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RS
“{4.9 CLASSIFICATION OF CIRCUIT BREAKERS

I
]

Circuit breakers can be classified using the different criteria such as, intended voltage
application, location of installation, their external design characteristics, insulating

medium used for arc quenching, etc.
14.9.1 Classification Based on Voltage
Circuit breakers can be classified into the following categories depending on lh

intended voltage application.
(i) Low Voltage Circuit Breaker (less than 1 LV) =

(i1) "Medium Voltage Circuit Breaker (1 kV to 52 kV)

(ii) High Voltage Circuit Breakers+(66 KV to 220 kV):
(iv) Extra High Voltage (EHV) Circuit Breaker (300 KV to 765 kV)

(v) Ultra High Voltage \UHV) Circuit Breaker (above 765 kV)
—— UQ’"\{
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~4in closed Therefore, the current is shifred from the MN
%wrgmg contacts separate later on and the lacts 1o the arc;

AT 2
‘k-lf(_l]" E.F’,_‘"j# 4 54/

492 Classification Based on Location

circuit breakers based on their location
(i) Indoor type

are classified as

(i) Outdoor type -
Low and medium voltage SWitchgears, and high voltage Gas Insulated Switchgear

(GIS) are categorised as Indoor Switchgears, whereas the Switchgears Which have

ar a5 an _external insulating edium, ie. AirInsufated Switchgear (AIS). are

categorised as outdoor Sy itchgears. — T
.\ ~

14.9.3 Classification Based on Ext

Circuit breakers ¢

external design.

ernal Design o

an be classified into following categories depending on their

(1) Dead tank type _—
(ii) Live-tank lype o —

This clascification 1S fi

; Or outdoor circuit breakers from the point of view of their
physical structura] design. 2

§nd arc quenching. Depending on the arc
g are important types of circuit breakers
(i) Air-break circuit breakers:
(i1) Oil circuit breakers
(iif) Afr blast circuit breakers

The development of circuit breakers outlined aboye has ta

cal] ken place chronolggj-

Y in order to meet two important requirements of the POWer system Which k
progresgively grown in size. Firstly, higher and higher fayjq cumrents need 1o be inte:as
rup[cd, i.e., breakers need to have ]arger and larger breaking Capacity. SeCondl;.

© fault interruption time needs to be smaller and smaller for, main ain:
; hamtaing
Stabijgy, £ Ng system

L~ 14.10 AIR-BREAK CIRCUIT BREAKERS

Aiﬂby i itable for hi i
eak irer rs are quite suitable for high currep Interruptj ,

S | Clrcuit breake' q T ptlon at low:
=20 this type of a circuit breaker, ospheric pressire i used as 4

Bxt: - PR : TR
Xlin ishing medium. Figure 14.14 SHOWS an air-break circuit |y AP

3 ' T'eaker. It e
%mm contacts and arcing contacts, The Main coffaﬁplas
c'w‘l':eut when_the breaker is in closed position. They have low coptanr e CAITY

el Ontact Tesist
en ¢ ed, the main contacts separate firsi ¢ : ance
Ty Ontacts are open : =2 = st the arcing COntacts

volt-

AIC is drawn pe 'ng

tween the

QL M =

écahned by C

(iv) Sulphur hexafluoride (SF,) circuit breakers -2 ?5*
M —
(V) Vacuum circuit breakers , §g
o 2

{
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” Pawer System Frotectiorn
:”'".‘\:"'

In hl-;"rk cireunt e,
the prnh,lpli; i in h resislance 1s
—

emploved [or s *Illkllll]‘“‘f‘-llﬂj_l.‘-..

Y

are resistance s thoreased by lengih

enin 'l‘hilu]" 1|u{ i n«vhn' ||ll.' Al

The are length is rapidly increascd
e

employing we  runnens _and drc

chutes The are moves upward by

both ;'lulmm.umm_ .m-l llumlll

effects. It moves along the arc rin-
e .
ner and then 1t is forced into @ rl_u_l_ic

It is split by are splitters. A blow-out

catl 1s employed to provide magnetic
field to speed up arc movement and
to direct the arc info arc sphiiers.
The blow-out coil 15 not connected
in the crreutt permanently, It comes
m the circuit by the arc automati-

intact

Main contaclts >

Fig. 14.14 Air-break circuit breaker

cally during the breaking process. The arc interruption is assisted by current zero in
case of ac air break circuit breakers. High resistance is obtained near current zero,
AC air-break circuil breakers are available in the voltage range 400 1o 12 kY.

