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SWITCH GEAR AND PROTECTION
RATIONALE ' |

In view of the complexities, associated. with the modern interconnected power stations, the
responsibilities and the job requirements of a diploma passouts have become more complex than what they
used to be earlier, He is required to work with modern electrical equipment and maintain reliabiklity of
supply.

_The course is designed to develop understanding of the principles and working of protective
switchgear so that one can hancle, install and maintain them and also take decisions at his level in different
situations. |

This subject teaching requires reinforcement from visits to substations, power stations and well
disigned laboratory experiences. A practical orientiation to the teaching of this subject is suggested.

LEARNING OUTCOMES

After undergoing the subject, students will be able to :

Assess type of fault diagnosis

Know circuit breaker operation

Know relay operation

Know read about protectibn schemes |

Know about different types of sutstations and read single line diagrams

DETAILED CONTENTSDETAILED CONTENTS

1. Faults (15 Periods)
Type of faults, three phase symmetrical faults, effects of faults on system reliability and
stability abnormalities, short circuits and their effects, representation of fault .
conditions through single line diagrams.

2. Switch Gear (24 Periods)

2.1. Purpose of protective gear, characteristics of a protection system.

2.2. Classification of fuses. H. V. Fuses, application and working, grading and
co-ordination. L, V. fuses, selection of fuses, characteristics.

2.3. Isolators and switches, out door isolators, functions, air break switches, breaking
capacity of switches.

2.4. Circuit breakers : requirements of circuit breakers, definition of terms associated
with circuit-breakers, reasons for arc formation, principles of arc extinction, ty e of
circuit breakers, comparision with oil circuit breaker classification, rating of circuit
breakers, working of different types of air and oil circuit breaker, specification of
circuit breakers, maintenance schedule. SF-6 and Vaccum circuit breakers.

2.5. Relays : Requirement of relays, operation principles induction type over current,
directional over current, differential, percentage differential relays working,
application and characteristics, basic principles of static relays, introduction of
distance relay.
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. . o 15 Pon:
Protective Schemes : ) . (5 Perjgy
«Hm.woﬂmnaoscnm_nmwnmﬁoum“ stator faults, rotor faults, mechanical conditions s

faults-their reasons, effect and protections used. o

3:2. Protection of power transformer : types of m:.:nm. its mm..monm. types of
schemes over current earth fault, differential protection, Buckholt.
winding temp. protection. . o

3.3. Motor Protection : types of faults and protection in motors, . thermal e

- protection of small motors, under voltage protection.
3.4. Protection of feeders : Radial, parallel and ring mwmmmwm protection, directiong] tife
— and current graded schemes, differential protection.

Protection Against over Voltages (15 Periogs)
Tauses of over voltages, travelling waves earth wire, protective zone, lightening arrestors, space-gap
and electrolytic arrestors, surge absorber, location and rating of lightening arrestors, Thyrite
lightening arrestors.

Different Types of Sub-Stations (15 Periods)
5.1 Layout, single line diagram busbar arrangement, equipments their functions,

accessories, study of protective schemes, batteries and their maintenance,
operation of small sub-station.

5.2. Reactors : types of reactors, busbar reactor, ‘tuning reactor, arc-suppression

Hmua_

_reactor, connection of reactors in power stations, uses of reactors.

5.3. Neutral grouding ; types of grounding, solid grounding, reactance grounding, arc
suppression coil grounding, choice of method of neutral earthing. Grounding of
sub-station, grounding of line structure and sub-station equipment.

~5.4. Concept of G.I.S. (Gas Insulated Substation).

SUGGESTED DISTRIBUTION OF MARKS

" Topic No. Time Alloted | Marks Allocation

(Periods) (%)
1 15 16
2 _ 24 30
vt Tvend 15 18
4 15 18

e Sk il 15 , .18 ,

Total 25 o 4
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Rera-damaeht &1 uRew/zeerg
(Introduction to Switchgear)
1.1 Rag-gaATac! &1 Qﬁil'q/m (Introduction to Switchgear)

Electrical Energy &1 igdl @9d Modern Civilization 33 STAYHHA 9 T8 21 1] ?’:}g'd NIESEIRER]
Light, heating, domestic appliances, industrial electrical machinery electric transaction & T 81 TR
it e W H1 SHETHal agd A aG T @ q1 gafen Ayt feefa & e ¥ ferw S wRaed
71 fafe= fafel 50 & &3 i Wm%ma’gﬂﬁﬁﬁaﬁContinuityaﬁ@Imﬁ
Continuity 1 R T@H ¥ fau faf=y -t #t smowasa wedt €1 99 on-off fem,

transmission lines, distributors and other equipments. A switchgear essentially consists of switching and

protecting devices such as—switches, fuses, circuit breakers, relays etc.

I s1ge W o 9ot & g fa= On-Off generators, transmission, distributors T9T 37
T SYHTTT T TEQ T S el g wfae # short circuit % HRU TR T T S @ g e
& EN WIe 1 AIe[H Feh Unhealthy section &1 T foeey § o7em o foan <l 2 A

Switchgear

The apparatus used for switching, controlling and protecting electrical circuits and equipment is
known as switchgear.

T Fstrerelt IveRaonl & T ot oft oftue & & =1 wera wmr A s fefy B o 9e B
S Tumbler Switch T fuse fear-zaeet & MM SU=To1 & fT B0 T8 Sdiel qem T&007 oY & T
T B

High Current circuits % @ 9 H.R.C. Fuse (High rapturing capacity) 1 el 991 T&07 & fom
ST F:W T

Power system H 92 oIS & R A3 99T 3179 SYHLN i Al drees a9 e 9 W Use
FHHA §1 9 fTH F 2T Short circuit BT € 6 IRug & 9gd 31F =R w8 ot & qe wiest feufy
" 94 areft §TT 1 Automatic Circuit Breaker BN el fFar S B s

A Circuit Breaker is a switchgear which can open or close an electrical circuit in both normal and
abnormal conditions.

Switchgear Equipments

Switchgear < 3TRTfq 37 el SUHIUN & BRI &9 ORI ! shalel T 91 Sramr feafd o 3
T 7| 9% 3=l switches, fuses, circuits, breakers, relays T 377 IR 374 2l

1. Switches—fa s Tt IR T 0% g0 & fopet st fae aftaa 1 @ (open) T a=
(close) &Y Taha ¥ figg ®1 B9 full-load 991 no-load S oTawell H use W THA @ T faulty
condition H fera = grg et g8 W 1 el el o 1 gerar 2 wa g9 fa #1 open FA & Al fma &
contact % ¥ H U ek I vt ¢ Fmw= 1 anifancor e R fRar s gEA E—

(1) Air switches (2) Oil switches
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1.2 Raml ¥ W=Y (Types of Switches)

ﬁ@&ﬂ@ﬁﬁiﬂﬁnﬁﬂﬂﬂ%@ﬂﬂﬂnﬂzw%ﬁﬁmﬂaiﬂawf

() = feEd (Knife switch)

(iiy ¥ i f&= (Change over switch)

(iif) T® =7 (Push Button switch)

(iv) = f@= (Control switch)

(v) T ufiqdi % fod wae f& (Starting switch for three phase power circuit or triple pole iron

clad switch)

(vi) WS (Contractor)

Sre— swER fafy= fel & ar § wém F avi fen mn R
1.3 5% Raa a1 B=1 3iax fG™ (Knife switch and Change over switch)
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feraman T 21

1.4 991 e Raa @ fAra=v1 Ra= (Push Button switch and Control switch)

T fea %1 Wim {R FE=0 (remote control) W o famm < 21

(31) o weT faa—qw w7 fow @ &= 9 o 13§ fam ™ & @ o
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() framm fawr (Control switch)—Fra=o1 fea= &1 EH J=q deedl 9 G Frafay
(remote controlled) ¥RTH IS (circuit breakers) 1 Eﬂﬁﬂ@ (isolators) ¥ =T A Ty
(signalling) %&&mﬁmsﬂﬁwwﬂmﬂagﬂw_ o . |

g_.mmﬂgﬁﬂsﬁmgﬂwﬁﬂﬂwgwmﬂmﬂﬁﬁmmﬂ%wﬁﬁ
ﬂ&%sﬂﬁzﬂ%ﬁm@gwﬁﬁwﬁwﬁ@a%@ﬂ@ﬁwﬁs_ﬁuﬁ&ﬂmwﬂﬂﬂ_
ﬁﬁﬁa.mmﬂ%ﬂ.w_ﬂﬂﬂmm@%mwmﬁwwﬂnm@ﬁﬂ%mﬁgﬂgﬁﬂ&
(fixed Susnawﬂ%ﬁﬂﬂ%ﬁmﬂq@&@
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framr wftey weve &1 wam wftug fads (circuit breakers) 1 W16 41 9 ST &1 CY 4 &

fere fovan <1t 31 % e S oW 3R % WA g W € 9 SMRW T A @ o9 e (i gm
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1.5 ﬂammmﬂ Tl waa Rag a1 TRsE Raa (Rotary switch and Starting switch)

(3) yuif fearer (Rotary switch)—7f &= 1 wdm 400 ez w9 & forgm GR9El #1919, ()
Ao &= A 6 ferdl foren e €1 Tt 1.6 o 98 Wb 1 e fiarw farn v 21 71z fer 2o = 6 R
W o ved au fardlied veid § w9 TH-f0 (packet ring) F TR B T T 31 o o & v
S-S Al F el ST - 376 T 3 €l €1 98 W ke {1 v e fon gl am fvaa
o &1 9 g/ 10° 41 120° W .mn._.m— W o 99 g (movable contacts) ¥ a1 Bl 21

R 1.6 : A Rag # IR 3T
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1 feafy, Fraa #3033 TEA UF ga97 § ol 21 €1 98 Y99 U (arresting device), FoiT 781 & (lng) |
ECiRniR ,

T YA H T e, W W U9y & e w8 T 510 9ied Sed WO
feae 3 T T UF  Ha T g ST 21 59 wme ¥ W o, S N sceE vl W Wi o
T 2

ol feara wF o, A g, 7 ue €7 € am o oif & s 7 S R €W € 220V F
faeifea 9T 10 T 400A T 400V (a.c.) % fad Fraffia um 60 | 250A TF A1 < €

(=) wea e (Starting switch)— 3T Tl =t faga yomel ¥ 39 ¥R = fag uiw
qfcasi aen 37 e faegy SUFTO 1 e (SO Ag] S S & o ae I 1  ford s R
2

Qe P 2 TR 3 B €, U W ¥ fea § =g i e WIS e (assembly) T B §
msﬂﬂg#ﬁamj&mﬂgGa%ﬂaﬁmﬂﬂﬂﬁagw_uﬂ“ﬂmﬂmw T @18
17T e (iron clad switch) % 1 ¥ foew §, © gdl, & Mﬂmﬂﬁ%ﬂﬁ.ﬂﬁﬂﬁ@dﬂmﬂww.wﬂw
L.C.D.P. switch, LC.T.P. switch @1 L.C.T.P.N. switch & oY ™ | T S

ST feag & Eie S # 9 @ o O 2, T W U g o € 6 Sl e
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w.m_um@%.,wﬁmwﬁﬂmﬁmﬂﬂ%w.m%ﬂﬂﬂﬂ%ﬁﬂaﬂmﬂﬂ%w.w%ﬂﬁnﬂm
ECE R e &&msﬁﬁwﬁ@ﬁﬂ%ﬁ_&@%ﬂi@ﬂm 1.7 ® 39 v =1 fed feam
T &) oo % T AR U Y-wEA e off @ e
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,“Ia.l.nﬂ\hnou\lh\w\m | %ﬂﬁmﬂmﬂﬁwwﬂ:@ﬂg@%ﬁ?ﬂﬁﬁaﬂﬁgﬁﬂmﬁﬁﬁiﬁﬁzﬁ
Lo e e & wﬂﬂw,aﬂmﬂﬁﬂ%ﬂimﬁm.ﬁﬂgiaw
_”, i \@.ﬂﬂﬂﬁmﬁ. Wﬂ?ﬂﬂ%ﬁﬂﬁﬂﬂﬂﬂ@ﬁ:@ﬂ@'
e . @) fore wftgw 1 =], 94 W= H 6 AU gen we)
ilwa (i) T T A R FE A e e I S 5 gg ) o
R R I N (iii) TP & Gl (remote control) % fordl 3% 91 A1 9= F F o, foep-Teamia
i, .
~~— (iv) Togeh & a9 e wadl (signalling circuits) ¥ fa= & fol omiag w9
= = u/ Qanﬂ_onrmnmnoamoﬁvﬁﬂiﬂu&:ﬁﬂﬂﬁmﬁﬁﬂﬂdm@%&mﬂﬁgw_%
I e de . st e 3 ferd v Frgeh ek s foRd S ¥, e e ot % fd s v
st T R T R

(i) Oil switches—Oil switches & Contact oil ¥ <1 T3 T8d €1 7@ Oil 1 FH Cooling I
A W @ 9w 317 1 g 1 EI1 21 Contact 3 < & T Ofl T T A £ F€ transformer oil T I
ferl fiom ﬁwﬂ&ﬂ&ﬁ%_%ﬂmsﬁaﬂgm@%&mﬂﬂmm@ﬂa@

R 1.7 : ot TRwil & R wewm Reg 2. fae™) T 3MSHIAEX (Isolators)

TR TR ¥ O e w1 A 9 g ) e e A g #) e W 1 WS vl .cmo_msi.ﬁn&iﬂ&mamﬂ@mﬂﬁiwi&mﬂ,gﬂﬂugmwﬂmw
frivien 7% o 1 T fia ¥ orR A WS 6 U A I 9 YR o B ) e 1w @wﬁﬂéw.%ﬁm%ﬁﬁu@.ﬁ%%%%ﬁmﬂ-ém,ﬁﬁmﬂwgﬁ#
et 2 8 2, < e 35 e A s < S o T #1 fowe B A A IWATAT o e, e 4 1 7 o R
st At < 7 - e e g S e i A e A ed gt A et st & = .
T ¥, A T8 YT Ry e (W) @ W 3 dved AR Y W RS #) ek gftl swel 9
e Fr o € o foregy ey ¥ S0 S (gap) S S €, e R0 A =, fea @
e w9 fera 31 faw (switching) e @ it #1 Fom 1.8 W 30 wabw = feara feran mn @1

@ﬁb&bi%?&ﬁaﬂigg .

teran oy (three pole) B TR &l T F
& 3 Pyt fame, @ T it

<18 7 TEn ¥ STER faereRrl T YA (single pole)
ﬂﬂﬁﬁmﬂ%%@w&ﬁdéﬂﬂmwﬁmﬁa
“ %@ﬂ%w.%@ﬁaﬁﬂa%aﬂw

@a_uﬂmﬂﬂ@nﬁwgﬂﬂgﬂ?ﬂ ’




K L7 T
N ﬁ

=
A

MG

B 8

B

i1}

e E) uiRdeR % #el B W g iR F WY 12 T B

R @ q_ﬂ.m:a::__

%3 g faeEIRA (isolators) 1 VA fa TR =
1.7 A<= ﬂs&mﬂqwﬂdﬂﬁ (Indoor type isolators)
a7 1.9 H6-6kV F ﬁwﬁﬂ%ﬂmﬂmﬁqﬂﬁmﬂﬁﬁw_wﬁﬁ %ﬁwﬂ%ﬂw_m_ﬂﬂ,
ke & o1 e fe o T €, 1 (1 9 T Tl e # R (flange) S @ § 79 IR
T T G R w2 (cap) T B R %ﬁ%i&%&ﬂ@nﬁﬂﬁ%@ww. 8
Aﬁ_&mﬁiﬂﬂaﬁﬁﬂﬁ&w.mﬂﬁﬂ%m@wwﬂmﬂ%@mmﬁﬂ%ﬂwﬂnﬂ@mﬂ@g
w.%ﬁ%mﬂﬂ&ﬂmﬂﬂﬂg%g@

1.7-1 Wﬁ%wﬂ:ﬂ_ﬂ (Three pole isolators)

B 110 & 11KV 3 ferd st @t aren fage foermerrd feamn mn €, forail O snam 3 w
frerr ¥ 9 A o A ¥, S o ¥ O € W B 3 TEd €1 W A R O
ﬁvpinnuwa%mgﬂ.ﬂw_ faemmarl (isolators) % Twsh =iel § e qar faga-g=sa T o |
TEd ¥, < Weg T STAvE qaTE S TEd € 091 T W U A R AR a9 ge S

R 1.10 : 11 kv & R 3/ &R a1eT e

SR A et Fagelt faemraml ) e siend e 9 & .
et S e e & &, T G 719 | werd o A

1.7-2 SR aren faemar (Outdoor type isolators)

fet 111 % 33 kv el % ferdt ot aren Feremrard feraman fore = guR w g el
- e . ﬁWn

ﬁﬁﬂmw_,ﬁﬁmumﬂ.wﬂmﬂ%ﬂw_mﬁiﬁﬁﬂzm@ﬂ@&ﬂd%ﬂ”ﬂwﬂwﬁ
mﬁﬁaﬂaw_iﬁﬁﬂﬂﬂﬂm@ﬂaﬂm@ﬁ%%ﬂﬂﬂmﬂwagﬂam_

form 1.12 : 33 kv woTEh & R T Rererd

ﬂaﬂﬁ.@ﬂwﬂ%&%Agm_:aaﬁﬂ@aw.ﬁmﬂﬂﬁ.wﬂagmﬂmﬂm&
R 3 g T W e ® e €, " W & w1 et ¥ f S A 9% i T

foerET ¥ wae ya & ol 11 fagmaue @omiamiﬂo;@ww.iﬂ%ﬁ@%
&) Y I HEA 21 3 HE S (vertical axis) 3 =TI 3 YA THA B T FTGIITE F TH H
.ﬂdﬂ_gﬂﬂ&ﬂﬂ%?onucs_u:aﬁaﬂgﬁaw,am%ﬁﬂwgﬁgﬂﬁwmﬁ
ﬁ%&mﬂ_@@%%m%ﬂﬁ%ﬁﬁ@ﬁﬂﬁﬁ&%%%ﬁfﬂ%ﬁgn
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w.m&mﬁﬂ&@ﬁ%%%ﬂméﬁﬂ&ﬂn%@w@sﬁaw%ﬁ%ﬁ:u

1 A e T @ e 3 ford e S @
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ﬁ-ﬁwﬂ%%ﬂﬂﬂiAa%ngoavmwmwama@gw_mﬂ%u&mémﬁﬂ.ﬂ%%& _
w&ﬂﬁ»ﬁﬁammg&mﬁaw“%ﬂﬁwﬁmﬂﬂaw%%ﬁﬂi%ﬂmﬂﬁ% _

H,aas_ﬁ_m&mﬁ&w_mﬁﬁzmﬂﬂmiﬂﬂﬁiﬁm%m&ﬂﬂ%mﬁmﬂﬁ N F TRy
ﬂa&ﬁgw&m&%ﬁ@wiwﬂm@ﬂ@m@iw_wm@mﬂﬂmﬂ?dmimﬂ
mﬁaﬁaﬁ_saz%m@%ﬂwgmmﬂEzmvwa@ﬂﬂam_ﬁﬂﬁﬂ%mww&%ﬂdﬂ
%ﬂw_dﬂmﬂgwamﬂ%%W%ﬂﬁﬂﬁﬂw_%ﬁmﬁﬁu%Amxnazoav < & &l B
e, T & U fe (disc) T BN ¥, A ST & wed wus Taid I e €1 T R g
fowr i gr Forme 3t R W R R e g e Tedt €, R R W - weEE =i
F ford w1 T ¥ - SIS 3E i e % AR & e € AR W % WY ey e
ot T £1 VG2, SMAT 3H H o HAf § o 21 §-WhA soie faerTdRl gR FEl T @A Fi e
T 4 (earth) ¥ g B B F@ 2
Bl 2 BN 1

Fera-adamavl o1 g

ek g
gren feer Wyeh
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(=)

ferw 1.13 : (31, @, 9)-36 gEW & BE
de 3 ufedl § 9 79 FuE (flexible connector) I 1 3MYR Y | Sired 21 Ao =i
Y F W A H U gE ghee o T 2
fig= 1.12 T 3197 33 kV 97 600 UfEaR &1 1 e faerei (outdoor insulator) fa@m@ T 21
et T e 1,11 3 foenmt @ el 2l 81 3o et & fagmiasl % FR (flange), W B3 &M
s T E 724 1 ;e (isolator) T AIE HUE! A< A W M!S A Fe F =W
T 90° 3 IV T T Wi g W € e uE & - Ty e gk o 5 w9 € o foem Qe A
(o e, S BT BN 9@ €t 2, % o W, faemen (isolator) W A & fEA W W 2
e G Y T T2 I SE Sl §; et T 90 W o 992 &S o fal ¥ 39 foim el
fezat el T g1 e w0 ¥ for Tl 1 wfegdi ¥ e § e i 1 9k % feim,
] & e TavEE TuTE I TEd B Ao ¥ U - =g ot g 7, S faemed g wE
T TR 9 W AR 9 (earth) | SIS w1 HW FA

1.7-3 wifaa faemerY Raw (Power isolator switch)

i faenmard fea=i & 5Am 6.6 941 11kV aielt faga Jomferdl &t Wk 991 SR ed (Without load)
S € feafirl © o w01 o o e st 21 9 1,13 (31) 991 (9) # @ 5&R F vl faemn fae
feam T &, frd @ fo 113 () & faaend e i e g §; sats fa= 13 (9) 9
Eﬂdﬂm&mﬂﬂm%%ﬂ%w.ﬂwﬂﬁﬂ;ﬂamﬂﬂquwmw_.wawnm_mwaaﬁwﬂﬂmwﬂmmw%
a1 SR Fereril 1 G2 @ T #1571 gl W v qu e wed o el € R o g e
F sgaEn B §1 W 99 e SR § wider Hiedl g I3 W

o TR 3§97 (break) TR T Se I U ferdTy Sy W FE S €1 H A 1 7€ i oA
113 (9) e ¥ 8 s & o e 2, f e de1 T3 9t FE (carbonic) TR T ST
Easmvﬁaﬁ.aw.iﬂﬁﬂﬁ%ﬂ%ﬂgﬂﬂmﬂﬁmﬁﬂwﬁiﬁiwﬂa
e e A e W A 8, e ST S W F = ¥ oTE e g |
viwm faemert fag % &M@ F T T A ¥ IS AN F HRO HEAR SRR F T d
ﬂﬂimﬁﬂﬁ%wéiﬂﬂ%&wﬁﬂmﬂﬂ%w%ﬂ%ﬁmm@%iwﬁ
i..m_ﬂw%@ﬂwmﬂﬁﬂmaﬂawﬁﬁ_%%mﬂﬂaw_

3, ﬁzmmm|%ﬁ%ﬂmﬂ.@ﬂwd5ﬂmmﬁmzﬂﬁn s T Ffeem W & fae

| venfia @t @ d g A E:@mﬂ%x%Eﬁﬂﬁ@ﬂ@%ﬂmﬁ%ﬁ%gm%g

wﬂaqﬁmﬁﬁAﬁﬂawﬁﬂﬂmﬁm%%ﬁﬂﬁmaaﬁmgma@ﬁ@a@ S
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L ; . ircui 2 @ aftey § o
%gﬁﬁnﬂ@zw_qﬂﬁ%%mwmm:in_as,@aw 78 3 e oy

il %ﬂ.%ﬂﬁw%%mﬂan:@ﬁ%aﬁwﬂﬂﬁ

3 TR0 S THEA T8 8 I T

4. Circuit Breakers
ftqa %1 e (Open) 341 3% (Close) F FH 2l

fefeafirdi & e % E (manually) TE1 STHEM wfifeafadi § wa:; TREed (Automatically Operate

BT U9y H 9 W a1 21 Wik S & = =fer Tr& (Moving Contact) T 3= FUF (Fix
Contact) &3 ¥ fiF grawnit sfae ¥ g4 T B 99 1.14 (a)!

Termina |

form 1.14

T e § el G 991 379 9 Uh-g 9 e e € aon vk et uftyy  ge 9w
ﬂaﬁmﬁﬂﬂw;ﬁﬂmﬁ_.ﬂ.n.ﬁﬁgﬂﬂaﬂmméhﬂmﬂmﬁﬂﬂiﬁnom_m&nxn:ni
ﬁdﬂwﬁﬁﬂmﬂ% iﬂﬂﬁamncm:wﬁm.&m&ﬂw«wa ﬁﬂd@ﬂﬂgw,ﬂﬂ%ﬂm
e I B € A e 9 € % W C.T. ) 5w Fvee # v e f, T & Forgh
M@Mﬂmﬂﬁﬁvgzaxn__a@ﬂ TogaE] &1 STE 21 Sl €1 | s 376l B2A & A .>:..mﬂﬂwg
d%mﬂ“ﬂuwa“hwa“wnﬂwﬂﬁdwﬂ“% HEG] relay fault I detect FT 1 H1H FTA ¢ qo W 99

5. Relays—ftel 98 If % &1 fault 1 detect F0h bz 392 | il
0 F fal o 114 (b) & f& % w7 91 feamn w3 ﬁﬂ_ﬁw%&J
%M%m”@ﬂmﬂﬂ%ﬁ%%ﬁﬁmm%ﬁm&ﬁgwﬂﬁ%ﬂﬁﬁﬁﬁa@
C.T. %t fadiia® FUeeht F1 Relay F1 operating coil ¥ W1 s 2 |

e ¥z Tripping cireuit ¥ for TF supply, dfde s it trip coil @l relay

Stationary Contacts 819 81 3

ST

e el v ven e 2wl @ ftaa

| Initial Cost), F9 3T7T&T (Less Maintenance ) g1 =Tl T GTd (Simple

13

ﬁaﬁﬂmﬁ._fn._&ne_ﬁaﬂsam}w%sﬁﬂmwﬁ%sunow_aﬁmn&i@ﬁw
foreh T e TR F T S H e A T e fewa § w0 w2 o
1 relay coil 3 A | a8 % FR0 A IF F trip coil energized 71 7 2 fams Tm 5558 2

i & T Wik H w 9E A% @ e 2

1.8 ¥ §X gawI (Bus-bar Arrangement)
w9 3FF T 491 WIS A dee W F Fd € @ S a9 HE B A § raea
Srey & fofly TH-aR F ST TE €1 A TH-AFR Fl T T T A 0 (Thin walled
wbe) ¥ S THEHH Fe2s (Constant voltage) W F1d el #1 77 %3 WeATl 95-30 FAmA W
Eﬂ:%.%@ﬂﬂ.@ﬂmﬁ@ﬁﬁ%@ﬂﬂaaw.ﬁmgwﬁ%mﬂﬂwgﬂd
ﬁﬁw_s%ﬂ%%@mmﬁ-ﬂﬁgwﬂagﬁ@
(1) fame s9-9R HOTTAT (Single Bus-bar System)
gﬁ-ﬁ%ﬁ%%waﬁﬂgmmﬂsm%ﬂ%@ﬁaﬂ%
ﬁﬂﬂ%&ﬁaﬂﬁ%ﬂ%ﬂ@mé%ﬂ@ﬂﬂmﬁ%ﬂ%wuﬂimﬁamﬂw;ﬂnmﬂm

mﬁ.ﬂzniiﬂ@gﬂm_ﬂﬁﬁ.mﬂﬂwm@mﬁmﬁmﬁﬁﬂ%mﬁ-ﬂmw%ﬂﬂ@nﬂm
| st A et F1 wfee 99 3 B Fe Al ST 2 SFHTEE F1 74 S0, $IE 99 TaZ 3%

m,‘._ﬁwﬁﬂ%ﬁﬁﬁ%@mﬂﬁﬁw.ﬁﬁ:ﬁ%ﬂﬁ@ﬁ%ﬂﬂ?ﬂﬂﬂfﬂ
ovﬁ.waonvw_
\Dm_._mnmnoﬂ

o o Generator
3]
Isolator |solator

&
Single Bus

Isolator

SR
175
\

Transformer

fem 1.15

gitat (Disadvantages) .
(i) %ﬁﬂ%ﬂ%%ﬂ%ﬁ-ﬂ%ﬁﬂa.éﬁsmﬂmﬂﬂﬁﬂww.

