-equip-
ment current and is in phase with it.

Bushing potential devices and capacitor potential devices serve the same purpose as po-

tential transformers but usually with less accuracy in regard to ratio and phase angle.

New Words and Expressions

1. auxiliary a L il 2. short circuit S BE

3. withstand v &2 4. fault n e i

5.contact n,v b3 6. rate v W, 8

7.energize v 4 8. disconnect switch B X

9. monitor v,n U5, W R (Y 10. vicinity zn B , 4B i

11. voltmeter » HER ammeter R
wattmeter Hihzh®#H ‘varmeter XIThE %K

12. immediate a BERS, T X 13. analog computer BEHIH R AL

14. relay » . 15. determination » ¥ 5




16. trip circuit Bk %) B, B 17.clear v e, HEBR

18. removal of fault Higa# 19. cycle n 8
20. initiation n 3 21. mount v ¥ EE
22. switchboard » ot &, F X R 23. Instrument transformer  $4 &k EER%
24. sample n EE8H, REE 25. primary n B, — WM
26. potential transformer Hi /. /&3% 27.secondary n wil1, — WMl
28. current transformer E3 i H. /&% 29. winding » ZEeE 42 M
30. bushing a =% (FOM 31. ratio n A H

»* * * *
1.1in the presence of TEE - HERT 2.in terms of B
3.on-line BRI, TELR Y 4. by means of BB apiE
5. a fraction of Lnz— 6.in phase with 5o @M
7.regard to Ree TS

Notes

1. On-line analog computers,commonly called relays ,monitor these changes of condi-
tions ,make a determination of which breaker should be opened to clear the fault,and ener-
gize the trip circuits of those appropriate breakers.

4R BRI WL G B R 22 Ot 4k el B8 £ ) 00 53K 48 2 o A0 7 s » 34 T 1 08 FF 00 RO B2
55 L 70 B i, 35 R 2 10 B R I 0T R o0 o I £ B R R

1H,4] 454939 On-line computers+++ monitor+++, make--, and energize**
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GEREALAK. MRERS, EIERPPBARE, HRNRRAG BTURK
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EEHLA RSN, KBH. KE. AR, TREB—HEDH, HEHAN
RIEE . ARSI R L e R R T 3B, ARSI RN.

f 7 6 80 7T BB R B — B AT LB L
HBRUEHMARBRECINES. X
RBEE T RMEL, RBEANBEL.
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Chapter 2 Faults on Power Systems
Part 1 Faults and Its Damage

Each year new designs of power equipment bring about increased reliability of opera-
tion. Nevertheless, equipment failures and interference by outside sources occasionally re-
sult in faults on electric power systems. On the occurrence of a fault, current and voltage
conditions become abnormal, the delivery of power from the generating stations to the
loads may be unsatisfactory over a considerable area, and if the faulted equipment is not
promptly disconnected from the remainder of the system, damage may result to other
pieces of operating equipment.

A fault is the unintentional or intentional connecting together of two or more conductors
which ordinarily operate with a difference of potential between them. The connection be-
tween the conductors may be by physical metallic contact or it may be through an arc. At
the fault, the voltage between the two parts is reduced to zero in the case of metal-to-metal
contacts, or to a very low value in case the connection is through an arc. Currents of abnor-
mally high magnitude flow through the network to the point of fault. These short-circuit
currents will usually be much greater than the designed thermal ability of the conductors in
the lines or machines feeding the fault. The resultant rise in temperature may cause damage
by the annealing of conductors and by the charring of insulation. In the period during
which the fault is permitted to exist, the voltage on the system in the near vicinity of the
fault will be so low that utilization equipment will be inoperative. It is apparent that the
power system designer must anticipate points at which faults may occur, be able to calcu-
late conditions that exist during a fault, and provide equipment properly adjusted to open
the switches necessary to disconnect the faulted equipment from the remainder of the sys-
tem’. Ordinarily it is desirable that no other switches on the system are opened, as such

behavior would result in unnecessary modification of the system circuits.

New Words and Expressions

1. fault n ik 2. damage n &

3. reliability » CIE 3<3 4. interference n FiE, @
5. abnormal a RER, XHEWE 6. delivery ‘ 1E4y

7. promptly ad TR 3 H 8. intentional a BB/

9. potential #, a HE, BEN 10. metallic a RN
11.arc n 3K 12. magnitude » BiE, X/
13. resultant q BE® 14. annealing} n Bk, B
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15. feed v fed GEER) %t 16. charring » i, ik

fed (3F 247D
17. insulation » 4 o 18. vicinity » E T AL
19. utilization equipment FIH, ¥ & 20. inoperative g LMY
21. anticipate v a8, 3 22. modification n TH, B
%* * * *
1. bing about R{E, Hk 2.0n the occurrence of 2§-+- & 4 By %

Notes

1. It is apparent that the power system designer must anticipate points at which faults
may occur, be able to calculate conditions that exist during a fault, and provide equipment
properly adjusted to open the switches necessary to disconnect the faulted equipment from
the remainder of the system.

B P iR 5 317 must 5 36H =459 IFESIT, 4514 anticipate, be able to

provide,,

Part 2 Overload

A distinction must be made between a fault and an overload. An overload implies only
that loads greater than the designed values have been imposed on system. Under such a cir-
cumstance the voltage at the overload point may be low, but not zero. This undervoltage
condition may extend for some distance beyond the overload point into the remainder of the
system. The currents in the overloaded equipment are high and may exceed the thermal de-
sign limits. Nevertheless, such currents are substantially lower than in the case of a fault.
Service frequently may be maintained, but at below-standard voltage.

Overloads are rather common occurrences in homes. For example, a housewife might
plug five waffle irons into the kitchen circuit during a neighborhood party. Such an over-
load, if permitted to continue, would cause heating of the wires from the power center and
might eventually start a fire. To prevent such trouble, residential circuits are protected by
fuses or circuit breakers which open quickly when currents above specified values persist.
Distribution transformers are sometimes overloaded as customers install more and more
appliances. The continuous monitoring of distribution circuits is necessary to be certain

that transformer sizes are increased as load grows.

New Words and Expressions

1. distinction n R, BHA 2.impose v Y-SR INTF
3. undervoltage a HEA R 4. extend v M, T#
5. exceed v Mg, 8 6. substantially ad ®ELLE, THEL
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