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25.1 Sub-Station

The assembly of apparatus used to change some characteristic (e.g. voltage, a.c. to d.c., frequency,
p.f. etc.) of electric supply is called a sub-station.

Sub-stations are important part of power system. The continuity of supply depends to a consid-
erable extent upon the successful operation of sub-stations. It is. therefore. essential to exercise
utmost care while designing and building a sub-station. The following are the important points which
must be kept in view while laying out a sub-station :

(i) It should be located at a proper site. As far as possible. it should be located at the centre of
gravity of load.

(if) It should provide safe and reliable arrangement. For safety. consideration must be given to
the maintenance of regulation clearances, facilities for carrying out repairs and maintenance,
abnormal occurrences such as possibility of explosion or fire etc. For reliability. consider-
ation must be given for good design and construction. the provision of suitable protective
gear efc.

(iif) It should be easily operated and maintained.

(iv) It should mvolve minimum capital cost.
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25.2 Classification of Sub-Stations

There are several ways of classifying sub-stations. However, the two most important ways of classi-
fying them are according to (1) service requirement and (2) constructional features.

1. According to service requirement. A sub-station may be called upon to change voltage
level or improve power factor or convert a.c. power into d.c. power etc. According to the service
requirement. sub-stations may be classified into :

(/) Transformer sub-stations. Those sub-stations which change the voltage level of electric
supply are called transformer sub-stations. These sub-stations receive power at some voltage and
deliver it at some other voltage. Obviously. transformer will be the main component in such sub-
stations. Most of the sub-stations in the power system are of this type.

(if) Switching sub-stations. These sub-stations do not change the voltage level i.e. incoming
and outgoing lines have the same voltage. However, they simply perform the switching operations of
power lines.

(ii7) Power factor correction sub-stations. Those sub-stations which improve the power factor
of the system are called power factor correction sub-stations. Such sub-stations are generally located
at the receiving end of transmission lines. These sub-stations generally use synchronous condensers
as the power factor improvement equipment.

(iv) Frequency changer sub-stations. Those sub-stations which change the supply frequency
are known as frequency changer sub-stations. Such a frequency change may be required for indus-
trial utilisation.

(v) Converting sub-stations. Those sub-stations which change a.c. power into d.c. power are
called converting sub-stations. These sub-stations receive a.c. power and convert it into d.c. power
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(/) Step-up sub-station. The generation voltage (11 KV 1 this case) 15 stepped up to high

voltage (220 kV) to affect economy 1n transmission of electric power. The sub-stations which ac-
complish this job are called step-up sub-stations. These are generally located 1 the power houses

and are of outdoor type.

(i) Primary grid sub-station. From the ste

mitted by 3-phase, 3-wire overhead system to t
cetved by the primary grid sub-station which red

D-up sub-station, electric power at 220 kV 1 trans-
1e outskirts of the city. Here, electric power 15 re-
uces the voltage level to 66 kV for secondary trans-

musston. The primary grid sub-station 15 general

ly of outdoor type.

(fif) Secondary sub-station. From the primary grid sub-station, electric power 1$ transmitted at
66 kV by 3-phase, 3-wire system to various secondary sub-stations located at the strategic points in
the city. Ata secondary sub-station, the voltage 1s further stepped down to 11 kV. The 11 kV les

run along the important road sides of the city. It may be noted that big consumers (having demand
more than 50 kW) are generally supplied power at 11 kV for further handling with their own sub-



stations. The secondary sub-stations are also generally of outdoor type.
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25.8 Equipment in a Transformer Sub-Station

The equipment required for a transformer sub-station depends upon the type of sub-station, service
requirement and the degree of protection desired. However, in general, a transformer sub-station has

the following main equipment :

1. Bus-bars. When a number of lines operating at the same voltage have to be directly con-
nected electrically, bus-bars are used as the common electrical component. Bus-bars are copper or
aluminium bars (generally of rectangular x-section) and operate at constant voltage. The incoming
and outgoing lines in a sub-station are connected to the bus-bars. The most commonly used bus-bar

arrangements in sub-stations are :
(/) Single bus-bar arrangement
(if) Single bus-bar system with sectionalisation
(iif) Double bus-bar arrangement

A detailed discussion on these bus-bar arrangements has already been made in Art. 16.3. How-
ever, their practical applications in sub-stations are discussed in Art. 25.9.