They are widely used in Jow and medium voltage system, They are extensively u tised

with clectnc furnaces, with large motors requirin g lrequcm starting, in a place where

chmccs of fire hazard'exist, etc. Ajr-break circuit breakers dmmm

i .
1

h air. Due to this very reason it s
i mcwﬁtbyeﬂm Oil has also good
mﬁﬂ-dmnposes cm nto
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V= system voltagc

356 of the system ¥ ltagc

|

V. = 75% of the system voltt
} f s -
; : sross 1he
To equalise the voltage distribution acroes
rs are L”]Pl“\lcd (8] hi\“l'\]”; l)' ,““ K.U”.'[.l

. hlg.l}\\ 1100 h“\"”' l"*“‘i\{nr.
IN dp

connected across each break
The plain-break circuit breake
comparatively lower voltages. The
voltage ac distribution circulls. Their s12¢
Also, they require large amount ol Ir instormer ol
They can be used up to 11 KV with an inge tTupy

e used on low voltage de circuits ang on |
s unduly large for higher | Voltage

s becomes
”h\« A'e o \u”mh £

autoreclosing. Their speed is slow.
ing capacity up to 250 MVA.

14.11.2  Self-generated Pressure Oil Circuit breaker

In this type of circuit-breakers, arc energy is utilised to generate a hl‘-’h pressure in
chamber known as explosion pot or pressure chamber or arc controlling device. Tpe
contacts are enclosed within the pot. The pot is made of insulating material and i j;
placed in the tank. Such breakers have high interrupting capacity. The arcing time ;,
reduced.

Since the pressure is developed by the arc itself, it depends upon the magnitud:
of the current. Therefore, the pressure will be low at low current and high at high
values of the current. This creates a problem in designing a suitable explosion pot. At
low current. pressure generated should be sufficient to extinguish the arc. At heavy

' mmmts;fha pxessm'e should not be too high so as to burst the pot. Various types of
loped (o suit various requirements. A few of them have

Scanned by CamScanner




—

4

Circuit Breakers 551
Jasge PrEsSUrc. Al low COrrents,

the areing time is m : i type of an explo-
ot is suitable - | re. Hence, this type

<on pot is suitable for the INerruption of currents of medium range.
Cross-jet Expiosion Pot
soure 14,18 Shows a eroce : |
hgmr\rc 5pl;u:::\a: L m“‘“.’“" EXplosion pat, 1t is suitable for high current mierrup-
u;n;d travel. W'Y;en thzsr::)\t,? N increased are length for a given amount (‘.)I
formed, as shown ip Fig 14 l;\f §°ﬂt§c~t o ?"Pamted from the fixed contact, an arc is
Fig. 14.13(0), and finajyy 3¢ : .' Them s pushed into the arc splitters as shown in
the o1l blastis across the arc an;u;‘ei‘g:?}ed, a8 in Fig, 14.18(c). In this type of a pot.

ILis known as across-jet explosion pot.

Explosion
chamber
F‘X&d Sy
Contact

w1

= P @ | RGN R,
-7 .3 rltt & e Lh..MQYinn . ." iy

YONE TS F= o el i, e

5 .
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552 Power System Protection and Switchgead

15 & cross-explosion pot, and the low e

portion a plain explesion pot. On heavy O R SN A
currents the rate of gas generation s e [ =
very high and consequently, the pres- \ ' 3 .
sure produced is also very high. The arc &3 o S W S
extinetion takes place when the first or : S ) Latera
second lateral orifice of the arc splitter \~ s " Orfices
S uncovered by the moving contact. The [ NN r\\\\J
; potoperates as  cross-jet explosion pot. = | | N

When the current is low, the pressure is 3 | AP NN
also low in the beginning, So the arc S\ﬁ\\\%{ : ANANNNANANY
Is not extinguished when the tip of the | j¢——Moving contact
moving contact is in the upper portion L

of the pot. By the t.ime the moving con- Fig. 14.19 Self-compensated explosion pot
tact reaches the orifice at the bottom of

the pot. sufficient pressure is developed. The arc is extinguished when the tp of the
n.xo»n'ng contact comes out of the throat. The-arc is extinguished by the plain explo-
§100P0§f¢ﬁ085 Thus, it is seen that the pot is suitable for low as well as hi gh current

s

icularly at low currents, various improved

ited. Double break oil circuit breaker is
contact between the fixed and moving
the intermediate contact also follows it
ct and the intermediate contact. Soon

%’?im’sh@d quickly by
© hirstare. Figure 14.20(a)

o R
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figores for hugher voltages are, two per phase al 12KV, and six per ¥
Each interrupter has a provision of fesistance switching (a typical valu

hmear wire wound resisiar) o damp rmnkm;: N'"JBC
Fixed contact
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554 Power Sy

(1) High spccd operanon

e NiT 1¢ O ¢ P
(iv) Short and consistent arcing nm‘ and therefore, less burmng ot contgeg
iv) Less maimntenance =

