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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 ener-
gy source, a prime mover, a generator, and a load.

The energy source may be coal,

gas, or oil burned in a furnace to heat sourld mover  Generator Load
water and generate steam in a boiler; it

may be fissionable material which, in a

nuclear reactor, will heat water to pro-

duce steam;lit may be water in a pond

at an elevation above the generating sta- Control

tion; or it may be oil or gas burned in an Fig. 1-1 The minimum electric power system

internal 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 con-
trol system is a servomechanism that senses a generator-output conditions and automati-
cally makes the necessary changes in energy input and field current to hold the electrical

output within certain specifications.
New Words and Expressions

1. minimum a b AN L) 2. prime mover Bl



3. generator n KB 4.load n gk

5. furnace » P, REE 6. boiler n oY
7. fissionable a G %) 8. reactor n 2 i 3

fissionable material  Z# ¥ nuclear reactor % 5L
9. elevation n B, WK 10. internal combustion engine P§#RHL
11. steam-driven turbine ¥ #Hl 12. hydraulic turbine KW
13. convert v A, 14. rotation n ﬁﬁi 3
15. shaft n fEshsh, B 16. combination n HEe, &
17. function v BEH 18. substantially ad .
19. constant a HEM, BEMN 20.prescribed a BT 30 € i
21.torque n bkl 22. field n w5
23. current » B 24. station v {E5F, {EH
25. terminal a FIRH, KM 26. manually ad ALK, F3hiy
27.servomechanism n A RHLIK, 28. specification n FARER

BEEE
29. sense v B, WE
* * % *
1. convert++into*** j@ee-BE W Keee  2.0n turn ¥mi, M5
3. from minute to minute BB, PO 4. in addition 54
Notes

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

EH BB R R B RBR, FSkInBoK DAL RN

A1 4174818 in a nuclear reactor & E 1, Bi%X R which, which B| 1 0 EiE
M 4] 445 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.

BERRENERE, Eﬁﬁ’ﬁjﬁﬁ&kﬂﬂﬁﬁ.?%%ﬁ%m%B‘Jﬁﬁiﬁﬁﬁ‘-%I%EE%E
HAEREMEEA.

A9 Y speed Fl voltage BRIHFIX R, BHEB AR ER keep 515 . even though FF3|
HERib S RGN, BR “HERE--HERT”.

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.

BERRETRSGFBE —MIRFER WEIR, RKEHARNK LIS HLRN—8
BUER, M- BOLBHFHAE.

4] 1 ) stationed in the power plant b33 k53748 1E , E BB man, B3R “BEIESF



" REHE B X R who F1 i B E & WA 3B i man. HEENFERHANHIIK
HiE 31 watches Ml makes, 43 HBIRFER] HEKER HIPIRAE S .

Part 2 More Complicatéd Systems

In "most situations the load is not directly connected to the generator terminals. More
commonly the load is soﬁé’ﬂistance from the generator, requiring a power line connecting
them. It is desirable to kéép 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. : O v

. 1f 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 hlgher 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

i Transformer Transformer
may be unacceptable. Instead it may p

Prime v
be advantageous to use an under- Mover Ge“:e"‘m' g§ High-voltage line }
ground cable. . With the power sys- ? t C

tems talked above, the power supply

Load

to the load must be interrupted if , for Fig. 1-2 A generator connected through transformers and
any reason, any component of the. _a high-voltage line to a distant load
system must be removed from service for maintenance or repair.
Additional system load may require more power than the generator can supply. Anoth-
er 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 hig}i-voltagé lines (2and 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. .
The above system may be vastly 1mproved by the mtroductlon of circuit breakers,
which may be opened and closed as needed. 'Circuit breakers added to the system, Fig. 1-4,
: : . permit selected piece of equipment
! %__f 3__% 4 to switch out of service without
Load
R 10 -1 disturbing the remainder of sys-

tem. Z With this arrangement any el-

Generators - ement of the system may be deener-

gizéd for maintenance or repair by

Fig. 1-3 A system with parallel operation of the generators, operation of circuit breakers. Of

of the transformers and of the transmission lines course, if any piece of equipment is

3



G1
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Generators

Low-

voltage bus g

High-
voltage bus

High-voltage line

voltage bus 3
H ) —— - ———— == oy

High- Low-
voltage bus

Loads

i

Fig. 1-4 A system with necessary circuit breakers

L3
G3

‘Fig. 1-5 Three generators supplying three
loads over high-voltage transmission lines

be required in such a system.

. complicated a

.stable a

. advantageous a
9. overhead line
11. component n
13. associated a

15. deenergize v

17. schedule v

19. transmission line

*

1
3. considerable a
5
7

taken out of setrvice; the total load
must then carried by the remaining e~
quipment. Attention must be given to
avoid overloads during such tircum-
stances. If possible, outages of equip-
ment are scheduled &t ‘times 'when
load requirements are beldw normal."

Fig.1-5 shows a system in' which
three generators and three loads are
tied together by three transmission
lines. No eircuit breakers are shown

in this diagram, although many would

New Words and Expressions

y L] 2. desirable a ‘HEH
HBEEBN, HY4 KK J4.transformer n Ap He 58
BEN 6. unacceptable a AU EZH
AF® 8. high voltage line -1:%57 -3
RSB 10. underground cable 3 H 4

/) ¥ 12. maintenance = %, KB
B, XEKA 14. circuit breaker W B RS 14
Y. W 16. outage n e 4]

deenergized a A e i

Hg, &H 18. diagram n &, A
LR



1.in some cases EREHERT 2. for any reason TR Fh A
3. as long as HE 4. switch out (off) XM, WiFF

Notes

1. +*, which may be opened and closed as needed.

4] ) as needed R — N 4 B L4 BB ELR B AT .

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.

RGP i BE A% CE 1-4 Fis) Al R AR HIE1T, MA KM REHNHAM
BoaZIEE.

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 in- G L4
to which a particular system design may

be classified. Three types are illustrat-

. 3
ed: the radial system, the loop system, L1 L2 L
and the network system. All of these are

shown without the necessary circuit Fig. 1-6 A radial power system supplying

breakers. In each of these systems,a sin- several loads

gle 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 nor-
mal operation, the loop may be open at some point, such as A. In case a line section is to
be taken out, the loop is first closed at A and then the line section removed. In this manner

no service interruptions occur.

G Fig. 1-8 shows the same loads
A L4 being served by a network. With this
. s arrangement each load has two or

L1 ﬁ Lz [ more circuits over which it is fed.

Fig. 1-7 A loop arrangement of lines for Distribution circuits are com-

supplying several loads monly designed so that they may be

5



classified as radial or loop circuits.

G The high-voltage transmission lines
Ly of most power systems are arranged
as networks. The interconnection of

L3

L1 L2 major power systems results in net-

Fig. 1-8 A network of lines for supplying several loads works made up many line sections.

New Words and Expressions

1. typical a BRI 2. layout n iRk, B
3. particular a BFHR 4. classify v %
5. illustrate v B#, Vel 6. radial system EHRESE
7. loop system 7N S E ¥ 8. network system W& R G
9. distribution circuit O HL 2R BR 10. interconnection n HEE
11. section n SB, W4

* * ¥* *
1. result in =% 2.in case BE, I—

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.

—AHEEN. KBEURKMAREMROENRE, HARBORT L RAHKIT
X, HAMKHABRKTEE.

A 4] ) 45 # & 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
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-
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