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is drawn between the beaker contacts. The arc is extiuguished ir! Lhe‘c%rcgﬂ,-breaker by
e Alict;;)k techniques. The current reaches final zero as the arc is extinguished.
| su 2 8,
HE TRIP-CIRCUIT | | .
2.3’ T 9.1 illustrates the basic connections of the circuit-breaker control for the opening operation
Fig. 2.11 5

High-voltage A.C. Circuit-Breakers

1. Cirenit-breaker
8 2. Relay
3. Trip coil of c.b. (Shunt Release)
The fault clearing process—Types of circuit breakers—Circuit-breaker assembly—Operating 4. Trip circuit
mechanism—Materials—Summary 5. Battery
6. Relay Contacts
2.1, INTRODUCTION { 4 7. Potential transformer
8. Current transformer
In this chapter, the constructional aspects of circuit-breakers have been briefly discussed. T a Auxiliary switch contacis
theoretical aspects regarding transient variation of current and voltage, arc extinction process ap x Protected element.
the various of circuit-breakers have been described in detail in subsequent chapters. ! 5
The circuit-breakers are automatic switches which can interrupt fault currents. In some a) Xi It )
plications like single phase traction system, Single pole circuit-breakers are used. The part of th Fig. 2.1, Simplified diagram of circuit-breaker control for the opening operation.
circuit-breakers connected in one phase is called the pole. A circuit-breaker suitable for three phas B

. : rs in the protected cireuit,
system is called a ‘triple-pole circuit-breakers’, The Protected circuit x is shown Ey &asﬁ:&agse;\:(’}m:{; ::} ;a;?;tcz;il; o (6) Gttt DowaHom
Each pole of the circuit-breaker comprises one or more interrupters or arc-extinguishing chanthe relay (2) cor}nected to th'e C'II; (E ,B e t:; trip coil of the circuit breaker (3) is energized, the
bers. The interrupters are mounted on support insulators, The interrupter encloses a set of fixathe battery () in the trip circuit (4). As tuated and it operates for the opening operation.
and moving contact. The moving contacts can be drawn apart by means of the operating links (gjrcuit-breaker operating mechanism is ac
the operating mechanism. The o

perating mechanism of the circuit-breaker gives the necessary ene pyxiliary switch is an important item in the circuit.
gy for opening and closing of contacts of the circuit-breakers.
ying contacts is interrupted b

The are produced by the separation of current carr Yy a suitably 4 RECENT ADVANCES I
medium and by adopting suitable techniques for arc extinction. The circuit-breaker can be classifie Befure 10708 in medium voltage range and high voltage range, air-break, bulk-oil; minimum

on the basis of the arc extinction medium., oil. air blast circuit breakers ruled the world market. During 1970s vacuur:tg?;l;ebg;z‘;ks:z;;;s
2.2, THE FAULT CLEARING PROCESS introduced for applications up to rated voltagesvot; 3(:;; I';:’] img: péqut;:;es tl:late'd ashel et
3 3 o V. ™ -

During the normal operating condition the circuit-breaker can be opened or closed by a statio V"¢ _mtmduwd fo ety vul;gg;:f f;\oar::}f ].:v:]s *Zmd rated vulfﬂgﬂs in the system have increased.
operator for the purpose of switching and maintenance, During the abnormal or faulty condition Were mtroducled for 12kVto 7 il breakers, air-blast breakers have become obsolete. However
the relays sense the fault and close the trip circuit of the circuit-breaker, Thereafter the circuil ** The bulk-oil brcs}kerlf 2 m‘!“ggm} ;:talla;;iﬂﬂs ,during 1990s.
breaker opens. The circuit-breaker has two working positions, open and closed. These correspon You Will find them in the existing b kers are maintenance-free and of superior switching per-
to open circuit-breaker contacts and closed circuit-breaker contacts respectively. The operationg  The vacuum breakers and SFg brea sidaie tching duties in new installations. In low voltage
automatic opening and closing the contacts is achieved by means of the operating mechanism d formance. They are now preferred for various swi c] tﬁe rmarkat;
the circuit-breaker. As the relay contacts close, the trip circuit is closed and the operatin range Air-break circuit-hreakers and confactors rule fi sed on in various switching
mechanism of the circuit-breaker starts the opening operation. The contacts of the circuit-breake During 1970s and 1980s, the research qnd ficvelqpment w!as Ocu:\of\"acuum/SF - od HVDG
open and an arc is drawn between them, The arc is extinguished at some natural current zero ¢ phenonlen;. switching overvoltages, short-circuit testing, developmen 6
a.c. wave, The process of current interruption is completed when the are is extinguished and the CBs. SF.. GIS ;
current reaches final zero value. The fault when the arc is extinguished and the current reache S 3 A T ere totally revised with the introduction of TRV concept
final zero value. The fault is said to be cleared. The process of fault-clearing has the following se ~ The Standards Ons‘}:irctulti:};;?: tzrsii\:g laboratories with synthetic testing facilities were built
Huones: and rigorous testing. Short ¢ , -Fren. gl + circuit breakers and compact indoor

— Fault occurs. As the fault occurs the fault impedance being low, the eurrents increase an it Various countr 188, REh.ab]e’ {?émtena;l‘:e]-l:;iel;f;::‘;:ﬁ_l:; :rl]?installed in India for various rated
the relay gets actuated. The moving part of the relay move bec,ause of the increase in the 516 Gas Inaulateid Substa[t mr}a{sv((r Saren
operating torque. The relay takes some time to close its contacts. voltages from 3.6 kV to 420 kV.

— Relay contacts close, the trip circuit of the circuit-breaker closes and trip coil is energized

— The operating mechanism starts operating for the opening operations. The cir

‘cuit-brealker + Fault MVA = VB xVxI where V is the service voltage in volts and [ is the fault current in amperes.
contacts separate. 10%




into low pressure system over the a
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In low voltage range air-break circuit breakers/contactors ; miniature circuit breakers, moulqg
case circuit breakers and solid state s

witching devices, HRC fuses have been developed to meet thi
requirements of control gear,
The Circuit Breaker technology has matu

red and circuit-breakers are available for every fay||
level®, rated voltage™* and switching duty in power system,

2.5. CLASSIFICATION BASED ON ARC QUENCHING MEDIUM

The a.c circuit-breakers can be classified on the basis of rated voltages, Circuit-breakers beloy
rated voltage of 1000 V are called low voltage circuit-breakers and above 1000 V are called hig
voltage a.c. circuit-breakers.

