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ABSTRACT 

The aim of this project is to explain the transmission and distribution of

electrical energy. This process of transmission and distribution has been

explained in detail from the generation point to the ultimate consumption

point. The electrical power generated at the generating stations and

distributed to the consumers includes many substations interlinked with

each other with many grid lines. These substations include generating

substations, transmission substation, interconnection substation and

distribution substation. These substations serve to change the line voltage

by means of step-up and step-down transformers and to regulate it by

means of synchronous condensers, static var compensators or transformers

with variable taps. These substations also contain circuit breakers, fuses

and.lightning arrestors to protect.expensive apparatusand to, provide.for _ , -

quick isolation of faulted lines from the system. In the transmission system

line voltage is roughly between 115 KV and 800 KV while in the

distribution system line voltage generally lies between 120 V and 69 KV,

these distribution systems, in tum, are further divided into medium-voltage

distribution systems (2:4 KV to 69 KV) and low-voltage distribution

systems (120V to 600 V). The distribution of electrical energy has great

importance in our daily life as our most of the home utilities work on

electrical power. We have got many ways for both the transmission and

distribution of electrical power. The transmission of electrical power is

done at different voltage levels, which include low-voltage, medium­

voltage, high-voltage and extra high-voltage. These different types of

voltage levels are further distributed by different types of delivery system.

This distribution may be further divided into primary and secondary

distribution.
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INTRODUCTION 

The electrical power supply system consists of the network of conductors

and associated equipment over which energy is transmitted from the

generating station to the consumer, this system is mainly divided into two

distinct parts, the transmission system and the distribution system. The

transmission system may again be divided into primary and secondary

transmission and the distribution system may be divided into primary,

secondary and tertiary distribution.

Electrical energy is carried by conductors such as overhead transmission

lines and underground cable. Although these conductors appear very ordinary,

they possess important electrical properties that greatly affect the

, transmission of-electrical energy: We -distinguish fourtypes-ofpower-lines; -

according to their voltage class.

• Low-voltage (LV) lines

• Medium-voltage (:NIV) lines

• High-voltage (HV) lines

• Extra high voltage (EHV) lines

The delivery of electric energy from the generating plant to the consumer

may consist of several more or less distinct parts that are nevertheless

somewhat interrelated. The part considered "distribution" i.e., from the bulk

supply substation to the meter at the consumer's premises, can be

conveniently divided into two main subdivisions:

o Primary distribution, which carries the load at higher than utilization

voltages from the substation (or other source) to die point where the

Vl



voltage is stepped down to the value at which the energy is utilized by

the consumer.

Primary distribution systems include three basic types:

~ Radial systems, including duplicate and throwover systems

~ Loop systems, including both open-and closed loops

~ Primary network systems

o Secondary distribution, which includes that part of the system

operating at utilization voltages, up to the meter at the consumer's

, premıses.

Secondary distribution systems operate at relatively low utilization voltages

and, like primary systems, involve considerations of service reliability and

voltage regulation. The secondary system may be of four general types:

~ An individual transformer for each consumer; i.e., a single service

from each

transformer.

~ A common secondary main associated with one transformer from

which a

group of consumers is supplied.

~ A continuous secondary main associated with two or more

transformers,

connected to the same primary feeder, from which a group of

consumers ıs

supplied. This is known as banking of transformer secondaries.

~ A continuous secondary main or grid fed by a number of

transformers,

connected to two or more primary feeders, from which a large



group of consumers is supplied. This is known as a low-voltage or

secondary network.

Each of these types has its application to which it is particularly suited.

Electrical energy may be distributed over two or more wires. The

principal features desired are safety; smooth and even flow of power,

as far as is practical and economy. The safety factor usually

requires a voltage low enough to be safe when the electric energy

is utilized by the ordinary consumer.

A steady, uniform, nonfluctuating flow of power is highly desirable,

both for lighting and for the operation of motors for power purposes.

Although a direct current system fills these requirements admirably,

it is limited in the distance over which it can economically supply

power at utilization voltage.

Alternating current systems deliver power in a fluctuating manner

following the cyclic variations of the voltage generated. Such

fluctuations of power are not objectionable for heating, lighting, and

small motors, but are not entirely satisfactory for the operation of

some devices such as large motors, which must deliver mechanical

power steadily and therefore require a steady input of electric power.

This may be done by supplying electricity to the motors by two or

three circuits, each supplying a portion of the power, whose

fluctuations are purposely made not to occur at the same time,

thereby decreasing or damping out the effect of the fluctuations.

These two or three separate alternating current circuits (each often

referred to as a single-phase circuit) are combined into one polyphase

(two- or three-phase) circuit. The voltages for polyphase circuits or

systems-are supplied from polyphase generators. We can divide our

electrical power supply system into following categories.