{(vi) Suitability for frequent operation

(vit) Facility for high speed reclosurc,

The disadvantages of an air blast { circuit
r plant has to be inst
h] st cireuit bre kau produces a hmh level .
atmosphere. In residential areas, \W

th'll\t‘l Are ds Ihl](;\_\ 5

(eS80 allul md mail unmxmd

() An g
(i) Upon are interruption the air
when air 1s discharge SRR
REETE be provided to reduce th noise level to an aucpldhln level

(iii) Problem of cucrent chopping
{iv) Problem of restriking voltage
Switching resistors and equalising capacitors are generally connected gerog
mten—uplgl-s_ The switching resistors reduce transient overy Olldt’cs and he]p arc
interruption. Capacitors are employed to equalise the voltage across the breaks. T
number of breaks depends upon the system 1 voltage. For example, there are 2 fy
66KV, 2 o4 for 132KV, 2 t0 6 for 220 kV, 4 to 12 for 400 kV. 8 to 12 for 750 ky
'I?h& eapacmes are, 5000 MVA at 66 kV, 10,000 MVA at 132 kV. 20,00
35000 ,MVA at 400 kV 40 000 MVA at 500 kV; 60 000 MVA o
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P el |

- ———— 2 o "R" ;
V }r . + Bre i ?
Clrguit |
Arc splitters All
{ B £
R ‘ ‘i:(,w’ 4 ni l(.-'
A = X ¥ Y o e 4 confact
N t 1 G o g
Maving \ \ 4 ¥ ' /5 Fixed l % $4
COHQ.B\CT b\ ‘-\_. \ | ‘ ‘;‘_,? COn!act‘ i Aif Hast
i o 1 el g N BT AR § MAir N L,
t BT W,y A [ |
) | R B [ LS ¢
gpening “—— 1 T “r 3 ! ! l L Moving | |l Moving j
L-¥ Nl Ll gontact | || contact ‘
LA A 4 L LJ {1 ‘
B 4L o ' |
© Airflow )’ ) Air |
K~ AL Opening '
(a) (b) (c) ‘

Fig. 14.21 (a) Cross-blast circuit breaker (b) Single blast type axial-blast circuit breaker

(c) Double blast type (or radial-blast type) axial-bla% circuit breaker

% : /1413 SF; CIRCUIT BREAKERS %
| Sulphur hexafluoride (SF¢) has good dielectric strength and excellent arc ql:ltj{lchin g
| property. It is an inert, nontoxic, nonflammable and heavy gas. At atmospheric pres-
sure, its dielectric strength is about 2.35 times that of zur A't 3 atmospheric pressure
its dielectric strength is more than that of transformer oil, It is an elef:tronegati_ve gas,
it has high affinity for electrons. When a free electron comes in collision with
< molecule, the eléctron is absorbed by the neutral gas molecule and a

med. As the negative ions so formed are heavy they do not attain

- ie. it has

» fort g ®
e

tion of e gas This property gives a good |
th, the gas‘ has an excellent prop- |
hich energizes the arc. This |

: f‘ ! cat transfer *
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: 556 Power SystemProtection and

S!‘, it A Decause of ws excellent msubiin 1
ll)“‘.‘l\l’\\' lh\ de Sign o " lnxh and extra i1

[ropertics of Sk, has made u p\*\\ll‘l' (o dosty
dp i U

V OHU UL BrC RSt VI sinadler v

Lh“l\. nsIONS., \hoﬂt[ contact o ‘P\ \\hl\ h ]‘\ anstracbon of ot

with fower interrupiers, and evoluton
insulated switchacar (GIS). SF, 15 particularly suttab le
gear which is becoming mcreasingly popular under the aspes L5
with the eavironment. SF, offers many advantages si b as compaciness and |
mamntenance of EHV circuit breakers

SF, circuit breakers are manufuctured 10 th
However, they are preferted for votlages 132 kY and above
of SE, gas increases rapidly after final current zero. SF, circuat breakers can with
stand severe RRRV and are capable of breaking capic ulm current without restrl
ing. Problems of current chopping is minimised. Electric
reduced due to high dielectric strength ol SK,.

ol metalclad imetal enclosed) S
For use 1 meta fidd

|: \ ‘-||||'<,g(;,‘

¢ VH“ 18¢ range ;‘; L\\ L, j‘(._‘? Ky

[he dielectrie streget|

al clearances are very much

14.13.1 Properties of SF, Gas
The pmperties of S-F,, gas can be divided as

SFg gas are as follows:

o rless. non-toxic and non-inflammable gas.

I to health.

ﬁaxzxp§ratum and pressure.