The type of the circuit-breaker is usua

lly identified according to the medium of arc extinctio
The classification of the cireuit breakers based on the medium of arc extinction is as follows:

(1) Air break circuit-breaker/Miniature circuit-breaker.

(2) Oil circuit-breaker (tank type of bulk oil)

(3) Minimum oil circuit-breaker,

(4) Air blast circuit-breaker,

(5) Sulphur hexafluoride circuit-breaker,

(6) Vacuum circuit-breaker.

Each circuit-breaker will be stu
breakers employ various techni
carrying contaets. The mode
interruption’,

High Resistance Interruption,
lengthening and cooling it to such and

the arc and the are gets extinguished.
d.c. circuit-breakers.

Low Resistance or Zer
natural current zero of the

rapid build up of dielectric strength of the contact sp
circuit-breakers. HVDC circuit-breakers employ ‘art

Each leading manufacturer of circuit-breaker
for every voltage class. (Ref. Table 2.1), The const
type (arc-quenching medium), voltage rating and structural form,

Air-break Circuit-breakers, Utilize air at atmospheric pressure for arc-extinction (Ref, Ch, 5),

Air-blast Circuit-breakers, Utilize high pressure compressed air for arc extinction (Ref, Ch, 6)
They need compressed air plant.

(Single pressure or Double Pressure),

died thoroughly in the subsequent chapters. These circuif
1ques to extinguish the are resulting from separation of the cu rrey|
of arc extinction is either ‘high resistance interruption’ or ‘zero-poir|

In this process the resistance of the are
extent that the system voltage is no longer
The technique is employed in airbreak cire

is increased by
able to maintaiy
uit-breakers ang

o Point Interruption.

In this process, the are gets extinguished g
alternating current way

e and is prevented from restriking again by
ace. This process is employed in almost all a!
ificial current zero method’,

develops two or more types of circuit-breakers
ruction of the circuit-breakers depends upon ifs

breakers, Utilize Dielectric oil (Transformer oil) for are
arated inside a steel tank filled with

SFg Circuit-breakers. Sulphur-hexa-fluoride
— Single Pressure puffer type SF*
is filled with SFg ga
for are extinction ig

gas is used for arc extinction, There are two types |
6 Circuit-breakers, in which the entire circuit-breaker
s at single pressure (4 to 6 kgf/em?). The pressure and gas flow required |
obtained by piston action,
— Double pressure type SFy Circuit-breaker, in which the gas from high-pressure system
is released rc during the are quenching process.

+ Fault MVA = \Ié’—yg where V is
16"

** Rated Voltages of eircuit-
245 kV, 420 bV, 800 kV, rms ph.

the service voltage in volts and [ is the fault current in amperes.

breakers refer to
to ph.

higher system voltage e.g. 3.6 kV, 12 LV, 36 kV, 145 kV,
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e Table 2.1 Comparison of Cil‘cui_t-brenkers B B -
e edi Voltage-Breaking Design Features Remarks
#Fﬂ_._q‘ype Medium Capicity v I — o
oV, { H or mediu:
| adr 430-600V, 5-15-35 | Incorporates : ned for Taadia]
ﬂr-b_reak- A:l z; heric MVA recently 3.6-12 Arc_ runners arc To{ijtn;,f]:nl .C.
el s KV, 500 MVA splitters ndustria
pEETE ‘ magnetic coils civcuit-breakers.
Have current
| limiting features.
- : : :
B. | Ai Small size, Uscq for Low an
QN ntrs CE. A;r o heric Lk current limiting | Medium Voltages.
atmospheri . .
S kv rDe::zu::nk upto 36 | Getting obsolete used
i ekRERAl | RS KV, 3 tanks upto 12 kV, 500 MVA.
" circuit-breaker oy,

fitted with arc
control devices

= ] ic oi ! ireuit Used for metal
| 3. Minimum oil Dielectric oil E’rxii;;e;r;;], for 3.6 kV ll‘]l\:ﬂ; e R

e oronier e chamber is upto 36 kV, Outdoors
separate from type between 36 and
supporting 245 kV. Now .
chamber. Small superseded by SFg
size, Arc control | CB,
device used. e

o1 i VA | Unit type Suitthe_ior a
- B"i-:.'j,i]:lsbtrcaker E‘:]%}:}r)ﬂi;ii;lzr i:i:kfl'ﬂ%slﬂ?,o M construction applications, fast
€1 ~ -

opening closing. Also
for Are Furnace
Duty. Now
Superseded by 5F
CB for 145 kV, and
above

Suitable for SFg
switchgear and

50,000 MVA several units per
o pole, auxiliary
eompressed air

system required.

5F; gas
(5 kg/em®)

One i'x_ﬁ;;;l':ptez'

5. SFgcircuit- pole upto 245 kV

breaker Single

145 kV, 7500 MVA
245 kV, 10,000 MVA

2di ltage
12 kV, 1000 MVA Medium vo age
prﬁsuie 36 kV, 2000 MVA i‘:efk eE:Hv circuit
A 420 kV, 40 kA X
SF; GIS

Maintenance [ree,

— - ; Suitable for a vaviety
F— . sindoor | Varietyof | Suitable fo

e Yacuoni Yacmim :ﬁ:ﬁﬂ;eeiﬁfnmdo designs, long life, | of ‘“Pf’rl“:at“”;‘gn"'

circuit-breaker upto 36 kV. 750 modest 3.6 kV to 36
I\'FVA d maintenance. | ,
— = ificial current | Used for Metallic
e | o ir- 33 kV, 2kA Artificia
7. HV.DC. 0il or Air-Blast | '

zero by switching | Return Transfer
Circuit-breaker

in capacitors. Brealer.

i ffer type.
i erseded by single pressure pu L -
Thl\j’ e has'rlz:z?zl?;l;kers. the fixed and moving contacts are hau’se.d‘ '1‘?;:1:}?[ lah?;:;n;?;;um)i
ealtlzg V:gﬁﬁm (i::l'lterrupter The arc is quenched as the contacts are separa
8§ .
(Ref. Ch. 9)

2.6. TECHNICAL PARTICULARS OF A CIRCUIT-BREAKER

A circuit-breaker is identified by the fuliawing particulars :
(1) Type of medium for arc-extinction.

