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Introduction

uring the operation of power
system, it is often desirable
and necessary to switch on
or off the various circuits
(e.g. trans-

mission lines, distributors,
generating plants etc.) under both
normal and abnormal conditions. In
earlier days, this function used to
be performed by a switch and a
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fuse placed in series with the circuit.
However, such a means of control
pre- sents two disadvantages.
Firstly, when a fuse

blows out, it takes quite sometime
to replace it and restore supply to
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Breakers .
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the customers. Secondly, a fuse
cannot successfully interrupt heavy
fault cur- rents that result from
faults on modern high-volt- age and
large capacity circuits. Due to these
dis- advantages, the use of
switches and fuses is lim- ited to
low-voltage and small capacity
circuits where frequent operations
are not expected e.g., for switching
and protection of distribution trans-
formers, lighting circuits, branch
circuits of dis- tribution lines etc.
With the advancement of power
system, the lines and other
g equipment operate at very high
voltages and carry large currents.
The arrange- ment of switches
along with fuses cannot serve

the desired function of swithgear in such high capacity circuits. This necessitates
to employ a more dependable means of control such as is obtained by the use of
circuit breakers. A circuit breaker can make or break a circuit either manually or
automatically under all conditions viz., no-load, full-load and short-circuit
conditions. This characteristic of the circuit breaker has made it a very useful
equipment for switching and protection of various parts of the power system. In
this chapter, we shall deal with the various types of circuit breakers and their
increasing applications as control devices.

191 Circ uit Bre akers
A circult breaker is a piece of equipment which can
() make or break a circuit either manually or by remote control under normal conditions
(i) break a circuit automatically under fault conditions
(i) make a circuit either manually or by remote control under fault conditions
Thus a circuit breaker incorporates manual (or remote control) as well as

automatic control for switching functions. The latter control employs relays and
operates only under fault conditions. The mechanism of opening of the circuit
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chap- ter 16. '
; 5 gf fixed and moving

itions, these contacts

breaker under fault conditions has already bee".b”efed ¥ t
Operating principle. A circuit breaker essentially constsd
contacts, called electrodes. Under normal operating con d unless the system
remain closed and will not open auto- matically unt|I. an lly or by remote
becomes faulty. Of course, the contacts can be opened manually tem, the trip
control whenever desired. When a fault occurs on any part of the sys ar'e pulled
coils of the circuit breaker get energised and the moving U
apart by some mechanism, thus opening the circuit. ditions
When the contacts of a circuit breaker are separated under fault con |t.|or;] ’
an arc is struck between them. The current is thus able to contln‘_le Uil t e
discharge ceases. The production of arc not only delays the current interruption
process but it also generates enormous heat which may cause damage t? th.e
system or to the circuit breaker itself. Therefore, the main problem in a circuit
breaker is to extinguish the arc within the shortest possible time so that heat
generated by it may not reach a dangerous value.
192 Arc Phenomenon
When a short-circuit occeurs,
*circuit breaker before they a
when the contacts begin to
large fault current causes
temperature. The heat produc

a heavy current flows through the contacts of the
re opened by the protective system. At the instant
separate, the contact area decreases rapidly and

increased current density and hence rise in

g hes ed in the medium between contacts (usually the
medium is oil or air) is sufficient to ionise the air or vapourise and ionise the oil.

The ionised air or vapour acts as conduc- tor and an arc is struck between the
Con.tac@s. The p.d. between the contacts is quite small and is just sufficient to
maintain the arc. The arc provides a low resistance path and consequently the
current in the circuit remains uninterrupted so long as the arc persists.

During the arcing period, the current flowing between the contacts depends

upon the arc resis- tance. The greater the arc resistance, the smaller the cur

;hat flows between the contacts. The arc resistance depends upon the following
actors :

() Degree of ionisation— the arc resistance increases with the decrease in
of ionised particles between the contacts.

() Length of the arc—the arc resistance increases with the length of the arc
‘I.e., separatiorrof contacts.

* Important note. In single phase circuits (e.g., lighting circuits etc.), a switch is located

in only one of the two conductors to lamps. However, in power circuits, a circuit
interrupting device (e.g., a circuit breaker) is put in each phase or conductor. These are
sometimes called three-pole circuit breakers. ‘In the discussion that follows, we shall
confine ourselves to a single-pole device, it is being understood that three such units will
be provided in three-phase installation.

(i) Cross-section of arc— the arc resistance increases with the decrease in
area of X-section of the arc.

Before discussing the methods of arc extinction, it is necessary to examine the
factors responsible for the maintenance of arc between the contacts. These are :
() p.d. between the contacts
(i) ionised particles
between contacts Taking
these in turn, ; .
() When the contacts have a small separation, the »p.d..between theAm is
sufficient to maintain the arc. One way to extinguish the' arc is to
separate the contacts to such a distance th.at p.d. pecom‘es inadequate
to malntaln the arc, However, this method is |mpract|cabtle in high voltage
gystem where a separation of many metres may be required. s
() The lonised particles between the contacts tend to maintaln thﬁlarc 3
arc path Is delonised, the arc extinction will be facilitated. T ds r:ratn‘ydes
achieved by cooling the arc or by bodily removing the lonised p
from the space between the contacts.