(i) T T AR 3 o @ YA I A & @ i wend wtad g




14 ~ fiera efmaedl w vy
(iii) %m%%%ﬂa&%%mﬂnﬁaﬂ%%%%gﬂﬁ
sifs =g ST

(2) s e s9-9R ol (Single Bus-bar System with sectionalization) :
%%ﬁﬂi%%&ﬁgﬂﬂsgwiﬂmﬁ%ﬂaﬂmﬁ-ﬁgﬂ
%mﬂgﬁwq@ﬁw&m%%%%gw@gﬁaﬂ_Emmmﬁa_ﬁu@,
ﬁ.ﬁnﬁ%%ﬁmﬁ_ﬂw_ﬁ%ﬁaﬁﬂmﬂmwﬂwﬁaﬁ-ﬁ&@mﬂm%ﬁﬂw;
woet 3 e A f—
@) i&im%ﬁﬂ%%mﬁmaﬂa&ﬂﬁﬂ@ﬂﬁ@%%ﬂﬂéﬂﬂw
(i) frel ¥ et B SRS T B S T SR ST o A SAfAsTSnTa hi STUE FH g fg
FRO1 F A A W SER S fRar S w2
(i) Frelt R e 1 T A S F I W €1 e I G AR, T o
foet | g * Freea & wil
7 56 S A T@ T S R A A Gl $t a9 STEEIE I e ¥ Q) ey
st T € P O R R ore 1 g fe W ST @ e S He qe Wi 9o ¥ o
. AF T G H WErEd] § Wk A F A T AR F 9 T F IR o fohan

gkl 2l
Generator

|

tor  Generator  Generator
Isolator

I¢ Genera
c.B _ cB
4 J Isolators

1 Ee

ce]  [og] [c5] 5

Ty )

(3) 5977 S9-aR WONeh (Duplicate Bus-bar System )

%W&ﬁﬁiﬂﬂﬂﬁ % wTee w1 ﬁﬂﬁwﬁsﬁﬂaﬁii%_mﬁ%%%
B 1 0 o e T 6 2
&ﬁﬁsﬂﬂﬂﬂﬁgaﬁsﬁﬁw

<_/

gl @ giaa— 15

St e 21 99 huer & wihe Se qun seEeRR g &1 faw # firard T woneh g

4 , THEAG AT T W/
e T GAE GETE § 9141 S w1 gﬁﬁiw@%ﬂﬁﬁ@ﬁmﬁﬂﬂ%ﬁﬁa
g 1 (I o T8 0 9 o 1 wide 99t 1 S8 A T3 s et HEm g S

[T

:g

Tk
(

Bus-coupler
() ST B T TR G STRET o T foRe S a1 § A W wife e e i [ s
TR T| W A e W R

(ii) e T o SRR 99 % 5N Wt A §ibe dE 3 Wi 91 3R o o ww @
forer o T 1 e st @

(iii) g ¥ e e BT ) T A 9 3 g wed # P (Regularity) 7 T €1
aifers! B-Raw aen IEHIAER & Jorieie JaTH

Main

I
SANEARE
% /m m

fem 1.7

wﬂwﬂu_@.ﬂm (Isolator)

TS

gereras ueah (C.E.) feg=r (Switch)
(S.N) :

9 wW e free Fafd|ae ww wifbd (§R Faf)
T W e uftea 1 wer @1 R T se S W
A2 HO AT GASH ST | g T S e 7 = H
H H B w1 FHE w2

Wfed (complicated) el (simple)

1. |9ftsmr (definition)

2. ||T=A (construction)

3. |&w (work) feqg e W AR | W A S SO W@ AR
HaIeA Sgerl T
4. |varem fefa dre fefa & wafea Hire T feafa § wefer



fiaw esmavil vd e

\\I\l\\\\\\l\\l\\\\\\\
16 | s
5. |omh g S %gﬁm@@m%ﬂd%%%ﬂ@%w_ T TR
6. |srarem dree (O.V) 1KV} 9 (below 1 kV) 1 kVH ﬂﬂ.ﬁmgé 1kV)
..~.. ofta am@ (C.D.) T (simple) Sfed ?cam:wan&
8. | (size) gaTfed (compact) drer 9 27 (big)
9, |WW (weight) g (light) 9 (heavy)
10. |&mn (capacity) =1 (low) 3=9 (high)
11, |FHioT (rating) =1 (low) 3= (high)
12. |Steee (life) T (less) s (more)
13. |womaET (R.P.) %1 (less) wfs (more)
14, | @ (1.C.) A (less) a1f¥e (more)
15. [weErer @ (0.C.) 4 (less) #Hfae (more)
16. | sRap & (M.C.) =4 (less) g (more)

aiftT] C-3FRe APEIAER AT 9IaR AFHER B qaHIeid Heaa-

WA o wew (C.E) faw (G.1) TTe TgHIEER (P.1.)
(SN)
I, |sfem (definition) 7% T e, fe fefajse @ wfod foge Frfad
e < PR T e e i e s it R e S #
forep @rgT W1 W1l 91 9= A |faga WiE WA d e, S
1 F F T T F FE F@ 8l
2. |§9E2 (construction) T (simple) UaFd el (complicated)
3. ¥ (work) RS A I = HA S| YA G Bl A B A 91
HN FEI
4, |warem feafa fasfz w gt 2 famie =1 w9t et 2
5. |37 g3 w1 saEE f&d (no) e (yes)
6. |dftes amd@ (C.D.) W (simple) e S
7. | (size) Y (small in size) e <
8 |9R (weight) 9 (less in weight) 3T afis
9. |vyE@E Fea (0.V. . s
o (0.v) 1kV & 1 (wrezm) 1kV & 3 (3<9)
: T (R-A) & (less) ,
N HHF (more)
. |FeifE s (K.V.C) %A (less)
o o . AfYF (more)
e e (life) 3UF (more)

&H (less)

ﬂ
,
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13. |woHd @ (R.P) w1 (less) #fF (more)
14, |wfers @ (1.C) FH (less) #aF (more)
15. | @@ (0.C) - &H (less) % (more)
16. | @rm (M.C) 4 (less) #fHSF (more)

. A D-3EAIR au s afdn Raa &1 gereTs e

FE e TR facrmetit s fad=m fa=

(S.N) (Comparative factors) (Isolator) (Load breaking switch)

uft=r4 (introduction)

it W FE w4 g fEEA

g W HwE S 9 E=Ed

gf RIE
2. | WY (type) - |t few i fes
3. |wEEE gl & 7@ e B 21 2 (yes)
4 |waf de-gm SEE 7 g @ Bt T (yes)
5. |semem T (0.S) T (slow) i (fast)
6. [€9rem (making) T (slow) e (quick)
7. |fdeA (breaking) : (slow) ¥ (quick)
g. |umr@ed e (C.C.C.) = (low): F=d (high)
9. |afa wm sm@r (O.1.C.) a1fa =7 (less) SfF (more) -
10. |sfam =& (life) Afi® (more) % (less)
11.  |w=d = (R.P) = (less) s1fas® (more) ¢
12. |wrfews @ (1.C.) T (less) #ifie (more)
13, | @rmE (0.C) % (less) a1fereh (more)
14, | erRerm =@ (M.C.) %A (less) " |sfe (more)

ARTET E- T2 T HFCER TU SFACET B FeraIeid Heaa

(S.N.)

@ﬁmiﬂﬁﬁ (C.E.)

TS SEEIAE (LD.L)

AR A (0.D.1)

I

qR (definition)

HTEAT (construction)
iy (circuit)

RN (size)

W (weight)

| &= tight)

S A TR ¥ S S
SEEEE H TR AR
FEd 2 |
= (simple)

a1 (simple) .

g (small)

I T TG & S Sasnd
AFERR W TR AR
5 2l

wifeet (complicated)

wfee (complicated)

& (big)

- |9 (heavy) .



l\\\l\\\\\\l\mﬁﬁa%ﬁyz_

e e i
EvE T (space) 9 (less required) (more required)
6. : 2 (more)
7. sl #a (1LC) 4 (less) .
: |1t (more)
8. |wrem ®iwa (C.C) F (less)
1 sAf (more)
9. |srpeerr wpw (M.C) &M (less) o
10. |wer® am @@ (AP. Nos) . [FH (less) 0 (mpre)
1. | w7 (M.C) FH (less) afae (more)
12, |shed # (Life) fe (more) 4 (less) —
AT F-aREReR a1 Hide 363 Bl Jerlie HETa
wiw | geres uew (C.E.) SR (Isolator) wfdhe T (C. B.)
(S.N.)
1. |uftsman (definition) 9% T e fee Fafa|or @eiad et Faf=m
1 < Favit T ARA ) AR AN AR W A HA AR
a7 FE F FA F 2 F T FE F B
2. |t (construction) T (simple) Sfed (complicated)
3. |df9g sm@ (CD.)- - W (simple) wfed (complicated)
4. |FH (work) fauft w ufteg =1 @em @ 5% |9) @ sk ® g Eer b
HE I
5. |wewe fegfdi (0.C) ok it W W fefedi Alfask @ R W w@EE 4
- oiferal aramg feafadi & wenfel
6. |stfweT (design) folt wrem fefa & faw |9 werw fafa & fod
7. | S ~ |¥¥ w=Ifed (hand operated)  |&d ferd (self operated) i
8. | g3 Fi wrEE T Ied (without) - wE: Gfed (with)
9. |[¥whWER(CM) | |FEdageEem T o T
10. |3T9R (size) Y (small) = 9 9 (big)
1L |9R (weight) T (light) YR (heavy)
12. S = (life) FH (less) U (more)
13.
A QMHMN.W.V %" A_nmmv ,wu_.—)ﬁﬂm HEOﬂﬂv
14. |3RftmE “lsgir .
) A (1.C.) FH (less) AYF (more)
. |wEe 0.C. ;
(0.c) F9 (less) S (more)
16. |31 Fimd (M.C) T (less) - .
; : , Y (more) L~

frd-amact @1 aige
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ittt G-Raa IgRcieR awn wfbe fax @1 gereTs T
TS E i ST | wfezdwr
(S.N.) g e (CE.) Rt (Switch) (sdlator) (Circuit breaker)
1. |afq (definition) |@® W frmwae ww fGEsllee oW, e
Afyewed = o & | sfases we g F|afreem 5=2 90 &
|ofma &1 | dfteg = e ot efte 1 g fenfadi

=4 (function)

frafadi #f Tiem ag 9=
A F g F I8

1 dieem W = um

foae =t s @ 21

Y Eier 99 9% 0 F|H eeR qm ag s

fow = =t 21

I=9 dicedl W WHH|I=Y dedl W 3= 9@

% uftqg 9 Gier 99| g0 F ey € "els fen de am
TR HE A = T HE

3. |9t (construction) [WfEE (complicated)  |HTET (simple) sifa wfem

4. |3THR (size) . | erfa =g WS HEAH HIEH e 9 <E 96

5. |9R (weight) aifa =1 4R AT R Fafas R

6. |dftug sm@ (C.D.) |¥fd ¥ /1" |&xa (simple) Sfeet (complicated)

7. |wamem fafl (0.C) R fR w omedlfeR oW ot wmes @ feRow e
wurg am s | fefad T A9 S
feafadi # feenferl &

8. |zh sz srEE ym: e (without)|Sr:  Ted  (without)|®3H Bfed (with)

W ¥ fas wfem [Ty e TEEie H
afed

9. |werer dee@ (0.V.) | (low) %9 (high) -~ {3¥9 (high)

10, |w=rer =9/ (0.C.) 7= (low) Teqn (medium) afa I=9 (very high)

11. |&F (kVA) = (low) - 3=9 (high) 3 (more)

12. |[Siea =@ (life) FH (less) 7w (medium) i (more)

13. |07 =& (R.P.) %9 (less) A (medium) #fu® (more)

14, |wrfs = (1.C.) a1 7 (very less) T (medium) | 314 (too much)

15. |w=wem #9a (0.C.) [ (negligible)  [F (less) afia (more)

16, |srRem™ Fima (M.C.) |3ifd FH (very less) =~ |%H (less) e (more)

g
1. What do you understand by switchgear?
‘2. Differentiate between single pole Isolator and three pole Isolator.
3. S WE Hifwa— . N ol
i i i .B.
O M:wu Tontatos T ferd (B.T.E. 2007)

(iii) Isolator W C.B.




20 .
4. ﬁﬁ.o.w.mm%mmﬂﬁmﬂam_
5. What is the difference between Isolator and

6. IR TR Hifse— '

(i) Isolator T Switch ,

(i) Insulator Td Lightning Arrestor
7. Isolator d C.B. & 3<% T HfwQl _

circuit breaker?

T STEEEE @ C.B. ¥ e & TgEd waEd|
9. What is the difference between :

(i) Switch and circuit breaker?

(i) Fuse and circuit breaker?

10, Isolator 3 Switch 3 T4 waTe21 a1 I fiare = 2 &2 e 1 sfor W 7% 7 o1 T Fifw

(B.T.E. 2012
(B.T.E. 2015)

:.ﬁﬂmaﬂﬁwﬁmﬂnwuﬁﬁﬁiasmmﬂwﬂm@ﬂ%ﬂ&ﬂ_ﬂ%e
12. Explain the working of Indoor Isolator with fig. ;s
13. Why do we use Isolators on both sides of circuit breaker?

14. Switch, Insulator g C.B. % 3= =t

15. Discuss the various types of switches.

16. Differentiate between outdoor and Indoor Isolators.

17. Explain significance of Isolator.

18. What is Rotary switch? How does it work?

19. -7 figw fFm v R & T €2 9% o fafay

20. Difference between Isolator, switch and circuit-breaker.

21. fafu= yR % e fr sa

Fill in the blanks

(1) Afuseisa.......... device.

(i) ACB.iSa vuveereen... device.

(iii) An isolator is designed to open a circuit under
(iv) When a switch is opened ............ is produced.

3 Under normal operating conditions, the contact of the C.B. remains ..............
(vi) Under fault conditions ............. supplies information to the C.B. to open,

?:v The outdoor type switchgear is generally used for voltage beyond kv
(viii)Isolator isan ............. switch. o o .
Answers :

(i) protective, (i) circuitinterrupting,

«N.HM.NES
8 sﬂwﬁﬂﬁmmﬂﬂﬁﬂwﬂnga%w%_gﬂﬂm%mw%mﬂﬁww
. T % (B.T.E. 2007)

(B.T.E. 2015)

(BTE 2016)
(BTE 2017)

(iii) no load, (iv)arc, (v)closed, (vi) relay, (vii) 66, (viii)air.

a

e v

(Electrical Faults)

2

241 mmm e (Electrical Faults)

fireed % aFat Tl i W & S e W T SR (short circuit fault) $1 ¥ 7 feaf
3eg=1 Bt € A oRwd % T Ag A a0 wedt @ ok wo s B gHeE ¢ aen g w
e e B #1 T8 W THN Y5 I9d WY U0 % A #9102 00 6 o 390 36 mE
¥ o Ff 9 Y SR TE F T a9 TR o Y THEE 9 S e 91 e e
A sl B fawfad =@ 8— .

(1) HHfEd WR9 (Symmetrical faults)

(2) orEmEEd 91 (Unsymmetrical faults)

(1) Eafua. wEw  (Symmetrical faults)—9=t  faww
¥ o=y =% YOI forad of=ta dHi oAl ¥ SUsS Syl g8 Wer
urg @gn 120° ¥ faead W e €, ufid ¥eM (Symmetrical >
faults) el 2l ﬁ i Vs

e e 3-he T & A ar o ¥ fire W 8 t
e ot e firee H wEfiE e S A A A w AR ] ] g
@mm;

Vr

Vy

R g T Waifed S a9 9 YWY L, 1y, [p T-GELE 120°
¥ faeamq W B0t st fiv fam 2.1 A fewmn T R

7 W e w6 @1 e ¥ e e e— ;

(1) @A W& (symmetrical faults) TR fen & wgd %9 261 €1 SRWL W SEEH T&N
(Unsymmetrical faults) B R

(2) T ¥E (symmetrical faults) % &0 W €R1 %1 WM 9gd ify® B § e RO
fereen & Fm FT A1 I T Wi 3HT (circuit breaker) W U T T 2l

2.2 YR &RT B H (Limitation of fault current)

v et oty % fdl forg, W wug S @ € @ 39 IRud F TEYS 9N (short circuit current)
9 WRue Fi S (Impedance) T F1R et &1 <t fon e 2.2 & forgman man # fif Rty R @AY
Yer ur 9Rug ¥ e g SRR 9 EEnR ae aEd @ st w feR wd @

Transformer F

o—T—-
ferm 2.2

374: 9y S TTE9Y WM HW (short circuit current) Sl I 31 F0 % fordt vitgg = sfeam A
B a2 i
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23 n@ﬂm wfeema Anmqnm__ﬁmm,mmmn»w:n&
e,z ae fgd @ s 1 T
current) T T SEE A A B HH
gt st oftqg # percentage reactance Edl

e total phase-voltage dropped in the circuit w

..x_\«uhw\;xﬂoo

i & gl & a6 T TR (short cireyi,

ofesr firet R 8— .

Itis the percentage of th hen full load current is flowing,
1

=% @5 9

V= %9 deed

x= ReR= ¥ 3iM | & :
Percentage Reactance #1 kVA 41 kV # fire R fora wa §—

oy = VALY
10(kV)2
a7a; ofteg i @YY 9 (Igc)
Ise =%
SC. B%
_ 100
=Ix ha\a e u
% age Reactance at base kVA
_ BasekVA e
= Rated KVA. bage reactance at rate A
Base kVA 1 H19 THYY 9N (short circuit current) T YHIfaa & a1 21 36 IR0 F &N T
feaman m 21
11/66 kV
® _ 33 66 KV Line
2500 kVA , 33 .
10% 1000 kVA
5%
fem 2.3

A f# 2500 kVA as the common base kVA.
Reactance of transformer at 2500 kVA base.

=5 x2500/1000 =12-5%
Reactance of generator at 2500 kVA base

=10 %x2500/2500 = 10%,
Total percentage reactance ._
%X=12-5+10=22.59
Full load current at 2500 kVA base e ® e

wdm:_&d e — . - 23
2500 %1000
I= - 1.
B xe6xioo 2 ETA
_ 100 100
lge =1 =21.87x 2 _g7.
SiC. xo\_rx‘ Bwqxww.m 97-2 A

379 B4 500 kVA as the common base kVA.
Reactance of transformer at 5000 kVA base

=5 x5000/1000 = 25%
Wnunﬁgnm of generator at 5000 kVA base .

= 10 x5000/2500 = 20%
Total percentage reactance

%X=25+20=45%

Full load current at 5000 kVA base

[ = S00xT00 _ 45,944
J3x66x1000
Short circuit current Ig ¢ =1 X _,_\go\m - 4374 x22=97.2A

T ITET § WL ¢ i base KVA T WH $B Hl @ T TY9G ¥R H AR TAH B
Short circuit current kVA—2afd wiez fag T fawa = € € vy fe ot wreqefa am (Short
circuit current) F1 B TEURE kVA § guid € FifF @gfad kVA (Short circuit current kVA) S8R
AT ¥ IR e fag 7 Fl F 2 .
#4: The Product of normal system voltage and short-circuit current at the point of fault expressed in
kVA is called short circuit kVA.
Tl
¥ = Normal phase voltage in volts
I =Full load current in amperes at base kVA.
%X = Percentage reactance of the system on base kVA up to the fault point
Short circuit current (YA 9HT)

¥d: 3-phase circuit ¥ A short circuit kVA
- w w\ &M.ﬁ.
~ 1000
3V1I

==X

~ 1000
= Base kVA x

100
%X
100
%X

Steps for symmetrical fault calculation:

(1) TF single line diagram F1gd o T QX wRewe 1 rating, voltage T %age reactance ferdl il
(2) ¢ it TF base kVA HFEHL Yage reactance F1 base kVA & S

(3) Reactance 1 T single diagram T fEd T phase T neutral = g9t @ A
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(4) Wiee farg T U9 #1 Tl (reactance) el

(5) Full load current base
100

—_—

(6) MU X short circuit current Igc=1% %X

100
Short circuit kVA = Base kVA x UK.

LA W Fremel aan deest Fault fag W

dega WY ; 25

As the short circuit current is to be 8 times the full-load current.
. Total percentage reactance required
_ _Full load current
Short circuit current

= Tux_gua.,ﬁ

x 100

8

Example 1. Fig. 2.4 shows the single line diagram of a 3-phase system. The percentage reactan External reactance required =12-5-5=7-5%

of each alternator is based on its own capacity. Find the short circuit current that will flow m_zJ Let X Q be the per phase external reactance required.

complete 3-phase short circuit at F.
Sol. Let the base kVA be 35,000 kVA.
9 Reactance of alternator A at the base kVA.

% X, = 22000, 30=70%

15,000
9,Reactance of alternator B at the base kVA. |
35,000
[ = M =R87.5%
% X g 20000 x 50=87-5%
Line current corresponding to 35000 kVA at 12 kV.
3
i T. — = E" —mm& >
. VB x12x103
15000 kVA 20,000 kVA
0%, ., -, ,50% Neutral .
A B
A B
| ba
._m_c.oo v Xa=T0%
ﬁu
T

' Single-Line diagram

R 2.4

Total % reactance from generator neutral up to fault point
%Xy =Xyl Xp

Short circuit current = —<4 X8 _ 70%87-5

X, +X; 704875 38:89%

100

Ige =Ix—==1684x 100 =4330 A

%X
Example 2. A 3-phase 20 MVA, 10 kV alternator has in

...&.”_E:nm. Find the external reactance per phase to be connec
steady current on short circuit does not exceed § times the fu

Sol.

38-89

Full load current 7 = —20X10°

: Bxioxigs PHTA
Voltage per phase V= 12%10° _ 10000
N ,\w ..law*co:

Reactance diagram at 35,000 kVA

ternal reactance of 5% and negligib®
ted in series with the alternator so tha!
Il foad current.

Now, percentage reactance = |~._w.| x100
1154-7 X
7-5= 10000 x100

N
7-5%10,000
VB x100x1154-7

Example 3. A 3-phase transmission operating at 10 kV and having a resistance of 1Q and
reactance of 4Q is connected to the generating station bus-bars through 5 MVA step-up transformer
having a reactance of 5%. The bus-bars are supplied by a 10 MVA alternator having 10% reactance.
Calculate the short circuit KVA fed to symmetrical fault between phases if it occurs :

(i) At the load end of transmission line.

(ii) At the voltage terminals of the transformer.

X =

=0-375Q

5MVA
10MVA 5% Fy £

0% 10kv  1Q 4Q

Load

fem 2.5

Sol. Fig. 2.5 shows the single line diagram of the network.
Let 10,000 kVA be the base kVA.

9% reactance of alternation on base kVA
o 10,000 % .
%X 4 =———7 x10= 10%

10 x10°
% reactance of transformer on base kVA
g _ 10000 B
%Xr= 3 x5=10%
5x%10

The line impedance is given in ohms. It converts into percentage reactance.
% Reactance of transmission line

(kVA) X reactance in
: Gl 10(kV)?
_ 10000 xw — 40%
10 (10)
%age resistance of transmission line . -
: oy S.oooxuu_o_x
10% (10)

The reactance diagram of the network at base kVA is shown in Fig. 2.6.
Total % reactance at fault F; is :




a9 T} g
26 W ey
=%X 4 +% X1 +% X
=10+ 10 + 40 =60%
9% Resistance = 10%
% Impedance from generator neutral upto fault
= (60)? +(10)* =60-83%
Short circuit kVA -
= =16440kVA
=10000x 50.83 16,

(ii) For a fault at the high voltage terminals of the transformer at point F
Total % reactance upto point Fj

=%X,4+%Xr

=10+10=20%
Short circuit kVA

100
20

Example 4. The section bus bars A and B are linked by a bus-bar reactor rated at 5000 kVA wity
10% reactance on bus bar A, there are two generators each of 10,000 kVA with 10% reactance anq |
on B two generators each of 8000 kVA with 12% reactance. Find the steady MVA fed into a dead
short circuit between all phases on B with bus-bar reactor in the circuit.

10,000 kVA 10,000 kVA 8,000 kVA 8,000 kVA |
10% 10% 12% 12% :

=10,000 x —— = 50000 kVA

2 3 4

5,000 kVA
10%

a1 D

"\"'-

a7
Sol. Let 10,000 kVA be the base kVA.
% Reactance of generator 1 or 2 on the base kVA

=10 x 10,000/10,000 = 10%
% Reactance of generator 3 or 4 on the base kVA

=12 % 10,000/8,000 = 15%

2  Neutral

3

Neutral

15% 59, 7 m,_.\o

20%
frr 28

Ling
o4 Reactance of bus-bar reactor on the base kVA
= 10 % 10,000/5,000 = 20%
Total % reactance from generator neutral upto fault pointF :
=(5% +20%)1|7-5%

27

_25%75_ .
=345 0%
- 5 100 _

Fault KVA = 10000 % 3 2 = 173310

Fault MVA =173-71
Example 5. A small generating station has two alternators of 3000 kVA and 4500 kVA and
percentage reactance of 7% and 8%. The C.B. have a rupturing capacity of 150 MVA_ It is desired to
bxtend the system by a supply from the grid via a transformer of 7500 kVA and 7-5 % react
Find the reactance of the reactor connected in the Bus-bar section to prevent the circuit breakers

“ being overloaded, ifa symmetrical short circuit occurs on an outgoing feeder connected to it. Assume

the bus voltage = 3300 V.

3000 kVA
7%

4500 kVA
8%

A B

fam 2.9

Sol. Fig. 2.9 shows the single line diagram of the system.
Let 7500 kVA be the base kVA.
% Reactance of generator A on the base kVA

7500 _ 1 o
%X g = T35 =17-5%
% Reactance of generator B on the base kVA
=25 1300 _ 3 3404
%X 4 lmxamoo 13-34%
% Reactance of transformer on the base kVA
_ . 7500 _ 4 co;
=7-5% 7500 7-5%

Let the percentage reactance of the bus-bar reactor be / "9 The reactance diagram will be shown in Fig.

Total % reactance from generator neutral to fault point F :
=(7-57% || (X +7-5) %
7-57(X +7-5)
X +15-07

%
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A Neutral B zo_._—qm_ ﬂ‘% Nw
0 o Base MVA
kg Short circuit MVA * 100
_ {100 N
1334% 7.5% (X+7.5)% -h;oouxsolm.ﬂx )
. () e .
e o4 Reactance of Station B on the base MVA
%X g = ﬁggxsoum.m %
X% _ 1200
. o4 Reactance of Inter connector on the base MVA
. F (kVA) X (100x10%) x1
ferx 2.10 % X, = -

(X +15-07)
7-57(X +7-5)
But short circuit kVA should not exceed 150 x 10? then rupturing capacity of the breaker
150 x10° = 7500 x100 X (X +15-07)
- 7-57(X +7-5)
7-57(X +7-5)=5(X +15-07)
X = 75-35-56-77
T 7.57-5

Short circuit kVA = 7500 x 100 x

=7-23%

and % reactance

&va) X
10(kV)?2
7500 X

10(3:3)2

,_723x10x(3-3)* _

= =300 =0-105Q
Example 6. The estimated short circuit MVA at the bus-bars of a generating station A is 1
MVA and of another station B is 1200 MVA. The generated voltage at each station is 33 kV. If th

stations are connected through a line having a reactance of 1 Q and negligible resistance, calc
the possible short circuit MVA at both stations.

Sol. Fig.2.11 (A) shows the single line diagram
Let the base MVA be 100.

% Reactance of station A on the base MVA

%X =

7.23=

6.67% 8.33% 6.67% N
A @ & A eutral 8
- “w mv.m 6.67% 8.33%
10
—n—
“ F 9.18% F
(8)
fm 2.11

=9.18%
10(k1)2 10x(33)2 .
(i) Fault on station A
=(8-33+9:18)%|6:67%
Total % reactance upto fault point £} .
_17:51x6-67

T 17-51+6:67
Short circuit MVA = Base MVA X
100

WK—=

4.83

=4-83%

100
% Reactance
2070

=100

ii) Fault tation B
(i Panfbomsiat =(6-67+9-18)%18-33%

Total % reactance upto fault point £

_1585x833 _ . o

T 15-85+8:33 i
Short circuit MVA 100

u_ccxw.ﬂn&w_

Example 7. A generating station is laid out as shown in fig. 2.12, The ratings and percentage

reactances of different elements are as indicated. If a 3-phase short circuit occurs on any feeder near
transformer secondary (Point F) find the short circuit MVA fed to the fault.
Sol. Fig. 2.12 shows the single line diagram

10 MVA A 10MVA B 10 MVA ¢
30% 30% 30%
K L M
10 MVA 10 MVA i 10MVA B
10% 10% i) 10% 1 . )
| r Tie-bar *
pr
?h( )eHz( 5 MvA WV
mw@.ﬁ .”mm: m%\”ﬁ 5% W
(]
“

fam 2.12
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Consider 5 MVA as the base value

h penerator on the base MVA
9 Reactance of each ge b o 15%

9 f each Rmﬁo_,. on the base MVA
% Reactance of ea iy

% Reactance of each transformer on the base MVA

=5x5/5=5%
tral
Neutral A B c Netral
15% L ma_x
[~ SN
ag.m L M 15% 3
vl =
5% 5% G
5%
5%
K K
F F
fma.13

Total % reactance from generator neutral upto fault point
— =(10% +5%) || 15% + 5%

_15x15 _
l_m+~u+mlq,m+ul_m.uo\o

Short cifcuit MVA = Base MVA x ——100
\ g % Fault Reactance

= 5%~ 40
Hifdhe SETEToT 8 : 2 v 33 fafo Ao wramadeRt 1 &rTAT FET: 2000 fiFo G 13
W&oﬁomﬁqm@mu@miﬂﬂ;ﬁﬂ;,\gw_mﬁzwwmﬂ b
= o . Freme ergufivy Sra frafaat

FF—AM AU fHodtoRo = 3000 £ 3 sy faodloto & gof
VAT 4) 1 S S = 2000 ,

2000 %3
=12%

T YARKE 4, H Sy < 3000 ,
- 3000 *10=10%

g W

2 forg F &% @3 %1 gea9H Sova s
%X o 1210 60

"+ 7
ergaftafad feoslioTo

_ SR fehodlolo

= |o\ok|n8.|rx5c

3000 3000 x11x100
=go/11 <100= 60

=55000 fFodoTo
I
dgr  oURYd 9 [ = ke %100

foreiy .= R feRodtolo

3 x f@wodlo

3000/43 x3-3
= /11 x 100
_3000x11x100 _ 55000
T 3x33x60  1:732x3:3
50000 _ ;
=S o¢ = 0022:789 To

firoftor (Rating) BT aTolo ¥ [T wifwwl .
TA—AM 38R fhodlolo 3000 ® A eMuR fFodlolo & T A

ST G, H % S X = 3000 X10=15%

TEEdGH G, ﬁ&mﬂﬂmkwuwﬁ%xmumﬁ

o T % SR Xy = 00 x5=2:5%

% Xz =15%

At

% X7r=25% CB.

v

.,|||“_.

