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Chapter 1 INTRODUCTION TO SWITCHGEAR

Switchgear:

The apparatus used for switching, controlling and protecting the electrical circuits ond equipment is

known as switchgear,

The switchgear equipment 15 esseatially concemed with switching and intermupting currents
either under normal or abnormal operating conditions, The tumbler switch with ordinary fuse is the
simplest form of switchgear and is used to control and protect lights and other equipment in homes,
offices erc. For circuits of higher rating, a high-rupturing capacity (H.R.C.) fuse in conjuction with a
switch may serve the purpose of controlling and protecting the circuit. However, such a switchgear
cannot be used profitably on high voltage system (3.3 kV) for two reasons. Firstly, when a fuse
blows, it takes sometime to replace it and consequently there is imerruption of service to the custom-
ers. Secondly, the fuse cannot successfully intermupt large fault currents that result from the faults on
high voltage system.

With the advancement of power system, lines and other equipments operate at high voltages and
carry large currents, When a short cireuil occurs on the system, heavy cument flowing through the
equipment may cause considerable damage, In order to interrupt such heavy fault currents, ano-
mailic civeuit breakers (or simply circuit breakers) are used. A circuit breaker is a switchgear which
can open or close an electrical circuit under both normal and abnormal conditions. Even in instances
where a fuse is adequate, as regards to breaking capacity. a circuit breaker may be preferable. It is
because o cireut breaker can close circuits, as well as break them without replacement and thus has
wider range of use altogether than a fuse.

Essential features of switchgear:

The essential features of swilchgear are ;

i Complete reliabilitv. With the continued trend of interconnection and the increasing
capacity of generating stations, the need for a reliable switchgear has become of paramount impor-
tance. This is not surprising because switchgear is added to the power sysiem to improve the reliabil-
ity. When fault occurs on any part of the power system, the switchgear must operate to isolate the
faulty section from the remaindercireuit.

® Ahsolutely certain discrimination. When fault cocurs on any section of the power system,
the switchgear must be able io discriminate between the faulty section and the healthy section. It
should isolute the faulty section from the system without affecting the healthy section. This will
ensure continuaty of supply.

@ Quick operation. When fault occurs on any part of the power system, the swilchgear must
operate quickly so that no demage is done to generators, transformers and other equipment by the
short-circuit currents. If fault is not cleared by switchgear quickly, it is likely to spread into healthy
parts, thus endangering complete shut down of the system,

i1 Provision for manual control. A switchgear must have provision for manual conteol. In case
the electrical (or electronics) control fails, the necessary operation can be carried out through manual
comnitral,

v Provision for instruments. There must be provision for instruments which may be requined,
These may be in the form of ammeter or voltmeter on the unit itself or the necessary current and
voltage transformers for connecting (o the main switchboard or a separate instrument panel.



Switchgear equipment:
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Switchgear covers a wide range of equipment concerned with switching and interrupting currents
under both normal and abnormal conditions, It includes switches, fuses, circuit breakers, relays and
other equipment. A brief account of these devices is given below. However, the reader may find the
detailed discussion on them in the subsequentchaplers,

l.  Switches. A swiich is a device which is used w0 open or close an electrical circuil in a
convenient way. It can be used under full-load or no-load conditions b it cannot interrupt the Tault
currents, When the contacts of a switch are opened, an *arc is produced in the air between the
contacts. This is particularly true for circuits of high voltage and large current capacity. The switches
miay he classified into (i) air switches (if) oil switches, The contacts of the former are opened in air
andl that of the latter are opened inoil.

M Afe-break switch. Itis an air switch and is designed o open a circuit weder load. 1n order o
guench the arc that oceurs on opening such a switch, special arcing horns are provided. Arcing horns
are pieces of metals between which are is formed during opening operation. As the switch opens,
these homs are spread further and Tarther apart. Consequently, the arc is lengthened, cooled and
interrupted. Air-break switches are generally used outdoor for circuits of medium capacity such as
lines supplying an industrial load from a main transmission line or feeder.

Isolator or disconnecting switeh, 1t is essentially a knife switch and is designed to open a circuit
under reer devend, Tis main purpose is io 1solate one portion of the cireuit from the other and is not intended
to be opened while current is flowing in the line. Such switches are generally used on both sides of
circuil breakers in order that repairs and replacement of circuit breakers can be made without any
danger. They should never be opened until the circuit breaker in the same circuit has been opened und
should always be closed before the circuit breaker isclosed.

{2l swirches. As the name implies, the contacts of such switches are opened under oil. usually
trunsformer oil. The effect of oil is 10 cool and quench the arc that tends to form when the circust is
opened. These switches are used for circuits of high voltage and large current carrying capacities.