194 Metho ds of Ar c Extinc tion
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There are two methods of exti‘nguishing thé arc in circuit breakers viz.
1. Highresistance method. 2. Low resistance or current zero method

1. High resistance method. In this method, arc resistance s made to
increase with time so that current is reduced to a value insufficient to maintain
the arc. Consequently, the current is inter- rupted or the arc is extinguished. The
principal disadvantage of this method.is that enormous energy is dissipated in
the arc. Therefore, it is employed only in d.c. circuit breakers and low-capacity a.c.
circuit breakers. 7

The resistance of the arc may be increased by :

() Lengthening the arc. The resistance of the arc is directly proportional to

its length. The length of the arc can be increased by increasing the gap

between contacts.

(i) Cooling the arc. Cooling helps in the deionisation of the medium between
the contacts. This increases the arc resistance. Efficient cooling may be
obtained by a gas blast directed along the arc.

(i) Reducing X-section of the arc. If the area of X-section of the arc is
reduced, the voltage necessary to maintain the arc is increased. In other
words, the resistance of the arc path is increased. The cross—section‘ of
the arc can be reduced by letting the arc pass through a narrow opening
or by having smaller area of contacts.

(v) Splitting the arc. The resistance of the arc can be increased by splitting
the arc into a number of smaller arcs in series. Each one of these arcs
experiences the effect of lengthen- ing and cooling. The arc may be split
by introducing some conducting plates between the contacts.

2. Low resistance or Current zero method. This method is employed for arc extinction in

a.c. Gircuits only. In this method, arc resistance is kept low until current is zero

where the arc extin- guishes naturally and is prevented from restriking inspite of

the rising voltage across the contacts. All modern high power a.c. circuit breakers
__employ this method for arc extinction.

In an a.c. system, current drops to zero after every half-cycle. At every current
zero, the arc extinguishes for a brief moment. Now the medium between the
contacts contains ions and electrons so that it has small dielectric strength and
can be easily broken down by the rising contact voltage known as restriking
voltage. If such a breakdown does occur, the arc will persist for another half-
cycle. If immediately after current zero, the dielectric strength of the medium
between contacts is built up more rapidly than the voltage across the contacts,

the arc fails to restrike and the current will

be interrupted. The rapid increase of dielectric strength of the medium near
current zero can be achieved by :

(@ causing the ionised particles in the space between contacts to
recombine into neutral molecules:

() sweeping the ionised particles away and replacing them by un-ionised particles

Therefore, the real problem in a.c. arc interruption is to rapidly deionise the

medium between contacts as sooh as the current becomes zero so that the
rising contact voltage or restriking voltage cannot breakdown the space between
contacts. The de-ionisation of the medium can be achieved by:

() lengthening of the gap. The dielectric strength of the medium is
proportional to the length of the gap between contacts. Therefore, by
opening the contacts rapidly, higher dielectric strength of the medium
can be achieved.

(i) high pressure. If the pressure in the vicinity of the arc is increased, the
density of the particles constituting the discharge also increases. The
increased density of particles causes higher rate of de-ionisation and
consequently the dielectric strength of the medium between contacts is
increased.

(i) cooling. Natural combination of ionised particles takes place more
rapidly if they

are al- lowed to cool. Therefore, dielectric strength of the medium
between the contacts can be increased by cooling the arc.

(v) blast effect. If the jonised particles between the contacts are swept away
and replaced by un- jonised particles, the dielectric strength of the

Edit with WPS Office

ol

C} Scanned with OKEN Scanner



may be achieved by a gas

bly. This contact space.

eased considera
medium can be incr by forcing ollinto the

blast directed along the discharge or

195 Important Terms
The following are the important terms
() Arc Voltage. It is the voltage th A
~circuit breaker during the arcing period. ,
As soon as the contagtsgof the clrc%ﬁ breaker separate, an arc Is formed. The
voltage that appears across the contacts during. arcing period is called the arc
voltage. Its value is low except for the
*period the fault current is at or near zero current point. At current zero, tr)e arc
voltage rises rapidly to peak value and this peak voltage tends to maintain the

current flow in the form of arc.
(i) Restriking voltage. /t is the transient voltage that appears across the

in the circuit breaker analysis

miuch used ontacts of the

at appears across the ¢

“contacts at or near current zero during arcing period.

At current zero, a high-frequency transient B n 5‘95,‘,2"‘29
voltage ap- pears across the contacts and is v V°'R§covery
caused by the rapid distribu- tion of energy Fault ) voltage
between the magnetic and electric fields currenty /- [° :
associ- ated with the plant and transmission \ U7 P—curent zero
lines of the system. This transient voltage is instant
known as restriking voltage (Fig. 19.1). The Systen-

current interruption in the circuit depends upon votiage

this volt- age. If the restriking voltage rises Rip.19.1

more rapidly than the di- electric strength of i

the medium between the contacts, the arc will

persist for another half-cycle. On the other

hand, if the dielectric strength of the medium

builds up more rapidly than

the restriking voltage, the arc fails to restrike and the current will be interrupted.

(i) Recovery / voltage. It is the normal frequency (50 Hz) r.m.s. voltage that

appears across the contacts of the circuit breaker after final arc
extinction. It is approximately equal to the system voltage.

*  The power system contains an appreciable amount of inductance. At the instant of
current zero point, the fault currrent lags behind the arc voltage by 90°. Obviously, the

arc voltge must have a peak value at this instant.