5 5 times that of air at 20°C and atmospheric
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Ly 142;{ @al shows a ‘-‘UllCY"~l}")¢ bee

ﬁ' : O MECE 10 Clomed
ad e proving Contact are coupled togethe, W O oy
. nen the

-

Onlacd

oo C‘S’hﬂ(k'f moves, the trapped BAS IS compresse i '
::Q;ha'nm’lk‘ and ﬂ“W? axtally 1o quench lhv““\ o d. The trapped gas
s pe of tank designs. Live tank \l\.‘\lckn‘:lkm“. dead tank d
i in{t:rﬂ.l[“‘-'r“ JR\. “ﬂ‘]’““ﬂcd on p“rck‘l‘d;n mxul.llwlrl l‘::“lhv‘“ ll’ “! | | \"- 141
goters are placed in SF; filled-tank which is at earth pote e ..‘.‘ .‘ o
S for outdoor substations. earth potential, Live tank design

as shown in b

ber of nterrupters {connected in series) on insulating supports are
EHV SyStems up (o 765 KV. Two interrupters are used in a 420 kV
prie fe Of 2 to 3 cyeles can be achieved. In the circull breaker the
[ of the a3 is keptat 5 kglcm". The gas pressure in the interrupler
e rapidly to a level much above its steady value to quench the

it Breakers

employed in the SFg circuit breakers prgwm
' restriking.

. currents are interrupted without
‘and have smaller overall dimensions and
er of interrupters and require less

: Sﬂbléjgand the products of
wnger of fire or explosion.

em"\w:*s& gas
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14.13.5 D;sadvantageso b X Ly be jodkage © St = use of
(i) Problems of perfect sealing- rherc
b et imperfect joints- P oakage .11 the breaker tank.
| ) SF, gas is suffocating 10 some e extent [n cast sersonne
! SF, gab may lead t0 suffocation of (h g oper l{ led or let oul
i i { pot be 19 1ale ~
conous 4 and should D
(iii) Arced SF, g2 is pOIst . harmful 10 SF, circuit breaker. There
(iv) Influx of moisture 1 the breaker i very
' o o hecause ¢ it. )

L are several cases of fatlure e 2 gt level for puffes-types SF,
e W (v) There is necessity of mechanism . m;sdh;:nmv.nl i
i - cirenit breakers. Lower speeds due 10
: !# ﬂfthebreakeru | 5 s I

' : ~riodic maintenance
t i aternal parts should be cleaned thorougbly during pe! under

3 sferring the gas
SMgL@Glhues are required for fransporting the gas, transierTing gas and
ng the quality of the gas. The performance and reliability of the SF,

er is a&cmd dwm dateﬁoranon of quality of the gas. g

I 'cmww BREAKERS

e R -{

ﬂnhty of high vacuum is superior o
pressure. SFy at 7 atm..pressure

thm! shamf:h;gh vacuum,

and dry environment.
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i secondar

,‘.m;“!nn. clectrons emiss
wi?:fn 425 sh 155100 may be due to field emission 40
i 23 shows T o
Flt:illr’l:.na]ic"nf inx:l\;z;it:: ::t::;a]nc diagram of 4 vacuum circuit breaker [ts ¢
§ m. The vapour Cl)nd;:min ﬂ' SUch as glass, porcelamn or glass fibre reinl
?.W o prevent the metal va oty i made of synthetic resin. This shield is pre-
™ sealed construction a St}:z::lr reaching the insulating envelope. A3 (b 17 e
ihe lower contact. OOk e;;z ?s“z:’nl]g(;dbcllows i ll:\ctl to allow Ulf' "}““L e
welded 1@ the lower end flange. Its ¢ SR o contact. Its 0% o
S piral segments so m ontacts have large disc-shaped faces. Ihese t‘.x_a es
helps mﬁcwm@e arc current produces axial m d. Ihl»‘
A: i‘ : Gt '1 ot surface mmi m ?ﬁhﬁ@n@ct surface. The moycmu | ‘
g ' Igﬂde" etal .e\,'ﬂp'flmtlon, and hence erosion of the cont x
R TR ﬂmﬁs es are provided. They support the fixed contacl, outel
ure, vapour condensing shicld and the metallic bellows- The sealing

I ()

oreet

|]]&'IH

agnetic fiel
a1 of arc OVe
acl

s

’F', = . = i i
| %‘1, i le@melectromc valves.
-'i‘l'- o B e .’_"‘-:r = "“—i‘},f
ks . SRE «——— Fixed contact
e End flange
-.7_.;-"3‘ M
S Bt End stiield
Rk 30 »_‘ .«3\ , ‘-_f;—"——qeramic envelope
| Vapour shield

_|__Electrodes

Sl

e 7

__Shield support
. :’é nd
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recovery. less weight of moving parts, wﬁo
gn oE.HwE F ac, érg the current aoaam,