~ Direct Current Systems

>- Alternating Current Single-Phase

Systems

>- Alternating Current Two-Phase Systems

>- Alternating Current Three-phase Systems

>- Alternating Current Six-Phase Systems

While the energy flow is obviously from the power generating plant to

the consumer, it may be more informative for our purposes to reverse the

direction of observation and consider events from the consumer back to the

generating source.

Energy is consumed by users at a nominal utilization voltage that may

range generally from 110 to 125 V, and from 220 to 250 V (for some large

- - cômmercial and industrial users, thenominalfigures are 27i-and 480 V).-

It flows through a metering device that determines the billing for the

consumer, but which may also serve to obtain data useful later for

planning, design, and operating purposes. The metering equipment usually

includes a means of disconnecting the consumer from the incoming supply

should this become necessary "for any reason. In general in an a.c. - system --- -

there will be a change in voltage at each point where the subdivision takes

place, the change being effected by transformation, usually at a substation,

and therefore there may be several working voltages in the same system.

The transmission of electrical energy does not usually raise as much interest

as does its generation and utilization: consequently, we sometimes tend to

neglect this important subject. This is unfortunate because the human and

material resources involved in transmission are much greater than those

employed in generation.



Chapter 1: TRANSMISSION OF ELECTRICAL ENERGY 

1.1 Principal components of a power transmission system 

In order to provide electrical energy to consumers in usable form, a transmission and

distribution system must satisfy some basic requirements. Thus, the system must:

1. Provide, at all times, the power that consumers need;

2. Maintain a stable, nominal voltage that does not vary by more than± 10%;

3. Maintain a stable frequency that does not vary by more than ±0. 1 Hz;

4. Supply energy at an acceptable price;

5. Meet standards of safety;

6. Respect the standards of environment.

Figure 1- 1 shows an elementary diagram of a transmission and distribution system. It

consists of two generating stations G1 and G2,_a few.substations, an interconnecting substation

and several commercial, residential and industrial loads. The energy is carried over lines

designated extra high voltage (EHV), high voltage (HV), medium voltage (MV) and low

voltage (LV). This voltage classification is made according to a scale of standardized vol­

tages whose limiting values are given in Table lA.

PROOUCTIOl\f . . . .ı..-~--ı.o--TRAJ\!SM!SStON' • 1 -OISTRIBUTION ;•d+
medıu m r extra high voltage . rıig~ voltage I mooiomvoıtase ı<>w vuıtaı1e 1::Jrs

I T'' ' ',•, ' ' I .··Ir'''' ' I <l ,. ırı.-ı ' '' ,' . I.---( · 'ı:i ·· tie-!ine "· ( ~j '· · · - ., i
I ! f I I
I

76.S kV

r
1
I
J
J•• c:3'&J It&~~ I

heavy meııfu:.l
indüs~rvim::fustr-

dlstrfbuUon
substations cemmerca

residences

'· ı.,

{lt!mıratinğ tırıirı:smissiön
stations su bstatiorı

ıımıiU industrytransmisslon
s~bsretionıs

int-0roonnoetimı,
~bs:tation

Figure 1-1 Single-line diagram of a generation, transmission and distribution system.
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Substations serve to change the line voltage by means of step-up and step-down

transformers and to regulate it by means of synchronous condensers, static var

compensators, or transformers with variable taps. Substations also contain circuit breakers,

fuses and lightning arrestors, to protect expensive apparatus and to provide for quick

isolation of faulted lines from the system.

Interconnecting substations serve to tie different power systems together, to enable

Power exchanges between them, and to increase the stability of the overall network.

Electrical power utilities divide their power distribution systems into two major categories:

1. Transmission systems in which the line voltage is roughly between 115 kV and 800 kV;

2. Distribution systems in which the voltage generally lies between 120V and 69 kV.

Distribution systems, in turn, are divided into medium-voltage distribution systems

(2.4 kV to 69 kV) and low-voltage distribution systems (120 V to 600 V).

1.2 Types of power lines 

The design of a power line depends upon

1. The amount of active power it has to transmit;

2. The distance over which the power must be carried;

3. The cost;

4. Esthetic considerations, urban congestion, ease of installation, and expected load

growth.

We distinguish four types of power lines, according to their voltage class:

1. Low-voltage (LV) lines are installed inside buildings, factories and houses to supply power

to motors, electric stoves, lamps, heaters and air conditioners. The service entrance panel

constitutes the source and the lines are made of insulated cable or bus-bars operating at

voltages below 600 V.

In some metropolitan areas, the distribution system feeding the factories, homes and

commercial buildings consists of a grid of under ground cables operating at 600 V or less.

Such a network provides dependable service, because even the outage of one or several

cables will not interrupt customer service.