When contacts of circuit breaker are opened, current drops to zero after every
half cycle. At some current zero, the contacts are separated sufficiently apart and
dielectric strength of the medium between the contacts attains a high value due
to the removal of ionised particles. At such an instant, the medium between the
contacts is strong enough to prevent the breakdown by the restriking voltage.
Consequently, the final arc extinction takes place and circuit current is interrupted.
Immediately after final current interruption, the voltage that appears across the
contacts has a transient part (See Fig. 19.1). However, these transient
oscillations subside rapidly due to the damping effect of system resistance and
normal circuit voltage appears across the contacts. The voltage across the
contacts is of normal frequency and is known as recovery voltage.

196 Classific ation of Circ uit Bre akers:
There are several ways of classifying the circuit breakers. However, the most
general way of classi- fication is on the basis of medium used for arc extinction.
The medium used for arc extinction is usually oil, air, sulphur hexafluoride (SFs) or
vacuum. Accordingly, circuit breakers may be classi- fied into : : o
() Oil circuit breakers which employ some insulating oil (e.g., transformer qnl) fqr arc extinction.
(i) Air-blast circuit breakers in which high pressure air-blast is used for extinguishing the arc.
(i) Sulphur hexafluroide circuit breakers in which sulphur hexafluoride (SFe)
gas is used for arc extinction.
(v) Vacuum circuit breakers in which vacuum is .
Each type of circuit breaker has its own advantages and dlsadyantages. In
the following sections, we shall discuss the construction and working of these

circuit breakers with special emphasis on the way the arc extinction is facilitated.

197 Oil Circ uit Bre akers
In such circuit breakers, some-insulating oil Parting

contacts
A/l Edit with WPS Office, , \xﬂt |
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(e.g., trans- former oil) is used as an arc

quenching medium. The con- tacts are

opened under oil and an arc is struck

between them. The heat of the arc

evaporates the surrounding oil and

dissociates it into a substantial volume of

gaseous *hy- drogen at high pressure. The

hydrogen gas occupies a volume about one

thousand times that of the oil decom-

posed. The oil is, therefore, pushed away

from the arc and an expanding hydrogen

gas bubble surrounds the arc re- gion and

adjacent portions of the contacts (See Fig.

19.2). The arc extinction is facilitated

mainly by two processes.

Firstly, the hydrogen gas has high heat conductivity and

cools the arc, thus aiding the de-ionisation of the medium between the contacts.
Secondly, the gas sets up turbulence in the oil and forces it into the space

between contacts, thus eliminating the- arcing products from the arc path. The
result is that arc is extinguished and circuit current tinterrupted.

Advantages. The advantages of oil as an arc quenching medium are

() It absorbs the arc energy to decompose the oil into gases which have
excellent cooling properties.

* Mainly hydrogen gas is produced as a result of oil decomposition. However, a small
percentage of meth- ane, ethylene and acetylene is also generated.

+ important. The reader may note that arc itself is employed for its extinction. Therefore, it
should not be regarded as an unfortunate manifestation. It must also be realised that
in the absence of the arc, the current flowing in the circuit would be interrupted
instantaneously, and due to the rapid collapse of associated magnetic field, very high
voltages would be induced which would severely stress the insulation on the system.

On the other hand, the arc permits the circuit interruption to take place at some
current zero and thus without inducing potentials of dangerous values.

(i) It acts as an insulator and permits smaller clearance between live
conductors and earthed components.
(i) The surrounding oil presents coo_lirig surface in close proximity to the arc.
Disadvantages. The disadvantages of oil as an arc quenching medium are :
() ttisinflammable and there is a risk of a fire.
(i) 1t may form an explosive mixture with air
(i) The arcing products (e.g., carbon) remain in the oil and its quality

deteriorates with succes- sive operations. This necessitates periodic
checking and replacement of oil.

198 Typ es of QOil Circ uit Bre akers

The oil circuit breakers find extensive use in the power system. These can be
classified into the following types :

(). Bulk ofl cireuit breakers which use a large quantity of oil. The oil has to
serve two purposes. Firstly, it extinguishes the arc during opening of
contacts and secondly, It insulates the cur- rent conducting parts from
one another and from the earthed tank. Such circuit breakers may be
classified into: ;

(&) Plain break oil circuit breakers (b) Arc control oll circuit breakers.

In the former type, no special means Is avallable for controlling the arc and
the contacts are directly exposed to the whole of the oil in the tank. However, in

the latter type, special arc control devices are employed to get the beneficial
action of the arc as efficiently as possible.

() Low oil circuit breakers which use minimum amount of oll. In such circuit

breakers, oil s used only for arc extinetion; the current conducting parts
are insulated by air or porcelain or organic insulating material.

199  Plain Bre ak Oil Circ uit Bre akers =~ :
A plain-break oil circuit breaker involves the simple process of separating the
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/ i stem for arc
contacts under the whole of the oil in the tank. There is no SP:::;'O iyo R tcis.
control other than the increase in length caus _ed Rl en the contacts is
The arc extinction occurs when a certain critical gap betwe
reached. 1

The plain-break oil circuit breaker is the X eishion
earliest type from which all other circuit breakgrs
have developed. It has a very simple construction. \/‘
It consists of fixed and moving contacts Oil level
enclosed in a strong weather-tight earthed tan}( ;/
containing oil upto a certain level and an air NG e
cushion above the oil level. The air cushion :2Z:j=223:c:c
provides sufficient room to allow for the
reception of the arc gases without the generation
of unsafe pressure in the dome of the circuit

f Fixed
breaker. It also absorbs the mechanical shock of ki c:,macgs
the upward oil movement. Fig. 19.3 shows a s
*double break plain oil circuit breaker. It is called e -\cb‘:;;gs

a double break because it provides two breaks in
series.