Efld

SHifiren TETEROT 9 : Teh eI AT ok UL S & 2000 fefodToNo W 3000 fmosiolo H A
TR (Alternator) Hate & ik witera Wit wAI: 10% T 8% ¥ 4gR TR WS @
WIS (Feeder) ST T 5% T aTet 6000 fFodioto GRUTTH (Transformer) & AT W SHER
A e farar Tan £ |, veraes wun artenius % wea it uitug faurstes (Circuit Breaker) &




wEd® G @ G wﬂﬂaﬁﬂaﬁ-ﬁwwgmw@%%ﬁﬁﬁ@ﬂw
¥ g § %@%ﬁw%&ﬁm%%alﬁ@my

3. T i gea (Equivalent) e wfeend
1 +%X 7 = lKTNM +m&kﬂ
;Ng"‘—llelWl oAT .Nun_..\#\u LA
X X
15%8 120 0,
= L= +2-5%
T15+8 23 ’

=5.2174+2:5% = 7.7174% -
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+2:5%=

%mﬂ?ﬂﬁﬁ%ﬁwﬁﬂﬁ%%@%@qﬁam,ﬂ%ﬁﬁﬁﬁmgﬁ

| F=Iqd fHodleTo MW v gt

3R fRodlolo
o ﬂ.m.n.mdﬂ @oﬂ;ﬁoﬁo = ofaed P CCIn]
3000 L
===17a %100 mﬁo&oﬁ
=388.732 AW dlolo
a1a: gfrqe frdreE o fHafe = 388-732 Hm dloto

rifere IETEA0T 10, : T Tahet el 1000 Fodtoto YeaTadeh G o1 WiavTd Wi=Td 8%

%100 fHodloWo

:

. #, form)
AT 2 Ve 2 URuTi e Wferera i A 7% U6 8% qAT FHodTolUo FHIT: 600

!

500 1 eI TS 1 FFrwre 0-2 3 wfir fefotfto e TTE areet 33 feRodto §1 o 4 1
Fiotito 3 it WT AT & TR TYRTY W IS A A T A &7 T Feroditoto @
T £ SER FodoRo = 1000 ¥ T YR fHodlole ¥ TR H TeEHT H % P
| x, =100, 5 gy . ]
£ 71000 *°7 07
e fonfe 1, SfEm
=11-667%
1000 Bookva
KVA W.,\_uxqg 44
T
%X 8%
Tz

|
o

e w2 33
wd RO T, 1 % Wiae
1000 g noo_
kullmoo x8=2x8=16%
qut R A =W
aMeR ffodiolo _ 1000
FS-LUBLLLLL LIS, LU
oA A 3-30 303 %
-, oA o wiawa wfasTd
x;=Z-x100
_303x0-2x15x100
= 3300
=303 _57.5455%

1
i%i%ﬁ%ﬂ%sﬁ%:ﬂ?ﬁimﬁ%@ﬂ
o L, 1w @l Sroft & By A1 Siftral s W TR F @
1 X=X+ XL
=11-667 +27-5455
=39-2125% ;
Xy + X", =16+27-5455
= 43.5455%
U G I qeaHH Wi

7’
5C

w

N:mn.\w\:mo )
X+ X" %
i 39.2125 x 435455

39-2125 + 43-5455

i 1707-528
82-7580

=8+20-632%
=28-632%

kﬂu\«m+
=8

=8

%

- @Y uftag g
303

78.633 <100 T

x100=

)
lse= 50X

=1058-2565 Uo

o T oot = S ool
%X eq

1000 x 100
=mem e

— 34960883 fFodloto

%100
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2.4 ST ST (Unsymmetrical fault) e 0 S ¥ s

ﬁaﬂwﬁﬂﬂdaﬂwﬁiim@m A
¥ forer TOEd € sy SEr (Unsymmetrical fault) FECal &l

ersystem whi chgiverise to ==m§§ninu_ currents (i.e. unequal fault Clrrey

Those faults on the pow ;
own as unsymmetrical faults.

in the line with unequal displacement) are kn
SR TE Ve A Al § —
|, TS @A a9 IS () & & (L-G)

2. oA A & 99 (L-L)
3. ‘mﬂmm—mﬁa f=rrir 2 = \q.ﬂM

Y <\|.ﬁ\
B

L-L Fault
fem 2.17

Lol

:

L-G Fault L-L-G Fault

1. Single Line to Ground Fault
AT T 3-% s e neutral T 314 (earth) FFA1 g3 € A9 UHE @A A WSS (SHA) §

T RS A we 2 8l

Hh HM&.T.D..TMM"MNG .

m

>
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e e

oA @ I e € fF
- — —_
—\L"OQE\W”N%"O

a9l R e &% 3T=Y Sequence Y ©EA YU & &9 §
s Hlv - - —n.v
NO"WQ.&+N1+HWVHM~N
R - -
N—"Wﬁ.\h +h.~_\+hmmhv“

~Iw
31k
- 1 -

— -
Ly=3Ug+a’Iy +a’Ip)= 1

b d
3'%
s I T R
aq1 MOHN_HNNHWN.N

- 2 o

WAI U (Fault current)—§ad T8¢l a9 9 m F ferd wet T @ Frain T 2,25 7
AT, RIS a9l I Sl AT (Positive, Negative and Zero phase sequence) & el sRE =
34 < T NREN &I tH W

-5 95 9 9 =
mh"N—N_ITNNNN.TNQNO.T—.\N
5 o o
h=I=1p
5 9 o =

m.k = NOAN— +NM +NOV

§ -
HifE Vg = 0 941

N -
E
lo=5——=
N—+NN+N0
- -
A9 W29 °9W Iz =31 ¢
-3
__ 3Eg
- =2 = A.}v
L +2Z; +Z,
3@ "o (A) F fod wmge wihe fm 2—
Ip
Zy
) .
Z,

min.;
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%%%u&ﬁaﬂﬁﬂw .
- 3E
L k=" 5 =

Z+5+ 2 +3Z,

¥ farg W A Q.wmmn <o_a.mnm at @55
Ey=0,E; =0, E\=

g R e W STIHH (Sequence) A

i
W=Ep-h%

- -
R
TERT S o o

N—+N~+Nc
5 o

__Ht+h m.a

-5 = =
N_+NN+NQ
NN

Vy=0- NLM

INN m.,..“

IIv =
N_+N.....+No
— - =

—\Q”O|MCNO

|v
llwoi
=55 Sk
NH.TNN._:NQ
- 9 5

Hiieh V1 +¥3 + ¥y =0 R-phase shorted to ground
3 & dieew

e e )
-\h "“\O.TS ..Tw\m =0
—_
=V +a 3 + nH\N
- o
Vo =Vy+al} +a?¥,
Summary of results : For line (R-phase to ground fault).

- -
) I = Fault current = 3Ep
- - —
4+ 7y +
L L Aarn
NT"OcNm"c

Y

e YA

2)

-
.—\h"@

- = = =5
—\__.."—\OATDNH\_ +nv\N
- - - -
Vg =Vy+al +aV,

2. @18 A @IF- A W& (Line to Line Fault)
ﬁ@%ﬁalsﬂﬁsﬂmﬁ@mﬂﬂam_

- -
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—_

w\u..l.w\.h.. Mkl.o q9q1 N%+N.W 0

Ig=0

R

m?

N

...||ﬂ

8 Y

.\ /m<

Ig

= 2.20

a9 R WS 9 reference .n._ﬂw oo

w

- - -

Ncl{nmx +N~ +.\Wv 0

- -

“\NH

Now expressing in terms of sequence components of red line, we have :

LRI

- it - - -
—\c+h S.TQH\MH u\o+Q—\_

- -
“\_Anulnvn—\w Anuinv

- =

n=vr

- -
Iy +Ig=0

- - - - - ulv
(g +a®l +aly)+ (Ig+al;+a*1})=0

- = -
(@*+a)(ly +1,)+2I5=0

- =
~_+-"O

—
”
+a ',

—(A)

e (B)
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% ly=
WEIg Gn (Fault current)
E.Eass@&_,ﬂwam%ﬂﬂudamﬂ

- - E
N—"I\N = £

- =
N_._.Nm
Wew g (Fault current) S e o
b\"ﬁo.._‘h N_..Th.\nv
- -
2_Eg —Ep
=0+a" 5" ta—3
N_.+NN N_+NN
-)
E
nﬁnulavulrl
.N_+NM
-
I. IV
.N_+NN
& HIeER (Phase voltage)

- - - -
m.oﬂc-m.uNO qaqr N_ﬂm_a
The sequence voltages at the fault for R-phase are
- = 9
N=Er-12
—
m -
=Ep-|52 |2

N_ +N~

..

N -

- ..INH.mk
N_ + NN

- =

V=0-1,2

-+ -5

N_ +NN
ﬂ - =
0=0-1yZ=0
The phase voltages at fault are :

lwlvlvlv

PR=V+V +1,

form 2.21

Summary
gllv
- - = —jy3E
W) Ig=0,Iy =—Ip== 7"
L+4

|'
- o - =2
@QVy =V ul@l& —Er
Zi+7Z,

- =

-3
Vy H—\.u.vnu.“\_ +aVy

-

- o -
Y/ Z, 2
=0+a® U|.N.”.m,x +a e
Z+2, 4L+

—
NN -
- =

N— +NN

"AEN .+.bv

¢

Z -

e B
— -

Z1+ 2y

T - NI-
—\N "_..\o+h—.\__+ﬁ m\N

=

-
- -
"O+h ”vnmrhmx +QM “w”.mh

N_ +N~ N_ +NN

- J—
Z,
5 S Er
N—+N~

= Qum +D_V
—
N -
& _p
- -
N_+N~
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+a=-1]



i -M.m.w m. 3
S.—.Hlv l,v.z Iv l M.
N_+NN ~ou|:.l Nl.
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faa S Ul teny

type of faulty

36: wae (stability) * o —gmy (Fault current)

1
SR ¥R (/) o e w8
J ®
s wIfae (stability) o &1 T9E %! wioaren % (Z7) . . |
(i) iﬂ.«&;@ﬁﬂﬂuﬂ%ﬂ (Three lines to ground ».mz_clumd.,@mm =R WSS @1 STUEN, T9 VoY §
el 1 e i e v &1 T g6 e 1 feafa § o G SR sifys et 21 9
g3 FY § G (relation)—
HO.L)<I(L— G)<I(L— L) <IQL— G)<IBL— G)
(if) 9t T3 TGIY WG (Three line short circuit fault)— 399 Gl FETA] I ST, FEGA WY F

A

T YR 1 T ST S S 2, T SR Fer U SR ST B 1 3 TE

# =Y (relation)—
[O.L)<I(L— G)<I(L— L) <IQL— G)<IBL— G) <IGL)

Prauit (Note)— e Wi SO % Swi—

Bﬂﬂpwﬁﬂﬁaﬂ&_g

(iii) m,qm._wﬂw ¥ T30S WS (Two lines to ground »,wc_c|m...._.wmm 51 9Sal T 3Tden, 39 RN &%
I, FOITeH 1 TIfae S WHfaa e 8, T 30 eI $I 4N 1 WM, 3% 41 e Fi gred &
A & e an 81 3: GF ®9 § G (relation)—

HO.L)<I(L— G)>I(L— L) <IQL— G)
(iv) AR W& (Overload fault)—3gq Wi Wt % AAHTE (overloaded) B4 & Womeht F HRI

F1 9, Freifta o/ % wm @ arafuss 95 o 21 390 el 1 Wi e w9 gifad o €, i

TRt 1 TG 1 % 5gd § I 2

3%.@3«&% (Line to line fault)—3= T WEr F aaq & W & I, Soret
F1 Tfe e wofaw € 2, R guw w6 uw S5 A e aRiel @ st g 81 o
Y3 9 H T (relation) , :
IO.L)<I(L- G)<I(L— L)
~ (vi) T & TISUZ YEY (Line to ground fault)—3IT4 T F TVe, 39 WS Y WOTR 1 wfaE
%ﬂ%@ﬂw%ﬁmﬁmwﬁ&%ﬂﬁﬂzﬁﬂﬂ%w%ﬂ& I (I )
HI STRTEG SF B 81 &: A ©9 H WA (relation)—

IO.L)<I(L- G)

i

'

i

21 & HIOT, T 1 HH
H‘Mﬂ%wl ﬁ@a@@ﬂa&ﬁﬂ@ﬂﬂmﬂ%ﬂgmﬁu&awﬁmﬁ

(i) TH Hell Gardg TSIy (Single phase open circuit fault)
(i) fgeheT GaT9Y WEM (Two phase open circuit fault)
(iif) 5/ G W= (Three phase open circuit fault)

%ﬂwwmﬂnﬂﬁﬂmmg e open eireuit faul) el g wfee et # gemen s

(i) T W R A F gm ¥

(ii) v T | ToE (W) F 72 W F wRon

(iii) A= SR H WEF F 0 W F” W F wwo

(iv) S 5T T IS A F qF F e 7w sr

(v) Sl A THA | RRR o5 e % 72 w) F

vi) ST 1 g H U ) oag | i 3 . 3
%M%ﬂ%ww”%%%.ﬂm PR ST 35 08 08 e . 9 9 8, e
N (vii) T 1 g B 391 2feq RrlraR o3, e v 5 w4 2 reres v faet @ oz o
FRII

?émﬁﬁmmﬂqﬂﬁgﬂ%ﬁﬁmﬂw%mﬁ&%ﬁ%%ﬁﬁ.

(ix) 54 A9F TS (sharp tuming) wau_aﬂﬁ?ﬂﬂmﬂmaﬂwﬁﬂ»w%_

Axvgiﬂigmm@ﬁﬂﬂﬂmﬁgwﬂﬁiwﬁwﬂg

guﬂ-ﬁqﬂaﬂ.%ﬁ,mﬂﬁ%mwmﬂn@g%ﬂmﬂ#ﬁwwaﬂs_

3. Y-W2 (Earth fault or ground fault)—f&e S W TR 1 9 O W O & s e, e
FHR YeAlt < W 0] T | T3 2, et qords e S 2, 79 a9 6, -5 9 S -w
TIUE I FEE €1 T8 W, -5, wing & fre sfedm @ i 203 3 www, S gm e
ft 359 Bra1 21 Wo Hlo) # firshen Sw iR WomeR ¥ T e et 9 SR w0 o )

(i) T FHem -T2 (single phase earth fault) :

(if) fE=e 4-3eT" (two phase earth fault)

(iii) forpen -WRY (three phase earth fault)

Y-YET4T & HWUT (Causes of earth fault)—fFe Jga wfF Woreh ¥ -3€W 3= 21 & f=
T GO §—

(i) wifder Semer =t fawem ¥ FieR o5 S0 & STera | TeiEd 8F & S
: (ii) foreht Farwmer g 2 e, T % 9% T wr fefa @ s geve, iR o e | e
Hoy|

(iii) e (support) 77 37 o W A3 g2 i (i, firg, e, i 31fz) TRt e e
T F Fww) |



.E
(iv) fF v 3 feger 3 e oA 9 47 () %@mﬁwm&@ﬂ@a@ﬂw

FRUI
Emﬁawmmwm%@ﬂw%ﬁ%ﬂs%%ﬂaa:@%

TR TE (Y) IH & HO

4. §ga YaIT (Combined Esl»ﬁ%ﬁiwmﬁ%mﬁgm%@ AANDAY oy
Sy T W S B €, 99 9 I W FI A FERvS WIeE FE ¢, So— e e oy gy

T g2 % We-wg 9 gia we a) F 9 ¥ g, faman @ IRd WS q9 A9 Thet gy
-2 ¥ Foeel € SR TE FE, W WEI 3 S ST €| $6 FHR 2 Hell T F RER T g
I A TN qa AW Tl Fel TR T g IF A T JAH-H & I, Foohel - TR w gy

nﬁﬂ@%q@mn&aﬁﬂ@w%_ﬁ f T WE % Sra ofr 81 Wl WK WE, srmmfy

I 2§ ‘
T YETHT o FHIOT (Causes of combined faults)— e G wfira womeh & T W ey 21y
& e Fwor g §— -

3@%mgmmmﬂiﬂm&%mﬂwiﬁﬂm&%ﬁi@ﬁﬁﬁﬁﬂma% .

* |
Eiimﬂﬁw@ﬂﬂ( _@m&%wm&%mﬂu@mﬂaﬂwa_
a_.v%&,gﬁﬁﬂﬁ%m%%mﬂﬁwﬁmﬁgﬁwwﬁg
5. YT WA (Short circuit fault)—FHe S v womeh 3 v |
: 7 q Ay e, fF wen
Mﬂmiﬁ%ﬂaw.ﬁaﬁﬁ&ﬂ@mﬂﬂawﬁﬁmﬂaw.ﬁﬂmﬂq@ﬁﬂaﬂ%
ﬁﬁmﬂﬁﬂ@aw_ﬁﬁﬁﬁ%mw%zﬂﬁﬂﬁﬂﬁﬁawﬂ%%% EEcEikD
. aﬁ%@w.ﬁm&gﬁmﬂmﬂ%imﬁé@ﬂ&ﬁzﬂm%ﬂwl
8 faben GECER L] (Two phase short circuit fault)
(i) Feren .ﬂmﬁ SRI9 (Three phase short circujt fault)
o Wﬂm@“ﬂ%ﬂ”@ nmnmsa of short circuit :E.EI.W& g9 AR TR # ey e T

() s 4 8 et & e g (o
T2 ¥ Frow ﬂnsﬁﬂﬂszﬂmyﬂ_wggﬂiwgﬂﬂﬁ

6. ¥-&IUT WM (Earth or ground leaka
! ge fault)—fegt
et ft IR e & g S &7 A 75 w2, ﬂiﬂﬁﬁﬁﬂ@@ﬁﬁmﬂﬁ%@ i
» T AE WY g

e e
s srea S-S Hiee °1 ARUE TS Hiee Feedl 81 59 THd - e o ufa § sfelid
e &1 HE 5 S 3 HR, SR SR A G 62 o Ho ot et wia feen H e war e

BT W, ey
, TR B 8 —

a5

(i) Thel el ﬁumﬁ.ﬂ.ﬂ.&d (single phase earth leakage fault)

(i) Tezmam -aW B (two phase leakage faulf)

(iif) Terem -&iol WS (three phase earth leakage fault)

47807 WETHT o ST (Causes of earth leakage faults)— .

(i) ferdmaft @A T W e TR & e 9§ & (Partially damage) T & S0
(i) wfrm Shfae # g FRFRIE (insulation) % e &9 | &9 T & Bl

(iii) T SHfaw ¥ TR O F S w9 R ol € S & Fo, S sites w9 8 S

=7l (life) TG B S F HE

7. FTFERT Agd WEIW (Over current electrical fault)— 3% e[ AW, St e vifd HOTER & S
e T I ST & e forss ww dga ufe wonel ¥ SR S e 90 S WE 9 6% O 6
e %, AR TR e ST i Hied FEed §1 THH e Hi i v ¥ srnia fafem §—

FfaamT .mﬂ.m .n%_.&.w.... IO (Causes of o.c.e. faults)
e womelt # arfern WEW & R o weE E—
(i) TTE9EE W9 % HROT (due to short circuiting effect)
(ii) Y-%1T0 TS F FROT (due to earth leakage effect)
(i) forde & wvE = U (due to corona leakage effect)
(iv) AR 9= % FR (due to overload effect)
(v) F= wfFus % R (due to low power factor)
(vi) T siween a1 f&e= & ROT (due to low voltage) .
8. ferfi &rTuT WA (Corona leakage fault)—Tehs e wieR-somed = el = F & T A
T Y e e FaaE § ded ST 1 &R, S arHve o 8 e €, 79 9% v fwie
#T0T FETG A HRIA S Wiee FEe $1 T8 Yo ¥ v s i wfvai e €, fors s fel
e v oM = < T 21 To Ho 9t T iR ¥ e firee H 7y S Fre e w0 A e —
(i) The Fen fade 4001 WS (1-0¢ corona leakage fault)
(ii) faeren ferlie &o1 WEM (2—¢ corona leakage fault )
(iii) e frde &or Y& (3 -0 corona leakage fault)
feriiz ervuT weet 3 sRROT (Causes of corona leakage faults)—Ferelt Rl wfe e & <o
iz e v ¥ wea= B0 F ST HROT TR §—
(i) ¥ e (line voltage) F e 5 T & FI
(ii) o S ¥ a9 R g W §H & FH
Ec%ﬂﬂﬂ#ﬂ&ﬂaﬂ@ (thin) B S & HO



e 1 B (1) F ST (@) 35 oy

46
(iv) T S & i ), e g (@) T

Earee|l

j F FRI
(v) S T F TG (rough) 2 5
Evﬂaﬁwﬁmmﬁn&%ﬂﬂum%ﬁﬁi‘i* aird, FE %Vw%ﬁﬁﬂ#ﬂﬁ

9, firer ateear SE@ WeIW (Under voltage electrical fault)—9€ &g S, S T wlw TR § _

mﬂ%ﬂaﬁ%ﬂawmﬁmﬂ%mﬁ%%m&gﬂﬂ.gﬂgﬁﬁﬂ
ﬂwﬁﬁ%wmﬂﬁﬂaﬁﬁﬁﬁ%ﬂmﬂaﬂmﬂm@m_ﬁwm@%_%ﬁ%ﬂw

st fafag 8—

1 Sfeear weral & ST (Causes of u.v. faults)— 7= areedl &I (under voltage fault) 3 fre |
: : ,

FWT g E—

(i) TTEYGT W9 3 HRU (duc to short circuiting effect)

(ii) FoaTada 41 ST I ) SEHAN F B

10. AT AT fEeerer WS (Surge fault)—a8 mﬂd w3, 5 m.mm I JoTedt # 3= EHEI i
I ATl T I T 8, el SR e Wl e FECN €1 T o A WA TR (higy
voltage wave fault) Ht Fgd ¥, H—3ga VA JoTeh 1 T oAl W Aeelt @1 fasen § 399 I
G WX I=7 Feear F W (surges) I

11. SE Ve g YA (RPF. ful)—% dgF O, W s dfE Sgw v s
(interconnected power system) ¥ faqiia wiem ware (reverse power flow) =T FRVT a1 ¢, 31t forg
I e W e H w0 e B (reverse) € W €, fradi @ aaet vIfe WaTe Wary sga
mm@ﬂﬂﬁwﬂﬂﬁmﬂw;&mu&dﬂﬁggmﬂm%ﬁ%a
(interconnected system) 19fq S for weifr Wrosy a7 fameay & & a2

12. TG €N (Short circuit current)—¥4 favlt g v worcht # el farg g aftae W

et 2 2, e am 91 frer Qe (less resistive) 921 1 &1l €, i 39 S wifera womeh ¥ e R -

ﬁﬁﬁiﬂﬁwﬂ@ﬁﬁ%ﬁﬁﬁwﬁﬁﬁi&wﬂ%@gﬁﬂﬁiw

|

dea wery 47
Fifefet IR STE Wt HITETE ST RER FAHR 350 3 2 Ted &1 3aie woneh 3 9 o6 &
n&&m_..mma_ﬂmmﬂw@%%mﬂn@mﬁSmﬁﬂﬁﬁmﬁww%mﬁmgﬁ%@

(ii) Werdt aRed i FiAETEr 9O GRS W (On the impedance and reactance of faults
circuit)—SR1R Iaa F < fareg F ST TR A1eh enve w1 WA, 79 SR g 9 8 ST (2) W
fopfz e 2, foren orria o Ho S, AW, W anfz T arerd SwaR w5t whEn ot 2
Am&mmnaﬂmnamagvﬂ%Qnﬂ@f&ﬁﬂuﬂm.%ﬁ%ﬁ&&ﬁim@
Feqe = A 56 e ufted & wfae (X) W st §1 west 3 faf dn ey fe gt gy
¥ s-wer €, o A9 GR H A -Gt ST (earth fault resistance) W o Fisf w4

(i) FroTrett B ST T HEE 9T (On the numbers of generators)—3ea Wi FoTreh # weue 1wy =1
T T F WA el i HE % WG F 95 € S e ¥ e 21 i womeh ¥ wef s
e g E H HEAd Ted 2, W w e feer sieedn WOwoe % e (kVa) 9 wen ¥ sl

&TVaT ¥ e @ TUTEl F sefaEE WIS IOW i &I a9 TuY 91 0 0 wgd €, S6hE woreh 5t
TS {RT Sl A (vaue of short circuit current)— :

Total short circuit kva of the system
Constant rated kv of the system

.N.qn"

_ No. of alternators X s.c. kva each alternator
Constant rated kv of the system

.Mhh.

N xs.c.kva (each)

fse= Rated kv of system

s. ¢. current : Isc. o N (Nos. of alternators)

(iv) WOt SRt &IHET OT (On the kva of the system)—3gq Wi STl H <9 9 =1 WH YOI &t
AT (kva) & 5 ¥ sgdl ¢ ot 923 @ w2al €, FifF Tonel F wSdt uitye § <uy 91 w1 AH (value
of short circuit current) .

short circuit kva
Rated kv

N....ﬁ. =

<ifew qoTelt F T affeeie WER THERR HH | Saifed @ ©, St w fifvea fer deea woseet
AT (kva) i GG, THH T SO Hi & B TG & IR UL F wHg T+t fiee v wa
Wt fag am S ¥ =g SR woned ¥ e ) wEm % 95 A WoTeh F &l (kva rating) TG &
3R R ¥ W wg9g = W o wed 2 ol

(v) WUTTGt 3 Teh} &1 HEAT 9T (On the number of feeders)— 3 AR SOTE § Twd 611 1 4H,
SEH WA et 1 gEm g W g € ot T | w2 g1 i wonel ¥ Haie 1 e W
AR 9§ 92 e ¥, S ol =) aRom st (2) 5 st (0) S w0 S 8 iRemesy
TueRl F HEm e § WoTe § e W H A wga el

(vi) WoTret & wftonfirst @t W& 9T (On the number of qgmmcuunav|w%ﬂ_wﬂ§mmmﬂ
T 1 T, ST A 2 e ae A wg & s g ¥ v d1 5 ot 3§ wh
Wi TrE TR s G T S, Tatad YoTeh @ ge s (2) @ i (X) Jewni
BT ¥ we W ved 3 TR YO § ST ST % 6 sel § a9l 76 fudd (vice-versa)l



| i
Raw amaed) Ty |
438 Filie &aﬁavlwﬂm oifer WO} 3 Ty m

factor ¢
(i) Ut 3 wrfer ToTeh WX (On the power
ﬁﬂﬂ@w%%ﬂwiﬂmﬂaw%m«u@g

gR] %1 | (value of normal current)

w.%ﬂﬁamwﬁ%gwﬁﬁ

e ddRE
1= 20 )= Tt T Gos®)
A
1

b ikl yife T (cos ) ;
13. TTYUY SRT & W91 (Effect of short nmnn::mcqmnc|ﬂm~mﬂmﬂﬂmﬂq:mwyﬂﬂd§ﬁi
umﬂﬂﬁzamagﬁﬂ&w%mﬂ%mﬁﬂa%nﬂaw%mﬂsmaﬂﬂmga
Fo1 . 3 e STl SR FE T A ¥ Herr, 9 WA ST A STRTN H FAR Tz gy
m&.%%ﬁﬁﬁ%w%wqﬂmma%%&ﬂwﬁ_%%%ﬁ%@ﬂﬁm _
FE T T W e R 8 S S s i g | RTEE U WA o Y
wﬂiﬁﬁﬁﬂ%ﬂ.@%%ﬁﬂﬁ%ﬂ%%ﬂﬂﬁéﬂ&ﬁﬁ@
(&ifr) B == & o, 7% e anees € 5 gee () & Hd, N SRed 41 s 1w 4
ﬂwdnémw.wmﬁ.ﬂ;@mngnmncﬂmﬁﬂ@.ﬂmﬁmﬂmﬁ%m%.ﬂﬂwwﬁmﬁggmﬂm

firR v SRwE F, sk R, 9 da @ o Tam gt S
14, YT 4T T WEH (Significance of s.c. current)— 3T Wi womed! 7 1 gfteahion & aua

a0 =1 faee v i—

) mﬂm«wmﬂwﬂmwﬂ..w (From safety point omioil.m.m.m VIfeRT oIt Y &1HET (kva) Y 9 |

fef et #1 orm: o ol & Wi w A faalt stfres erey a0 B 2, 9 womeR S @ o
= &I il € 1 3 SR SR 1 vd 9 F agd A TOTeh 7 e awgdt 3, svete 3= G |
et dega et SIferd 71 T T A A T w9 @ @ e g &) et 3= eue o A
T A S S 3 3= et 36 € 70, SO 9o S 5 i g €, S s S 6 41
SR T HE TR & o ST A % e 3 W o 3 s s it gt 21 5 S=4 @Y™
ST A e ) w2t e e 3 ord, el Rty 90 gt e 2, 41 froed 39 e 99
@ﬁiﬂﬁ@%ﬂ%&ﬁmﬂﬁ%w.%ﬁﬁ?ﬁﬁ (disadvantage) 2, T 38 faradta I== %8
Y e 3 & &) ST 3 s & (overload capacity) i sTifies Bt €, 1 fop T AN
(advantage) 2 h
(i) HFHT H IREHT R (From desi
R R R e 21 o o woreht 9 e

e w2 , a9
(stability) agr & fordl 59 womed # wfasree (reactors) F1 T v wman 21 w1 =1 fafem g0 maww

- o forell SUTER 1 AN H AT IH AN F e T, ST a s 5 g | 41

(iv) BTt T S <hTet & GReahIoT & (From durability or life point of view)—42 31 STeh
mm_m_ﬁﬂ.&ﬂmﬂﬂgﬂﬂﬁ%w_ﬁ“a%ﬂgiﬂgﬁgﬁﬂmmﬂﬂﬂ%
%, anafd 39 WIS o S TE B F W S T 2, seid su a9 5 fod B SER E
e W IR, SH—E, e, Y, & ot #1 e ¥ s e s 2

(v) Tt <k SIEaRIUT H (From stability point of view)—Seq Wi Yol i fafadi 1 wea
a1 W AR B e T wonedt %1 A € ww oy W e 2, 39 e | s @ s
wfafert Bt €1 38 SR = e aw Al s s s (2) @ whem () w0 S
Tl (stable) €Tl E1 W: TG (stability) GWIEH (improvement) FT % Ford Wuneh § whras
?Q_naavﬁ%%ggw_j%ﬂﬂﬁ%ﬂ%ﬂﬂai%m%gﬁw.
T SIS 1 A 52 A ST qonferdl o e ag S| Ty G e Fe s w0 e =
W (Z) 3 WoEE () T g 399 8 & R 396 WWiiaE 9 55 o © i 9 e v 5
HfET ) A HE F A T A 8

feouft (Note)—3a 7o &1 YW TU, 98 SOvEF & ol € f& dga vfa wonel 31 wgu
g1 1 UfERe Hloh, SHeh ATt WA ¥ TR g3 W eydi S S

2.5 @TgHY WY (Short circuit fault) )
& Ffl ot ufty & T S 3w B € fF w1 uw | et e wgd sfae g wew e
et & 1 e feafa 1 ome wSm € we .
& i) TR T I B & A R o et g s aw 9w € S T 2.24 W mm
. .
TF W Hoil sied formeht dieds ¥ a9 STiceh Nidanen ! w\.
Z; Td 9l Z 9 STEe § Uiy 1 OR e Widen (2) % &} a
frafa €t 81 a1 ovr frdt 0T @ e ¥ <fife sy 1 fie v
4 @ 9Rgg = e z, (g 9 9ga 9 §) ® 9§ -
Zz

forereh ST wfitasr 3 sT ga ek =10 sEd o ¢ o T 4
8 (Shert circuit current) FEd

Under normal condition

V F
¥

TN_.+N 224

When fault occurs, then

;hum (Foreer W wEd S & FiE 2, A 950 A7)

Short circuit @211 Overload ¥ 3R
S 40 fepelt wfae e g @ A ufted # S fag T Ses 1 A T IE S 90 T
# a1 ofqy ¥ arer w3 firg o URT 1 W WEd S g W €, S sawere B feafd 7 ot ¥
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%ﬁﬁ%ﬂﬁﬂ@%mé%w%%%wﬁﬁﬂﬂ%ﬁ@ij

Y TR Y HH T

TYI B B PRI (Causes of short circuit)
FEe B & Q) wROT e T—
(1) 3R SR (Internal Cause)

(2) & HI (External Cause) . . _
1. aTafis® SR (Internal Cause)—ZAeA TRT # ol ZEEH T S T H IEEhCE

%@%%%mﬂﬁﬁzw%m@%ﬁ%%ﬁﬁa%w%sﬂﬁmﬁ_ﬂﬁ%i
e T S 7 T W 7 e Al

2. Tl &IT (External Cause)— ; ey

@) Hﬁ@ﬁﬂgﬂﬂuﬂ&%%ﬂwgacn to direct lighting surges)

(i) oifers Tre B & S fuE T 8 ST

(iii) e g1 A=k @ wEAml .