. to
iy i 3 i r-fi quency vultage between phase
(2) Rated wvoltage. This CQI']"E‘prndS to h]gh(}bt power-ire / W
} phase e.g. 3.6 k", 1.2 k.\', 12 k\", 36 kb, 72,5 k\l', 145 1(\‘, 245 kV.
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(3) Rated breaking current
(4) Other rated characteristics, (Ref. Ch. 3)
(5) Type of construction :
—- Indoor metal-clad type, draw-out type
— outdoor type
— Metal-clad SFg gas insulated type.
(6) Type of operating mechanism,
(7) Total break-time e.g. 2 cycle, 8 cycle, 5 cycle,
(8) Structural form
(9) Additional feature for overvoltage limiting,
— Surge suppressor — Switching resistor,

2.7. ASSEMBLY OF OUTDOOR CIRCUIT-BREAKERS

The design features of an individual circuit-breaier depends upon its voltage, other ratings
and the type. The circuit-breakers manufactured by different companies may have quite different
design patterns. However, a general description of an EHV circuit breaker can be given to cover
the various types. The low voltage circuit-breakers, have different design features as the voltage,
capacity and frequency of operation is different from that of the EHV circuit-breakers, The part of
the circuit-breaker connected in one phase is called ‘Pole of the circuit-breaker’. A circuit-breaker

for power systems is called “Triple pole circuit breaker'. In single phase traction systems, single
pole cireuit breakers are employed.

Fig. 2.2, Structural forin of a triple outdoor circuit-breaker with one iterrupter per pole,

TABLE 2.2. Present Trends in Choice of Circuit-B

reakers

Rated Voltage Preferred !ype_ o i - o Rem_arks ]
Below 1 kV — Air break Circuit-breaker tMcta]—enc](}sed switchgear —1q

(low voltage) — Metal-enclosed control gear

3.6 kV to — Vacuum Circuit-breakers — Metal-enclosed Switchgear, Indoor use with :

12 kV — 8F; C.B. — Vacuum Switchgear preferred
B — Single Pressure SFy preferred
36 kV — Minimum Oil Circuit-Breaker Outdoor Type or in Kiosk MOCB becoming

— Vacuum C.B. SF; Circuit Breaker obsolete,
| 145 kV and — Minimum Oii Circuit-Breaker out door | — SF; Circuit Breaker Preferred E

245 kV* — BF; Outdoor Puffer type ~- MOCB becoming obsvlete.
420 kv*

— 8F; Outdoor Puffer type

— 8F; Circuit-Breaker Preferred.

* Puffer type out-door SF,; C.B, installed in India 1980-1981.
** Vacuum Switchgear introduced in India 1980-81.
* Vacuum contactors introduced in India 1980,

1 Capacitor Switching VOB or SF,
Motor Switching SFg or VOB with RC

Suppressors Arc Furnace Duty. VCB/SF,/ABCB
Repeated operations VCB/SF,

r
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Switchi i i } Suppressors
Switching SF; or VCB with RC . ‘ A
i Fig. 2.3 we see three identical poles of a circuit breaker aSheFr:.bvIEddor?ti:?rl::t(;"r;z:Cun-en:,
; - lgét\;aecn the poles is determined by the voltage between thfan_m:n' ue 0 3 ?n it Do qumnat
d1sta{!cfat parts are supported by dielectric materials. The current is interrup 5
wrl{:’uln ?15 arc extinction chamber (Fig. 2.3, item 3) or interrupter . S
kno' he contacts (10) are generally in pairs of fixed cunta_ct and moving cuutalzg. e,:;;zg Met-ha e
; E\::d mechanically. To achieve this operation of cl:ismg and U(T;?;ff'tﬁ: witact .w}mn G
S ‘ i “operating mechanism is to open an E
.« necessary. The function of opera tlsh ke
-l h erating mechanism may be common for the three poles or ma?f b}c S:id'[iit;\;:;l: . cnt
T] e :(l;dition to the operating mechanism, thel"e is Control‘ Ca.bu%ett;l ::_1 u:] e
Colg.‘ !l; The various control interlocking, indicating connections are throug
ubicle.
aced near the breaker. o ) ‘ N
3 Thus a complete three-phase circuit-phase circuit breaker consists of the following s
hus @ 2 L

semblies,

— operating mechanism support structure
— auxiliaries

— Three poles
— control cabinet

3

=
- e A EorX M aa A O I EEA NV RS
AN ':'\ \\i\\\\ SRV Front View i
End View
1. Circuit-breaker pole
4. Support porcelain
T. Operating rod
10, Contaets
12. Linkage

i i 3. Interrupter
F mechanism 3
él 33:;?;::' 6. Terminals
8. Insulating operating rod . 9, Frame
11. Transfer contacts between moving
contacts and terminal.

Fig. 2.3. Diagram illustrating the assembly of an outdoor circuit-breaker.
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2.8, STRUCTURAL FORM OF C.IRCUIT-BREAKERS
The structural form of a circuit-breakey
of operating mechanism etc.
In indoor, metal clag switchgear,

the three poles of the circuit-br.
withdrawable trucl. Such configuration is commonly use
15).

depends on itg type, rated voltage type of design, type

eaker are mounted on g
d for rated voltages unto 24 |V (Ref. Ch,

For 36 kV and above, outdoor circuit-b
cuit-breaker depends of rated volta,
mechanism, Circuit-breakers of rate,
per pole (Ref. Fig. 2.3) I, such
should withstang the power-fr.
Ch. 12).

reaker are prefor
g€, number of interrup
d voltages upto and 145
a structural form, the
fquency and impulse

red. The structural form of outdoor cjy.
ters of per pole and type of operating
kV generally have a single interruptey
interrupter porcelain and support porcelajn
test voltages internally and externally (Ref