Under normal operating conditions, the fixed
and moving contacts remain closed and the
breaker carries the normal circuit current. When a
fault occurs, the moving contacts are pulled
down by the protective system and an arc is
struck which vapourises the oil mainly into

: Trans,jf‘df'r‘rjlve:r ol
Fig. 19.3

hydrogen gas. The arc extinction is facilitated by

the following processes : e

¥ Thig type of construction increases the effective speed of arc lengthening and permits
to divide the tran- sient re-striking voltage over two breaks so that only half appears
across each. :

() The hydrogen gas bubble generated around the arc cools the arc column
and aids the de- ionisation of the medium between the contacts.

(i) The gas sets up turbulence in the oil and helps in eliminating the arcing
products from the arc path. v

(i) As the arc lengthens due to the separating contacts, the dielectric

strength of the medium is increased.

The result of these actions is that at some critical gap length, the arc is
extinguished and the circuit current is interrupted.

Disadvantages ;

() There is no special control over the arc.other than the increase in length
by separating the moving contacts. Therefore, for successful interruption,
long arc length is necessary.

() These breakers have long and inconsistent arcing times.

(i) These breakers do not permit high speed interruption.

Due to these disadvantages, plain-break oil circuit breakers are used only for
low-voltage appli- cations where high breaking-capacities are not important. It is a
usual practice to use such breakers for low capacity installations for voltages not
exceeding 111 kV. ‘

1910 Arc Control Oil Circ uit Bre akers
In case of plain-break oil circuit breaker discussed above, there is very little
artificial control over the arc. Therefore, comparatively long arc length is essential
in order that turbulence in the oil caused by the gas may assist in quenching it.
However, it is necessary and desirable that final arc extinction should occur while
the contact gap is still short. For this purpose, some arc control is incorporated
and the breakers are then called arc contral circuit breakers. There are two types
of such breakers, namely :
() Self-blast oil circuit breakers— in which arc control is provided by internal
means /.e. the arc itself is employed for its own extinction efficiently.
(i) Forced-blast oil circuit breakers— in which arc control is provided by
mechanical means external to the circuit-breaker.
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Solf-blast oll clrcult breakers, In this type of elreult breaker, the gases
produced during arcing are confined to a small volume by the use of an Insulating
rigld pressure chamber or pot surrounding the contacts. Since the #pace
avallable for the arc gases Is restricted by the chamber, a very high pressure o
developed to force the oll and gas through or around the arc to extingulsh it. The

magnltude of pressure developed depends upon the value of fault currgnt 1 be
is generated by the arc Itself, ther ;?!‘,”'g‘(f&ﬁ' 0
77/

interrupted. As the pressure
breakers are some- 7 9
times called gelf-generated pressure oll elreult breakers, é Z
The pressure chamber Is relatively cheap to make Z 2
and gives reduced final arc extinction gap length and 7 Pot g
arcing time as against the plain-break oll circuit breakef g .+
several designs of pressure chambers (sometimes called 2 / Z i
explosion pots) have been developed and a few of them 7772 /),
are described below : 4)\»
(@) Plain explosion pot, It Is a rigid cylinder of Moving
contact

insulating material and encloses the fixed and moving
19.4). The moving contact s a Vig, 194

contacts (See Fig.
gh a restricted opening

cylindrical rod passing throu

(called throat) at the bottom, When'a fault occurs, the

contacts get separa

them. The heat of

very high pressure in the pot. Thi

the oll and

+ At relatively high voltages, the siz
due to the necessity of very

extinction.

gas through
take place while the moving con

after the moving contact leaves
contact from the pot is followe

and round the arc 1o extinguish
tact is still within the pot, it occurs immediately

the pot. It Is because emergence of the moving
d by a violent rush of gas and oil through the

throat producing rapid extinction.

The principal limitat
low or for very high fault cur
is small, thereby increasing the ar
currents, the gas is pro
high pressure. For this reason,
short-circuit curren

() Cross jet explosion p
ot and is illustrate
ls on one side wh

increasing the arc length, thus
ct of the circuit breaker begins to separa
truck in the top of the pot. The gas generated by

[ in the back passage. When the moving contact
esh oil Is forced *across the arc path. The arc is,

explosion p
has channe

moving conta
is withdrawn, the arc Is initially s
the arc exerts pressure on the ol
uncovers the arc splitter ducts, fr

jon of this type
rents. With low fault currents, the pressure developed

cing time. On the other hand, with high fault
idly that explosion pot Is liable to burst due to

duced so rap
plain explosion pot operates well on moderate

ts only where the rate of gas evo
ot. This type of pot is just a modification of plain

d in Fig. 19.5. It is made of insulating material and
ich act as arc splitters. The arc splitters help in
facilitating arc extinction. When a fault occurs, the

ted and an arc Is struck between

the arc decomposes oll Into a gas at
s high pressure forces

e of such a breaker assumes unduly large proportions
long gap between the conta

cts for successful arc

it. If the final arc extinction does not

of pot is that it cannot be used for very

|ution is moderate.