TYqYd IRT T T (Effect of short circuit current)—9s 999 I € 9 819 URT 1 AH ET
arfiys oG T & A9 ST F1 HF wgd A € W 8

(1) TETY R F1 WA wgd S B % HHw e @ IO T ¢ [ HR0T AN A el
£ 9 e w G e { wie w g 2

(2) %9 Frede B HU T T T SHH 9 Tl B FH Aeds & RO Al 6% 8 Tehdl 8
q SR % ol G A TS € A FIs F) e o A & wehd 2

AR

1. Discuss the possible faults on overload lines.

2. S T S 3 SR A I ) e 7 A e o e S i e ) e

. ﬂmﬁ_ (B.T.E. 2012-13)
3. Explain the harmful effects of short circuit fault on

4. @Y IR § 39 AN F fedr @i (B.T.E. 2015)
5. %%%ﬂm»ﬂm%mgﬂiﬂsﬂ@eﬂ&&ﬂﬂﬂnﬂﬂﬁuﬂm@ﬂww

ToTel & : B.T.E. 2011)
kbbbt braphibihiag! .15 2019
* cal fault? (!
in 3-0 system, tscuss the different types of unsymmetrical faults that can occur
8. foe o & vl 1 5 a2 a2
QT o =T W §2 s #if ﬂﬂgaﬁﬂmﬂamwﬁg%_%m@mnﬂm

the power system.

9. What is the importance of short circujt calculationg? (B.T.E. 20006)
10. ¥fE-omell # F1 SrmRyEd s H
11 What is the i LT — 11)
s tis the importance of base kVA in shor ol =Hifeg) (B.T.E. 20

12. T dgd TR H fafaw v < ey feuit caloulations?

(reliability and stability of a system) = &&MMM“MWMV F T 9 Frvgadaa qu wad
: RiEIE] :

e yeI 51

13.
14.

15.
16.

17.

18.

19.
20.

21.

22.
23.

24,

25.

26.
27.

What is the advantage of expressing reactance in percentage values?

e v o H wfed € A fafe= welinda w6 srufid S #t 3 oafa ERen w6 e

Fifsral (B.T.E. 2006)

Express unbalanced phase current ina 3§ system in terms of symmetrical composnents.

W AT YA H S T W A H ufed O aret WS F g aEa, 39 2 5 S am

aTawiiE SE o ST wi) (B.T.E. 2007)

e o S § N A 2 e o i farvasie g ifae WS v i faaem St
(B.T.E. 2008)

3¢ firll W EEA F A F FE F e i R v O SE W OREE 2
(B.T.E. 2010)

3¢ fagd 9 % w1 WERA W AguRued <9 w96 F fasea Fifa (B.T.E. 2010)
2rdt ST @) e (G AtE @ F guih w82 W9 € we g faw = (i) fava witonfi, i)
froa (B.T.E. 2011)
What do you understand by a short circuit? Discuss the possible causes of short circuit in the power
system. .

g wfag a9 fage o W sEE wuEl & e S (B.T.E. 2013)
v @5 F wq@E b & S0 SqEA| S % AW dfed SAren Fi (B.T.E. 2015)
it ol ¥ et afirdia 9 wfidE S 9 396 B 9 Wl o 9UF S (B.TLE. 2016)
fafir W 1 Ffed 0 B €2 wwml ta-fe F e @ W awi? (B.T.E. 2017)
forett ol i Her iR fere w1 e W S g gedl 87 SueEal (B.T.E. 2017)

TF 9 % § THeAloToe 6.6 Hedle ateetzt Tomen fras=n 8% & F Ere ¥ Yviten faew W=
(0.12 + j 0.48) ohm phase/km SIgT TN %1 T TFEHER 3 TodloTe 6.6 Fe Ho/33 Fo dlo foww
RIFRTE 5% 21 6.9 Fodlo Teedl W e W = @ TR H 98 W TR 1 WA Fired €@ H
15 forrto gt W A Weirg wiet fadfesa gfe i &t womn =2 (B.T.E. 2017)

Fill in the blanks

(i)
(if)

When a short circuit occurs, @ ...coenn. current flows through the system.

The most serious result of a major in uncleared short circuit fault is the «...c.e

(iii) When all the three phase are short circuited, it gives rise t0 ... current.

(iv) Therating ofacircuit breakeris generally determined on the basis of ............ short circuit currents.

(v)

The most common type of fault in overhead lines L ——

(vi) The ... short circuit fault gives very heavy duty on the circuit breaker.
(vii) Short circuit kVA is obtained by multiplying the base KVA by .............
(viii) The most common type of 3-p unsymmetrical fault is .............

(ix) In a balanced system, negative and zero phase sequence CUITENts Are ...

x)

A 1000 kVA transformer with 5% reactance will have a reactance of ..c.eceve. at 2000 kVA base.

Answers:

(i) heavy, (i) fire, (iii) symmetrical fault, (iv) symmetrical, (v) phase to ground fault, (vi) 3-phase

(vii) 100/% X, (viii) single line to ground, (ix) zero, (x) 10%. 5




3.1 GRed (Introduction) & cireuit 1 T 3T break F € I e

ditio

it breaker, fault %1 con S e
fATEd Qafaﬂmm% # 0 circuit ¥ series Fafe HT T short circuit, over] o
T W I protectve .

condition H circuit Eaiceeall Tl

3.1.1 U3 (Fuses)

: 1 B9 8! , ,
.ﬂﬂﬂm. H,.ﬂs.m@n MEHMQE o1 W fuse TRl X circuit 1 break HIAI 2 fuse T 3
T&F unit curren

“g protective device < v g T % G el ael F & T e vy ;

ot 7 1 s e T & A &1 | ) |
faeit fuse 3 current rating ¥ TSI flow current T circuit break A ¥ T WAL &

?wm ‘_v»
ding b

%ﬂm%nic:wﬂwﬁwmﬂm%%ﬂﬁﬂn

ircuit

1400

1300

—T

1200

1100

1000 // //A\ |, 200 AFuse
900 /

3 B
g 100 A Fuse
nmu. 800 AN \\\
@ / >
< 700 N
< N
m 600 _//\ // B0AFu -
SANE N i
400 [X Ll ]
A |
300 ——»F—
00 V.Ail]'ll/ _ B
0 ll’.l'll.lvlr”v..nl ..I..rrfln.l..llul.l .
10 T -.I.lllll.i.frl
.'..Jr’l.,l' -
01 o2 cwl,LIfFilljll _ . .
: 05 07 gpg 10 M .».w A
Time in Seconds ——» '
WIF Y fem a1
ﬂﬂmﬁaﬁ”ﬂwﬂﬂﬂam@i&agwoﬁﬁ _ E_;aﬁ
GRLE ? ﬁnﬁm@ & rating § W7eT cyrrent flow B W C1
54030 & ﬂ.ﬂﬂa W_

ol 53
Frerd! | GIIUTE (Advantages of Fuses)

T T9 9 A e F o Fre gt (Advantages)

). veror gfeE ¥ wad it fraeadt o gfw @)

2. ﬂumdm fardisehl &1 ST F=IEH % =W W (Minimum time of operation) &1 aiga & 1 fear
1 g Bl

3. 94 3R 9 & SoFA (Inverse of current) SITEET Terd F YR T80 (Overload
protection) F .m..&.ﬂ Eecil )

4. ORI R % 99 W T WA W S7am, S (flame), 31 @A 3o fEd o ames
T 2l

5. 3TY{&T9T (Maintenance) =t mww HAFAGFHAT &l .w_

md@ﬂ._m (Disadvantages)

TgF 9 Y R W werl € orad T S we el spgfard freed €

1. e % wnferd B W IH 9ge § w9 o @l

2. EEH F G Y&EROT (Earth leakage) | &1 W 781 faan s wahan

3, 3ifa dieedl Td =1 Sieea | &0 E 7@ g g

4.7 H W Grrer AER WA & el o wve & fafee w1 dw @1 @ € < R e
TTEvS # 391 g1 B, of: Weh {5394 €9 (Non-discriminate) &4 8l

5. 9igE CHLIGE (Accurate calibration) ¥ 4rg 7E B B
3.1.2 Desirable Characteristics of Fuse element

(el current =1 UM ¥ fuse element fST overheating F) feafy  Tear 71 9 current, normal
current ¥ ST flow 21l © ¥ fuse element, melting point 7% T Bt firsret STl € N circuit 1 break
w1 gHF Fretfaiaa sifaeem € wifie— ,

(i) 3HSHT melting point HH g =fen eg. S, M

(i) THH! ArerHal Al T MY e.g. silver, copper

(ifi) THHT &TGFI0 (deterioration) AT FH! SR TE B =R

(iv) Ommﬁ % A =fe
3.1.3 Fuse Element Materials X

TIUTE: Fuse element ¥ ford o, fe, ww, 5 aan faeat s foran <m < ,

T current (10 A) 3 ford fo 41 32 33 R (Lead 37% + Tin 63%) 1 fisfon swam féven < 1

T current & o copper a1 silver A1 1 S fage s e S .

A TH GG S silver S RO SR 81 36 cost i B0 ¥ Tretfofas s §—

(i) = gud = e A ¥ TR 2 .

(i) e ga F WM FA W THH ﬁﬁsi@ﬂw.

(iii) $HE) e suw 2 2 I\ﬂorhﬁr@



2l
(iv) _ﬂmm&ﬂwﬁwﬁ&m@&%ﬂn%

) mﬂﬂmﬂmﬂéﬁﬂ@ﬂw_

3.1.4 Important Terms .
1. Ryt @t fatfia o (Current rating of
g W Fuse & overheating i

L ﬂ.mM.MMn W.ﬂ“:“dc“”ﬁ.wmwﬂﬂg A fusing element ferdt fusing current =7 Rated
disconnect )

¥ afferes @ 2
Sqny ﬁﬁﬂﬂﬂmﬂm&__ﬂﬂ&ﬁﬂw."

i aEad &l (Material of fuse) : e J :
AZn_ﬁMNHWMRSEE JMMM afferdaRu (Oxidation), faferse ST (Specific heat) T e srg 3
=g T R 2 | : |

:suﬂmmsmﬁmm:%ﬂﬂﬂﬁrgm:. of fuse element) : D 399d & T9 .m TIH T R® it
e R W ) R R 1 T S s o aifers o 1 g H oo g )

(i) T TRALS (Fuse enclosure) : S % arg A mﬂs e e W w_.& ERCET
e S A T F PR A S € & A e S A W o)

Tfed e

\\\\\l\i\u\\\|\|\|\\\\\\\|\|\\|._..H.m_m~ il ﬁa.mm—a_ :
54

T %1 AA Td B R, T oy |

(iv) 7T %t TG (Number of Strands) : W3 HRI 1 {7 H5 S F w9 ¥ 37Am fF M

= e T Fske e 1 AR 10 TR T W R 1 6 O A HE ST o w9 9 5

o ER B S S, 3 36 AR ¥ ) i We Fagd % w9 H 9 R 9 W16 U O A 6 |
e B S ¥ 76 YER € AR 22.5 AT T, WR AR 27-5 W a9l 9 a6 40 Yew R

wrifea B w1 1

TIH OT0 A (Expression for fusing current) : Ve €10 &1 S5 HH J1d FTIWED

feTa 918 FT g9 §—
W FaEE & § Y ST a8 § sa= s
=1*Rt &
ng

u-xv|~|x~ﬂﬂ =
4 nd?

5

T 1= o Y
p =R 3 e oz 4
I= e e ey
d =T 1 =09 o)
=9 Tz )
ﬂﬂq.ﬂmwﬂﬂﬂﬂagﬂmﬁ.ﬁsu )
n?zﬁxgwmwxﬁﬁﬂgxﬂﬁ

¥ 55
i o dlt S
71 7999 & HIEH & THE IO T = T g
411t
P2 = ndle x feertis
nd
253
Zn.al,nhxg
4p
I=d*?xk
= kJd®

Wl K wed W sl uw foni f) fafs=1 w219l ¥ W9 (Preece) B/ 3@ vl T femi® K % 9
T Tl S TR # sifwd §
3 YD Bl T TRT Sifreraror (Time-Current characteristics of Fuse)
e YR A1 IE1eH 974 o Red 941 ST e STord S 1 90 91 A Sgem )
rers = Fraifie am @ sifss 70 =it 9 9es 2Hn4 60 Amp Fuse
# & walgd ot W 1 T UG W w0 2R 1 N
yalfed S HA W ETeS Hiferd w1 W A we e
2, 9% 39 UM WA W WSS F TAH 99T B 8
TEER T F 0-01 FHEUS F 2 U2 A Sl wm w0
sifira T3 £ TR S A0 A ol dg R AT
A 9N 1 ST 1 ST 7 (Asymptotic value) Jons
e 2, for w0 W g e e | |
T YT IS S5 S 7o @1 10Amp100Amp200Amp E00A 1000A 10000A
A T B0 € FiF 8 o U Sgohd ok © 1l HeE & fem 3.2
TEIE T, @eH U % SRR € S GIesE B
#fd &1 T8 (Over-current protection) & #fd 3Ug &g & Rl
4, WA TUTa (Fusing factor) FFaW €Te ¥/ (Minimum fusing current) T4 Fryif| 987 =
(Rated cacrying current) 1 3T HTeH T (fusing factor) FEew 2
1 g Eeeh 91 (Minimum fusing current)

Ga“.ﬁ.dqml..—dq.—ﬂﬂ“

fuifg 987 9”1 (Rated currying current)
b et




° 3 3 g Feffed 0T # fuse clement F1 HIFTT (overheating) 7,
T A 1 AFAE AT
oxidation &1 T . n%:\.m\ﬁ %m&%%%%%%uﬂﬁ%.gw
5. g e %ma%no:emn%: g de) A i .mwm._ﬂw j@ﬁ: %M_ d@@.ﬁm_m b Stfips
nmdﬂﬂﬁ_.a:o%%&ﬁs_mmﬁaﬂﬂﬂ.n: m%_”g%ﬂﬂﬁwgﬂm .mMu_S - %ﬂa%
o o 3 8 wﬁmg%m_a,w%nﬂqawa@ﬁn%ﬁ, TE TE H R
@%ﬁnﬂm@mﬁ?%m@ﬁm&ﬂw%nﬁﬁﬂﬂiﬂAmmﬁzasxzm i
T & .
e SR e . . X
é_cn.wﬂmm ﬁﬁ%ﬂn&ﬂw&%%gw%gﬁﬁﬂmﬂ%ﬁﬁmmﬁ
e (Link) & e 31 T afed €l

6. Ta=dg g ﬁa.omengslmﬂ ofqy & Y 1 9 s HH E.mﬂ ﬁmﬂ ﬁﬂ%

e =3t 2 8, e o e €
@ﬁmﬁmm@aﬂsﬁmw%%ﬂﬂ (Melting)) 37 aifed il € forede e bt ffesrm wech 2
a3z o ST e 3 A 3 e AR a8l ,

7.98 Tk 1 QATTeT et (Pre-arcing or pre-melting time) "m.mm iy § dEH 9 S R
2 ¥ Tma & f=g w0 (Cut-off Current) Tafed B % TWA 9% 6 ord H Ay, T A Fe
(Pre-arcing time) A1 T e 1 (Premelting time) Fgad Bl

8. 3774 TTe T TS 7T (Arcing time or melting time) : 3T % 3L (starting) ¥4 q o
9 (Quenching of arc) B T 1 ¥7afy 31eran foreaig T ¥ aIEd 2 % wHY § uituy H 69 9E 3
o ¥ T T ) o, e w1 e w1 S WeE F1 (fusing time) HEE <

9. WYIUT 3Teh HIET AT WAIUT T st (Total arcing time or total melting time) 3T9=T ﬁdw_,dq
TTE T (total fusing time) : T U ¥ SHTF 401§ TR0 § 470 WA Y9 2 & &0 7 F
Y, ek T A, T 0 Ao T e e e & S I S el S S
ek ﬂ\ﬁ,@ﬂ%a 2 .

I\Q\m\ﬁ.\_mﬂ@mdﬂ & qaref (Materials of fuse elements)

TS FFFE (Fuse elements) 1 aH #q 1 T (Low melting point) aTet TE1e T T

.ﬂﬂmm i 1 F 3 N
w_ﬂﬁﬁ%ﬁ_ﬂmﬁaw@@ ¥ ¥, g 1R vl e (Resistivity) s 2 & <

e e o Ty !

: =i — |
B ﬁaﬂﬂJ TR ( 3i5-threg Tetien 3797
) S ocrerr 3 K =1 |
. II,‘,I,”,,
L. 5% (2i
: - (Zinc) 6x1078 231-85 =
- (Lead) 21x1078 327 3046
3. & (Ti .
(Tin) 11x1078
4 - . , 419 405-5
NEE 658.7 |- 1870

‘ 5.
6.

RS 57

=it (Silver)
@™ (Copper)

1-557 %1078 960

1-66 1078 . 1084 2530

fire T et Tl ) S A € & wR fre s e a3 fre s g
e 3 AT AT Wi THET aifvieh war B € o werwasy andiga e (Vapourized Material)
24 gusdifirg T e Bt 21 2 A el W wE A E s s o e st o gedt
&1 997 FC7 7 3fea g 2 e Fre aiieem e gedl @ s w1y s g s
e W ST % A SR AiE v F UF T 99 W § 9% T Ges ad et
%%m&ﬁﬁ&iﬂ%ﬂi STERT TG T WTe 1 fHEE #16 (Rupturing time of fuse)
o1 3 & Formd o oftwg o S wfts e o ) o et g 8 I e e e
SR ST e I O faedE oy 14T 39 e % W au 1 et v s= sieiesa
a1 v FH T S Eerh 8y U IUgE B
3.2.2 T3l & UEKR (Types of fuse)

Wre2ar & TR

G fm= dieedl TS (Low voltage fuse)

(a) mﬂ%ﬁ w&d TS (Semi-enclosed rewirable fuse)
(b) S fagmor &wal S FRGE 199 HR.C. WS
(High rupturing capacity type (HR.C.) fuse cartridge

(i) =4 deea B[S (High voltage fuse)

3.3 (a) mﬂm.m&d_ wrEdY U3 (Semi-Enclosed Rewirable Fuse)

(9 ) Semi-enclosed Rewirable Fuse : Semi enclosed rewirable fuse unit ¥ A 9 (31) fuse
element (&) fuse carrier A1 fuse hulder W1 (¥) fuse base 2 2

(37 ) Fuse element : A= 91 (Rated current) &1 G T 1 &1 1 41 Ffieheg & SFTER
uF Fifyen o aren e Tl | 99 AR &1 ZHE e ¢

(&) Fuse Carrier : U5 (Porcelain) a1 SFAEE (Bakelite) =1 2 © o 7en O o U
FW F I 9O e 2N TH IR T ¥ 217 37T Ge (Brass) T AW (Copper) & ¥4 St WASl WUEH
(Terminal blocks) ¥} =Tereen St &1 31 Sl TSl TUEl ¥ e Hilewh SFoa % SETHATHR T =
TF | e e (Strands) &9 T difs fd = 21

3T TTeTF T (fuse unit) T TE ST S HCH S H T A {0 LAl €, T a8 o
TS 5 gl ¢ -

‘(W) WITeTeh ST (Fuse base) : Fuse unit 1 98 T S T 9 S HWOl F &, fuse base
FEA B ‘

HTETH SIMR Porcelain a1 Bakelite 31 371 g3T Siel €1 30 wod W ¥ fuse carrier T {01 T4 &
ﬁ&dﬁﬂﬂ.@aw_ﬁi%%ggw&ﬂﬁﬂ&%ﬂm@%w.i@ﬁwﬂ




Raw = !
mwl\\l\\\\\\\\\\\\\\.' ﬂﬂz_dnﬁi

3 fage T (L wire) st (Incoming) g a1 g8l 4 i ?Emop.:mv R
qftyg ar (Live
fopam T &1

. X ﬂ_ [w

Fuse carrier ! fuse base ¥ T i1 T el a16% & 7909 @UEF (Terminal blocks), T
3 % S Fram WA (fined centacts) % Wed Wi TIfYA HEA #1 Fuse carrier 31 fuse base 8§ 71
FreTer wer s ) Wi @ WA WOE: w8, sein sufafes e wae
T TR A HIETE THF (Rewirable fuse unit) F 19 ¥ 9 T S 31

- gmnn%.: .“_.Mmm% : Semienclosed fuses %1 Production THT 500 Ampere fixed current 791 650 aw
' 3 fow TG € 9 81 T Semi enclosed fuse unit

I low voltage Td I - A : i
installations), B2 %mcwﬁnmﬁ_ A W@H A & mwﬂ mﬂm fa=Ml (Domestic electricd

=9 foren e 2
Y (Advantages)

Semienclosed fuses % w1y e —
1. %9 AW (Low cost)
2§ imple i
& Ty (Simple in construction)
3. I R Oy (Rewirable)

D

..
i

tobe well) T T3 3 SR¥RY (sugar cane crushers) 3 Hedl afe F W

el 59
2. Semienclosed fuses ¥ TTTeTH Taad &1 Yo 36 Fuifa e (Rated capacity) & &1 2 T
o T o ¢ foree wereesy uRyg # WA ST (Connected apparatus) 1 &fd € TEdT 81
3. aga fEAl % ST ¥ A0 @A W W 360 § T S es 1999 w1 eEH & 9 %
o7 Fwifid O WA TR 2 e T8 € gk €, g T aawa o e feifa awoaE 8
s7fiyes I T2 TRYE EIT 81 3T9: Semienclosed fuses %1 T4 &/ (Protective capacity) H Sffy=a gt 2
4, T B THES SAFA (Area of cross section) 3R 9814 & 31 orard A GTeE SETa F WA
S U T A9 FH TR G SeE aTe H Hed s u W BN % SR Uitys e
(Accurate calibration) off sraE 21
5. Rewired {4 THY (G0 WY (wrong size) 1 a% WM frd o #t woET ff & 81
(@) ufiafed @ (Enclosed fuse) : €7ele 37899 WideH & a1 HH (cartridge) ¥ qoiaan
ofrifiea g & sEife Rafed Ses S Figy s & W 8 ot R s 81 iafed des S
e ffed wd S4B &)
e Tras] Sge] G e S e 9 i ¥ S e o g
( 37) T=u Tagm= &raaT |IEReT &gd e (High rupturing capacity simple cartridge fuse)
(=) g== Tagra g%ﬂ% HTeTah (High rupturing capacity indicating cartridge fuse)
(¥ ) 3= Taer= avaT U9« SR ?ﬂnﬂﬁﬁ#ﬁ.ﬂ (High rupturing capacity tripping device
cartridge fuse)
(31) o1 feR=1 &TaT ERYT SRYGH TS (H.R.C. Simple cartridge fuse)

LR (Porcelain) =1 =1 ErEen semsR (Hollow cylindrical) faog (body) i ¢ Tormes <l fadi
R G (brass) T &1 AT (cups) & Sl B = tiae =t 2fudl % ae =i 1 Gy % es ead
& o fR e ST e 1 S § dfesa B #1 @ras ¥e (Hollow cylinder) ¥ HTe 31991 &
TR SR o Tare, S TR (Quartz) T U A F (granular) S T ST 2 S S WA HA el
FRSH & HE F@ B

AR ¥ (Over load current) 3199 &Y
99 | (short circuited current) 3 HIEH (fuse)
W Y8 % HO EF aad o aEH A g6 4
¥ogd W foue s afe @ W A #®
ST B & Wy @ ok 39 a4 ? TS
W4 (filler material) (1) Herh FEEA (fuse
element) 1 viiqer =Tar 1 (2) IO (Vapours) e
HMA (Condenced) FTar 2 a1 (3) 3 &1 W7
(Quench) =Tt 21

JUGNT (Uses) : 5o T &A1 TIHI0T HTqH Weri (H.R.C. Simple Cartridge fuses) 1 I
RSk A T (electrical system) H f&al ST 2, <7 aa W Y A T ?om@uqﬁmoa B
MY faaeor 75 (Modern distribution system), HETH T T o T T W SRS ETEl &
W % T o @ o wEw w1 9 9 8, W of g e E @

fm 35




Ty,
60 -

. d_wﬂ._ﬂ (Advantages) e Am.w.n.wman_nom::mmn?ma Eﬂmﬂmﬂmﬂuﬂu
ﬁzﬂﬂﬂﬂ%w%ao%ﬂ_giﬁﬂﬁﬁ%m@i@

1.