identical interrupter units (el

ements) per pole, The
the rated voltage and rated b

reaking current of the
In multi-brealk type

for equalizing the voltage shareq by the i

2.9, OPERATING MECHANISMS

Circuit-breakers have t
i er cont

23
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T ireui * time e operating time be-
e ing should be fast, in order to reduce cu'cLut-bll:eaklu.l :'{mﬁ;{iﬁn&ga :;mnd, )
e iving trip signal and final contact separation is n. Mg tbis ot b
e Gfdre‘:e ]i:ng\-r circuits-breakers, In slow circuit-breakers use
i odern
e t 3 cycles . e ot
t i 5 adequate contac!
time can be ab_uu the};(mtact closure should be fast, sure without hef.i‘:lat;g;:t\lit\hv :ldiig i
While clns"‘gl'd of contact travel. If these conditions are not satlsln.l L 4 ey
pressure at thi.:g mechanisms should be capable of givingf"thi .Hp?q[f.f;] ]_il(l\:\;c gr g e
The operatl : specified in standard specification). e ; Sl ol s prs
. ; i 5 nterlocks are
f opening and closing as sp bility of the operating mechanism. The i are
theersi i i i eration and to as-
the operational tes;:e\;:::r isolator and earthing switch, so as to avotd.h\:;c;:ngl;:gan SR g en
e orrect ,sequence The functions of the operating mecha
i ac v
sure operation in | L
. 31 i sitation at
g id ans whereby the circuit-breaker can be closed rapidly without hesits
rovide me t: L ; :
(1) :ﬁ Etu-rents from zero to rated making cu:.‘r‘ent gapf:;l:lres T
ircuit-breaker in closed position by
(2) To hold the circui - |
. i receivi i signal,
rece{l‘i E)d.th ircuit-breaker to open without delay immediately on receiving tripping sig
(3) To allow the c -
reclosure cycle,
To perform the auto rec T
::; To ]Ijerfurm the related functions such as indication contro

i i "M ; -ause any difficulty.
o Cl"si r:r’i{n l:hc circuit-breaker contacts during normal ioafldoee.nz?:.‘ ; 1:; asscg rodies
Norma!l)’, clos hg ism has to overcome friction and accell_aratc he m VG mssag: Sowsvar,
S operatlpg BE,EE ::iser h:;s to close against a short circuit, additional therms
when the circuit-br .
ic stresses are involved. ‘ el o
B]ethmagnBr:n S't breakers, the arc is established prior to final cnntactd tou::il;'g‘l:o:i ; 8 owr e
. EHVP(::(;Tci_ng cauf;cs: higher temperature stresses and press::i; gut poris
A 45 sh : ; i inimi a ;
'%;fez::l:i?fcts should close with sufficient speed to mmm‘nlse‘:hzr[;lekm. T N
isti t-circuit, 2 oy
cts close on an existing shnr \ ik GO e e
tA';'If: Z?c::rﬁ:fa;?;t?c forces set-up by the making cirrctnt te]r:dc :.(: :;:S:Lgl?;:;)?which Ko
bies i ity, i.e. the highest pea :
aKing copacity, Le. { terif or depends upon
breﬂtel" Shm;ald gz::dﬂ;te;.l gni1ver; viltaze. The making capacity of tl:e circuit-breaker dep p
aker can be : log e e
:}}l\: force and speed with which the closing operation is cari'md i aveaadmmmeriaan
: While closing the cireuit-breaker, the operating mechanism s l;u : idl' erpd e S
th] ' ing forces and accelerate the moving contact assembly rapidly
come the opposi
% i ation
ing forces during closing oper . ‘ o el
=" "pf";"“: . agnetic forces between contacts, When the mtn:acﬁ-; to;]c;}:rd:_:: ﬂlgﬁihude B
(@) E e‘fl rf:ln ba netic forces appear at the instant of contz?lct t?muthe, oo mastaig e
OPeratl?n. ('l fL Imn;u'g of the current and the direction belﬂ_g Opposi ? ker should be capable of clos-
Froportlonla lglsi(}l:he breaker is closing on existing short circuit. Breake
orces are lar; : ‘
. s "eircuit-br y ned by spring
. {(Jg)l::w:'t mrc;](t)lp(.rating spring. The moving contacts of circuit-breakers are opened by sp
ction o 2 ing. ! co |
ressure. While closing these spring oppose the closure. Stk i i S beion
pre (c) Il:lertia of mO\;ﬂble subassembly. The ml:_};r}?hle p‘a‘r:'.fs‘ t?lr:‘; e e o sension
ing li ing mechanisms, ete. The mass ) se sub-: s e
md};ﬁiﬁziﬂ% }IJ]:}e};Skgf:; p;;ﬁ?hiir inertia tries to oppose rapid acceleration. In 1
in <] ; : ppo
e s e iOSSﬂ:)l:l 8Fg gas. The movable sub-assembly has
i ch as oil, 8Fg . _ _
sing forces due to medium su : : i e
to (dje(?: }:i‘i)(.lecg'ic medium which is, in some cases, compressed air/gas/oil at high |
move 1 3
density.
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24 SWITCHGEAR AND PROTECTYq HIGH-VOLTAGE A.C. CIRCUIT hanisms are called independent operating rr;]euhaﬂ;bll{s ?: '-.
TP ating mechan o egn iEGR *h mechanisms y
| The total forces of the operating mechanism should be more than the sum of the ahove mey The gtored bge: iyo;yc%;:;ﬁf;t}' 0% power supply or th_e 5k1]1'oi the ‘;‘I:;;;:lmg.aii;lt;?alliiﬂ oil. I|
| s i i ﬂrigl; f:ssli:nil for closing in stored in a charged spring or in comp:
(e) Frietion. Static and dynamie, the energ
_ 2.9.2. Opening Operation (0)
|

is = in a lgh vnltnge
e 2 mechanisms are use

d ener type mdependent automatic opel'atm mech m 3 d in all h

Stor BY Wyp

lassified as follows :
Y 0 MVA. These can be classi
The opening operation is significant in the fay]t. sirenit-breakers above 20

clearing process. As the trip coil is energizg
the opening operation is initiated. The ener

: hanism.
: - sened, spring closed Mecl ;
£y required for the opening operation is obtained frop — gpll‘mgigl cioseci spring opened Mechanism i
: : en )
. one of the following methods : — 30 . ot | i
: b i , : draulic Mechani
— Opening springs charged during the closing operation — Hy : i te. : losi
; tic Mechanisms e . Jhani : opening and closing
— High pressure hydraulic oil stored in accumulators i Pne?mao rened Spring closed Mechanism. In such a mechanism the op g
— High pressure compressed air stored in auxiliary air receivers, ("')_ Spr':lf acll;ic\"ﬂd by means of separate springs. b delvens goar Whn:dioaiie .
| The functional requirements of the opening mechanism are as follows: OPQFRtIGHT sing spring is of higher energy level and is Char.geﬂt?f:;:(f igrclosjng the moving contacts i
| (1) To accelerate the moving masses incl uding contacts and linkages rapidly to achieve desire ! Tll; ei:;iven to the closing coil, tl‘-e_closing sgxrmﬁl erfrfgi: g operation, the opening signal is given i !.
opening characteristic (Fig. 2.6) SI?:ISO for charging the opening SPELSS, Eugmid tTlepenel‘gy of the opening spring is r_e]eased to b
(2) To achieve desired speed of contact at contact separation and during the opening stroke (§ an sip-coil. The movable system is un!ﬂtc ed anc liy charged after each closing operation. Hence
bt salsl ttl’:: o the Iupening The closing spring is automatically
5), obtain 5
(3) To damp the speed at the end of the travel by dampers,