2. Medium-voltage (MV) lines tie the load centers to the main substation of the utility com­

pany. The voltage is usually between 2.4 kV and 69 kV. Such medium-voltage radial

2



distribution systems are preferred in the larger cities. In radial systems, the transmission lines

spread out like fingers from one or more substations to feed power to various load centers,

such as high-rise buildings, shopping centers and universities.

3. High-voltage (HV) lines connect the main substations to the generating stations. The

lines are composed of aerial wire or under ground cable operating at voltages below

230 kV. In this category, we also find lines that transmit energy between two power systems,

to increase the stability of the network.

4. Extra high voltage (EHV) lines are used when generating stations are very far from the

load centers. We put these lines in a separate class because of their special electrical proper

ties. Such lines operate at voltages up to 1000 kV and may be as long as 1000 km.

3



TABLElA

Voltage Class

Low voltage

LV

Medium voltage

MV

Higlı voltage

HV

Extra high voltage

EHV

Two-wire

120

single-phase

Nominal System Voltage

Three-wire

120/240 *
Single phase

480 V *
600V

2400

4160 *
4800

6900

13800 *
23000

34500

46000

69000 *
115000 *
138000 *
161000

230000 *
345000 *
500000 *
735000-765000 *

All voltages are 3-phase unless indicated otherwise.

Voltages designated by the symbol * are preferred voltages.

4

Four-wire

120/208 *
277/480 *
347/600

7200/12470 *
7620/13200 *
7970/13800

14400/24940 *
19920/34500 *



1.3Components of a transmission line 

A transmission line is composed of conductors, insulators and supporting strnctures.

1. Conductors. Conductors for high-voltage lines are always bare. We use stranded copper

conductors or steel-reinforced aluminum cable (ACSR). ACSR conductors are usually

preferred, because they result in a lighter and more economical line. Conductors have to be

spliced when a line is very long. Special care must be taken so that the joints have low resist­

ance and great mechanical strength.

2. Insulators. Insulators serve to support and anchor the conductors and to insulate them from

ground. Insulators are usually made of porcelain, but glass and other synthetic insulating

materials are also used.

From an electric standpoint, insulators must offer a high resistance to surface leakage currents

and they must be sufficiently thick to prevent breakdown under the high voltage stresses they

have to withstand. To increase the leakage path (and hence the leakage resistance), the

insulators are molded with wave-like folds. From a mechanical standpoint, they must be ."...: ._. : ·- .. ·:----.-··---~ ;-~- ;..'-.---. :~~... -.·- .. - ..•.. -- -- ·- -- -·- .. ·--·- - .,,_-.,. __ ------~------·- ---- ~--

strong enough to resist the pull due to the weight of the conductors.

There are two main types of insulators: pin-type insulators and suspension-type insulators

(Figs. 1-2 and 1-3). The pin-type insulator has several porcelain skirts (folds) and the con­

ductor is fixed at the top. A steel pin screws into the insulator so it can be bolted to a support.

For voltages above 70 kV, we always use suspension-type insulators, strung together by their

cap and pin metallic parts. The number of insulators depends upori the voltage: for ll OkV, ·we · ·

generally use from 4 to 7; for 230 kV, from 13 to 16 insulators.

3. Supporting structures. The supporting structure must keep the conductors at a safe height

from the ground and at an adequate distance from each other. For voltages below 70 kV, we

can use single wooden poles equipped with cross-arms, but for higher voltages, a wooden H­

frame must be used. The wood is treated with creos_ote or special metallic salts to prevent it

from rotting. For very high voltage lines, we always use steel towers made of galvanized angle­

iron pieces that are bolted together.

The spacing between conductors must be sufficient to prevent arc-over under gusty wind

conditions. The spacing has to be increased as we increase the distance between towers and as

the line voltages becomes higher.
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Figure 1.2 Sectional view of a 69 KV pin-type insulator. BIL: 270KV; 60 Hz flashover

voltage under wet conditions: 125 KV

Figure 1.3 Sectional view of a suspension insulator. Diameter: 254 mm; BIL: 125 KV, .

60Hz flashover voltage. Under wet conditions: 50 KV

1.4 Construction of a line 

Once we know the conductor size, the height of the poles and the distance between the poles

(span), we can direct our attention to stringing the conductors. A wire supported between two

points (Fig. 1-5) does not remain horizontal, but loops down at the middle. The vertical dis­

tance between the straight line joining the points of support and the lowest point of the

conductor is called sag. The tighter the wire, the smaller the sag will be.

Before undertaking the actual construction of a line, it is important to calculate the permissi­

ble sag and the corresponding mechanical pull. Among other things, the summer to winter tem­

perature range must be taken into account because the length of the conductor varies with the
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