. %mﬁ%ﬁ%ﬂ%@
wwém.wﬁa%nﬁ@r%%ﬂ@ﬂﬁmﬂw_ o .
N_Hﬁaa%wﬁﬂsn_%&%w%%ﬁiﬁ 9 &l & 7

m.ﬁiﬁamﬂ&%%aﬁﬂm@%w_
m.ﬁmﬁﬂmgﬁﬂ%%ﬂg%@

7. TG ORI (Accurate calibration) T W T
m.%gﬁagﬂiﬂﬁﬂﬂw%ﬁg%i@

m@mﬂ_.m (Disadvantages) :

mﬂ@%mﬂmﬁﬂsﬂ%%ﬂﬂ@ﬂﬂmﬂ%ﬂ%ﬂ

|, HEE B W G A @ A T

2. WEA T W 0l W T (Cartridge unit) HI & SEer BT €, 79 SifHerh 3

.M. e o WY W & H0 m@ﬂ&ﬂﬂwﬂﬂ%%ﬂg%%Q_:mEm_:mmwoeﬂw
S 2

4. o YRS (Accurate Callibration) %t 3/G™g 2|

. o e o Wfer wRGE 91 TeAm T @ W 9w ) |

6. ST ST R 39 i T % FRW A0S (Cartridge body) F Wt 1 94 @ A
Euﬂwmﬁﬁgﬂﬁméﬁa

(High rupturing Capacity indicating cartridge fuse)

(Copper nmumeMoMM.M: M&mﬁw ATFTHR Eﬁ (Cylindrical body) gt # foress =17 fadi T a8 # gl
llodily il ol _% firm P72 (Cylindrcalbody) = st creaé 2 (Axial lengihvs)
o8 5 0 o o g LS oles) T € o & o P

178 105 5 90 1 1 20 ¥ ST 81 3 st fg (Conical hole) 0

T,

Fefal 61
Tungsten resistance Chemical
ndicator wire I{
Copper i
caps s Electrically tnned
or siver plated
Inner fuse fuse _,h_r
link
Silicon powder —u
filingplug B2 =
Porcelain . Resistance wire
cartridge Silver fuse  for voltage control
elements

AETFATER e FREE & g 9 IR gt @ fog § dieea fa=1 84 06 &= 22 5
TR (Tungston resistance wire for Voltage control) %! =g dif <MI 2Gdl & TeA %1 =& 2

&7 a7 (Main body) & 31 il W =yafeda Afdl % S0 agda fefiga @ =it aife o sio=dl
(Electrically tinned or silver plated copper terminals) HI T T W €

.&wﬂ& (Advantages)

3o fagRA @Hdl iad @RqY e (HR.C. indicating cartridge fuse) ¥ 3Ue=a FA=md
(advantages) frete €—

1. wfi &l (High capacity) 1 % ®R g1 STAM 650 dee 991 15000 F 30000 TEH
(amps.) T foran =1 wehan W_

2. T8}t &7 (Protective capacity) @ fAfea et 2l

3. TEF (Fusing) % H99 IO & (Arc) 1 W9 & WA (Quench) & ZaT 21

4, W oTEE i UREfEd (Enclosed) 19 T HRUI, SN WgEA WA T €1

5. o= y&t fogr gfsadl (Breaking devices) F 3T Yod § 9gd &W 2 2l

6. e T MER (Fuse base) 1 & avdehal &t €l

7. STAfE Ui (Rating) 1 He ST @ S F1 weE 984 €@ FH O €

8. WIS (Porcelain) % FRAH F1 HUFHTH HIT 3€ T § T S (Intemal flash over) k|
EREkiic T (Gaseous pressure) o O HRGH 9UE (Cartridge body) F T F WY TE o e

9. STifeh SeegTv @ I G T, 3 T (Arc path) H SfEF T (Metallic vapour) F
ST (De-jonization) H HeT® Tl 8l

10. ¥ 3/9ET (Fuse elements) ¥ FAFL 368 H TR g 91 | 9T (Fuse) i faER &a
(rupture capacity) =g 2

11, 31T (Elements) F1 Afuead T &7 (Surface area) HeR@S! (Silica) AT Fef (Sand) £
T ¥ e 9 s o] (Heat dissipation) 1 34 YR fid & HTew WG S (Fuse element)
F e (Fusing or melting) ¥ gug uifes a9 (Metallic vapour) it 9 WA ® S&H B 2



e %ﬂ % SO ¥R HA %l&ﬁ AOEQEG H.H_ﬁ,
+) 4 e 71 Fa &1 T 8 il
: i gy & U

% e (Fusing) % ST SE S
. e Ead (Fuse element) e (Fused) BT T g
Axn&“nnm wire) 3 e 1 %M.MM,. ?mcm_ﬂ Maﬂwﬂﬂ (Chars) <1 3 il
losive powder) F1 Z& (Combustion) e mn . ) | Eﬂﬂg
%MM R e e (Fused unit) 71 5 S €1 5 wferd T (Fused unit) 1 fa1 i 3.

e W WA €

u&@nﬂm (Disadvantages)

2o foer & WA SRQE W IR (H.R.C. indicating cartridge fuse unit) § wﬂzﬁ
srgfasrt T3 BN E—

1. g a1 g (Rewirable) = T 2

2. e (Fusing) F I H& FRqH (Complete Qﬁaama.ﬂ g gl B T, o7 e 2
2

3, 3ifi T=IAH %) WL TS (Short circuiting current) ¥ ST 37Tk (Arc) % s WA (Quid
quenching) 3 T % FR9 &fore dieed (Transient voltage) F1 Seafd B HHA el

4, 3% 1 A 954 3 84 W T8 Feead fagd W9 (Insulation) TS f&=l (Switches) 3k
= wufEa w1 g 2

5. GRS ST (Accurate calibration) St a1E™E 2|

IUEART (Uses)—3=3 et & Tehed H10q@ TTei Whehl (H.R.C. indicatting cartrdige fist
_ mﬁm—wﬂ._.m (Disadvantages)

units) & IF ﬁﬂu_mm,wl

_.ﬁ.&ﬁ&ﬂﬂm_mmmPoﬁéﬁma%&.wﬁﬁsw . ,,.eﬁaﬁ
( FwEnf €,
Al THIT (More concentration) Bl | (Protection) &g 3fd T, wm.a,

2. ey oot Ay

s Ty Q%AM_._MMEE% n;?vﬁo@ F (Protection) &g *ft IwM! 2l
W

4. 9t womm o 93 T
IR 2

(31) Foa faeR emvan :
(High rupturing svﬂm_ﬂﬁﬁ I R e

e % e ATQ.@&SV ¥

oy \
]

T % T F G T s S T ﬁ%ﬁmﬂi

P | Nlﬂ%ﬂdﬂ&dﬁ&,

\\\\\\\\\\\\\\\lmﬁﬁiag_
62 . < e @ I H L T

g 63
Fofii 7o o 1 T §1 T T R T T 7w o e fofs @ gt & 2T 3R 5
frepda w9 9 1 TE §1 56 ot I fll F e o1 F e v www w4 g2 w4
ofcqe 3 fault T T T e = F T aga fowen € g geee, 2T 9R 6 S waied e €
Forerd) ket el feieh foreret T € of Tt onam ) fereife e 2 & v s e
oF W T W F A F SR whe € ford wften frdrem sftafea @ w2

d@ﬂ.—m (Advantages)

=g foreT &A1 FgT FE IfF FRqW e THH (H.R.C. tripping device cartridge fuse units)

| 3 fymiga gfaud (Advantages) T —

| 3=a faerA &wal (High rupturing capacity) M % FRO T ST 650 Siee 991 15000 H

30000 (1 T2 f I8 Sead] ST % FeAer 41 7 i qwe U 2) TR o Em s mma Bl

5. 78t &7 (Protective capacity) @ ffeed gt k|
3. HTEr ¥ TG IO 3 (Arc) 1 WS € WA (Quick quenching) T I B
4. T TEF (Fuse elements) IO Iftafd (Enclosed) B % HRU A1 954 #1 7 T g
5. a7 W& fagrRA gfEaal (Breaking devices) i arten Yo H w9 B 2l
6. ﬁm@aﬁ%ﬁﬂmﬂﬁ%%ﬂw%mﬂ%ﬁdﬁmﬂﬂﬂ@w
7. #fd WA (Over loading) %@l TEYFA = (short circuiting current) F wR A 5 9 =
forer AT (Live wire) AUl %1 T (Fuse) Hrfer 2t & 1 o W= Wwa fi (Associated

| circuit breaker) T ¥gd (Trip) T AW e 7 & fodifss =T <@ Tam A H L REREERETU

(Electrical apparatuses) =t a9 T 8 HT 2
8. oS (Plunger) 3 #1EX 31 S W HfE T (Fused unit) F1 I S B = R

=1 FoTCT &wia] S e Afa I T U (HLR.C. tripping device cartridge fuse unit) q
srqufen srgfasmd fremed @ e E—

1. J: TR 919 (Rewirable) @ R

2. 57 e S Fan & HHGE TeE! (HR.C. cartridge fuses) ¥ e e B R

3. WIEA (Fusing) & S90< @71 FRTH (cartridge) F wEEA U@ €, G SANaSEEl
(Uneconomical) B B

4, e IEFA (Intemnal flush over) ¥ FO 3= AHT TE (Gaseous pressure) q THIE T

| wwad

5. 9fY[s YA (Accurate calibration) off W e R

IqEmT (Uses)—3=d fagi &7 Sad SRS HI des @S (HR.C. tripping device cartridge
fuse unit) % s9gm .m_ﬁ_mﬂ.wl.. .

1. T meit i dreean (Low voltage) qfLqdr (Circuits) ¥ T8 (Protection) L5t Iqdri & wEl m.wd

A TR # afrep THIEET (concentration) =

2. fea fatel (Three phase distributors) ¥ wor famfia S W W0 ¥g I i




" rcuit breakers) < wergard & (Back up protection) ¥ &y - ﬂaﬂﬂ

3, wfvya ferrarl (Ci
£

. i@,%gﬂ_ﬂm.mﬂﬂﬂ _.e.w.m:_:
4, 5@ T 34 system 3 fore 34 mo SR motor FU&TA T, Safn B aﬂﬂ@ _

ot 7t 7 7 HRC p,
meﬁiﬁﬁﬁﬁ-iﬂi%%ﬁ B IR B T

High Voitage Fuses . .
i o ) e i T € T T 4 N e 1 9% ) S

. : g@ﬂ?ﬂw@m%iiﬂ%msﬂﬂaﬂﬂm@ 2
Mﬂﬁyﬁﬁmﬂaﬂiaﬂwﬁ%m M T TS Eﬂuﬁz s ﬂr%
(i) Cartridge Type— ¥ 5 1 FC 5 A el cartridge TS % FA ¢ §1 9
%mﬁﬂmﬁ%ﬁm@ﬂ%_ﬂﬁﬂwﬂﬂmgﬂ,ﬁﬁ@ S mm%wmn_nanﬂﬂé_,
woamwgﬁﬁwmﬂ%ﬂaﬂnwﬂﬂm%ﬁﬁmﬂmw%gﬂwﬁa%ﬂ@ﬁg
=1 23 9 corona effect 3 71 T WA & GE 3 TN ARI 1 FHRH H 6 fore w m ¥
1 7R (3 FF Silver Wire) 79 T80 399 Siei® &1 T (S fF Tungsten Wire) | .
A e 5w Y0 e ar eRed F 9w de HOm e feuf ¥ w5 whiy T
W SR 991 3% W AR e S € B O 94 F AU controlled HUM U1 FH THA SWHH
wllg ar s S Wik ) < S S
I+ SIS cartridge W F1 33 KV T 8700A % breaking capacity o feTq 3w fhd o g6
KV T 200 A % fT 891 11 KV W 50 A Breaking Capacity ¥ W5 39ead 81
(ii) Liquid Type : 7 RIS % 3T carbon tetrachloride % solution &1 TN H & ﬂaﬁw&
S 1 T S range 3% e e ey 31 97 e 31 RO H 100 A W 132KV
T 6100 A T W9H I  wn W wwq )

3 8 Liquid Fuse 9 ferar o1 &1 3 w4 s v Tq9 it & Forerin 37 carbon tetrachlo®

MMM.M”M Eda ammwmﬂ mmm%.wv_u_,._w_w brass cap % BN sealed 3 RS q T fau mnw_&%
phosphor bronze mE_.ﬁ sSprin ESL 3
3 g &R T Tga T| R = gl

spring I o T4 WIS R %) %ﬁ.wﬂw&ﬂ@%ﬂmﬂéwmé phosphor broné ?

ad Oil ~3§n58%ﬂ.‘mﬁmwﬁ Wﬁﬁ@ﬂ.ﬂﬂ—gaﬂ A
gwﬁﬁ@awﬁ?aﬁ%&&%ﬂ@ﬂaﬂﬂa%_wﬁuﬂzwﬂmmﬂ

'y SR T e 3 _

Gk
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Vent cap

Fuse link

Cork

GOGELAOY Liquid

director

riexione
Connections

A
aN—

fm s

Spring

-+~——Glass tube

8

Difference between a Fuse and Circuit Breaker

. |[¥9 W% operation ¥ fuse element Wi
replacement %TA1 Sdl &l

Fuse Circuit Breaker ( C.B.)
1. [$5H Operation, automatic €%l g i T relay F T automatic T 81
2. 359 breaking capacity & Bl 21 $HH breaking capacity ¥g &1 T 81
3. |SWeHT operation time WA FH T €I Fuse %I qorl § ST € &1
4

T9H operation % F1§ replacement W& FTT TEA
Ll

TS 3w (Fuse rating) ,
e siwa @ fafire RO (specification) %

T Y oft S W S e I R W A

Tt ateit a1 foafe oy @1 Aramstt 91 o Fraffa Emel =1 <via §1 Hew s 3 faafia ofwd

T g Fraifeq wee SR WA R W

B e fen s & < freraq €6 &

1. = w2t (Low voltage) 319@1 3= dieeal (High voltage)
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5. e §T (Rated carrying current)

e =T (Fusing current) ,
> ; : wuring capacity)

L g o T T
HIAF,
w0 =1 U]

se)

| e @9 Amm_ms_o:o:__wﬁimﬂ%&ﬁmﬁuﬁwﬂmﬁgﬂﬁm&wr
. e T (Back up protection) %ﬁdﬁﬂ#.ﬂﬁ#_
ﬁwﬂ&wdﬁ%aﬂﬂﬁwwﬁ%ﬂﬂﬁﬁﬁﬁﬁmii%%ﬁﬂj.
. %%ﬁ%ﬁ%%m&%%%%ﬁﬂﬂ_

i : dreeaie  SER T AT TR 3 v

%Nawgﬁﬂﬁﬂmﬁﬂm.%n :

ﬂm%q@ﬂmﬂéw_mn&ma%fac%ﬁvﬁﬂﬂ@ﬂﬂ@aﬂmﬁmﬁ%&aqﬁgag_
@ﬂw%vﬁwﬂmﬂaﬂmﬂﬁﬂu@ﬁgw. _

......

mﬂdﬁwgﬁﬂnﬂmﬂmﬁ”ﬁﬁm%mﬂ T 1 21 & § aiied T S e

(i) ¥afad] Sgd W (Steady electrical loads)

(ii) S=araTd Fg@ WR (Fluctuating electrical loads)

ﬁﬂviﬂdﬁﬂwaﬂqﬂﬂﬂﬂﬂ : ﬂnﬂﬂ.&wﬂm 9RO 99y i AU (overloading)
ﬁmﬁ?ﬁ@%%&a@%w%&ﬁ%ﬂﬂ&ﬁﬁ%ﬁﬁﬂ%mﬁﬂ%maﬂi_
o sfues g e

3z wftya 1 AT T A9 & U TE B O e ) STl ar e wied F T
o1 @ a3 € W €, g often 9 eefteen T R g 9 @ el
| () T 4w W i e o e - s g o S e st 78
Al =R 4 Wfve H qen ¥ W #) efaria o sm vfed 5 qoiew g @ 25§ 50 9
T S € e i W WReg ¥ R (switching) 3 W feare W 3 ol I
feeda gredi (transient surge currents) T T &Y 5|

%ﬁgﬁﬁﬁﬁﬂﬁﬂﬁﬁmﬂgmﬂ&ﬁmﬂ Tz 7 & 50% AT
T R e ot , i et 5 e e %ﬂﬁmﬁ&m syt 1 7 9
.mﬁﬁ%yﬂﬂq@mmmﬂmﬁﬁﬁmﬂ@ﬁ%@ | i
%gﬁﬁﬁ%ﬁﬂﬁﬁgﬁgﬁggﬂﬁ ma@%ﬂ_-ﬂnqéa%_

m:«.a..ﬂ.w.n.. ﬂmﬁﬂﬁ@&ﬁ%mﬂﬁ S Aﬁsmgwmm%.@mﬂﬂaww_ . ¥

0s @wwﬂm_mamﬁa&m:ﬁnﬂu;_:mm mmimﬁyﬂqmﬁmggﬂa,”

HHd:
Fuse element % fip) g, fim, R, i qgy silver a1 fpr T €

B EEEEEE——

67
%H 90 10 Amp Wﬂw@uswwPﬁﬁxi;&ﬁﬁ?ﬁ%@gmam_ﬂﬂaﬁa

& fer copper 1 silver 1 1 313 1 st sl f < 81 wrrera: 1 7T I silver 71 € S
fepan T 2 L

® Silver 3 (fe7, d2) # s srwdiee o T F fFael ¥ 9w d
o TEl T H WA F W TwH aH 9 o 4
@ w=<w_.mww.mmﬂ_.w%zmmggw%wﬂﬂnonnﬁﬁ?gmﬂ@%m_

@ 37 Wl AT silver B fafire o =1 W ww v )

@ 37 I TR silver FT T O FH Bl

® Silver 1 fouerst iR sifirefisr € & atafe silver F1 melting point &4 By 31

® Silver ¥ FH WY % fo short circuit feafit =1 gomaen w01 %1 awa 26t 31 TRAT silver T
High current % T use f&Fam i 2

@ Silver ¥ Abnormal condition ¥ TeIferd B T oM I TR W= BN W 9 2 = gwa
gt 21

@ Silver FI GUIfE (Sensitivity) 3ifra Bt 21 g 7 & Tt F faulty current %
YRR A W E seferd St fowgm wuieh % sraey R fordifom w0 1 e tas gt
2l

© Silver %I ufaliusal w7 Tt T 3l ¥ F G W ARREHA = A HH LA 2
® 3 FrEERe ¥ Silver wire 1 URI 98 &191 1 UM 9 6T €1

@ S Temperature 51 A Melting point ¥ 7o TE= Sl & o Silver F1 Resistivity asit § w5t
? fogst a57€ ¥ Silver THSH Y Melting state H aifda o < 2

@ S Silver &I dry air ¥ use HTW 2 dr Silver T F1§ (Loss) (FFam) & = 21

A

1. 'What is a fuse? Discuss the advantages and disadvantages of fuse. .

2. IS ¥ 69N SE S 0 Teed 87 H.R.C. RIF # W T w5 i e e e e

0 T 3 T (B.T.E. 2007)
3. Why do we perfer silver as a fuse element?
4. TS T e F wEw 1 e Hiww (B.T.E. 2008)

5. Define and explain the following terms :
(i)  Fusing current
(i1) - Cut off current
(iii) Operating time

(iv) Breaking capacity i
6. HR.C. W FI HCa Td e faftn o av Fif T TUI-AN H eerd HNY -
| ! (BTE 2008)
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8.

9.
10.
11.
12.
13.
14.

18.

16.
17.
18.
19.
20.
21.
22,
23.
24,
25,
26.

217.

28.
29,
30.

31.

a:..,mg%..

e w87 @@ CB. fafaa
Mww_oﬁﬂ;%g e 7 HRC, T % e T BTE 20y

Explain the disadvantages of rewirable fuse.

&
Fusing element i oftar e a9 ' CrER
Fuse &l TS mﬁﬁ.@ﬂ%%_

esirable characteristics of fuse ele

7 f-frd ol Wi et @2

ment.
Write down the d

e feafdl 4 s, 1 9 ) fefre— oreang
(i) fo W (i) RS "R

Trers & T A wftsr Sfe—

(i) WS T

(i) fo=sfea am

(i) R TR

(iv) Tosmor e (BTE 201J)
s 9 fe St o st w W A ool fefa

Explain the characteristics of an H.R.C. fuse and discuss how they are useful in circuit breaker.
Fuse F1 S0 &% §4 30 S fgr<l o ST 1 9 Hifsg) (BTE 2012
Explain the High voltage fuses.

Explain the Liquid type fuse.

Explain metal clad fuse.

T TR 4O HGH R R SR ¥ 2R 87 969 S &) sren s (BTE 201
Explain the disadvantages of semi-enclosed rewirable fuse.

Explain the advantages and disadvantages of H.R.C. fuse.

Write down the advantages of HR.C. fuse with tripping device.

Explain the important terms used for fuse,

Sgftaften we ﬂﬂﬁﬂmﬂﬁaﬁm&ﬁ%ﬂgwﬁwﬁ%ﬂnﬁﬂ%_
3 «wﬁmuﬁa

Describ i S
g.woﬂn e Ew owosmn.:n:on principle of operation and application of an H.R.C. fuse
at 1s an HR.C. fuse? ¢ . T . :
i #usm g ompare an .:wn fuse with a circuit breaker as interrrupting device.
A ey T % T § fredferg o1 9 e T A T
. 19
Write short notes on the mo:oﬁum . «uﬂm 4

(i)  Semi-enclosed Tewirable fuge
(ii) H.R.C. Cartridge fyge.

(iii) Difference between a fuse and Circuit b k
reaker,

]

VF& ‘r:,\-a’_.—!—‘ SO TS,

gt

69

32. Differentiate between a fuse and a switch.

33. THodNeHle HF W feroqufy fafaw)

Fill in the blanks by inserting correct words/figures :
(i) A fuse element should have

(BTE 2016)

............. melting point.
(ii) The fuse element is generally made of ..

(iii) The value of fusing factor is always

(iv) The working of a fuse is ............. completely automatic.

(v) Semi-enclosed rewirable fuses have ............. breaking capacity,

(vi) The fuse melts well ............. the first peak of fault current is reached.

(vii) Fuses are generally used in circuit where ............. operations are not expected.
(viii) The minimum time of operation of a fuse is ........... than that of a circuit breaker.

Answers : (i) low, (ii) silver, (iii) more, (iv) inherently, (v) low, (vi) before, (vii) frequency, (viii)
smaller.

a
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4.1 9= (Introduction)
&ﬂaﬂuwﬁﬁwﬁawﬁi
ﬁmﬂ@&ﬁ%&m%ﬁg A
il 3 fer fead (Switch) 3 S MMMWM
fowem (fam 3 w9) B A @A — |
eﬁﬂmaﬂmgﬂgaﬁ%%&ﬁ%wﬁagm.%ﬁ&ﬂﬁﬂﬂaﬁm

e T R

mﬂﬂmﬂﬁﬂ%%%aﬂ B uﬂ?ﬂm&wﬂ
fqa 3 Sl sFH A TR feRa ST 1 T SR 3

T % S s SE I & 9 8

s i s e e A O S et o o S @ S 3ot st

s 7 2 v (fefigegfn T, SR vftug E.HWM._(\..,W_&|&@ Power System %1 Developmen(

T TS -39 o 81K 97 ] A I atead W e W1 @ ¢, s woraen & svmm |

1o T AR Y O H qe FA o) T (Fuses) F T FX §H 99 =4 dieedl 1 AIg A5y
Sre T8 WA Tl Tg o % wa A SR 8 T § 6 Sl S Ateed] i WS SterE A & fau |
I 8 S e S as g 9% o % uRed e (Circuit Breaker) TF IRy fades
9% 1 T SI9E H R g el A WA € @ A€ Load F Condition B TN No Load &
Condition 11 3 71 38 3TV B! R 9wy ¥ fru %ﬁ.@ﬁﬂ BRI B9 94 U9 T
31 Switchgear device FI T FEH ﬁﬂw? 70 fafi= weR ¥ ufgy fais
F 9 ¥ g Fi—
4.2 \f$E FIR (Circult Breaker)

Tl 49 T T 7§ H—

() &,ﬁﬂﬁﬁﬁﬁs&%wﬂigﬁiawﬂﬂmﬂwﬁd%mﬂ@mﬁﬁw_
(b) E&ﬁumq@ﬁﬂﬁj-sa@wgw_

©) i&ﬁﬁmqﬁa%ﬁmﬂaﬁﬁﬂmg&ﬂﬂgm_
4.2.1 Sremer Pﬂ_ﬂﬁoum,&a Principles)

%m&m&nwﬁﬂ@ﬂm%ﬁﬂ@ﬂ .
ﬂﬁmﬂgﬂ&ﬂﬂd@ﬂﬂﬂm_ﬂnﬂ:m ~ 5 VST Energized 8 Wil 3 ait T Mechanis™

%ﬂmi%ﬁﬂﬁﬂaﬁiﬁgﬂw.%%aﬁsmﬁa&gg% _

uftyel faedist @ afne aet

4.3 Arc Phenomenon

<A TR 3 HEA B P.A. TE E D S o ) v S e g $) w o
1 Y 1 TE EH w0 ¢ ey ﬁ@ﬁi%%%mniﬁw%ﬁw”ﬁ@ﬂm
9 9% T o 9% T8 9 8

ST T & S FreeH! F de W yag 2 At U 3 T & S Frefe o &) af ok
et 1 1 SR € A 9T FaTe Bt i A sk e o e @ & @ ar wae sfs @

ah sy = SR Wl Fa d—

1.. 31Teh el TaTS WX (Length of the Arc)— 314 1t @vlts wg  H1 3 37 5R0g w1 &, +ifs
HRIH ST 3 < T ST Foh U ST 8 1 € s s e e 6 ot ot wg 9 8

2. 3T T ATUEA TS &1 VT leh (Decreasing the cross section area of the arc)—udd e
(thin-contacts) T AT HTeh SHAT I 7k ! g A [ F, 371 & 1Ty w12 &5 ® F9 fran =1
waa 21 fogs et e & Ry =g S 2 . |

3. 3TAEHa U ol W FTeh (Reducing lonised Particles)—&wra % dfts e (arg = 1) *
ST, fa9a AT (potential gradient) T ATasRg T fisfR =tar 21 wfery Tyl & ot favwe weoma
%1 FH L a9 3 WeAH (A T JeT) B YA (cooled) FEH HIEAT F SAAHIOT T I Wb B
e IO o1k &1 YRy 98 9 2

3T I Faer AT FAN B RIGETT (Principles of Arc Extinction)
Hihe S % el & oY SO o e w9 ¥ 9 9 W AR w i —
(1) BT Tegenf % 9 fasaT=R (Potential difference between contacts)

(2) S @egeh{ & sta aTaHigd S0 (lonised particle between contacts)
L (1) @ S wrgs % Ted gft FW A ¢ A Qe w3 st faver ot @ wE @ & g

T #1 37 ) g 6 e S W] ¥ o gt Bl 3o Al S I S W e I

A1 TR T 3 o favar &1 A HH T S A9 0 ST S 97 Wi e ge fafe 3w % fag
W T+ il T G T R e S e a1 g0 ) o s v s
A ofie § e A

(2) 2 T 3 o Iufee ST (lonised) F1 3 1 ST TEA T TEETH A4 €1 AL FA
W%E@ﬁ%gﬁﬂﬁﬂ@ﬁiwﬁ%_ﬁﬂwgs%ﬁﬂmﬂ
forl ST forelt o faf G SNAEA i F SA ger & W ¥ T fea W

3 B wd.:uw o1 Mwm_ﬂ& @ faftrdt (Methods of Arc Extinction)
T we % werEl &9 ok W ggn W & fafei §—
(1) 3= Wity fafir (High Resistance Method)



)
E

fafer (Low Resistance Of Current Zero Method) )
() e et 1 00 T %gwaﬁﬁ%ﬂﬁﬂﬂ%ﬁﬁ._
ﬁaymi_ﬁmﬁmmgﬂ?aﬂﬂ_mﬂﬂ Wﬁﬂﬁ?@%
s =1 e T F ﬁafo%wﬁwaﬁﬂa@ag,@ﬁ#ﬁi,

R ; !
g@&ﬂﬂm%mﬂwwﬂn&w ] 5 5 ST S g
éu«%%aﬂwﬁa_smﬁﬁv e st g T 1 T 5 Ty
aoama_ua%&ﬁﬂms%w@ﬁw% oo < 3 ik
v & o (4%, T ) p h i f the arc)

" ﬂﬂﬁ%ﬂﬂ%ﬂﬂﬂﬂ.ﬂ (Decreasing the cross-section area of the arc)— Tl
?%ﬁeg%ﬂiﬁuﬁaﬁ@ﬁi@ﬁw%% 01 9 1 T % oy
0 S F TR ag I 8 . L |

(iv) 37T Y frar-famt e (Splitting the Arc)—Shi o d= 3T ST Tl I N T ok
ﬂmﬂ.ﬂgmﬁﬂﬁﬂa@ﬁ%wﬁmmﬂaﬂ%mﬂgﬁw@ﬁﬂﬂmﬂmﬁﬂay,_
e FTOOT 3 1 W @5 A 2 Enferad .

