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Chapter 1 The Electric Power System

Part 1 Minimum Electric Power System

A minimum electric power system is shown in Fig. 1 — 1. The system consists of an en-
ergy source, a prime mover, a generator, and a load.

The energy source may be coal, gas, )
Prime

. . Generator
or oil burned in a furnace to heat water mover ¢
. . . Energy Load
and generate steam in a boiler; it may be [ _sourcé
fissionable material which, in a nuclear
reactor, will heat water to produce
steam;'it may be water in a pond at an el- Control

evation above the generating station; or it

may be oil or gas burned in an internal Fig-1-1 The minimum electric

combustion engine, power system

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 de-
vices, alone or in combination. Probably the load will vary from minute to minute as dif-
ferent demands 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. 2 To meet these
load conditions, it is necessary for fuel input to change, for the prime mover input to va-
ry, and for the torque on the shaft from the prime mover to the generator to change in or-
der that the generator may be kept at constant speed. In addition, the field current to the
generator must be adjusted to maintain constant output voltage. The control system may
include 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 au-
tomatically makes the necessary changes in energy input and field current to hold the elec-

trical output within certain specifications.
New Words and Expressions

1. minimum a BN 2. prime mover B Eh#L



3. generator n ya::R 16. combination n HE, &
4. load n k7 17. function v EEH
5. furnace n e, MRBe=  18. substantially ad Kk B
6. boiler n R 19. constant a EEH, BEM
7. fissionable a EE %] 20. prescribed a L ER
8. reactor n BN HE 21. torque n kil

fissionable material %3 S 22. field n Wi

nuclear reactor % 2 b 23. current n sz ) :
9. elevation n W, W# 24.station v {E5F, 1HEE
10. internal combustion engine PJ#R#L 25. terminal a RURE, ABH
11. steam — driven turbine HE L 26. manually ad ALK, FIH
12. hydraulic turbine KEHL 27. servomechanism n AR, BiEEE
13. convert v s, B 28.sense v 8=, HlE
14. rotation n e, ¥3) 29. specification n FHARER
15. shaft n tezhsh,

* * * *

1. convert-:-into++* EWRETETD 225y JETTRID 3. from minute to minute BEET, B
2.1n turn ¥, BE 4. in addition 54

Notes

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

produce steam; ¢

------ EA AT RE R B P B, FASRINBRK AP e

A EI A% TE in a nuclear reactor £ E 15, B X A which, which 8| HH &

1& M\ )15 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.

BERREMERR, ERERATEELKFEL T VIR RIS A I B R

HEMERTEEA.

] i speed Ml voltage BFHFIK R, HHEHIARER keep I EiE, even though
I RIS RGN, BH “HIERLE--

RO 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 manu-

ally.

EHEARURBEE —IRTFER MEBER, REPRWE L B D L0RN—%
BR, FH—ELENTFIHRE,

4] i) stationed in the power plant it £ EE1E, /EEELEH man, BX “BIR
SFAEee”, BERERRAMA who 51 H HEEMNDIMEN man, ZEBEBNTDPEFH S



FH 3| 4935 1E 303 watches Fl makes, 4M5#E & BIRFER WEHER HRTESF .

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, per-
haps several miles away.

If the distance from the generator to the load is considerable, it may be desirable to
install 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
current, has lower losses for the same wire size, and provides more stable voltage.

In some cases an overhead line

Prime

. d
may be unacceptable. Instead it may mover Generator High-voltage line Loa

be advantageous to use an under- Tramcioomer Transformer
ground cable. With the power sys-

tems talked above, the power supply
to the load must be interrupted if, Fig.1 -2 A generator connected through transformers and

for any reason, any component of a high - voltage line to a distant load

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.

The above system may be vastly improved by the introduction 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 to switch out of service without disturbing
the remainder of system.? With this arrangement any element of the system may be deen-

1 2 3 4 ergized for maintenance or repair by
Load

operation of circuit breakers. Of

course, if any piece of equipment is

Generators taken out of service, the total load

Fig.1-3 A system with parallel operation of the generators, must then carried by the remaining e-

of the transformers and of the transmission lines quipment. Attention must be given

3



Low- High-

voltage bus

O
O

Generators -CJ—@-—D—

voltage bus

High-

voltage bus

High-voltage line

Low-
voltage bus

La—(D—— |

Loads

HO—(D——=+

Fig. 1 -4 A system with necessary circuit breakers

]

Fig. 1-5 Three generators supplying three

loads over high — voltage transmission lines

to avoid overloads during such
circumstances. If possible, out-
ages of equipment are scheduled
at times when load requirements
are below normal.

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

breakers are shown in this dia-

gram, although many would be required in such a system.

New Words and Expressions

1. complicated a HH 11. component 7 (R #a
2. desirable a HAEM 12. maintenance n %, B
3. considerable a {EEE RN Y AA 13, associated a HH, RN
4. transformer n RS 14. circuit breaker e g
5. high voltage line  FEL 15. deenergize v B, Wres
6. stable a BER deenergized a ANEHEN
7. overhead line M LR PR 16. outage n {2
8. unacceptable a Au[EZH 17. schedule v Hee, HE
9. advantageous a HF B 18. transmission line Lod:E k5
10. underground cable i 45 19. diagram n &, fE

* * 7 * *
1. in some cases TEREERT 3. as long as HE
2. for any reason Lisfa #h E A 4. switch out (off) X, W



Notes

1. -, which may be opened and closed as needed.

A H Y as needed F— A & W B4 I TEDIRIE AT

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

REPHMAWESE (F1-4 THEEEHREBRHEBT, MASEREHH A
RPN .

Part 3 Typical System Layout

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

However, there are certain plans L4
into which a particular system design

may be classified. Three types are il-

lustrated: the radial system, the loop L1 L2 L3
system, and the network system. All

of\‘ these are shown without the neces- Fig.1-6 A radial power system supplying
sary circuit breakers. In each of these several loads

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 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.

Fig. 1 - 8 shows the same loads

G being served by a network. With
A L4 this arrangement each load has two
' L3 or more circuits over which it is fed.

L1 L2 .
Distribution circuits are com-
Fig. 1-7 A loop arrangement of lines for monly designed so that they may be
supplying several loads classified as radial or loop circuits.
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