te. As the moving contact

. Back—
paseage Flxad contact
Sl Crogs jet explosion pot
Path of —
i i c=> Arc splifiers

; L"’“"“"Movlng contact
Iig. 19.5

“’ : "
_ 44—Plain explosion pot

~ Moving contact

Flg. 19.6

n -1 ...i&k]ﬁéb NECinn
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S e arc length,
therefore, driven sideways into the "arc splitters” which increase th g

causing arc extinction. ki
The cross<jet explosion po
currents. Howiver. for low fault currents, the g:;saﬂ;;r:ssu
consequenﬂymthe o e ?WT";tol:“%:;y %Ff)pe of .pot is essentially a
ted osion pot. Thi
comgnas;ie;:\ of p‘l):lfr‘\s:xplosm pot and cross jet explosion pot.b'{herecfzrr:, it can
interrupt low as well as heavy short circuit current; with rea::&ad eex :l% smnc;.m y
; the schematic diagram of self-compen ;
oons?sqt;:fmoc\::m:ers, the upper chamber is the cross-jet explosion ;;’ot v:l;h
two arc splitter ducts while the lower one Is the plain explosion pot. r\,N eg th:
short-circuit current is heavy, the rate of generation of gas is very high an :
device behaves as a cross-jet explosion pot. The arc extinction takes place when
the moving contact uncovers the first or second arc splitter duct. Howeve;, ;))n
low short-circuit currents, the rate of gas generation is small and the tip of the

: rrupting heavy fault
quite efficient for inte rzt 8 Hnal and

moving contact has the time to reach the lower chamber. During this time, the

9as builds up sufficient pressure as there is very little leakage through

*  Since the jet of oil is forced at right angles to the arc path, this type of pot is referred
10 as cross-jet explosion pot.

T The rate at which oil moves into the path of arc is a function of gas pressure. The gas

pressure depends upon the value of fault current. Lower the fault current, lesser the
9as pressure generated and vice-versa.

arc splitter ducts due to the obstruction offered by the arc path and right angle
- When the moving contact comes out of the throat, the arc is extinguished
by plain pot action. :

It may be noted that as the severity of the short-circuit current increases, the
device operates less and less as a plain explosion pot and more and more as a
crosset explosion pot. Thus the tendency is to make the control self-
compensating over the full range of fault currents to be interrupted.

(® Forced-blast oil circuit breakers. In the self-blast oil circuit breakers
discussed a ; arc itself generates the necessary pressure to force the oil
across the arc path. The major limitation of such breakers is that arcing times
tend to be long and inconsistent when operating against currents considerably
less than the rated currents. |t is becasue the gas generated is much reduced at
low values of fault currents. This difficulty is overcome in forced-blast oil circuit
breakers in which the necessary pressure is generated by external mechanical
means independent of the fault currents to be broken.

In a forced -blast oil circuit breaker, oil pressure is created by the piston-
cylinder arrangement. The movement of the piston is mechanically coupled to the
moving contact. When a fault occurs, the contacts get separated by the
protective system and an arc is struck between the contacts. The piston forces a
Jet of oll towards the contact gap to extinguish the arc. It may be noted that
necessary oil pressure produced does not in any way depend upon the fault
current to be broken.

Advantages

() Since ol pressure developed is Independent of the fault current to be
interrupted, the perfor- mance at low currents is more consistent than
with self-blast oil circuit breakers.

() The quantity of oil required is reduced considerably.

BN Low Oll Circ uit Bre akers

In the bulk ol circy reakers discussed so far, the oil has to perform two
functions. Firstly, it acts as an arc quenching medium and secondly, it insulates
the live pans from earth, It has been found that only a small percentage of oil is
aclually used for arc extinction while the major part is utilised for insulation
purposes. For this reason, the quantity of oll in bulk oll circult breakers reaches a
very high figure as the system voltage Increases. This not only Increases the

expenses, tank size and welght of the breaker but it also Increases the fire risk
and maintenance problems,

The fact that only a small percentage of oll (about 10% of total) in the bulk ol
circuit breaker is actually used for are extinction leads to the question as to why
the remainder of the oll, that is not Immediately surrounding the device, should
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not be omitted with consequent saving in bulk, weight and fire risk. This led to the
development of low-oil circuit breaker. A low oil circuit breaker employs solid
materials for insulation purposes and uses a small quantity of oil which is just
sufficient for arc extinction. As regards quenching the arc, the oil behaves
identically in bulk as well as low oil circuit breaker. By using suitable arc control
devices, the arc extinction can be further facilitated in a low oil circuit breaker.

Construction. Fig 19.7 shows the cross section of a single phase low oil circuit
breaker. There are two compartments separated from each other but both filled
with oil. The upper chamber is the circuit breaking chamber while the lower one is
the supporting chamber. The two chambers are separated by a partition and oil
from one chamber is prevented from mixing with the other chamber. This
arrangement permits two advantages. Firstly, the circuit breaking chamber
requires a small volume of oil which is just enough for arc extinction. Secondly,
the amount of oil to be replaced is reduced as the oil in the supporting chamber
does not get contaminated by the arc.

() Supporting chamber. It is a porcelain chamber mounted on a metal
chamber. It is filled with oil which is physically separated from the oil in
the circuit breaking compartment. The oil inside the supporting chamber
and the annular space formed between the porcelain insula- tion and
bakelised paper is employed for insulation purposes only.