(@) Forer wferdver @ 9= om0 fafér (Low Resistance or Current Zero Method)—%H fafy & 3101 o
=1 7o w1 B g AC_ Bl aw § Frar ST 81 3 fafy 3 % Al S FH @ S § .
o, 10 %1 A Y 2, T SR o € a9 I € 991 3k W ga s | a= & forg wfke
S % T TGO died (Restriking Voltage) T SAH Ta1 ST g1 3Rl A.C. HfHe 9ol 4
it faf g o it g T R :

AC. W9 3 5% ST 5 5 15, ST 51 T 94 € €1 3 e S8 <k 36 S §0 76
fer e v g i ) e & i e ¥ et A o A forers o @ TOegd 99
%w@ﬁﬂﬁmﬁgﬁaﬁawﬁﬁwﬁa%%ﬁ%ﬂﬂ_m_maﬁ

e Wi wmed @ A % : ‘ 3t o F
ﬁﬁﬁf»mé&%&ﬁﬂ%@g@qﬁ ﬁﬁw&ﬁﬁﬁ@mﬂmﬂ%m%
el 3 3 e e e ¥ S| o
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........... - y -
o Fixed .
||||||||||| G >ﬂ member
Gas =
IMJ Sn o \eome
 feman

€Y (Advantages)

SF Ity feriisent =1 o1 uftyg fadsmi @t srien fme oy §—

(i) 37T 1 T F 31 701 & € RO 3 9feey fadioret ot snfd Ty aga w9 S

(ii) SE; 19 %1 di-electric strength, Air 1 37481 2 | 3 T 31fs €t @ e www 3 wftws fdes
=9 urisll @ ot e w= w2

(iii) SE, aﬁm@%ﬂﬂ%ﬁ?ﬂ%ﬂm_
(iv) T8 e T T e H TN w0 T T 9 ® G 9gd w9 ot 2

(v) 79 Iftqe Foderes & ST oI T IS GAU T e & ik SFy T srEae o el
(vi) SE, ftus fordirora] ¥ fe7e &7 STRER0 =44, Tl foundation & el =R ST 91 Sraredendl
T v
afvat (Disadvantages)
. _.wm@#ﬁﬁﬂ%ﬁ%w%m@%%iﬁ@ﬁ@ .
2. Yol e % gear SF g = YFEH 3 oI T SR equipment S SRR TS €
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86 Fira aimaedl Tt %m&aﬁgﬁm_ﬂ?ﬂ

WA (Application) -

_ : FfmfFnamdisg
SE. Ifqd fardiror a1 S 359 1 60 kA 9% & T dreed S0-80kV T 3 5
%ﬁmﬂ&.ﬂ%_:Efuo?%m_ﬂawmﬂﬂﬂﬁdEZ<>@8§<>%W_£,§_ |

T #1 5 Wfq e S a3 cycle | W FH w
4.8 frafa aRay fAAYS® (Vacuum Circult Breakers (VCB))

v s s ) T e e e 35 3 R 1 7 P 9 degree
107 1075 Torr 7 it #1 76 WebR Frafq 3= gl ﬁagﬂﬁaw_ﬁwﬂﬁﬁ%&ﬁnﬁ
Fa) a7 T B 1 e 3 e o ofte fadte % e Faf 3 ged € A A S SR e
ad—w o @ ¥ T A Y @ S €, T §9E| & e | dielectric strength = ey fadems =}
STa TR TN 3HfHE WG W 2l

fET (Principle)— s/ TR fordirs ¥ wdh Fraf 1077 101075 torr & e €, A S wogwf
TEA 374 I B 81 3 I 1 W S % metal FT vaporized T # TR HAH HAESS B
o $1 frt S ok wEd i R g3 o 2, s <) ifee @ g € o el S o 9gd a9 R

strength ﬂdm.n_ w_ % .ﬂﬂ...,l.—.

Insulaling Vessel }

A N 51 I 21 39 WHES 5 i T
%%ﬁ@ﬂqﬂ_m_ﬂﬂgmwmémmm_ﬁnﬂwsm AN Rl SR F T 0

Vessel 7 5
.m.,_ﬁ%%ﬁm@%gﬂg%#?n%ﬁm%g&wo&ﬁgﬂﬂ

GlE A>n<m:~muowv mh\c_ )

1. %%mﬂ%ﬁ@ﬂmﬁmﬁ AT g a1 B ¥

2. M T 1 HE Ga T g _.

3. e & T T weR # 9 e s T A R

4, H ST F STavEHA A 2

5. 378 Arc energy low B R

6. 4 3MAF |/ RN fawieh F w8 g &)
m&nﬂ? (Applications)

A ST {9 H A T el W v I T TE e, S T W g frat afte e w=
WM T ﬂmﬂﬁ.ﬂdﬂiﬂ%__ﬂm&: Outdoor Application ¥ f&a1 STt 21 3791 Range 22 kV & 66
kV A% el & T SavEea Ted W faii ot # 60 ¥ 100 MVA T % fow wdm a e S

6 uiuy fadier & 7 S gy e | S % A R s f)

4.8.1 uRay fqaiste &1 FrefRkor (Rating of Circuit Breaker)

. w9y fade w1 sifimea, wieyg Fi S g s fafrdl § awedEs SeeE 2y w e
&1 uftye = waifier sram frafd, 56w @ sufeafa 3 €6 2, 3o s fede % Fufon § gy
TS el sifirehT T € A T U W W el S 31 36 YR v e e e

- el d B d ) w0 H T e S we A a—

1. e S 3 worel ) T A ) e § e o % g e 2 e

2. TRy fadiem % gl 1 wed T # fefi ¥ 9= en-are T T o wd g
T Srertq afeqey fordrorss & Tue 40 W S (ON) B % foe wam d =few

3. Wiy fordrers 3 wers &) oed WE # e 3§50 W T (18 3sec) TG AR @A F
Taﬂ&ﬁnm@ﬂ%_ :

gy frdre ot e e Sge o @ e f A R S . e

1. “fydrer/fasaga’” &mal (Breaking Capacity) s

2. “Orerredem”” aar (Making Capacity)




88 faa &mavil W e
3, “Ey WA/ FIel & (Short time Capacity) - .
(i) Targrsr groar vgar fergreoT &raT (Breaking Capacity or Rupturing Capacity)—%® fafraq
e fefd & s §: Wi ateedl Eﬁ%ﬁiﬁ&ﬂ.%ﬁ@uﬁﬂ% T &Hal, 5 W sy
ok wEES g &, Wi fde @ e vy e B

Bl. .

el - D
b o
K o, T ---e -
Al o ———
S~e "~ .T
e} ...lf/l\ = == IJ...J»Z OOOOOOOOO
<) - C -
D .

n = max. value of A.C. component

Y =d. c. component
~ Symmetrical breaking current

= r.m.s. value of a.c. component

- n
: 2
A symmetrical breaking current

=r.m.s. value of total current

2
“\E] 7
Breaking capacity = 43 x¥ xJ 107 MVA
Ewﬂm_%mﬂﬂﬁ&ﬂgﬂzizm n%me._slﬁmsﬁwﬁﬂﬁﬁﬂa&
ﬁgmﬂﬂ@nﬁ,g%mgﬂﬂ%ﬂﬂi&qﬁn&ﬂmﬂm%ﬂwﬁam&ozﬁﬂ
ﬁﬂ%ﬁ%ﬁﬂﬁﬂﬂ%ﬂﬂmﬂﬁ%ﬂﬁﬂﬁ-@ﬂﬂﬁ%ﬂﬂ%%ﬁ@ﬁ%ﬂ&
e F @1 WA F A FGE 19a1 G WA Fed 21
. Making Cap. =2-55 x Symmetrical breaking capacity
:.c«iﬂﬂ:%mﬁﬂmmﬁmmqﬂlmmmﬂwaﬂqmﬁ%waﬁﬁ: 03
%Saaww_@mmﬁﬁaﬁgwﬁamqﬁﬂﬁgw.ﬁ&ﬂozvgmﬁﬁﬂawﬁmmﬂ
TTYHTE &7HA1 TN Y AT &l 1gEl e 2N HAA wear o
% A 9t oo § wmfi fadiom s qen Fauife qmr (
; . | U &1 A9 30 § 40 °F €, N
Mmiunmﬂﬁﬂ;.m%wﬂMﬁﬂﬁ%ugwgmwﬁmﬁaﬁﬁﬁwﬁﬁﬂaw%
EED] 40 3 3ifirw o 3
N ST , 1 38 99 ot o foTg Srhret S 1 99 | sec Fisifa fsa Sl |
|
{
{

%

| aﬂam&mﬂa%wﬂ 89
R Eﬂu_ﬂmw_ DI AD (Ratings of Circujt Breakers)

fcae fordiorRt 3 GV 530 ST 08 o 3 o e e ) e e

e € N

el = faar, fafire L .
n&%ﬂaﬁ % STE e w ﬂﬁﬁaﬂaﬁwiﬁﬁiﬁ R R e
st AT :.m.ww@dﬁzqﬁm%ﬂﬁﬂﬂﬂﬁg%%&rﬁi
%\

mc! HE (No. of poles)

7. fafttd Fieed (Rated voltage)

3. faffrd &m0 (Rated current)

4. fafira 3mgfa (Rated frequency)

5, fafffa farsi &7 (Rated breaking capacity)

6. faffa ars & (Rated making capacity)

7, fafifig =g #1af4 ¥R (Rated short time current)

g. faffrd @9 378 (Rated short time)

o, faffrg = #14 (Rated operating duty) -

&g TEAT (No. of poles)—h & T feifirm 2% ar wueh 3t Feem 1 &g v fordrors &
ﬁ%ﬁﬂﬁﬁﬂﬁwg@wim@%&n@ﬁaﬁ?a@wﬁﬁﬂﬁmﬁ@
sifird fpa ST =ET difE Wei Y@ % 5T UEe faa (Single break) gl TF @ ot 7 fafad
(Double break) <1 FT1 § TeyE B gl B

fafore dreear (Rated voltage) : fwH! o oftay fode &g fetag 2 wed w5 drezand fwifa =
I T E— .

(i) Ioaay rfireferad areear (Maximum designed voltages)—3J€ Iead T m;ﬂﬂﬂ B ® a1
faedt o sreeen # dreed W 36 dieea @ AfUE T O el .

(ii) 7= &t Frora Sooaw dieear (Maximum nominal system voltage)—7% T &l I S
areE Bl 1 ) : :

Ff6Ter & (Rated current)— 8 8T, TR ferdisres 1 ST S0 & Firra T Rt @1 S
U gy - ferrer # ST G F e 7 (Effective value) aifera fepan s 2

AT SRTHT= T (Aliernating normal current)—#11 1 F€ HT fore 4 T ) 99 e
P smafs e sriaR s 3 fAfde e (Specified testing condition) (& % ﬁ?mﬂn
TR 40° ey Td qe 3 S A 150 ) 3 ST Fe (Camy) FX T



Reaaimell v vy | oo @ @R —

ﬁ%ﬂﬂﬁﬁmc.m._.vw%%%%%@ |
e faars &oTaT (Rated Breaking nmvmo&ulunﬂnﬂ o & faffra fadem am (Rateg A
breaking current) T8 Fiffa diezal 1 THAEA fiffra fadiem &t (Rated breaking capacity) &ty ¢, |
ﬂa@mﬁ%ﬁﬁﬁ%#ﬂ.&ﬂ%ﬂm@%@ﬂ%@ !
ﬂ%ﬂmmﬂﬁﬁmﬁuﬁ:mnmvmn&v@@%mmmg&gxﬂo%mw_@dgﬂmEd /

= KV x KA = MVA
fedia Tfay fadee = fadem a7 2 2 x KV x K4 =2MVA

fira fwa fordr T e & < 3 x KV x Kd =3 MVA |
Tt W= &waT (Rating Making nmvmnmdolhﬂﬁ wftag- s & T A TR /
.%ﬂ%gm@ﬁiw%%ﬁ%%ﬂﬂﬁﬁ@uﬂﬂ@ﬂﬂﬁgﬁmﬁmwn&ﬂﬁ _
.&ﬂﬂﬁﬂA?__wﬁsmgngswmﬁ@.mﬁﬂQSwSE&Wﬂ&%ﬁﬁ@i@ﬂw_Bd"&ﬂdmawm@gnj
=1 T e e § @0 ot % SRR w I wa € wReg @ e ¥ wE ey

wfiafeafa ® wm =1 {9 ¥9@ (Double current) 3 2 & S TR AEEied fTEeE (Symmetricy)
short circuit breaking current) 9 % fIGR W (Peak value) 1 SIS 1-8 T &l 2
o fr Bt o =1 wW =1, W

-, T W TR A = 2 X U _

:. Fiffm drem wm =1.8 x fAffa a0 %1 s==an 9= ﬁ
=1-8X 2 Ips =1-81-414 X Iy M
=2-54521,, fETE )_

i fitw om0 w1 7 fadee O wE w0 2:5452 T e 2 /

. Tt e wmar = fFo =e H Tl deedn x fFo Wo # faffm 4o am

= KV.x2-54521,, (W I, &1 fbo Rfoma F 31)
=2-5452 MVA /

faftra =g srafer amw (Rated short time current)—a% =m0 fawst sfte faims yom= g §
fféra e srafy 7% ae7 = =%, Fiffa = safa @ fiffa o s a0 Feend #) A
forfirer o1 arafr (Rated short time)—gfias fordisies =1 sramar= 2w & wfay forirerss Zra o @ ,
ﬁmamawmﬁ@ﬂ&ﬁmﬁmmﬁmﬁi_ﬁﬁﬁm%ﬁ%ﬂmaﬁaﬂma a
1 ST 40 A1 40 ¥ FH & A Az orafy 3 Fhve @y vl Feew €, T I oYW 50 Q fuw e |
W faffr &Y srafy o Vwve oy vafy Faem B _

ffTa wemer w1 (Rated operating duty)—3ft99 R ¥ waer = S| o

g _ & &

IRug-fere 1 T TeTer S wwer 1 IR (B - (- MB) formi
B — faaem (Breaking)

t — ShiHE TaIeH HAaUd (Successive o,unB:c: inverval) .
MB — A (Making) % G 91 @i (Breaking) 91 weff &% 21

] fiftTa arardierT srafir (Rated Interruspting time)—FfTa €10 9 § 57 frd o w9 23 awel &
ST (Interrupt) FH F1 Sl F1 T (Mean value) PR s1iem smafy Feerd 1

qqr

| 91
xample 1. A circuit breaker is rated a5 15004, 1000 MVA,33ky

i~ Find (i) Rated .E:.Su_ current, (jj) Breaking capacity, (iij »3 second, 3 phase oil circuit
currents (iv) Rated makKing current, (v) Short-time ik i el

n. .
S @) Rated nomal current - 1500 A rating, (vi) Rated service voltage.
(i) Breaking capacity = 1000 MVA

(iii) Rate symmetrical breaking current

_ _1000x10°
Bxaxigr | 6A (tms)

(iv) Rated making current = 2-55%17496

= 44614 A (Peak)
(v) Short-time rating = 17496 A for 3 per second
(vi) Rated service voltage = 33 kV (r.m.s.)

Example 2. A 50 Hz, 11 kV, 3 Phase alternator with earthed neutral has a reactance of 5 ohms

per phase and is connected to a bus-bar through a circuit breaker. The distributed capacitance upto
circuit breaker between phase and neutral is 0- 01 pF. Determine :

(i) Peak re-striking voltage across the contacts of breaker.
(i) Frequency of oscillations
(i) The average rate of rise of re-striking voltage upto the first peak.

T § ST SRS
Sol. =3 =g~ VU

€ =0-01pF=10"F
(i) Max value of recovery voltage (Phase or peutral)
. 11 .
Egax. = b.xﬂn 8-98kV

. Peak re-striking voltage =2 Eqgy =2%8:98=17-96%V
(ii) Frequency of oscillations
1

fa=

R
B

1

- =12628 HZ
2 M J0-0159 x50°

(iii}) Peak re-striking voltage 0 < cars at a time f

1 _
h“ﬂl n I\N
_ xJo-0159%107° —39-6%107 sec

=39-6 jLsec
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i (ii) Recovery Voltage 93
-=. Average rate of re-striking voltage
E 7, (jif) Making Capacity
= "Time upto first peak | 4. Discuss the arc phenomenon is a circuit breaker
_ :_.Mm kV , 5. Air Blast C.B. @ Oil C.B. ¥ 3 &amy N
39. tmnn\ _ 6. Isolator @91 Circuit breaker % Hif § T IR (! 2011)
=0-453kV/psec |
v 5, o 1 W B T I T4 A CB. w1 i iy I
=453x1 sec . . 5. Air Blast C.B. ¥ 3T 1 W 3% siwt 9 fiben w1 vl ; T
Example 3. In a short circuit teston a circuit breaker, the following readings were obtained op g, Circuit breaker e W ¥ o ffe )
single frequency transient : _ “ i 10. Explain the various methods of arc extinction in a circuit breaker
i) Ti k re-striking voltage, 50 jisec. ¢
(i) Time to reach the peak re-§ g L. SF CB. = = B 9 3 ) 1 56 il ,
(ii) The peak re-striking voltage, 100 kV. | . TeTEd | et e RO
RRRY and frequency of oscillation. ) (BTE 2013)
e e Peak re- mﬁf:m voltage : , 12. Discuss the advantages and disadvantages of O.C.B.
Sol. - Average RRRV = Time to reach peak value 13. CB. (i) faQruT &9, (i) TEUEH &9 9 w0 aerd 22 (BTE 2014)
_500kV _ 5y fudes , 14. Discuss the constructional details and operation of a low oil circuit breaker. Also explain its merits
) , and demerits.
=2x10° kVisee : | 15. Oil CB. ¥ 3 F SRl TEA ) Vacuum CB. & 0 H1 T (BTE 2015)
Natural frequency of escillations 1 ,_ 16. Air circuit breaker %1 e {@iad W&d A g, THH H9 ad v fafa = o it
Jn = 3% Time to reach Peak Value _, 17, Bulk oil circuit breaker A1 low oil circuit breaker ¥ 3T<R %! THREAI
N (N 1 = 10,000 Hz 18 SK circuit breaker %1 T=5 Y@ Wegd T B2, 36H Woa wen i fafer =0 5ol Hifow) o0 o
2X50p sec 2x50%107 | 1 F o
Example 4. An air-blast circuit breaker is designed to interrupt a transformer magnetizing 19. What are the important components common to most of circuit breaker? Discuss each component
current of 11A (r.m.s.) chops the current at an instantaneous value of 7 A. If the values of L and Cin briefly.
the circuit are 35-2 H and 0-0023 iF, find the value of voltage that appears across the contacts of the 20, . fafv= dreeansii W e Tty fadrsml S i Ffr gfuy fadiem 3 ST Hi S R
breaker. Assume that all the inductive energy is transferred to the capacitance. A FHifer (BTE 2006)
Sol. Voltage across the circuit breaker contacts at chopping _ 21. ufigy federent # o1k g fafera %n@ 27 91g afed CB. oo Fifew (BTE 2007)
e= &W 7 22. Explain the working of the following circuit breakers :
(1) Plain explosion pot
(2) Cross jet explosion pot
=866x1072 V = 866 kV (3) Self-compensated explosion pot
| 3. F= = ofewm dfm—
A ! (i)  Arc voltage
iva clicu (i) Restriking voltage
1. What is a circuit breaker? Describe its operating principle. i) Ree g ) mmo
: overy volta . ) s
2. SE; C.B. F1 gviF Hifg aan SE, *q % ToEE| T Ieera wifa) (BTE 2006) 2. Descr: ; ! il circuit breaker. How does oil help in arc extinction?
3. CB. & g=y ¥ f= = gvgd— + Describe briefly the action of an o1l ¢ |
. S. .xnms.n_aum Volta: (BTE 2013) 25. Vacuum circuit breaker ! Fa A 5 faf 71 o wfeq o
ge
|




94 :
il circui 71 SF circuit breaker % U1 A4l AW I
26. Oil circuit breaker . G A it s it @ "
27. Buchholz's f&t T WTaT a0 it & 5 (BTE 2005,
T8 EH FEHA ¢ ‘ _
28. Air circuit breaker 791 Oil circuit breaker o o TR .&. i _
29. SE, CB. ¥ #? &7 AR & CB. ¥ 31&N T6F ansdi ﬁuﬂd.ﬁwﬂ.
30. Why is current interruption easier in an a. c. circuit than in a d. c. circuit?
31, Freffas CB. ¥ o1 gam % faer & evasd—
(i) Air Blast C.B. (i1) Oil C.B.
32. SF, CB.  oil C.B. 3 Terl HIfSUl gl 1
33. Explain briefly the following types of air-blast circuit breaker :
(i) -Axial-blast type.
(if) Cross-blast type. . |
34. SF circuit breaker T4 Vacuum circuit breaker & 797 791 S g FirA|
35, iy fadeet € wrafaa =T 16F (specifications) 1 aUfF Fifw) (BTE 2016)
36. T W@ t@ifad (diagram) F WEEd § Vi TRONFES H e F@est (buckhollz) T&T9T HOTIE
qui7 Fifwe 7 wd faera qeEE| (BTE 2016)
37. T dlo / $o o dlo g 1Y T fafer=t e 35 Wi ek 1 faafd fofre Ao <ft R

(BTE 2003,

(BTE 2019

(BTE 2017)
38. THo Who 6 Wihe W I Qi T Siferd) (BTE 2017)
Fill in the blanks
1. Capacitive current breaking results in .................... .
2. Current chopping mainly occursin ................. circuit breakers.
3. The quantity of oil needed for arc control oil circuit breakers is wessvensivinsnennns. than that of plain break
ail circuit breaker.

4. Inan oil circuit breaker................. is used as the arc quenching medium.

5. Ifthe length of the arc increases, its resistance is
6. A circuit breaker opens
7. A circuit breaker can

.................... when a fault occurs on the system.

.................... the circuit immediately after automatic operation.
8. When the contacts of a circuit breaker are opened on the occurrence of a fault an
struck.

m.gm.n.nnncm:waﬁn nmm:f.nna:%”&ﬂrw:mn.o. circuit because

alternating current provides
Answers : 1. Voltage surge, 2. air-blast, 3. less, 4. some mineral oil, 5. increased, 6. automatically,
7. remake, 8. arc, 9. natural current zero.

a

Rat

> (Relays)

| 3 %1 i wom g, w9 a5 IR T
T F1 Al M 5 9 = am
1l TR (Faulty section) 1 7 %1 fe&a= (Disconnect) 373 % fot it F Ta TR S =R

wﬂ&@ﬁ%ﬂﬂﬂmﬁﬁﬁﬂﬁﬂﬂﬂmﬁu&aﬂﬂﬁﬂmﬂﬂn MEFIETH WIA =R
7 G dree o (AT B T € Ao deest oftwdl % ford o et 3w Wi e A SR
o B g L T ¢ T SR S T 1 g e A S w2 g e e e e
1 @ FUN TH A (Chapter) ¥ 0 &t & aR § 90 901 fd ¥ w0 & we= 51 % 55501

-

5.1 Protective Relays

A protective relay is a device that detects the fault and initiates the operation of the circuit breaker to
isolate the defective element from the rest of the system.

ﬁ@%%ﬂﬂwﬂm._mﬁﬁ@éw_ﬂmf.ﬁ?ﬁn&_-ﬁgwggﬁ
2 afs 38 0 STErl ¥ uug wl el wiyg w1 @ i B aiigd e s wea 2 —

(1) %99 0 3 A SR (C. T) F1 Naf $usel $1 34 o & Uil ¥ gai (v =
o o157 &1 79 T8 HE R

(2) fadia s 4 g gftonfaa (C. 1) R fdias Foed aw e gredl
TTIE

Trip coil

Bus-bar

C.T

N e ottt s |

fem 5.
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ip coil of C. B.) el et &F (Relay Contacts)! |

mﬁwﬂnwﬂ%%m%mmﬂa%awa%ﬁ%mﬁd s m&%%%wgm@@dﬂ
?585&5%&5%@%@%@%%%?&%&@3@% (Triy |
95mﬁ%%%wg%%wﬂw%ﬂmﬂwwmﬁwﬂw&ﬁﬂa?ﬁ
= 8 9 2l
5.2 ell-RA) 3 wiifer® MY (Basic Requirements of Protective Relays)

M%-@iﬁwﬁﬁﬂaﬂﬁw@wi-m@%mﬂ%%ﬁm?ﬂﬂwi

(1) ST (Selectivity), (2) oG (Sensitivity ), .

"~ (3) " (Speed), (4) TERVE (Simplicity),
(5) faeargritaat (Reliability), (6) fam=afaa (Economy)

(1) SRR (Selectivity) : 18 77 % 97T 7€ & €It =eT i o <) 9 HE H W
o St W ) wE @ fa fRe vEER F ot w2

(2) GuTfeaT (Sensitivity) : &t & 7 % awran €t =nfew i 98 9 9 & 9 9 T EIfeH 2
=feul
d |
(3) T (Speed) : fet famm #1 St 9 &t o< @ el AW FA AW 7 F FRO— |
(2) S U TR 3T B GG F GHA §, IR D GG T TOE F@A ¢ |
(b) ¥ Tifa fiet frew St wT0 ) Freeaw wftee & 9+ &1 FOEA F1 w9 F@ S ﬁ
(c) At om0 & FW Feew # srfem F o Wehdt € foren w0 IusR & A W A A
TFA ¢ a9 fien § SR W o fagda gwE w2 o |
(4) WTEROTT (Simplicity) : fiet fawen mamw €M wife wfe sarl & TEE T W O @
feeen foa wramw g so= favamdaa 3o s
(5) Tavastaar Reliability) : it fown % s 72 ama
TRAeE & TR St 8
(6) Ta=afaaT (Econom y) : et <t 2aror wftog =t 5 s frasafaan &)
T 94, Had T 9 IHH &
%@ﬁm@ﬁmﬂﬁﬁaa%ﬁ%%ﬂmﬂi F| -
5.3 wef-Rat &1 FiffaRor (Classification of Protective Relays) 7
%-m@ﬁm&ﬂsmnﬁﬁaﬂmﬁéﬁﬂil
~1) nﬂﬂu;@ﬁﬂm ¥ IR T (According to Principle of Operations) r
~A2) 3TIM F YR | (According to Application) ‘
~T3) FATH F & SR W (According to Operation Time) |
(A) emer g & 3R W Rel @71 o
(Classification of Relays According to Principle of Dﬂm..m.__oamv
(1) ot figt —f .
Qqscwﬁm@mﬂms MHMM“_MW Emmm 9 H AT (Alternating) sy few wmy (Direct
& areh feet, s frat (Thermal Relay) Fgarmdt 2

|
e ey fF o v @ A

- (3) T s A e v (Trip circuit) St T A.C. 71 D. €. 2 w1 81 T8 AR (Supply), i R et (Gas Actuated Refa

97
¥$)—718 T ¥ BT e
ctuated relay) el M_ﬂ ; B At frat | wgd R (Gas
@ mﬂd.&.ﬂmwd (Electromagnetic Relays)—dga s T A S
o et T 8 e S S IR SO T
@ .:m_d— Wt 7e (Electro-dynamic Type)—=r % fagr w1 w01 aeh fa Sad
ot e Bl _

) Fega-viifamn .m% (Electro-static Relay)—= f&t dem-oifs ¥ i FT

O - . _ EE foe W =@ =@ 2,

(6) wifees et (Static Relay)—3 fiet forsf #¢ ot st o 7
C] F 99 ﬁw@.ﬂ (Response) ﬂ.ﬁw:.w. EWH .m,@._ Hea
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HAE R S =) o -39 fe v arfaem fie @ 6 @ W 58 i # A A (Setting)
&l & 9 - I B T I B TR &1 SEER F S -Ye F 5 e e W
T (Core Balance Protection) % &1 #ft figd (Remove) 1 T F T ¢

Primary
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| ﬁ,ﬂ%ﬂﬂ Fuee § €1 g fe (phase relay) 991 p&a

o Fgad &0 AT AfAIUR 380 (Combined _,m.m_ﬁmo and Overload Protection)
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6.12 TRIGRR & R wef MgaT XafoT oret

(Merz Price Protection System for Transformer)
iﬁmm%-ﬁfmsﬂiygdﬁﬁﬂ%m%% ﬂln&ﬁaﬂ_n&aﬂﬁﬁﬁ
ﬂﬂ.m_ﬁns@&%ﬁ&Aﬁwgﬁﬂmgﬂﬁﬁwﬁ@ﬂﬂﬂwﬁs%ggﬂ
wﬁ%ﬂ%ﬁﬁﬁﬁa@ﬁww@mwﬂﬁﬁ@ﬁ%nﬂﬂsﬁaﬁé
Eaﬂﬁaﬂ%ﬁﬁsmmni@ﬁww@wmgﬁﬂgmﬁﬁﬁ ﬁﬁmﬂaﬂ
Tt & e W iR @ watE Freet u qa fdad psd ﬂ.ﬁaﬁﬁwﬂ_wﬁsﬂéﬂ
3 & 7 W o & U B AR TR I O T T S SR R gy
R e W e § ¥ % F S e e & fad e €
.ﬁﬁi&ﬁﬁﬂ&wm@:ﬁw%@mﬂ%ﬁﬂﬁ&aﬁ@aﬁﬂﬂ%m mawwﬁqﬂﬂaa
RO (C.T.) ¥ FoEeH 1 9 91 S F TR F 1 R T FISTH (o9t Terd Ty a4
ﬂ,a.m.ﬂo%aﬁ_.ﬁﬁ_wwﬂﬂmﬁ:.ﬁﬁmw.@ﬁ@i_g%ﬂ%o%o%@ﬂ%%mﬁg
T a R g sreedn  w T@ S0
e AT % Wufe TR aen fadtas Or H e AT g o R WA e W o 2 g
& A A s g o o et | erew ¥ off S T S weEl 6N A= B & Sy
et FH F Wodlo & e =W F YUK FF T fHA1 1 Wl B

v S.No.