The forces and energy should b
Opposing forces during openin

la) Electromagnetic forces d
tacts to movable contact is illusty

i 3 ; are provided for damping the
= ilable for reclosing the breaker. The 011_-da:,hputa. are ?:]3]“1 iyt
e 3]“’3)"3‘3"5} f opening and closing strokes. Springs ha‘velmalx psim ok o
o bcg‘mnmg;) ’Ug rcdt?ces at the end of the travel. This IS‘dISE varé aglectmmagm:tic
e of trﬂ\'];l tingp?nein?‘;nd closing operations are initiated by high speed,
operation. Bo

e adequate to overcome the following:
g operating

ue to contact-grip, The current transfer from

i = 2i ounted in-
i ned air-receiver m
compr essed air lecluil ed for the clnsmg operatlon is obtai from a local
side the mechanism cubicle., Dur Ing the clﬂsmg Stt()ke, the t]‘lp])ll'lg springs El]'l'lz C!IEFﬁEd. I\.]IL’ tllp-
pllng Spring 1s released h}" a latch operated b high eed electr magnetl E1Z Ie rip coi
i P ¥ ngn sp 0 tic energized by th .t, 1
losi P ration is initiated b operatmn of a solenoid opemted pneum tic valu » which admits
The clos ng ope! t Yy a lue hich admit:

l

|
. " L sed spring-tripped ‘
fixed finger-cop. operated latches. . chanism. Pneumatically closed spring _
‘ated in Sec. 8,9, The finger contacts are spring-loaded and thej (b) Pneumatically-closed ?prlng'ope“ﬁﬁnﬁﬁn oil circuit breakers and SFg c1rcu1t-.bl'f-‘21kf—""5- :l
Erip oppose the movement of moving contact, During the short circuit condition, the electromagnetis mechanism are used for extra-high vt)ltilg‘_3 mi d by means of pneumatic cylinder and piston. The [
_fnrces tend to increase the grip of the finger-contact assembly. The forces of contact grip increases In such mechanisms, the circuit breakers is closed by |
In proportion to square of current Hence it is significant during higher short-cireuit currents.

(b) Friction. The various

operating links, bearing surfaces mating surfaces b
ic friction, The fy

surfaces, configu
ntact which may

and fixed parts, etc, offer stat.
friction, smoothness of mating
the initial speed of moving co;
circuit-breaker to quench the

etween movablg
the coefficient of
iction can reducg

ictional component depends upon
ration of moving parts ete, High fr
result in disastrous consequence

Kt ided i atic eylinder. »
: =i day s provided in pneuma . b
- : ir into pneumatic cylinder. Damping i ;i ing operation »
e of failure of the the zt);’nspt‘;assed_ t:‘1::10::;@dpsprirtg.olzuamad Mechanism, In su;h mfchaum]r;xizl;aailsoes;nti : (213’]} o L
' ¢) Solenoid-c . e ; When direct current is pas
v e direct current.
) (e) Inertia of movable parts. Energy in the operating mechanism is utilised in accelerating the is obtained by energising a solenoid by di
movable sub-assemblies to required speed,

(d) Opposing forces dy

Il th lunger sets into motion the link mechanism resulting imn
liel ’ plunger is attracted. The P g 1 1

solenoid e

ric oil bI‘S f_—‘.'ElSJ itself

i i lenoid has
i i g ring the closing operatmnl. So ha ]
. ‘closing of the breaker, The opening springs are ck]}]al ge:ef;:d agnd e et e |
g .medmm. W o o o i ¢ g oy maximum force of attraction when plunger is fully in |
ntial opposing forces to the movement, advantageous in closing operation.

1e to quenchin
may offer substg

The SI)IEIIUI(] requires d C, 8 upply Wil t es from batte Y or rectifier. The solenoid is sup-
hich it takes from ba I
pl]!‘.d at 110 or 220 V d.c. The curr ent taken b}" solenoid is 1'elat1\rely hlgh Solenoid mechanism can

|
be suitable for auto-reclosing.
2.9.3. Closing followed by Opening Operating (CO)

The rated operating sequence of

s ircuit-breaker. | | H.
Solenoid operating mechanism is a separate unit mo}v;mt?d ugne tl‘l;hfi'rcf;nitnoaﬁl: ::]t : irl1to o l
sy - ts the unger [ i
the circuit-breaker (See. 3.19.8) demands the operation ‘CO’ When current is passed thf‘?ug}‘.' th?ﬂi?iinzi-dbi:}i:‘: PRy ’ 1 l 1
; } » o1y, . E : ¥ clos ! i inpi i
The operating mechanism should haye enough stored energy and capability to perform CO opera- the link mechanisms relsultmg. o held in latched or toggled position, When the tl'lppl_ﬂi .slgnae il
tion and rated operating sequence under short-circuit condition, When the breaker is ':IIDSEdé . 13 tlfe breaker opens by spring action, Generally the links hav | [
& is received, the latch is released an il
2.94, Typfas of Mechlamsxlns o three positions—tripped, reset, closed. d medium voltage circuit-breakers. [ .
The operating mechamsmls In circuit-breakers are gither ‘dependable’ or ‘stored energy type’, Solenoid closing mechanisms are used with low x:oita_ge an hm i SR A i L b M b | ll
I?egendt;:‘ﬁ operating mgchamsms depend on continuity of power supply or manual forces during On BHV circuit—in‘ eakers, the power requirement ni Ta-enmd mechan !‘
closing. They are accordingly callebd as : 50 kW in some cases). Hence they are not preferable.
— dependable manua] operating mechanismg
— dependable power mechanisms,

i i is re preferred in [ ’

i i ism. Pneumatic operating meclw:anmms a sl |

i Operatgng Melc?a:\lrgﬁsbfl,: i.e. where air blast circuit-breakers are installed, | |
stations where compressed air supply is |
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Air blast circuit-breakers are invariably provided with pneumatic
operating rod is linked with the piston in pneumatic cylinder in the
mechanisms.