Fuses. A fuse is a shori piece of wire or thin strip which melts when excessive current flows through
it for sufficient time. It is inserted in series with the circuil to be protected. Under normal operating
conditions, the fuse element it at a temperature below its melting point, Therefore, it carries the
normal load current without overheating. However, when a short circuit or overload oceurs, the
current through the fuse element increases beyond its rated capacity. This raises the lemperature and
ihe fuse element melis (or blows out), disconnecting the circuit protected by it Inthis way, a fuse
prodects the machines and equipment from damage due to excessive currents. Il is worthwhile o
note that o fuse performs both detection and interruption functions.

Circuit breakers. A circuit breaker is an equipment which can open or close a circuil under all
conditions viz. no load, full load and faull conditions, It s so designed that it can be operated
manually (or by remade control) under normal conditions and automatically under fault conditions.
For the latier operation, a relay circuit is used with a circuit breaker. Fig. 16.1 (/) shows the parts of



a typical ol circuit breaker whereas Fig, 1601 (i) shows its control by a reliy circuit, The circuit
breaker essentially consists of moving and fixed contacts enclosed in strong metal tank and immersed
in o1l, known as transformers oil.

Under normal eperating conditions, the contacts remain elosed and the circuit breaker carries the
full-logd current continuously. In this condition, the e.m.f. in the secondary winding of current
transformer (C.T.) s insufficient to operate the wip coil of the breaker but the contacts can be opened
(and hence the circuit can be opened) by manoal or remaote control. When o fault occurs, the resulting
overcurrent in the C.T. primary winding increases the secondary eom.f. This energises the trip coil of
the breaker and moving contacts are pulled down, thus opening the contacts and hence the circuit,
The arc produced during the opening operation is quenched by the oil. It is interesting to note that
relay performs the function of detecting a fault whereas the cirouit breaker does the actual circuit
interruption.
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4 Relays. A relay is a device which detects the fault and supplies information to the breaker for circunt
interruption. Fig, 16.1 (i) shows a typical relay circuit, It can be divided into three parts viz,
il The primary winding of a *current transformer (C.T.) which is connected in series with the
cireuit to b protected, The prmary winding often consists of the main conductor itself,
(i The second circuit is the secondary winding of C.T, connected to the relay operating coil,
fiiy The third circuit is the tripping circuit which consists of a source of supply, trip coil of
circuit breaker and the relay stationary contacts.

Under normal load conditions, the e.m.f, of the secondary winding of C.T. is small and the current
fowing in the relay operating coil is insufficient 1o close the relay contacts, This keeps the wip coil
of the circuit breaker unenergised. Consequently, the contacts of the circuit breaker remain closed
and it carries the normal load current. When a fault occurs, o lorge current floss through the prmary
of C.T, This increases the secondary e.m £ and hence the current through the relay operating coil, The
relay contacts are closed and the trip coil of the circuit breaker is energised 1o open the contacts of
the circuit breaker.

Busbar arrangement:

When u number of generators or feeders operating at the same voliage have 1o be directly connected
electrically, bus-bars are used as the common electrical component, *Bus-bars are copper rods or
thin walled tubes and operate at constant voltage. We shall discuss some important bus-bars arrange-
ments used for power stations and sub-stations. All the diagrams refer 1o 3-phase arrangement but are
shown in single-phase forsimplicity.



(1) Single Bus-bar System. The single bus-
bar system has the simplest design and is used for
power stations. It is also used in small outdoor
stations having relatively few outgoing or incom-
ing feeders and lines. Fig. 16.2 shows the single
bus-bar system for a typical power station, The Isolators /
generators, outgoing lines and transformers are \ T Single
connected to the bus-bar. Each generator and J ' bus
feeder is controlled by a circuit breaker, The iso- [solators \

lators permit to isolate generators, feeders and cir- W
cuit breakers from the bus-bar for maintenance. 1
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The chief advantages of this type of arrangement
|

are low initial cost, less maintenance and simple
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operation.
Fig. 16.2

Disadvantages: single busbar system has the following three disadvantages.
I. The busbar cannot be cleaned, repaired or tested without deenergizing the whole system,
2. If afault occurs on the busbar itself, there is complete interruption of supply.

3. Any fault on the system is fed by all the generating capacity, resulting in very large fault

currents.

(2)  Single bus-bar system with Sectionalisation. In large generating stations where several units
are installed, it is a common practice to sectionalise the bus so that fault on any section of the bus-
bar will not cause complete shut down. This is illustrated in Fig. 16.3 which shows the bus-bar
divided into two sections connected by a circuit breaker and isolators. Three principal advantages
are claimed for this arrangement. Firstly, if a fault occurs on any section of the bus-bar, that section
can be isolated without affecting the supply to other sections. Secondly, if a fault occurs on any
feeder, the fault current is much **lower than with unsectionalised bus-bar. This permits the use of
circuit breakers of lower capacity in the feeders. Thirdly, repairs and maintenance of any section of
the bus-bar can be carried out by de-energising that section only, eliminating the possibility of com-
plete shut-down.