?ﬁiaﬁ

Power Transformer Connection Current Transformer =
Connection
Primary Secondary Primary Secondary
1. |Star with neutral earthed Delta Delta Star
2. |Delta Delta - Star Star
3. |Star Star with neutral earthed Delta Delta
4. |Delta Star with neutral earthed Star Delta

(3) Tap Changing % %Rv1 st qH1=1 svereen & SR 70 = 911 & a7 21 Forgs et et
Sae 4 @ w1 0 @it 5 fr e S

T F A f T C.TsF Tum Ratio 51 Taping Side % 7 a1 =1 #& gL I T ¢
6.1 w._ﬂawi.ﬂ. ) ToTeht .
3 & ford st HIEST (Merz-Price Scheme for Transformer Protection)

M TR H CT's FRIRED EESG| b mw_.w T T TR ] | - e
q4qT , foed _N@w«ﬁﬂ.ﬂmﬂmman_.% > 3 .n.ﬂ._ Nwﬂw.m._wwu_.mm:_

i
—u::.EQ

Pilot wire

I
R 6.13

SR S-S = et Tt R e € 9 A W O ) f et o o 7 A
foreehs 0T et o 3T 0 et aen SR el & wfife S o o o 0 @ whke 91 3% W
W 3] IO 1 & g WM S WEE ¥ @ CT's % @ = Em

Example : A 3-Phase transformer of 220/11,000 line volts is connected in star/delta. The
protective transformer on 220 V side have a current ratio of 600/5. What should be the CT ratio on
11,000 V side? SRS | |

Sol. For star/delta power transformer, CTs will be connected in delta on 220 V side and in star on
11,000 V side. !

Suppose that line current on 220 V side is 600 A.

Phase current of delta connected CTs on 220 V side =5 A

Line current of delta connected CTs on 220 V side = SxB=53A

. This current will flow through the pilot wire. O,.W..osocm_« this will be the current which flows through

the Secondary of CTs on the 11000 V side.

. Phase current of star connected CTs on 11000 V side

=5BA

Fi M7 is the line current on 11,000 V side, then
Primary apparent power = Secondary apparent power
J3 x220x600 = J3x11000x!

: J3x220%600 _ 15 5
or ~u§1



B 220/11000 V
, ﬂ ) 0
L - 53

53

- |

R 6.14

.. Tum ratio of CTs on 11000 V side
=12:5/3

=1-385:1
- 6.14 Rie BT &7 (Protection of Motors)

qwmd_ﬁ.ﬂ o :::oacn:_ué description)

S ST & 5 a3 We-ag e B F1 WA fa-w-fe ()
& g <T@ 1 e A e R e 9e ¥ foreg 1 o S0 o fe, - f
TP A 1 3l 9 STav A0 1 5 st S 2 e SR e fedi F R i
A 1A ¥ fereg fereor fan o 41
6.15 AR Tafor mwﬂm.—_. (Motor Protecting Devices)

mﬂ%@&ﬁzwgnﬁﬁmmﬁﬁﬂaﬁgﬁmﬁﬂbﬁw? — (i i)

b ks | & TH—(i) W, (i) T

T W We SHAels 19, (i) o M S sels ), (i) o et fram fig A
FIT, (v) TR T feary, (vi) T Fiee-sifis fia, ?_c % frade el
m.a&ﬁﬁsm_ﬂiﬁmﬁﬂﬂaﬁﬂﬁ»ﬁ . |

(Main Function or Aim of Motor Protecting Devices)

ﬂ.w@ﬁﬂﬁmﬁﬁﬁm@ﬂaﬁﬁﬂmﬂmﬁ & Hw@_.@lsaﬁa_

P Rt e Praao e S e
X sy it e T 0 R T

A ‘
o n.ﬂﬂ_wm_ YIETTE! (Defined qm:.:m:o_oms

( frer S TR T (Low Voltage Protection Devicey—ag R, S ey e
faeg W nm._ﬂ m.uﬁm_o_ w. Mﬂ %_.ﬂ.«_.a M IR w4 ® mw.mmﬁ,.aﬁa T (under voltage
protection deviee) i FE & R—a e 7 fee % Wy e Faed wfzl

(i) /4T = &gﬂ.ﬂﬂﬂ IR (Low Voltage Release Device)—a g, i it drezn
3 o T8 N I S FC ¥, T 0 A 873 ot Sroven 1 e, s et Frrcen
9 FEeTal .w,_ T =7 A R ..m.wmm (under voltage release device) Tt &4 £ Jq—z-a
e feared & W I T e 7 wehe ferw st e ferm et

(i) arferaTT TeIuT get (Overload Protection Device)—a% gft, S 31 3 forea 1w e =
3 afasT T FR hEE €; SH— (i) e Ru-En v sl R, (i) e e siEee
fra &l

(iv) TIIE T&IOT G (Short Circuit Protection Device)—a% afF, S TUeA % wd f5eil wrwt
e ST (overload) % T T&I01 &M &Tdl &; Tue 1am Iff Fead &1 38 sifasma & 3f
(over-current protection device) ff Fea §; FH—de & T e ¥ s S

15HP.

fr 6.15

S—fag (Switch), F ﬂwﬂ (Fuse), C.C __qftgy = (Circuit Conductor), M.S.—H& =
- witc y LT § ot .
(Motor Switch), P.B.S.—T &7 figrd (Push Button Switch)
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Terminals

T, bT2
Wires
1 2
\m Contacts |
Cy

Co
AC. »
0.C.PD. £ B
5 Auxiliary
contacts
Over
load Circuit conductors
contact C.C. /

. ferr 6.16
6.18 ¢ e & ford gt S <o dieRY

(Electrical Protection Schemes Used for Electric Motors)

fafsr= sem & S vl ¥ fireg Tofe et @ .
& Ares WA f e f— ) R R, g A

) = :
() A A A o A (Low or under voltage protection scheme)

(i) = 7 =7 S ]
@ = foremon areren e AT (Low or under voltage release scheme)
AR T80 s (Overload protection scheme)

(iv) Y9G & G (Short circuit protection scheme)

?.v RSl T A G A (Single
(vi) THS Fell STHEB &0 Gy (Single

Magnetic coll

- I~"stat  Stop

phase protection or indication scheme)

A magnetic fielq discharge resistor scheme)

Wi, o 5 T, T  Sroem v e W S w0
wﬁsﬁ%ﬂwﬂﬂﬂﬂaw%%ﬁ F Anouﬁmnﬁo-vﬁﬂﬂww%mm&mwmwdﬁ
M&.ﬂ@mﬂ (stopping) @w@@%ﬁwmuﬂﬂwﬁ&ﬁ“qﬂ@sgum@ﬁmﬂﬁw
" FEA F1 TH: TN (push) ST BN 21§86 AR 1 P W e e e o S, o
Ferd s & =99 WM W F SRy T 9] & W1 (unexpected restarting) 4T F

oeFfE T W (sudden restarting), FRIT st Iwerti ¥ frt wifvns &)

(i) W_ﬂ_. el e a1 .m_wﬂ. (Low voltage release)—Swga T, .ﬂw_ﬁ ¥ ferg n.ﬂ?m (supplied),
e arees wH B S 3AgE Ul w9 | ST § WM W, T wiiyg # e R 1 A (interruption)
%mmmamm._.mmm ﬁovoaﬁnummw.w“ﬁgm%.%ﬂm@%ﬂmm@%ﬂ.mﬂﬁg
Qm-n.ﬂmzmr_anzc | & Uehdlll T A mwﬁm: m.un_m (under voltage release) 7€ e ¥ (no-voltage
release) Tt FEA ¥ TH FHR K w01 f-AR PR 9 (two wire pilot device), S—% fed (snap
switch), T2 faa (float switch), ¥R f& (pressure switch) 3fE % wdm & o 2

 feuquft (Note)—Fre aieean wam qen firet deen T H For aF 7w & fi g at gfw-g

(release-device) T HIZT 1 oI =Te] &l HT YA S4fq Aewal F ATE € T A 6: 3 8 S
2, 9% et arel TEm-gfE § W S E: T A e 9@ R

(iii) 3rfersIy TayaT (Overload Protection)—¥&d & ffaR W A i ofw T % fawa
FH 3R g qftgy § Het w5 fuifm mE 6 T fis 7 9 9 S HRI I THEE (interruption)
3 o e T 1 e i e e A &1 A S 3 T e 50 3 e e
T 2 e sireie fd sy e R S fearw v g # s fes
FHN 1 s o T E— ‘ ;

i fer (Overload Relays)

S | - G5 3 . e SR e
w2 R T Q:mBmSmaomaﬁa OLR)
(Magnetic type dash pot O.L.R)

o e T i
(Manually or hand rest type)

ﬁﬂ@maﬁm“ﬁgﬁi

(Automatic or self reset type)

fme.17
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(iv) TETY T@IT (Short Circuit Protection

)
o e i 3 e (principle O YT e o o g 9 T O R gy

w@mﬁﬁﬁﬁﬁaﬂaﬂﬁﬁww“qﬂmﬂ @sﬁﬂw%uﬂuéﬂm@nﬁﬁsﬁ
%%ﬁnﬂmﬂ%@&ﬁmﬂ% . 3. g 78 =9 9 s W
ﬁwﬁjﬂﬁﬂds@ﬁﬂﬁwﬁsﬁm%igg ; e 1 8 gy
Erokd
1 F1 =2 . T e o
. Indication) T (two b
; ﬂﬂq.ﬁ.ﬂﬁmﬂﬂAm_um_%:wmn?ﬁwao:oao_, g fgen b,
aaan_%wﬂqaﬁﬂm@mm%w%%uﬂi@ﬁ%ﬁﬁﬁﬁéﬂ
m&ﬁmﬁm&ﬁﬁniﬁﬁﬁﬂmﬁﬂﬂmﬂﬂauﬁ firg o
¥ ¥ ferd 8 R

cﬁ:&ﬂ%ﬁmmﬂ%w“%mﬂiuﬁsjﬂ ‘

1 Single Phase Failure _uaﬁn:onv,.ln.ﬂd Hmﬂ. gﬂmﬂm: gy
Eﬁ@wﬁmﬁﬂgﬁﬂwmﬁ%w ﬁaﬂ@wﬂ,_ uftgg % Bt Fe/aR’ | RESRIEE
Sreram T F 3R ‘e Ty A A TEA F for e (Operate) Bl T, e
ST T FEew ¢l %

?.:Eﬂm.ﬂ@.ﬂdﬁﬂ Am_.nmﬁ.n Phase Reversal _.v_.oﬁno:oalﬁw 34 m.m.d wfeR &1 9 (=r)
4 <t U wgen vtwg § & oA % fa99d (reversal of phase rotation) T gfte & ®ft AR (i)
mmﬁﬁﬂ%.@mbwﬂ@mﬁmﬁﬂﬂ (interruption) F TR (F79H) @A & fore uf=nfem gm i mm
FHN &1 14707 JfeR I I (elevators) T ATATH 2, f W 31 w81 R w13 o1 fT997 (reversal of
phases), FT 1 FTdia i & T 1 FI0T 99 FHaT 8; AT FR H 39 w0 F fawdia § wwe (stan)
FO 1 F 7T T &, B g vew @ A SER FRH Fa Fed ol
(viii) m.ﬂmwd mﬁ- HHHA T0T Agmwnm:n Field Failure Protection)—35&d T&T AT T FA,
T&: Y2 Fieg amell o o Hiedl % T €11 21 39 1w g 1 9E: o Ho WS AU HIRTS ART
i e, e o 17 3o, ok ) e 91 <o o s ¥ e
ﬁﬂw%ﬁgw%mﬂwﬂﬁgﬂﬂa@ﬁ@ﬁwﬂ@ﬁﬂﬁ (normally open contact) H &
9 (stop circuit) ¥ HAT v e 21 ¥4 9f 32 iee Wfhe gol W §, Hgfq vie Feg affe ¥
RGN T R Y2 Wi H Gen v W4 B S o, Wi 1 A e M N
fequit (Note)—3T Sieg

Fraft @ sreafir iy syeay ﬁw%ﬂ:&.ﬂﬂ@m&ﬁ&@ﬂmﬂﬂiwﬁ&?ﬂﬂnmﬁ

ST (Fly away speed) T&d 3
(ix) T 85 farmeiT whnies i B
(& &ﬂﬂﬁgwﬂuﬂ. I wieg T Mmagnetic field discharge resistor Ecan:onv\u.am
P et e %qﬁi%%iw@%w%ﬁﬂﬁﬂ%ﬁ%
P u_mmﬁawﬂwﬂmﬁmaﬁmmWﬂﬂﬂm.W%ﬁﬁ

N (heating element) s} F&d #1 7E AT T, e

L o T B 5 ’

- m&mmﬁﬁﬂ.mw Aﬂ%ﬁdﬂnﬂmmﬁﬁggﬂ?ﬁoﬁaﬁgﬂa@ﬁ
f@, i ﬁ,n__ ST i %awﬂu :28_vaﬁ.ﬂﬂﬁﬂ?.gm&ﬂmﬂm@w.mﬂﬂﬂa =
(coil) 3 gt T A1l W -8RI 4 A 0 fife o -

; ,w_ﬁdﬂﬂdmﬁ@ﬁwmﬁﬁwﬁﬂ_wﬁwmﬂ& ;
%m Fa 38 ST €1 8 FUST P I TR TR F A0 v =
2 ™ it 1 T99%, $USHl IRUT (contractor coil circuit) 1 W

fow (2) B ST 1 FURl F W W A I fea, 9
e e, fefdm < uftafia faan = we &1 i @ ey
sie ga-ufe amE i @ emm-fed ww fm s @ ~
arem-fed 1 Sgafea w1 Hi Al Ty T ¢, s me

T,

# T 5 R W W Aaes @i wg i s © T
7 A% aRere T4 & 9% 2 @ — ufmgt =)
7 6.18 : FEE AR wkaEH

18 ¥ Hfew siatars e i frg-2wEm 3
fa7 6.18 742 HiE e & R

Yeff 31 T 2, Forad e & ol Tevas O T, <9 o E;
Sfeh YETEA =T A T, 9 T €l g fad et wie

ST} TETH! (contact) I FHHHI-F (spring force) % fa¥s Ben €; FaeT EeH F1 T 95 R

(constant) Y& &, w1 fof sifmem | T = :

6.21 Jraaiir e Ser-die R R @ renelen 3

.(Dependency of accuracy of magnetic type dash pot overload relay)
T Rl # amda (accuracy) F7 TeH W fysft Tt 2—
(i) oigel 2u-uie % fueed qu fafavst & 3 T % S 3 (clearance)
(i) 2wtz ¥ sifga i @ (viscosity of oil)
(iii) SW-viz ¥ sifae H AGHA (temperature)
(iv) 3= =y e (other extraneous conditions)
IPdE SRl § T4 SeR-we f F gmd@ (accuracy
TR s fat e S
6.22 vy v Ret srorn St e R

A._.oaumqm":qm overload relay or thermal over-load relay)

nﬂdm@gﬂa@% ?naﬂno:vﬂ_mam.,_ﬂw_mﬁ
T 1ot i ) e mamﬁﬂquéwmﬂwﬁmmﬂﬁiv@ﬂ

) i 2, g 7N & T WA R

ﬂzﬂﬂaﬁ%%ﬁmﬁﬂqﬂ?ﬁﬁamﬁ_mﬂm
e e 3w T € ST T
w_ﬁﬁﬁ%%ﬂmﬂﬂﬂﬂ%i.

e o IR N TN "I R, ety S S
e R I T B S T S A
2 o Ly e e

e —————— N S TR
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arq e g 1 el (strip of thermostayi ety

A _gifa A feor-gad
%%WH”W V.mﬁaﬂw%ﬂmdaﬁ ﬁﬂﬂiﬂﬂﬁ#
& EE) ,
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(bimetallic strip)
&ﬂwm_wﬁﬂ_ﬂﬂﬂ .
ferdt Ta= T&d , | afel- gl €

e e, o 10 T gt 2 Sl 9 TGl 1 i e
& < - @ e € TR & TR w%ﬁﬁii%ﬂﬁ@ﬁiw#g
. ; inear ex gmmonvmmﬂ[mmﬂﬁﬂ : mnﬂmm::goﬁanscﬁmqlo:ﬂw.ﬂﬂ.&%_
(coefficient of linear exp ) gwhﬂ@wﬁnﬂi N : 4
o o 0 8 T (T o, o (rigen) ¥ 8 T o
. wﬂwmfﬁ&iw&mﬂ%ﬁﬁﬁwwﬁﬂﬁﬁﬁﬁgﬂﬂawﬂﬁ
m@%%ﬁﬂﬂ@%%ii%ﬂﬁﬁ%ﬁﬂ%ﬁgwhﬂaﬁﬂ

.muﬁ.&g d anncmddﬂmﬂ:m.v_wﬁ i R

8 g R, o A o &0 fcts 1 8 A% v o

m H {HY -
(Time—T Second)

0 . 'y
' ' (Current-1 Amp)

o 6.19 - enfer sivaelrs R sieaerm R 3t Ru-erw st Riess

e e sew firen 91 wad wg) s 7w 2 i 9w SRewe faew, s WeeA e
ﬂﬂﬁﬂ%ﬂm&@am@%@ﬁﬁ.@jnﬁsﬁmﬂ@wmm.sm%%ﬂa_wﬁ
F1 fgy oy HRffem wim R ;

6.23 Il 3rrar At SRR Ry A oy
(i) ﬂmm@ &1 A (accuracy) SR AT 21
(1) % et feiarn weh-sife whnfrg i &
(i) ¥ o7, T X8 v o1 e o _
mﬂﬂ“ﬂﬂﬂ,@wﬂ%ﬂﬁaﬁﬂggw
v . i 1 il
A, e st g 6 1 e e

ﬂ ’ . e
% 5@w gﬁﬂﬁﬁiﬂﬂﬂa (strip) T e 1Y (wger) & ot 0 T ki
. e ﬂd (momentary current) & wenfer @ 1l -7

ECE|

(i) 78 FE81 1 ST (characterisics) iy |

2 afers, SR T B, T @ T 1 e s e L limit) S 20 g
w%gﬁﬂga_ R, e e st A i 2
g4 TS T A R 1 e ey

(short Circuit Fault Protection Device i.e., Fuse)

T i (;

l :

fafen € fr ofe fiet (3vatm f@) T e 2n Tu-vie R w1 e, T W Frk e &
waferd A S € WER F RS TEIG W (short circuit protection) ¥&7 F & fod uge & 21 o
e & G H 6 A WA S § WS ) o S f T RS e W, 36 am
E@nﬁa.@ﬁﬂﬂ@mﬁﬂw@w@:“&ﬁmﬂ%ﬂm._.a:m”mn;mnzqgobﬁm_umm.ﬂa@wm@&
AMfew; T A T H AT °W W Wel- i o w9

(Time—T Second)

Hwvs H g9

O »_“: N_o.
— T H.u..m._d (Current-1Amp)
R 6.20 mﬁﬂﬂ&wﬂﬂ?ﬂn%ﬂﬁﬁ.ﬂ_«am,mw:;m I
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ﬂﬁ%ﬁﬂu%ﬁﬁuﬁa%im_mﬁw%

o[ (non-fusing curre

fam 6204
my#@ﬁ@mmﬂsﬂw%ﬂﬂﬁ%%

ﬁm,.ﬁ:%gﬂﬁuﬁﬂi_waﬂm:ﬁ%f

1 A @ &, WA IR
M@Mmﬁ&mﬁsg%@asﬁﬂwwﬁd%ﬁﬂmw@nﬁaaﬁﬁﬂsgﬂﬁ

0 mu_.;ﬂﬂ & #1798 FRw Eaco A & gEA fufToT (normal rating) %1 FIf<eh HME (critical value) §

ﬁnmﬂqmﬂw_
Fza R RS T gEor AR ReY &1 Wy
m.mm e 1w % i nﬁ_ounqo_mﬁo::ncnzo:529

(Co-ordination of thermal overload relay and magnetic ov
protection) i

wa e fdt Ao fie <t & arfaw & (overload protections) TH mﬁﬁ,@l% T & i
fcqs 3 w3 W & @9 < € & ferg T HI (setting current) gosR-gge Tl Sl w SR T gy
e 1 sren, Arfew WeavA & fo, FT9T 9T (sctting current) aferer 7@ T €, S fam g g

¥ we R

— W= A ()

0 iy P

— I 1w ()
m_um.u"a#%ﬂ%wwawﬂmgmﬁiwa%ﬂ%wmﬂﬁﬂﬂ?ﬂn
2 Ry zw SRR Reaw

_ﬁﬂﬂﬁﬂ%ﬁua.@ﬂﬂﬁ]ﬁ RT3 mﬁ&wﬁdjﬁm%w%

aﬁﬂgaﬂ&ﬂowﬁﬁﬁﬁﬂ% ,
ﬂ@w%%?&siésﬁ#ﬁ%@aM_Mﬂmﬁ@m%w_ﬁﬁm%%ﬁa

|
|
|

|

_

_ @mﬂaévﬁﬁﬁ_ﬁ%m@&ﬁ&ﬁ_w@%gg

|

o S e fren o &1 S M T yp |

& 7 dret IR ﬁ:wr"oﬁaom&,ﬂ e afs g
i Mﬁ%i?ﬂ@&@ﬁﬂwﬁm
F gy _

w
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.26 &1 TEan w@.ﬂﬂ%ﬁm_ﬁﬂmﬂmﬂ_ﬂd&ﬂw
_ordination of Thermal over|oaqg
| me induction motor protection) e magnetic overloag relay and back-up fuse
I FI2A Fi T '
o € fob P 0 FfR S i g
wﬁ& e M EENERE mﬁmﬂ &I WOTIed} &, T 7 %@%ﬁmﬁ HI3H (short circuit currents)
T o T 3 0 31 4303 e sy ey
FATAE Mﬁsgﬂ@#@wwﬂuﬁn%ﬂﬂﬂﬂ @ﬂﬁﬁu
ot B
a W s
m | m
\W m EES LRl
_ ) & sifiretam
IR
! g
(0] I { I ___n_

firx 6.22 : opfe SaRels Ret Weaem Rivew R siavels wideee R @ do-3
TSt Widaer Riew &) 3gaw (combined) Ru-ergn stmiRems

ft 6.22 & wigem fou-eren Siafifieam weffm 3t T 31 590 ab, b 7 od 7 w9 ot @,
e St e - o1 g 97 frm-arem St 1 i @ 41 99 fo 3 o s 1,
mﬂ.&ﬁ@.#% gHd e (Thermal relay) w7 & i ﬁdwﬂwuv Gl ?iﬂ%ﬂ?ﬂ@ﬂ&m{mﬂu
Mﬁmﬂﬂmﬂa_ YRT 1, 3 1% S S SRS F 1, 911, W i -7 e St W
3w .
521 S5 e ot e 3 ford, ediar SR Rl e el g o

(Co-ordination of thermal overload relay and back-up fuse for induction motor:

Protection) . e
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Discuss the important faults on an alternator.
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Protection of alternator:

27 = sife
(BTE 2006)

) _ i i inciple for the
& Explain Wwith a neat diagram the application of Merz-Price circulating current princip

i -size alternator.
4, Explain with a neat diagram the balanced earth protection for small-size
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F TR dmﬁ 10 :
 <5q B A mua,mmm@ (B Lo’ : IRl (BTE 2011)
o gl S A Sed B TE 3, | ror B ET STU1 1 SAEE g1 Al 5 . (
~ tq @ w= # i i R umn%w 1 9 S megg B >=ma.m. R Sy emator ¥ Y Merz Price fafr 51 RWAFAI(BTE 2011)
.P Bucchholz Relay H ) o turn fault on the same phase winding? " o whet _ﬂ_wm_u Power Transformer g ﬁﬂq“w“ end over current relay?
tum , ower S er Q
3 ma,.i:a,;aaasa,%a.ai_%ma %ﬁ_ﬁw%ﬁ%@ﬂﬁﬁaﬂﬂ._ 0. T P S ST 1 300 g (BTE 2012)
§. Transformer Fdgan FFEnE :wwmgﬂ o >_RBEMM_ s | T T Altermator F1 =g <1 & waem ¥ v e
e e %ﬁ&ﬁﬁﬁ-ﬂ%ﬂﬂﬂ&@ﬁﬁﬁgh i _._ . . (BTE 2012)
9. MerzPrice <o Il 3 ﬁd,m_ﬁﬁ . BTEy | 1. Describe the construction and working of a Buchholz relay.
. Me : 0 | sl sy ; :
%ﬂﬁ_ 35 s frd g < s T o A o, forgd A AR S 1 S ey e o sfeen g A i 5w 6 s
10. TEE Sl i3 Tt TRaT WO & v : (BTE 2012)
- ~ ) g Wil 3 A B Al gL ‘ Wiy | - . ‘
1 S & R R g A ikl , BTEay W mﬂmﬁw_ﬂanmﬁm@ﬂ&wmﬂ_m_wﬁﬂﬁ_aﬂqﬂﬁﬂﬂ%wg&ﬂe
(BTE 2013)

B&.ﬁ%&%wﬁﬂ»@ﬂa%ﬂ@%ﬁeﬁ%mﬂgg

%%%Wu@%ﬂ&% (BTE 2y
13. mﬂ@%%fﬁ%@wiaﬁm@ﬂé G aaTEd| |
14, >§a§m%i&&%%§ﬁ&&wﬂaﬁdwﬁwi%ﬁ%ﬂﬂr%ﬂ_

m: (BTE 201
5. Transformer 3 ST 1 % 7 e G O H 4 A g et il HO T e
- Ft e i (BTE 200
16, ZFwER % < 0 B TE TEERR ¥ fordt =% R@ (differential relay) F1 TR
17. Buchholz Relay ¥ ¥CeH, Yoo forgrl & Srgwaril &1 oot el (BTE 20
18, s A & a7 TE WX 1 e fHE YRR S o €2 79 o % W
R w1 & fafy & e 1 aof @ (BTE 200)
19. fidl 1 Wew WA T Judiew e H GO 9 @ fafy W
20. ‘What factors cause difficulty in applying circulating current principle to a power transformer’

21. 3-¢A.C. generator ¥ ¥ ATl R & : . A I
1 i e ey €t 5 ffed 1 S o A T

22. Altemator ¥ 919 A1 1 fafad) 37% SR § Eﬂ_«_ e @ Tardl

23. Write short notes on the following : T

(BTE M

(i) Earth-fault protection for alternator.

:_v Combined leakage and overload protection for transformer,
. (i) -Earth-fault protection for :wnmmc:una.. | |
24. TR H E 2 icp) . .&ﬂd@ qwETE
, TER |
25. Transformer ¥ g 79 % i.ﬂ,&uw.w - - 7 | _ 5
ot | FY F0% a0 ¥ T fa & A

. ‘ ‘ o
26. Explain different type of fault develo Ru.h
: P

U}
B1E!!
(B

i

in
a power transformer.

3. < T T TS U 8?7 T 4i-Th S R WA et & e o fod T e e
s e W &7

4. Power Transformer % ol -&rvr o e et fafy 1 sl (BTE 2013)
y7, o et i SR 2 TR T N v FH (BTE 2014)
18, SaFed fiet @ o aead 37 T e T i F1 oM g SA-fafa = avi wifs

. (BTE 2014)
%9, Transformer ¥ ¥J-&R0T Tei-® &1 Srared #i fa= wied TRl (BTE 2014)
40, Transformer & T Wafer SRRET FOME 51 ¥ F 3L T 6 s #? (BTE 2013)

41, T F S S % TER aaEd g S P 3 1 gl 1 9oF ST (BTE 2015)
42, W A F A fafe TR % S # S wife (BTE 2016)
. vhw ofonficd % T v TS A 1 - e Fr-faar F1 TEEAl  (BTE 2016)
“, %%ﬂﬂ&&@wm@@?ﬂﬁn%%mﬁ%%ﬂﬂm@%ﬁw&dﬂﬁ&

(BTE 2016)

&.uﬂﬂ&mﬁ_%ﬂ@mﬁﬂﬁnw&&mﬁwuﬁﬁmﬁ%ﬂ_ (BTE 2016)

Aa.aﬂﬁ%ﬂﬂiwﬁswwﬁmmHﬁﬁaﬂq%%w : (BTE 2017)
(i) R 8w (if) T T&

. g%ﬁ&ﬂﬂmﬁﬁﬂﬁ.%ﬂ%ﬁ@@mg%w (BTE 2017)

(BTE 2017)

B T ¥ gey drede SReE A A

o SR E_:_:roc_n:_su

G The most commonly used system for the protection of generator Is
(i) provided for field failure of an alternator.

(iii)

Automatic protection is generally ...