(i) Circuit-breaking chamber. It is a porcelain enclosure mounted on the top
of the supporting compartment. It is filled with oil and has the following
parts :

(a) upper and lower fixed contacts
(b) moving contact

(c) turbulator / ,g,/:/é//,z/_ ( Aﬁn
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(O It requires lesger quantity of oll
(M It requires smaller space
() There Is reduced risk of fire
(V) Maintenance problems are reduced.
Digadvantages. A low oll cireuit breaker haa the following dinndvantages as

compared to a bulk oll circult breaker
( Due to smaller quantity of oll, the degree of ontbonlaation |a Increased.
(i) There is a difficulty of removing the gases from the contact apace (n time,

() The dielectric strength of the oll deterlorates rapldly due to high degree of oarbonlantion

4 A
0Il Clrcult Breokers

M aintenanc e of Oil Circult Bre akers

The maintenance of ol circult breaker Is generally concerned with the checking of

comtacts and dielectric strength of oll. After a circult breaker has interrupted fault
ral times, its contacts may get burnt by

currents a few times or load currents seve
arcing and the oll may lose some of Its dielectric strength due to carbonlisation,
This results in the reduced rupturing capacity of the breaker. There- fore, It Is @
good practice 10 inspect the circult breaker at regular intervals of 3 or 6 months.
During inspection of the breaker, the following points should be kept In view :
{) Check the current carrying parts and arcing contacts. If the burning Is
severe, the contacts should be replaced.
(i) Check the dielectric strength of the oll. If the oll is badly discoloured, It
should be changed or reconditioned. The oil in good condition should
withstand 30 kV for one minute in a standard oll testing cup with 4 mm

gap between electrodes.

W2

sible damage. Clean the surface and remove

G Check the insulation for pos
d dry fabric.

carbon deposits with a strong an
() Check the oll level

(V) Check closing and tripping mechanism.

1913  Air-Blast Circ uit Bre akers

These breskers employ @ high pressure *air-blast as an arc quenching medium.
The contacts are opened in a flow of alr-blast established by the opening of blast
valve. The alr-blast cools the arc and sweeps away the arcing products to the
he dielectric strength of the medium

atomsphere. This rapidly increases !
between contacis and prevents from re-establishing the arc. Consequently, the
and flow of current |s Interrupted,
over an oll elrcult breaker:

arc is extinguished
Advantages. An air-blast clreult brea
() The risk of fire s eliminated
(i) The arcing products are completely ramoved by the blast whereas the oll
deteriorates with successive operations; the expense of regular oll
replacement is avoided.
hat final contact gap needed

(i) The growth of dielectric strength Is so rapld t
for arc extinction Is very small. This reduces the size of the device.
il due 1o the rapid build up of dielectric

(v) The arcing time is very sma
strength between con- 1aCts. Therefore, the arc energy Is only a fraction
of that in oil circuit breakers, thus resulting In less burning of contacts.

(v) Due to lesser arc energy. air-blast circuit breakers are very suitable for

_ -t o lal RANNAN AL o

ker has the following advantages

G Scanned with OKEN Scanner



conditions where frequent oper gtiop (5.F eglg{aeic:]' 3y
(v) The energy supplied for arc extinction {st. e
bt s th? currtint;:)ct;euglnglrmz médium offers the following disadvantg.l,
Disadvantages. The use of air as the arc qtit we ;
() The air has relatively inferior arc extinguishing pro&in\::f}ati Sris in the
(i) The air-blast circuit breakers are very sensitive to

rate of rise of restrik- ing voltage. i hich
(i) Considerable maintenance is required for the com;;fe;isnor ‘l;llzf;t w
supplies the air-blast. The air blast circuit bre_akers are finding
applications in high voltage installations. Major- :
ity of the circuit breakers for voltages beyond 110 kV are of this type.

19714  Typ es of Air-Blast Circ uit Bre akers ' 29
Depending upon the direction of air-blast in relation to the arc, air-blas

circuit breakers are classified into : in Fig. 19.8
() Axial-blast type in which the air-blast is directed along the arc path as shown in Fig. 19.8()).

from high pressure air

Blast

) <Blast : -
: Fixed Moving

contact

Fixed
contact

Moving ’ Moving ‘ contact
contact - contact

O] () 2 : (ii0)

Fig. 19.8

*  Other gases such as nitrogen, carbon dioxide and hyrdogen can also be used. The
circuit breaking proper- ties of nitrogen are about similar to air and there is no added
advantage of using it. Carbon dioxide tends to freeze and hydrogen gas is very costly.

Therefore, air is used as the circuit breaking medium.

(i) Cross-blast type in which the air-blast is directed at right angles to the arc
path as shown in Fig. 19.8 (i).
(i) Radial-blast type in which the air-blast is directed radially as shown in Fig. 19.8 (idi).
() Axialblast air circuit breaker. Fig 19.9 shows the essential components of
a typical axial- blast air circuit breaker. The fixed and moving contacts are
held in the closed position by spring pressure under normal conditions.
The air reservoir is connected to the arcing cham- ber through an air valve.
This valve remains closed under normal conditions but opens
Arcing chamber .
: = Moving
" conlact

%
| [ e £ Closing:
o ..ospring..

Normal air
clearance for
working voltage

Alr Reservolir Series”
isolator

Tig. 19.9
automatically by the tripping impulse when a fault occurs on the system.