operating mechanisms. Ty
control cubicle of the operating

Compressed air at thigh pressure is used for closing. High
receiver of the breaker, The air comes in the reservoir from the com
the air at high pressure (18-30 kgf'/cmz) is admitted in the pne
is pushed by compressed air. Thereby the levers move the closi
matic operations are achieved by means of solenoid operated p

In SFg circnit-breakers spring assisted pne
closing.

pressure air is stored in the gj
pressed air system. While c]osiug
umatic cylinder. The closing pistop
ng operation is obtained. The autg
neumatic valves,

umatic mechanisms are preferred for opening ang

In air blast cireuit-breakers the high pressure

air is admitted in are extinetion chambers, The
moving contacts are pushed against spring pressu

re (Details in Ch. 6).
Pneumatic operating mechanisms require the auxiliary set up for the supply of high pressurg.
air,

In some hybrid-operating mechanisms, the pneumatic pressure is utilized to charge the c:]r:sin‘;{E
spring. Then the stored energy of the spring is utilized for closing the breaker. Such operating
mechanisms are called pneumo-spring mechanisms. ;

(e) Hydraulic mechanisms, The hydraulic
ponents:

system comprises the following essential conpl

i
[ ]
— motor driven hydraulic pump, accumulators

— Hydraulic valves and piping
— Qil tank

i
:
|
!
— Hydraulic cylinder, piston, ete.

The oil is maintained high pressure in the accun
be moved with high pressure by opening of hydrauli
the accumulator into the cylinder, This movement is
circuit-breaker contacts,

During opening,
tained.

nulators (300 to 350 kgf/em?). The piston can
¢ valves and letting in the hydraulic oil from
utilized to operate the links so as to close the

the high pressure oil acts on upper area of piston and opening stroke is oh-l

2.10. INTERLOCKS, INDICATION AND AUXILIARY SWITCH. (Ref. See. 26.3)
Interllocking devices are those which male to operation of the switching device dependent upon
the positicn or operation of nthgr equipment. Interlocks are provided as a safety measure against
erroneous operation of a switching device. The interlacks are of the following forms: Electrical In.
terlock, Mechanical Interlock,

Electrical interlock can be used between remote equipment, mechanical interlock can be
provided for the operating mechanisms of the two ad

! . ms ljacent equipments, The electrical interlock
compriges coil and bolt. When the coil is energized, the bolt is drawn by magnetic attraction and
the interlocking is achieved, Interlocks are provided between circuit-breaker, isolator and earthing
switch to ensure the following sequence : !

While opening

— First to open: Circuit-breaker

— Then the earthing switch (if any) to close

While closing :

— Open earthing switch

— Then close circnit-breaker,

This sequence must be followed because Isolators are no

not have breaking capacity, nor do they have makin £
and closing duty,

— Next to open: Isolator

— Close isolator

load disconnecting devices. They do
capacity. Hence breaker performs the opening

indicati ice indicate i the switching device is in 'open’ or ‘closed’
; r indicating device indicates whether the swi : i e 1
,{Pd“;.lfglriﬁdication is available on the glass—wmdo\.lv 0;1 t}}ecrl:pnf;nl c::;b::ll)lizlr:;,:g ll;ger:::z?!tc;f
position. arked open close, One breaker panel, the indication is o tained by mea:
in l.m-m"I(‘)lfuas ﬂf{;gnl‘]nthe coniﬁ‘o] room, the operator can know the position of circuit-breakers and
g 4 ¥ 2] in installed in control room).
: reaker Panel in installed in ¢ ] N ‘
1soia;or:-ilfiﬁl.y switches have standard number of pairs of coutl-;mt&': (6, I&:,]}m. kAL;mIII;a(: ircrvl;(t]z};tll;a;s
. ; i " corres i he position of the circuit-breaker. : ¥
o ‘open’ and ‘close’ corresponding to the pos circuii-reaker. Jn wack: po .
i pcstliili(;?:r; I?:ircuits are opened and some are closed. The auxiliary circuits serve several pm
some &
= i i g K5 £ ]
pasesl?l;;}:i?cation. Breaker open or closed by lamps, near circuit-breaker and at a remote place.
: Electrical Interlocks. The breaker is interlocked electrically with lsqatm‘s. Tth;: connec-
@ tioné to solenoids in operating mechanisms are made through the auxiliary switch.
(3) Connections for relaying, auxiliary cireuits of operating mechanisms.

The various terminals are connected in a terminal blocks in the operating cubical.

2.11. CIRCUIT-BREAKER TIME (TOTAL BREAK TIME) (Ref. Sec. 3.19.23)

Fault clearing time is the sum of relay time and circuit-breaker time. Circuit-breaker time is
3. [ &
& callc.d ti}jﬂtlail.lll;;‘ill‘e::?zfg of extra-high-voltages transmission lines improves Fhe power S_‘,"S.I:EI‘E'I
btllrge lfIPe:nce faster relaying and fast circuit-breakers are pref‘erredﬂ for nxltrf—hlgh-vol tage trans-

o y.l'nes the circuit-breaker time being of the order of 2.5 cyr;lcal, 2 r?yc,_h.s. e .
mlssil‘on. d]istrihution system such a fast clearing is not necessary. Discrimination is obtained by
gradeﬁl time-lag. Hence Slower Circuit breakers, 3 to 5 cycles are used.

Remember the Time Events :

[Fault clearing Time] = [Relay Time] + [Circult-bn?akgr T!tne]_ l
[Relay Time] = [Instant to fault) to [(Ellnsure of '?.h_p C{l"cult
{Circuit Breaker Time] = [Closure of Trip Circuit] to [Final Arc Extinction]

= [Opening Time + Arcing Time]

Relay time is the time elapsed between the instant of occurrence of fault and instant of closure
frelay contacts i.e. closure of trip circuit, ) o
: Cifcuit-hmaker time is the time elapsed between the instant of closure ot tlnpdufu.}ut 1:r}dt1:1h(3
instant of final current zero. Circuit-breaker time is the sum of time rr]:qun}-le 01 nlpé,;gnh:g
mechanism to open the contacts and the arcing time. Total break time is equal to the sum of of
Lime and the arcing time. ) i » .
Thus the fault clearing time is elapsed time between the instant of occurrence of fault and the
instant of final arc interruption. ‘ . -
The circuit-breaker time is of the order of a few cycl_es. an cycle eqlLlEllb 1;’20 se;o;rr‘lsc 12133
cycles per second system. Circuit-breaker time o{‘EHV‘clrcmt-bl'eakcr of the order of 2.5 cycles.
Cireuit-breakers of time more than 5 eycles can be considered as slow.