Itis worthwhile to keep in mind that a circuit breaker should be used as the sectionalising switch
so that uncoupling of the bus-bars may be carried out safely during load transfer. Moreover, the
circuit breaker itself should be provided with isolators on both sides so that its maintenance can be
done while the bus-bars are alive,

(3) Duplicate bus-bar system. In large stations, it is important that breakdowns and mainte- nance should
interfere as little as possible with continuity of supply. In order to achieve this objec- tive, duplicate bus-bar
system is used in important stations. Such a system consists of two bus-bars, a “main bus-bar” and a “spare” bus-
bar (see Fig. 16.4). Each generator and feeder may be connected to either bus-bar with the help of bus coupler
which consists of a circuit breaker and isolators.

In the scheme shown in Fig.
16.4, service is in- terrupted during
switch over from one bus to an-
other. However, if it were desired
to switch a circuit from one to



another with- out interruption of
service, there would have to be two
circuit breakers per circult, Such an
arrangement will be too expensive.
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Advantages
(i} If repair and maintenance it to be carried on the main bus, the supply need not be imerrupted
as the entire load can be transferred to the spare bus.
{iit The testing of feeder circuit breakers can be done by puiting them on spare bus-har, thus
keeping the main bus-bar undisturbed.
{iii} [T a fault occurs on the bus-bar, the continuity of supply to the circuit can be maintained by
transferring it o the other bus-bar,

Switchgear Accomodation:

The main components of a switchgear are circuit breakers, switches, bus-bars, nstruments and instru-
meni transformers. 11 is necessary 1o house the switchgear in power stations and sub-stations in such
a way so as to safeguard personnel during operation and maintenance and to ensure that the effects of
Fault on any section of the gear are confined 10 a limited region. Depending upon the voltage 1o be
handled, switchgear  may be broadly classified into (i) outdoor type (1) indoor type.

B Ouidoor type. For voltages beyond 66 kY, switchgear equipment is installed outdoor, Tt is
because for such voliages, the clearances between conductors and the space required for switches,
circuit breakers, transformers and others equipment become so great that it is not economical to
install all such equipment indoar,
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Fig. 16.5 shows a typical outdoor sub-station with switchgear equipment. The circuit breakers,
isolators, transformers and bus-bars occupy considerable space on account of large electricul clear-
ance associated with high voltages.

i) Indoor rvpe. For voltages below 66 KV, switchgear is generally installed indoor because of
economic considerations. The indoor switchgear is generally of metal-clad type. In this type of
construction, all live pants are completely enclosed in an earthed metal casing. The primary ohject of
this practice is the definite localisation and restriction of any fault 1o its place of origin,



Short-Circuit:

Whenever a fault occurs on a network such that a large current flows in one or more phases, o short-
circuit is said to have occurred.

When a short circuit oceurs, aheavy current called short circuit current flows through the circuit,
This can be beautifully illustrated by referring o Fig. 16.6 where a single phase generator of voltage
V and internal impedance Z, is supplying 1o a load 2, Under normal conditions, the current in the
eircuil is limited by *losd impedance 2, However, if the load terminals get shorted due (o any reason,
the circuil impedance is reduced toa very low value ; being & in .'f-;"'
this case. As Z; is very small, therefore, a large current flows
through the circuit. This is called shon-cireuit current, 1t is worth-
while to make o distinction  between o **shorf-circnit and  an z E_ [z]
everfoad. When a shon-circuit oceurs, the voltage at fault point ¥
is reduced to zero and current of abnommally high magnimde Mows l
through the network 1o the point of fault. On the other hand. an
enverload means that loads greater than the designed values have
been imposed on the system. Under such conditions, the voltage
at the overload point may be low, but not zero, The undervoltage comditions may extend for some
distance beyond the overload point into the remainder of the system. The currents in the overloaded

Fig. 16.6

equipment are high but are substantiolly lower than that in the case of a short-circuit.

Canses of short-circuit. A shor circuit in the power system is the result of some kind of abnor-
mal conditions in the system. It may be caused due to internal amd/or external effects.

il freternal effects are caused by breakdown of equipment or transmission lines, from
deterio- ration of insulation in a generator, transformer efe, Such troubles may be
due 1o ageing of insulation, madequate design or improperinstallation,

fii) External effects cavsing short circuit include insulation failure due 1w lightning
surges, over- loading of equipment causing excessive heating: mechanical damage
by public ete.

Effects of short-cireuit. When a short-Circuit occurs, the current in the systém increases 1o an
abnormally high value while the system voltage decreases 1o a low value,

(i The heavy current dee to short-circuit canses excessive heating which may result in fire or
explosion. Sometimes shor-circuit takes the form of an arc and causes considerable damage (o the
system, For example, an arc on a transmission line not cleared guickly will bum the conductor
severely causing il to break, resulting in o long time interruption of the line,

(i} The low voltage created by the fault has a very harmful effect on the service rendered by the
power system. I the voltage remains low for even a few seconds, the consumers’ motors may be shut
down and generators on the power svstem may become unstable.

e 1o shove deterimental effects of shor-circuit, it is desirnble and necessary o disconnect the
faulty section and restore normal voltage and current conditions as quickly as possible,