When a fault occurs, the tripping impulse causes opening of the air va.lve
which connects the circuit breaker reservoir to the arcing chamber. The high
pressure air entering the arcing chamber pushes away the moving contact
against spring pressure. The moving contact is separated and an arc is struck. At
the same time, high pressure air blast flows along the arc and takes away the
ionised gases along with it. Consequently,the arc is extinguished and current
flow is interrupted. _

It may be noted that in such circuit breakers, the contact separation required
for interruption is generally small (1:75 cm or so). Such a small gap may
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constitute inadequate clearance for the normal service voltage. Therefore, an
solating switch Is Incorporated as a part of this type of circuit breaker. This
switch opens Immediately after fault interruption to provide the necessary
clearance for insulation.

() Cross-blast air breaker. In this type of circuit breaker, an air-blast is
directed at right angles to the arc. The cross-blast lengthens and forces
the arc Into a suitable chute for arc extinction. Fig. 19.10 g&;ggﬁﬂgh_,e
essential parts
of a typical cross-blast air circuit Waiing
breaker. When the moving contact contact
is withdrawn, an arc is struck
between the fixed and moving
contacts. The high pressure €ross-
blast forces the arc into a chute con
- sisting of arc splitters and baffles. ]
The splitters serve to increase the Fig.19.10
length of the arc and baffles give
improved cooling. The result is that
arc is extinguished and flow of
current is interrupted. : ,

Since blast pressure is same for all currents, the
inefficiency at low currents is eliminated. The final gap for interruption is
great enough to give normal insulation clearance SO that a series
isolating switch is not necessary.
@ 1915  Sulphur Hexaflourid e (SFe) Circ uit Bre akers
In such circuit breakers, sulphur hexaflouride (SFs) gas is used as the arc
quenching medium. The SFe is an electro-negative gas and has a strong tendency
to absorb free electrons. The contacts of the breaker are opened in a high
pressure flow of SFe gas and an arc is struck between them. The conducting free
electrons in the arc are rapidly captured by the gas to form relatively immobile
negative ions. This loss of conducting electrons in the arc quickly builds up
enough insulation strength

Opening

to extinguish the arc. The SFe circuit breakers have been found to be very
effective for high power and high voltage service.

Construction. Fig. 19.11 shows the parts of a typical SFe circuit breaker. It
consists of fixed and moving contacts enclosed in a chamber (called arc
interruption chamber) containing SFe gas. This chamber is connected to SFs gas
reservior. When the contacts of breaker are opened, the valve mechanism
permits a high pressure SFs gas from the reservoir to flow towards the arc
interruption chamber. The fixed contact is a hollow cylindrical current carrying
contact fitted with an arc horn. The moving contact is also a hollow cylinder with
rectangular holes in the sides to permit the SFe gas to let out through these holes
after flowing along and across the arc. The tips of fixed contact, moving contact
and arcing horn are coated with copper-tungsten arc resistant material. Since SFe

gas Is costly, it is reconditioned and reclaimed by suitable auxiliary sytem after
each operation of the breaker.

Working. In the closed position of the breaker, the contacts remain
surrounded by SFe gas at a pressure of about 2:8 kg/cm? When the breaker
operates, the moving contact is pulled apart and an arc is struck between the
contacts. The movement of the moving corltact is synchronised with the

opening of a valve which permits SFe gas at 14 kg/cm pressure from the reservoir to the arc interrup-
tion chamber. The high pressure flow of SFs rapidly absorbs the free electrons In
the arc path to form immobile negative ions which are ineffective as charge
carriers. The result is that the medium be- tween the contacts quickly builds up
high dielectric strength and causes the extinction of the arc. After the breaker
operation (i.e., after arc extinction), the valve is closed by the action of a set of

springs.
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Fig. 19.11
Advantages. Due to the superior arc quenching properties of SFe gas, the SFs
circuit breakers have many advantages over oil or air circuit breakers. Some of
them are listed below :

() Due to the superior arc quenching property of SFg, such circuit breakers
have very short arcing time.
(i) Since the dielectric strength of SFe gas is 2 to 3 times that of air, such
breakers can interrupt much larger currents.
(i) The SFs circuit breaker gives noisclss operation due to its closed gas
circuit and no exhaust to atmosphere unlike the air blast circuit breaker.

(v) The closed gas enclosure keeps the interior dry so that there is no moisture problem.
(v) There is no risk of fire in such breakers because SFs gas is non-inflammable.
(M) There are no carbon deposits so that tracking and insulation problems are eliminated.
(vi) The SFe breakers have low maintenance cost, light foundation
requirements and minimum auxiliary equipment.
(vii)  Since SFs breakers are totally enclosed and sealed from atmosphere,
they are particularly suitable where explosion hazard exists e.g., coal
mines.
Disadvantages
() SFs breakers are costly due to the high cost of SFe.
(i) Since SFe¢ gas has to be reconditioned after every operation of the
breaker, additional equip- ment is requried for this purpose.
Applications. A typical SFe circuit breaker consists of interrupter units each
capable of dealing with currents upto 60 kA and voltages in the range of 50—80
KV. A number of units are connected in series according to the system voltage.
SFe circuit breakers have been developed for voltages 115 kV to 230 kV, power
ratings 10 MVA to 20 MVA and interrupting time less than 3 cycles.