2. Insulators. The insulators serve two purposes. They support the conductors (or bus-bars)



ISOLATING SWITCHES:
In sub-stations, it is often desired to disconnect a part of the system for general maintenanc

repairs. This is accomplished by an isolating switch or isolator. An isolator is essentially a knife switch
and 1s designed to open a circuit under no load. In other words, isolator switches are operated only
when the lines in which they are connected carry *no current.

CIRCUIT BREAKER:

A circuit breaker is equipment which can open or close a circuit under normal as well as fault
conditions. It is so designed that it can be operated manually (or by remote control) under normal
conditions and automatically under fault conditions. For the latter operation, a relay circuit 1s used with
a circuit breaker. Generally, bulk oil circuit breakers are used for voltages upto 66kV while for high
(>66 kV) voltages, low oil circuit breakers are used. For still higher
POWER TRANSFORMERS:

A power transformer is used in sub-station to step-up or step-down the voltage. Except at the
power station, all the subsequent sub-stations use step-down transformers to gradually reduce the
voltage of electric supply and finally deliver it at utilisation voltage. The modern practice is to use
3-phase transformers in sub-stations ; although 3 single phase bank of transformers can also be used.



INSTRUMENT TRANSFORMERS:

The lines in sub-stations operate at high voltages and carry current of thousands of
amperes. The measuring instruments and protective devices are designed for low voltages
(generally 110 V) and currents (about 5 A). Therefore, they will not work satisfactorily if
mounted directly on the power lines. This difficulty is overcome by installing instrument
frans-formers on the power lines. The function of these instrument transformers is to transfer
voltages or currents in the power lines to values which are convenient for the operation of

measuring instruments and relays.
There are two types of instrument transformers viz.
(i) Current transformer (C.T.)
(ii) Potential transformer (P.T.)

(i) Current transformer (C.T.):
A current transformer is essentially a step-up transformer which steps down the current

to a known ratio. The primary of this transformer consists of one or more turns of thick wire
connected in series with the line. The secondary consists of a large number of turns of fine wire
and provides for the measuring instruments and relays a current which is a constant fraction of
the current in the line. Suppose a current transformer rated at 100/5 A is con-nected in the line to
measure current. If the current in the line is 100 A, then current in the secondary will be 5A.
Similarly, if current in the line is 50A, then secondary of C.T. will have a current of 2-5 A. Thus
the C.T. under consideration will step down the line current by a factor of 20.



(i) Voltage transformer:
fa

ng
instruments and relays a voltage which is a known fraction of the line voltage. Suppose a potential transformer rated at 66kV/110V is connected to

It is essentially a step down transformer and steps down the voltage to a known ratio. The primary of this transformer
large number of turns of fine wire connected across the line. The secondary winding consists of a few turns and provides fo

a power line. If line voltage is 66kV, then voltage across the secondary will be 110 V.

Metering and Indicating Instruments:
There are several metering and indicating instruments (e.g. ammeters, voltmeters, energy meters etc.) installed in a sub-station to maintain
watch over the circuit quantities. The instrument transformers are invariably used with them for satisfactory operation.
Miscellaneous equipment.
In addition to above, there may be following equipment in a substation:
0 Fuses
0 carrier-current equipment

0 sub-station auxiliary supplies
BUSBAR ARRANGEMENTS IN SUBSTATIONS:

Busbar are the important components in a sub-station. There are several Busbar Arrangements in Substations that can be used in a sub-station. The
choice of a particular arrangement depends upon various factors such as system voltage, position of sub-station, degree of reliability, cost etc.

The following are the important bus-bar arrangements used in sub-stations:
(i) Single bus-bar system:

As the name suggests, it consists of a single bus-bar and all the incoming and outgoing lines are connected to it. The chief advantages of this type
of arrangement are low initial cost, less maintenance and simple operation. However, the principal disadvantage of single bus-bar system is that if
repair is to be done on the bus-bar or a fault occurs on the bus, there is a complete interruption of the supply. This arrangement is not used for
voltages exceeding 33kV. The indoor 11kV substations often use single Busbar Arrangements in Substations.
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eliminating the possibility of complete shut down. This arrangement is used for voltages upto 33 kV.

In this arrangement, the single bus-bar is divided into sections and load is equally distributed on all the sections. Any two sections of the bus-bar are con
33kV

circuit breaker and isolators. Two principal advantages are claimed for this arrangement. Firstly, if a fault occurs on any section of the bus, that section can

without affecting the supply from other sections. Secondly, repairs and maintenance of any section of the bus-bar can be carried out by de-energising that section only,
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