2.12. AUTO RECLOSURE (Ref. Sec. 44.5 and 44.132)

Many faults on overhead transmission lines are transient in nature. Statistical ev1(le|‘1cz:dt‘:ltuluws‘
that about 90% of faults are used by lightning, birds, Vim.as’ tll-ee branches ete. Tl?eset(},lunl_l 1‘0;::51
result in arcing faults and the arc in the fault can be extmgu.lished by de—cnergxfﬂ.n}f{ 1'e “;'.;wz
simultaneous opening of circuit-breakers on both ends of the line or on one end o ‘_t ‘e_;rll)c. :k-\;‘g
the cause of transient faults mentioned above disappears after a short time the LII“(.L{] A 'mdd L:fq
can be reclosed as soon as the arc in fault has been extingu;shled _ancl the pa_lth I}l.abi wgau_le‘ ’I i\
dielectric strength, Reclosing of lines restores the supply continuity of service is tu_l.{ltp:-‘]l?)}m-i:;n
vantage of Auto-enclosure. If the fault is transient one the normal condition is restored by :
reclosure, :
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[ Paitowm

[ Breakertrips ]
[ Broaker Rectosss ]
T\
If fault persists — —0R—

If fault is cleared
[ wiws oren | [ REMAINS ciosEp |

Sequence of Auto reclosure for EHV, bulk of power transmission lines

High speed tripping and high speed reclosing improves the stability of power system®, Hepy
the circuit-hreakers and relaying on EHV lines are provyi i sing feature, Testy o
high voltage systems have shown tha

Fig. 2.5. . Single Shot Scheme,
B

HIGH-VOLTAG

t a reclosure in 12 cycles (0.24 sec) ie
depending upon the time necessary to dissi

The Auto—rec]osing of EHV lines i
tempted.

2.13. AUTO RECLOSURE oF EHV CI

The timing of EHV Auto-reclosure
— It is a single-shot Reclosure,
— the arc in the fault
the order of 0.2 gec
— the operating mec
Looking Fig. 2.6 the

should de-ionise b
onds is provided
hanisms of ¢.h. to
following sequence

efore allowing reclosure, Hence certain "Dead Time'

between Opening and reclosing of C.B,
open and to close ag per des
can be obseryed:

Table 2.2

ired operating sequerce,

(Refers to Fig. 2.6) (Ref, Sec. 3.19,23)
. ___h_TEe in = ) e -
Sequence  1/100 Operation Remarks
Second
' _'_i'_'_t)_'_—_l?sﬁc_oéc?rs— o __——__C_jrcuit-b_rt;;;;Tlc;aI Protective gear starts operating,
2 0-4 Relay time Fast relaying
3 4 Trip circuit closed Operating mechanism starts to open.
4 4-9 Opening time of breaker
5 9-12 Total break time Breaker is of 4 cycles
6 12-36 Dead time 12 eycles for deionization. OB remains open.
T 27 Contacts start closing
8 36 Contact touch for reclose
9 40 Circuit-breaker reclosed Will be opened again if fault persists and will lock-open.
10 Single shot is co

mplete, the cirenit-breaker

will remai
rsists and will remain lock

again if fault pe ed-open,
SR e

n closed, if fault has vanished CB will open

* Rapid Au!u-rcc]using: For weakly interconnec

ted systems,
interconnected systems, (Ref, Sec, 44.12)

Delayed Auto-reclosing: a for strongly
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i se si sously. ‘
lh ends of the line should reclose mmultam,' : 13; e on several aspects .Smh
i ]t'm ‘for arc space in fault on overs-hcs;ld i;rlu : \,Sjnd L Sl e
o saation time : length of line : pacing of con
e e of ‘rent, service voltage, omclica, WASdE
= agnitude of fault current, is based on rated voltage I foloy
as magnitu i time allowed is base ‘ ga of it lh o llome:
e (-"3“;"311)'[:231(] be capable of withstanding the il;r;]tll :.;(ily'; iy
s onit-breakers s be ity 46! i e
— The circuit * isting short circuit. ssure She Seseit o
they are rcclasmg'on an ?ﬁng t?m.-eby there is a r'cduct?rmdm ih:-, i i S
o hrs’l";l"?peeu.pcc;: should be taken care of while desig)
i is as
equent opening. Th :
::.:‘;I:Zl‘)zle for auto-reclosure,

& ites Rated voltage of C.B. (kV)

TGS

_M:'m'mum Deionizadion time
Transmission line (RV)
Valtage of Transn

necessary, Cycles —
4 ——
- 66 72.5 X |
6
; 145 o !
32
N 245 " |
. ]
- 420 e W
400 *

33kV)
UTO RECLOSURE FOR DISTRIBUTION LINES (upto
2.14. A

's is relatively
aci seni conductors i ¢ |
bution overhead lines are used. The sl:mcmt‘rir Ef:,‘;;;] Sk o e
: 1stribution s e | e
e : i s ] dure was to reclose ¢
istur e on such lines gen as Bpuihed o
iy dlt}tu;)%)ﬂ{"; improving the continuity of service. The u I
-efore, suitable 11 oBE o
th?: ?:pll?eai(er three times between 15 to 120 se
cuit-

SHORT CIRCUIT

INSTANTANEOUS —
TRIPS TIME DELAY TIME DEL
CLOSED ‘
Sh LOCKED
OPEN | SEC 1 SEC 1 SEC el

Fig. 2.7. Auto T eofa V c.b. for rural tribution.
uto reclosure cyel 12 kV e.b. fi distry
E. 4.0

‘eby
ins The attendant therel

‘e, i ; and remains open. g
. 2 hird reclosure, it opens amgin B Bl p
It the b:'eal{({r u 1S nﬂ?r thzztland sends electricians to locate ‘}nd :1(]3; ; E’ca;\;es_ oot
e Te'ta}llllt;:rzf:zgl fr? Fig. 2.7, but the sequence may vary in o

reclosure cycle is illu ; . Fig. 2.7, : .