1916  Vacuum Circuit Bre akers (VCB)
In such breakers, vacuum (degree of vacuum being in the range from 107 to 10°°
torr) is used as the arc quenching medium. Since vacuum offers the highest
insulating strength, it has far superior arc quenching properties than any other
medium. For example, when contacts of a breaker are opened in vacuum, the
interruption occurs at first current zero with dielectric strength between the
contacts building up at a rate thousands of times higher than that obtained with
other circuit breakers, .
Principle. The production of arc in a vacuum circuit breaker and its extinction
can be explained as follows : When the contacts of the breaker are opened in
vacuum (107 to 107 torr), an arc s produced between the contacts by the
ionisation of metal vapours of contacts*, However, the arc is quuck!y extmgmsl_\ed
because the metallic vapours, electrons and ions produced during arc rapidly
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condense on the surfaces of the circuit breaker contacts, resulting in quick
recovery of dielectric strength. The reader may note the salient feature of vacuum
as an arc quenching medium. As soon as the arc is produced in vacuum, it is
quickly extinguished due to the fast rate of recovery of dielectric strength in

vacuum.
Constniction Fia 19 12 shows the narts of a tvnical v
< ih g okl
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Advantages. Vacuum circuit breakers have the following advantages :
() They are compact, reliable and have longer life.

(i) There are no fire hazards.

(i) Thereisno generation of gas during and after operation.

(v) They can interrupt any fault current. The outstanding feature of a VCB is
that it can break any heavy fault current perfectly just before the contacts

reach the definite open position.
(v) They require little maintenance and are quiet in operation.

(vi) Theycan successfully withstand lightning surges.

(vi) They have low arc energy.
(vii) They have low inertia and hence require smaller power for control mechanism.

Applications. For a country like India, where distances are quite large and
accessibility to remote areas difficult, the installation of such outdoor,
maintenance free circuit breakers should prove a definite advantage. Vacuum
cireuit breakers are being employed for outdoor applications ranging from 22 kV
10 66 KV. Even with limited rating of say 60 to 100 MVA, they are suitable for a

majority of applications in rural areas.

1917 Switchgear Components
The following are some important components common to most of
(/) Bushings ‘ (/) Circuit breaker contacts
(i) Instrument transformers (/) Bus-bars and conductors

() Bushings. When a high voltage conductor passes through a metal sheet
or frame which is at earth potential, the necessary insulation is provided in the

form of bushing. The primary function of

the circuit breakers :
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Fig. 19.13

The failure of the bushing can occur in two ways. Firstly, the breakdown may
be caused by puncture l.e., dielectric failure of the insulating material of the
bushing. Secondly, the breakdown may occur in the form of a flash-over between
the exposed conductor at either end of the bushing and the earthed metal. Fig.
19.13 (i) illustrates these two possibilities. The bushings are so designed that
flash-over takes place before they get punctured. It is because the puncture
generally renders the bushing insulation unserviceable and incapable of
withstanding the normal voltage. On the other hand, a flash-over may result in
comparatively harmless burning of the surface of the bushing which can then
continue to give adequate service pending replacement.

® Circuit breaker contacts. The circuit breaker contacts are required to carry
normal as well as short-circuit current. In carrying the normal current, it is
desirable that the temperature should not rise above the specified limits and that
there should be low voltage drop at the point of contact. In carrying breaking and
making short-circuit currents, the chief effects to be dealt with are melting and
vapourisation by the heat of the arc and those due to electromagnetic forces.
Therefore, the design of contacts is of considerable importance for satisfactory
operation of the circuit breakers. There are three types of circuit breaker contacts
viz.

(@ Tulip type contacts. Fig. 19.14 () shows the Tulip type contact. It
consists of moving contact which moves inside the fixed contacts. At
contact separation, the arc is generally established between the tips of
the fixed contacts and the tip of the moving contact as shown in Fig.
19.14 (ij). The advantage of this type of contact is that arcing is confined

@

: ¢ 3:&_
gy ‘Moving Arc
Fixeg " contact
conlact .

(1) : ()
Fig. 19.14

to the regions which are not in contact in the fully engaged position.
®) Finger and wedge contacts. Fig. 19.15 (/) shows the finger and wedge
type contact. This type of contact is largely used for low-voltage oil

cireuit breakers owing to the general unsuitability for use with arc control
devices,
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© Butt contacts. Fig. 19.15 (/i) shows the butt type contact and is formed by
the springs and the moving contact. It possesses two advantages. Firstly,
spring pressure is available to assist contact separation. This is useful in
single-break oil circuit breakers and air-blast circuit breakers where
relatively small “loop” forces are available to assist in opening. Sec- ondly,
there is no grip force so that this type of contact is especially suitable for

Moving
contact

Retaining Leaf Spring

device
Butt stationary
contact
Moving
contact i
(i0)

()

Fig. 19.15

higher short- circuit rating. ‘

@ Instrument transformers. In a modern power system,
very high voltages and carry current of thousands of amperes. The measuring
instruments and protective de- vices cannot work satisfactorily if mounted
directly on the power lines. This difficulty is overcome by installing instrument
transformers on the power lines. The function of these instrument transform- ers
is to transform 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.

() Current transformer (C.T)

() Potential transformer (P.T.)
The primary of current transformer is connected in the power line. The

secondary winding provides for the instruments and relays a current which is a
constant fraction of the current in the line.

the circuits operate at

Load
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