:i:cmore faz:uured in modern distribution systems

TF RCUIT-BREAKERS
2.15. WEIGHT OPERATED RECLOSING, POLE MOUNTED CI

1 sses over a pulley
1stri i An endless chain paa_se.s dard
ircui 5 P d in rural distribution. . the side of the rea
S“Clnl 01“Cl‘n‘t'break?nr° we']lf\ usﬁle operating shatt is broug‘(‘it uu:ﬂ . :::rd.;e the breaker is derived
on the end of a _oper_ntl _gshhc s .t(I} the chain., The energy r?q:ured 011. thp‘o g fabpidbe;
top plane. AWEIE{"hit]'IS ait&::tj ravity o timing med et ooakente thia
from the weight fa ing du gra . The timing hanism con !
30 sec.)
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2.16. TRIP-FREE FEATURE

Suppose the breaker has been instructed to close by manual instruction by pushing of pugj
button. The operating mechanism will start operating for closing operation, Meanwhile a fault hag
taken place and a relay close the trip circuit of the breaker. The Trip-Free mechanisms, permitg
the circuit-breaker to be tripped by the protective rela y even if it is under the process of closing,
This feature is called Trip Free feature, Another feature of operating mechanisms is to preven|
‘Pumping’, i.e. alternate tripping and closing if the closing button is held closed during a fault.

In oil circuit-breakers and puffer type SFg circuit-breakers, the contacts should be allowed g
touch during the end of the closing stroke before the start of the opening operation.

2.17. MATERIALS

The materials are important in switchgear manufacturing, N ormally all the incoming materialg
are tested in the factory before acceptance, The manufacturer maintains with him all the necessary
standards of material specifications,

Currents Carrying Parts

These include contacts, contact stems, flanges bus-hars, bushing-conductors connectors ete. The
design of conducting parts is based on the following requirements:

— temperature rise during normal continuous current,

— temperature stresses during short-time current. (rated duration of short-circuits)

— mechanical stress during opening and closing operation.

— mechanical stresses due to electromagnetic forces under short-circuit conditions.
Insulating Parts

These include interrupter—enclosures, insulating supports for interrupters, supports to bus-barg
insulating pull-rods connecting the operating mechanism to the moving contacts, insulating tubes
enclosing the arc-control devices ete, :

2.18. DESIGN AND DEVELOPMENT

The development of a new circuit-breaker comprises the following major activities (Ref. Sec,
12.3).

(1) Research. The research on arc quenching technj
cal stresses under various switching conditivns, design
ried out in research laboratories.

ques, various thermal, electrical, mechani-
principle for are quenching ete. This is car-

Table 2.3 Material Used in Circuit-Breakers and Metal Enclosed Switcl

gear, Controlg

Remarhs

Muterial Applications

L. Porcelain Enclosures for Interrupter suppnrt: Cumpr:s:‘iuu stren;th 6000 kg/em®,
% Procelain

i s;ppor‘t for bus-bars Tensile Strength 3000 kg/cm? Ceramic
msulating tubes solid rods ete. material made by firing clay, glazing and

firing again. Suitable for outdoor use.

3 = 0 " . T 3 _‘___- . R 4

bupgortl Insulators for indoor| Used in solid form, Obtained by maxing
applications, enclosures covers| with suitable hardener and curing a
encapsulation ete,

2. Epnxy'fiesin

suitable temperature, suitable fillers
used. Not suitable for outdoor use.

Insulatin_g drive rods, insulating| High _Lcnsile_s;r:ngth, withstand
tubes for interrupted pressure, dielectric strength.

E_'Giass?lbre reinforced
synthetic resin
4. Polytetra
flurcethelens PTFE

Nozzles for SF; Breakers, bearings,| Low friction; are resistant; can be
Piston rings ete, moulded/machined. Pure PTFE is

insulating used with various filters,
—— | ’"éWnting used with var i

HIGH.VOLTAGE A.C. CIRCUIT-BREAKERS

f?at(eriﬂi

Applications Re_mm'ks

Bus-bars Main contacts conducting| Ref. See. 17.16
parts, terminals )
Busbar, conducting parts, casting,
terminals Enclosures of SFy GIS,
Enclosures of busbars Eclosures of
busduets

5. Blectrolytic Copper
" (99.9% purity)
ﬂeﬁcal grade

° aluminium

Ref. Sec. 17.16

80% ’Pungstéﬁ, 20% copper, sintered

1 t .
Arcing cootacts material

T Tungsten Copper

3. Stainless Steel
; cireuits

r-bismuth, Main Contacts of
& ggsg:r—(}hmmium, interrupters, Contactors

i ivi low
vacuum| High CO]‘I('Uctl\‘lt}", }
welding-tendency. Ref. Sec. 9.9.5

Copper-bcrrylium it — T

» structural configuration (Sec. 2.8) is
i nd development of Prototypes. The struc 5
d g(izet):l E’::ss’: g';‘lhzn the Val'i(]]I.l)S sub-assemblies are designed and finally the complete breaker is
eci . S
igned. Full scale prototypes are manufactured. ] ' o .
des}f:) Development Testing. Various development tests (Sec. 10.1) are carried-out on sub-as
i > breaker.
blies poles, mechanism and complete brea . ‘ ‘
301“(4) 'Ijl:pe Tests for Certifications (Sec 10.1) These are exhaustive test as per standards.
(5) Actual Installation in system for observing performance.
Summary . . . | »
Circuit breakers are classified on the basis of the arc quenc}}mg mgdmm as: Al:j bl:eal(,i:l;:]l:{s t(:l,
Minimum oil; Air blast; vacuum ; SFg. While various types are in service; the trends in ne :
lation is in favour of}
Low voltage (upto 1000 V): Air-Break CB and Contractors
Medium Voltage (upto 33 kV): VCB and SFg CB

High Voltage (33 kV and above): SFg and SFg insulated GIS,

QUESTIONS _ ’
1. With the help of a neat sketch, describe the conﬁgumticnl of an outd_rmr,_tnplt‘: ]E(:l-edarf:u:tfb:?!lfflle-.‘i
l 36 kV application. Name the parts and explain the operation of the circuit breaker during fa E
ing. - ) D
2. Explain the functions of operating mechanism of a circuit breaker and describe the motor Charged
Spring Mechanism.
8. Describe a trip circuit and the fault clearing process. . . -
4. Explain the purpose of Auto Reclosing of an EHV Circuit Breaker controlling an over head transmis
. sion line, State the sequential events in a single shot auto reclosing s‘chemc, e e
5. Iixplain the functions of isolator, earthing switch and circuit breaker, bta‘w tl;e sequence during op
) ing and closing of circuits. State the interlocks necessary to prevent accidents.