The chicf cause of overspeed in an altemator is the

(iv .
) Earth relays have current settings.
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2. Differential protection

3. Distance protection
36 Tewaqul Rel & (Symbol)

<+— Overcurrent non-
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B

Time

fm7.10
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ﬂwaaanﬂffﬂauﬁmsﬁw_

Zone-2 10% %‘85_. EaGi| w i Zone

3% . e
7% g0 @ (Distance Protection) et = 3 Wt gy F%-31g TV Surey Tl ¢ 9 al®

2
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i)
[, What is the importance w?ﬁ&ﬁ Protection? _
N.wﬁﬁﬂﬂ@uwgﬁﬂw@ﬂﬂ.&ﬂ%ﬁm&%ﬁJ : ”:
. (i) E-FEE & (BTE 2006) B
Ew.%_& T vl

pescribe the F:oé_:m m.meBw of bus-bar protection :
) Differential protection

(ii) Fault-bus protection &

4 Radial Feeder i 9 &g Frefafan drems -

gt gt IE T FC—(i) T o, ()

5, What are the requirements of protection of lines? (BTE 2006)
. wafor T 99 BIEE| (Graded Time Lag Scheme) 71 22 50 o ) wreti ) T A = 3 2
fl ST S [l T & (BTE 2008) :
7. Discuss the time-graded overcurrent protection for : i
(i) Radial fieders
(i) Parallel feeders
(iii) Ring main system
8. Radial, Parallel 991 Ringmain HIEl ¥ 3R W& i 7@ sm@ @itaq) (BTE 2009) ¢
9, Describe the differential pilot wire method of protection of feeders.
10. fema wiet ¥ wga fRd wiae yone @ wine Sus e S (BTE 2012)
11, Feeders o Ta1v1 g fafim vamn worfedl = oo ifem. (BTE 2013)

12. Describe distance protection scheme for the protection of feeders.
13. Directional Overload ftet i) o 1= % Wafod 7t ¥E (Time Graded Discrimination) ¥ ITA0T fa
™ % g B wwEE| (BTE 2010)
14, el = Ren &g S i e v 1800 (Time lag graded over-cirrent system) = quiq it
(BTE 2016)

IS. mﬁﬁﬁm%ﬁﬂﬂ@ﬁﬁ%mﬁ@muﬁm@.ﬁ%ﬁ%%_ (BTE 2016)

Fill ip the blanks : |
8 Differential protection scheme for longer 1INES 1S eresressessanses costly. _.,.
@ The bus-bar zone, for the purpose of protection, includes : .
(i) The two most commonly used schermes for bus-bar Protection & .- an - .

W) The probability of faults occurring on thelines is much more due t0 theif wccwwmuees AN sreeessssroens .

™ Ing i discrimination is incorporate
" ‘lme graded overcurrent protection ... imin hTY
?v The parallel feeders o be uncﬁnﬁa by :ou.a:nn:on& overcurrent relay:

. i ines 1 tion.
0 The ideal scheme of protection for ines 18 e : ...Eo.an_ e o
Answer : (j) very, (if) bus-bars, circuit breakers, (iii) a_mﬂ.”n ?w iy lstance,
(iv) greater | msm:_.nauomﬁn 1o atmospheric conditions, (v) time,

Q
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8.1 9=/ (Introduction) _ i e e
s o g N 8 T A WA, R, 3y
ﬂimﬁmﬂﬂ%m&wﬁﬂwﬂmg&mﬂﬁ
) . R 2t 31 gufere 7E A AT © 16 70 oy
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¢ sz s et A A & S A @ A wE (FO s T forw) €A €, o W A
,us._mwm.uo<n2.o_ﬂmmmﬁﬁﬂsﬂ%w_wﬁdm£mmﬁﬂaﬂgﬂﬁ.mﬂ_.«,qmﬂ..u_,ﬂ.w.w._uﬁ
ii%%ﬂiw%ﬁaﬁ@%ﬂ%w?ﬂaﬂmm S
ferdi & S g3 W e P & e 3 e fererent ot @ foel o o S Tl € 4 e @ i
30 T B T & o T T F R ) THET TEAT ¢ 91 9 SHRT S Al & ¥ )
w2 Al Bl € 9 90T di e | a7 2

fg3 ¥ Lighting Surge %1 3 1Y fe@mn w1 81 1% & V-8 W dlcdl 991 Y -1 W TG F
Wi favan T 21

Y

7 qieE AT ——
%.&.mmnmﬂﬂ (Internal causes) 169
() o fE AT (Switching operatjon) |
(ii) qftg¥ <h1 T[S =gy (Sudden interruptio, ;
(i) are Y (Arcing earth)
(iv) forgd VA =1 fathel BT (Failure of insulation)
v) 37715 (Resonance)

1 of circuit)

() WeE TS ST (Direct lightning strock)

(if) ARt AfEd ST (Indirect lightning strock)
sifraieedT & T I&._.HS (Internal causes of gye
st HI0T e 81—

() ferer et (Switching operation)—f&=1 waeH ¥ T R Wew W 5 ShfehE 8
o T T € ﬁﬂmﬁmﬂmﬁw%%ﬂ%ﬂamﬁﬂﬂﬁ (Sending end) ¥ fimm fR
(Receiving end) T L THA H B A T T (Travelling waves) W% % fagw sifwaml f (Open
reiving end) 8 T (Reflect) €Tl % ¥ il W o 597l (Doubling effect) 7= e & o g:
i fit 7 Tl €, T8l | YA Sfftrateed! 301 B I §) e & T o e 90 W W afedieed
709 81 W &1 g F FAT o RWOT a0 W A e sa o 9 21 e | wh $ SR
07, A (Travelling) %1 sTaf4 & &ffor 2t Tedt €, el o € s 3 o deea s & i 21

fem warem # diee = AW G 2V, F A EHA T F SAEIH (Oscillate) B € fowH

W= 2V A2 § 91 390 dieedl & WWE W e (Oscillating) 91 TH |~x§;m w

r voltage)—e 7 ¥ sHferee &

Wy ,\w%ﬁﬂ ¥ e TEAEEA (Fluctuate) 1 8, Fel C o i wften T L@ 1 3R €

o J\Wmﬂmﬂ_ %1 feeelial WawaaT (Surge admittance) T m @5 &1 feeaie Sfaandl (Surge impedance)
T )

(i) Wit 1 sremes sTREOT (Sudden interruption of circuit)—3rg i YFTR mﬁ.ﬁﬂ MMAMQM
i ST (Sudden interruption) RS l, qfqy § I dieedl (Transient voltage) e =iZ ,
T8 o= s w@ﬂt,\ww%%ia%a%a%wﬁ@ﬁ%?

C “TyC

r ik ldm
&ﬁﬂﬁ.ﬁxﬂ SR Amcvnaiﬁam&%ﬁ It Rt mw%_mﬂwﬂﬂ_ﬂ_mwﬂﬂmﬂ Tnﬁ 2 ﬁg
L EY :

mﬁwﬁmﬂmg%ﬂﬂmﬁ%mﬂ%@mﬂﬁwﬂﬂﬁﬂﬁwé
b ®
LR IS (Current n:omuivaﬂnﬂnm@m%ﬂ% |
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%T%ﬂ%%ﬂ%mumﬂ olated ne _avuﬂﬂ_ﬂyﬂ

3 -
<t TR e (Long transmission _Enm.w.u .mﬂmﬁ“ﬂmu MMMAR -

o 4 e o 1 e €, S
Hﬂ%@hﬂﬁﬁmﬁﬁﬁ&ﬂaaﬂwﬁ%ﬂm
21 4 75 o7 o e T 81 e S
W%Qﬂ%wﬂ?%mﬂim_&mﬂ%ﬂlﬂaﬁ_bmnéu

| .
ﬁwwﬁ-mwﬁaﬁmﬂﬁsﬁﬂwﬁﬂﬁ%%%Wuﬁwﬂﬂmﬂm&g&w
FRE (Capacitors) F1 ST T SFE Sl Tel €1 Hereaed Hard Ul (Supply system) W 35
g SredA aieed (High frequency oscillating voltage) 34iq dreeal feedie (Surge) m.wlﬁﬂ B 2 W,
e e T SRR (Superimposed) B deEd WA H 3 |/ 6 T HAfUF F I B T wmr
Stz & T UH F) ATl HE T fagd Qv el N, TN 6 FUSAN (Windings)
o A 1 @ TG €1 e T FHA B

(iv) Forgye e =t Faeed AT (Failure of insulation)—aEd Y& YUIeRt & =gl <1 <e! & w
Sl W St 9 % 7o fama T ¥ fava €9 W dieed S diad | YR 0E 9w w5 8
TR U S SAE TH F RIS dreeal 901 SO gl € o, feewiiel dee (Suge
voltage) % ¥4 & < fag & T SR WA (Travel) %l € e 3t v axfrmmdt (Sending and receiving
end) el W W51 W 3 dieea wt, SAfeEeea IalE F1 HHO €6l 2

(¥) ST (Resonance)—HTERVIAA WOl €Z1 1 G agd %7 Bidl ¢l 37a: UG 1 el
SR (Resonance) ) FIEH a1 €141 €1 fobeg Seamardam fifo o wd T fagd 8 9 T I%4 A

g&ea%e%%iﬁ&ﬂqﬁm STAINC & T B Foaey areedl & Afumad T
5 9 ¥ sHfedieem 1 wed w2 e & _

m_w..ﬂ (Lightning)
Mﬂm%ﬂw“ﬁﬁwﬁsﬁﬁmaﬂﬁﬁawﬁﬁ%iwﬁmﬁ%ﬂ%iw
e e o e S e e T

s T e o & T
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B 50 5 0 1 g e 1O R 175 35 e 0
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41T RN G LG T /
QWNM\_&% & VoK (Types o.* En—::_:m mz.cxn& 171
mﬂﬂ%aaaﬂyﬂﬁiﬁﬂfg&ﬁir
|, s afga A (Direct lightning stroke)
,, sl A A (Indirect Lighining Sirope)
. e m._umﬂ wﬂmﬂ (Direct li mxs.mamfmma_s

)7 o wen: B v = B h
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W 37 G <A F1 91 iy kS
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ﬁzﬂﬂﬁﬁd@a@ﬂaw%.iﬂﬂﬁmﬁmﬁﬁéwyﬁ&wﬂﬁg%ﬂa#
TR ST g = T T g ) ST T €l §1 7€ T (Random) ¥ W R W TR W
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2 v e farga e h over) 3 &1 €1 ik garh znnmﬂmﬂﬂ . i
TEF (B ckward flas R sfETes iy e %Wﬂﬂwﬂm—gﬁm:ﬁ .

%w&ﬂ%wﬁmﬂaﬂw%%%g%%%ﬁm S 3, @ 6 Vﬂm@mﬂﬂmﬂ?.mﬁmé%ﬂﬁﬁzgm_m_wae ) T ¥ IR e Frives
T (Travelling s.»..&..&ﬂm =T (S w.mano:&mwmm_%&_ﬁﬂ_ﬂﬁnﬂﬁ ﬁﬂamwﬂﬂ_mﬂ@n_ﬂd %__m_éam >md&.ﬁs: =1 feeeila o1 &Y °
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& o & L haing Stoke)—STCE TSR S F B Frw gy g | e 3 T SifvEeEE & e

(i Srorerey ifgel ST (Indireet HETEEE qfgd T TR S 31 o freg 3
m.l . :Eaimnss Tﬁﬂﬁﬁmﬂsmﬂ.wias T .

¥ (By Electrostatic o SReE R o pports) T TE TR & FH=R Had

() W fgp T KO g A8 T -%mwmﬁmiﬂw.ﬂiﬂﬂﬂ.ﬁ?ﬂﬁw;iwmﬂ
Induction)—FeR0T TET A HIW a . = naﬁ_ﬂd (Installed) MJ Al HHTE! 1807 W A 2 A i Eﬂ.ﬂwﬂs 2T SR S i
m%ﬂﬂﬁﬁs@%%ﬂﬂ w_md%zmﬁﬁ.w ++¢.+++++ ST ey, * (rravelli mémé& ﬂn% .wﬂwﬂgﬁrﬂz%@ﬂ@mﬁmﬂﬂAm_._o:n:nc.:aamono:gu
ﬁw%i%ﬁﬂﬁmwﬁwﬂ_gﬁwmﬂ@ : | g e €1 A e mﬂ%ﬂﬁsﬁmmﬁﬂi%%yﬂgﬁ%%

3 fava F1. 7M 3 i1 81 3R =TT e c : N

Mﬁﬁwmﬂ%ﬁa%%ﬂﬁamﬁ%ﬁﬂ pae 1 e & T Y S iy LG4TS S A A E
g@wﬂmﬁﬂ%mﬁﬁﬂwﬂﬁaﬂn:%_ e
ﬁ%%ﬂﬁﬂmaﬁﬁ%%ﬁﬂnﬁw%
w1 T B e g e ¥ s S @ R (=)
S fas (W)1

(@) fae g1 30T § (By Electromagnetic Induction)—&=X01 @IEd & Az & 9fa ¥ o
ST 3 T S oS ¥ G e e fagd g S § @A | sifudreddn 99 I
< &1 ‘

Freread] Wewl e o Yoy afed ST & IO W i o faga e g | o e d
Atz I & S 2
FiRes HRON 001 e } e

(Protection Against over Voltage Due to Internal Causes) : wﬂm%wﬂwﬁﬂ q-aR ¥ gy A ﬁwﬂﬂjm%%%@%w% Sedd] 1 71 ST
ST SR FRON & sfteezant Semrg deeaal 4 T A G e A AT | ay N . _ et S T T O e
: T B 1 o) HH T o U1 T A A TR
Mm.ﬁgﬁﬁmﬁﬁaﬁmm%ﬁﬁaﬂgﬂa@&ﬁmﬂﬂw@ﬁ?ﬂﬂ:uamma@a% - | S =TT aTel T q 3

- |

ST Tl 35 00 s 71 71 e s A ¥ 2) - o e W @ SR & T

\ el & 5 T o aifyes, S wEErd Freed! HTEBTE (Earth Screen)—adq -

ﬂm.@ﬁﬁmﬂﬂgw.ﬁmmﬁ%ﬂiﬁwg%ﬁgw_ %l%%ﬂﬂﬂiﬂm.ﬁﬁ@d% y._ﬂBch.wﬂﬁd.ﬂ TBTEA Awn—dmﬂuﬂdﬂﬁ ﬁu%ﬁ%ﬂw.ﬁﬁ_m&ﬂ:

@ IEE T F T
Earth Screen) FE@d Bl

fg smﬁ.uwwd (Neutral) T -5 fay ey . g,ﬂmawug A Sere s we SY-TA a__a-mazo%% e e e, S fere o aen fage
AT SR PRV e ) v T Y I sffisieear &0 A H E . NI
(Protection Against over Voltage e sms ) e Friteras (Liohuni ster)—afed FIE T TR ﬂ%aﬂﬁw&uﬂ
. xternal Causes) ; i P (Lightning Arre SR —
e % arm i & (Swige) 21 iy % iy 2 #1 e F (1

ST ) 9 A msﬂmwaﬁs T T sy dfen s 3 afed | agd sl & L ) ary s Hfeq Friies (Rod Ga Lightning Arrester)
THA B— Q) 2 4y 3T (Hom Gap Lightning Arrester)

v L\ Ay -t W - > b
e i ———— e T ety 17000 o
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R g Ciny, offeh T~ AT /
174 . Gap Lightning Arrested) i _Jic ﬁ p+2Y .G 175
) mmﬂ..ad& afed ferers (Mult .n Lightning Arrester) @A« Y L\P +.m|.H_
fidvrs (Exlulsion HP®
@ e mﬂm@qwm iy (Valve Type Lightoing Arester) R=G+C-p.
(5) T A AL Z=R+L-p
| (Travelling Waves) ur H qE H I S . pj i
%mh nﬂd&%ﬂﬂs E— o F B N p =y » Differential operation with regpeey ik
< e 21 e T ) el b AT T WA F g
_Eu_mw_ﬁ,a. sgtionf fghining volage 1 d current waves on transmission line conductors g knoyy . W&Mﬂ_ 31 <5 T e S e (R, .Mmm M._smq G) &xﬂmu_ -
travelling waves. L L . qn fpd (attenuated and distorted) B 2 ST R ) ¢, THieTe T gl
L R — - g e, f R = = R
..... BN il e L aﬁ%ﬁnﬂ:@gﬂ%%{o@awuﬂgﬁﬁﬁaw@i%
ape {11 T Be_, 8 _
L 8x? 52 ... G
* 2 ;
R 8.7 : v Tl W gt & faafa &1 x t
71 gl 1 & (solution) F=ferfas gm
¢ (1) — ez (voltage) T i (1) — ¥ (currennt) _ ﬁ L h |$ X
ml%%ﬁﬁﬂmﬂﬂﬂﬁ%ﬁﬁnmwgn& e=h ) AEE] U Sl
1 — T @A #1 S 3 o & &) (inductance) Mu1PT7+$|;TmH_
C — 9 WA %1 9 37 @ 1 el (capacitance) zI0Ty) ATy
G — YT W5 F1 5 3 T @ &0 el I 2= L/ C, 8l 1/ Z = JC/L 77 3 e & Tl W
Qm.qmﬁﬁm&ﬂﬁiﬂﬁﬁmﬂmﬁmﬁgﬁ%ﬂﬁwﬁﬁ i [C] f(rax) pf ez -
Eaan-gaasﬂgmﬁ_w_%x.rn mﬂg%%n@ﬁmmﬂawg“é =T A )T
mﬁwsno&,wﬁﬂ:a%ngn&.m&gﬁnmum&gnmv AT &7 AT (leakage conductance) A, A C Y, € x HHIOT
Mﬁwﬁiiﬂm;ﬁﬁkﬂ&ﬂamsgﬂzwiﬁ%%?ﬂuﬂ:@n@ﬁ nldmbhl&jmbﬁT&
_ g
L o F W w
Oe_ ;-0 .
- RWM +(RC +Q5Wm+ RC . T Gic ,.\Mln. = 7 &1 9 (velocity of the wave)
&i_ . 84 .
malmu hﬁw,mm +(RC +9$.M.w+mn e Z= m = W57 9 feceirer wiqens (Surge impedance of the line)
I 3 W Seffeg . . , A T wl S e
o T N ) w0 3 418 2 el 1 B ﬁ%%ﬂsmﬁﬂiﬁgﬂﬁﬁ%a%%i
v & o mem (Fratg) § TR A
¢={exp. (A0 + fexp: . ﬂmﬁdq et Snmﬁﬂﬂmh%_ﬂﬂg mawmﬁ_ﬁ,.mwmﬂmsw.
1) +{exp.(=x) £,(0)] S T ¥ U R T A € S L A P A € F I T H
,\m e BT ¢ ) sy e S 1 T G e L 3 sham
ZHEPLO)A(0) - fexp. (- LS W g WA I 3 S R T T © S A
{exp. (o) 5 (1)) W o ST e 1 s s tic) ¥ 7o ¥we A
,EMQ.EE.& (clectrostatic) &Y ﬁ&ﬁﬂﬁ.ﬂﬂ fagd @ (electromagnetic
ectrostatic
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3 %ﬂmﬂ«ﬂgﬁﬁﬁmdﬁ@ﬂuﬁm W
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s e SRL S ) Tg €, TR TS g

. s
, .Qﬁwﬂmﬂdﬂnﬂﬂdﬁmsm:ozmws : |
=& S )T %&@Mﬂ.@mﬂm::ﬂﬂﬂ@aﬂ?; mﬂ%ﬁﬂ@ﬂ#gﬁ

(smfar) whatia @ I & Rkl okt g o
i 7 veeH v w wee S : .

ﬁhﬂ%ﬂﬁww%mﬁﬁﬁmﬁ%ﬁ%aﬁmwﬁﬁwﬁﬂﬁa.a,w_

( gﬁﬂ%ﬂﬁﬁﬁﬂﬁ@@ﬁ&%ﬂﬁ&%ﬁé@ﬁﬂﬁ#?

sifiaa (i Seifes) T fysR T B WORA AT (impinging wave) 1 3l e (incigey,

wave) et € SR T $ siw & oA % fadet gHiw (differential equation) T T T &

— —g"

e— 3Tfad @ (Incident wave)
&' — TEfdd T (Reflected wave) .
¢” — HHIRA T (Transmitted wave)
ferr 8.8t faferr wfwamensti &t wher farg o we amafaa womdt @i 1 werads 99T gam
(Reflection and transmission)
Emmmm%mamﬁﬂ.ﬁmmim&ﬁﬂmﬁﬁmﬁﬁ%ww ) Tt =t <1 fafir= wfaans
(29 2) 5 @ 99 fag W gt T 2
K T (¢, i) Sferaren =) st s gamy (encounter) Fdl &, 37%7q Wfcrane wftadd fag W

%iw.ﬁmﬂﬂmﬁmﬁwmﬂaﬁmm% 7 < N s 5
o (¢} 1) 3= St B1 Afe e whoanen z, ¥
T Vo= Z, &, @ waki T (reflection coeficient)

HNMiN_
LH+Z
RN W T (reflected voltage wave) & feril Tefiamemy
é= .N.N':m ipe
ﬁNu+N_u e=F.¢
admﬂmaaﬁdﬁaman& current Eﬁ&#@.@d&ﬂs

t=2-4). _

2 +7, [1=Fi

ﬂﬂu@ﬂﬂ& aggmﬂgﬂ
(transmitted voliage wave) F fog o

F

(wrres e 1)

mﬂuﬂzwﬂﬁ@aﬂg@%mﬂa%

h 4

I

%q%__ u_ﬁmalmzm_wﬂ_ /
” e NNM qu
mﬁmﬂ s @ (transmitted current wave) & ford ﬁ.&ﬂs

"= ).
Z+2, | 1=U+F).

. T

¢ g @ AR (verify) o 1 ey &

.m" lm.l\ll Nu
; L9 7= N_dﬁﬂnum.m

m.m_mmm_:om.mm.nmv%W%mgﬁﬁgﬁﬁgnmﬁ?&ﬁmﬂ#g%
ot 8 . .

s 71 S0 TN B SR A 8 7 ot (Freea) & o e e 9 e
mﬁ.mamﬂéw%mﬂgﬁaﬂgﬂﬁa@ﬂ&ﬂqﬁﬁmﬁﬂawﬁﬂ@
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3. Discuss the causes of over-voltages.

ical lightni e Surge.
4. Whatisa voltage surge? Draw a typical lightning voltage surg

ﬂﬁaﬁm@%&%%ﬂﬁﬁ*ﬁaﬁﬂaﬂﬁ?ﬂ_

Ty

5. dfeq AvE w1 M
troke i ~§e
: i f lightning StroXe. .
6. ugﬁ“ﬂsﬁﬂﬁ%eﬁma% . Mﬁ o 7 e S A S F I (surge) F 3y gay A
5 M%ﬁ%@sﬁww HV. @ 7 R Wﬂ%jwwsmﬂwﬂ_ﬂﬂ | (BTE 3y,
8. Thyrite Arrester T3 fod 3T99T ST 1 5 _ (BTE 200y

lightning?

9. What are the harmful effects of . .
_ : s : ,

10. 3-¢ foga @ ¥ mﬁ_amd_mma.?\mnﬂzmﬂﬂﬁ STt 87 Thyrite Arrester w,.ndﬂu, Hﬂﬂﬂﬂj

Fife (BTE 295

11. How do earthing screen and ground wires provide protection against direct lightning strokes? )
12. Rod gap Amester  fagq oAl Arrester ¥ S TR T ST H T HG (g 205
13. Surge Absorber 9 Lighting Arrester 37T ¥ W 33kV TMET T L.A. T 1 W1, 35 W

e Y § Tl (BTE 20y
14. Surge Absorber ¥ T T4 87 FWF ST A |
15. What is a surge diverter? What is the basic principle of operation of a surge diverter?
16. fea Y6F TG Thyrite Arester #1 FTdfard 1 TAFEA (BTE 1)
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20. 3 (surge) T 7 42 T foar 9 sE e (BTE 201
21. Discuss the construction, principle and working of a thyrite arrester.
22. . Thyrite Arrester % %7 fagrg =3 g (BTE 201}

23. Whatisa surge absorber? Write a note on Ferranti shock absorber.
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...............

................ kA,

8 resistance of tower should be
—— to the apparatus tg be protected.
(iii) earthing the neutral, (iv) 90, (v) low, (vi) close.
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9.7 HE-RIM W wfd YT B mﬂ@.& (Symbols for Equipments in Sub-station)
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S.No. Circuit Element Symbol
1. |Bus-bar .= et
2. [Single-break isolating switch —
3. |Double-break isolating switch —o o o—
4. On load isolating switch —o 60—
5. |Isolating switch with earth blade
m m |
6. [Current transformer )

M

[l

@8

13.

potential transformer

Omnmnﬁ?m voltage transformer

0il circuit breaker

Air circuit breaker with over-
current tripping device

Air blast circuit breaker

Lightning arrester (Active gap)

Lightning arrester (valve type)

Arcing horn
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15. |30 Power transformer

16. |Overcurrent relay

17. |Earth fault relay
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o words/figures :
il in the blanks by spPrOPFiS(e ™0 L o clectric supply:

by L1 o  some characteristic bt

(i) A sub-station ... : " i i the pOWer system change ...oeweeeer oy y.

(ii) Most of the sub-sta b sub-station would be at the cooeeeeee: of load.

 distribution.

iiiy Anideal Jocation fo ;
M?w Pole-mounted sub-stations Eﬁmﬁhnnﬂ -
O . e ﬁa M:c.mszonm is used for vo
?w Sigle e m“wa—mmﬂwwm_”ﬂ +vresuns bus-bar u:w:mnan_.: is employed.
(vii) For voltage g f transformer in 8 vo_n.aoc_.:& sub-station aomm not exceed ...
?.E.:a.wir agmmﬁ.an IS veveenemsire expensive than outdoor sub-station.
o M: “”_”_M“M__” | =_ an outdoor sub-station than in indoor sub-station.
(x) Fau

Pick up the correct W ol kets and fill in the blanks) :
2 ck up the

Itages less than ............ 5

(Figure from brac

i door Sub-station TEQUITES w.-on: SPACE: ; (more, legy)
M“w %_M wwoaam_&_ of fault escalation is ..o 10 outdoor sub-station than that of Indoor
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(3) ' (Shielded Type g =
.5&:@& ! qfturfa= % W Mlnm (Standarq Eswvm.”umw_wnmu AR e e 5 ERELE
%awﬂﬁﬂuﬁﬂﬂﬁaﬂﬂmﬁqﬂﬂ,ﬁﬂaﬂas (Installed) % wftonfis 3w ¥ fimfie

mﬂﬂuﬁmﬂﬂmmwr&ﬂ - T mﬂaw_ﬂmﬁﬂmaﬁw@g

%wﬁw_ﬁwﬂmsgw%%ﬁmm#ﬂ S (Magnetic Shield) BT sl 1
HE% el i Tl w 7 _ﬁ_mﬁﬂﬂmgnoﬁ:maaan s)
g a0 I (Non-magnetic End Plates) W rafior 3 4, i eefevn s 2 ety &
_wo%mm%m.@wﬁ mﬂﬂawﬁﬁmﬁ%ﬁﬂwﬁ@_ggﬂﬁmﬂ%ﬂﬁ
4 A ST ST 3 1 v 5 ST 8 7 s i o ¢ Yoy
&.mﬁnmﬂwmﬁnﬂ. & 2 ¢

sardford S feEd H ST (Advantages) Freeq §—

(i) forell ot sz ¥g fwehed T = wwa &)

(ii) ST (Spark over) F Hfd G T 3= B d

@%ﬁ%%@mmﬂﬂ@ﬂ%ﬁﬁﬁ%yﬁﬁgﬁﬂ%ﬂﬁa&
£ 55T (Heating) &1 o T 2

(iv) FOHa & S Bl B |

T ST WTETART o ST (Uses of Bus bar Reactors)—aw 3R SEm! % 3 e .w|.|

(i) ftag 3 ety frodotfimo (K.V.A) 91 R H TR i M@ mwa mHHM
ﬁgggm.%mﬁ%ﬁﬁmﬂﬁwﬂaﬁ@ﬁﬂﬁ%ﬂ% )R e !
! Z=EeR (Protective Gear) &1 39dm f&a 1 T e g T S

R 92 . .
i SR F)ET S S

i) 3 . Feafy i 377 S T SR (Feeders) ST 3T
8 &MM&WMM@M Mnﬂ%% M”_. i X 3 1 THE (localize) FE T wfaemas (Reactor)

H IR foa s 2 wr &) Hif w0 ¥
(iif) T&ft Izl @1 SR ﬁwﬁﬁwﬁﬁ%ﬁﬁﬂ%a
o S fod

|



jon Reactor)—
T S g Sore) T 7 T g
O_ ﬂ.ﬁwn@ﬂaﬂ o Qo W @ yfierash (Linear Reactor) Mﬁmw Mwlm‘nﬁﬂmﬁ  Hre (Ajr
- Aferer T@1 S T T8 gy Tty
s i &, A 7 IS o RE e %, 3l | o

ﬁiﬂﬂﬂsﬁ%ﬁ@am_ i 5 S, 2 @ fefa | ﬁﬂﬁ@ﬂﬂga ﬁ#ﬁﬁ
HaefFad g9 W 2 a7yl 3k 1 A (Suppress the Arc) FX 21 THH 79 } i sy q
Ground) ¥ & n@m,amq. ¥ @ yarfeq WRrETA 4RI (Reactive current) m_.: a4 dmaﬂ.n HmeEEna ol
Wity &R (Capacitive current) w«@mﬁ%ﬂw%.%%& = m:ﬂmw_ [ TH! TE afi % ﬂﬂuuma.ﬁ

enill 7% gfw Y2 Fusel (Peterson Coil) ¥ 9@ ¥ off A S 2
YT (USe)—3T S Wfamd (Arc Suppression Reactor) i I7Am it T

ﬁn%%ﬁﬂ&%ﬁ%ﬁd azuzz.m_wc:_cwn ...whm.E%ﬂ_.w@ gof § feran <smn 2
11.2 faege wfdm =1 nfyarae @ wefdia ReIRY (Location of Reactors in Power station)
1. W WA (Generator Reactors)—4 Nfaamaes ol ST & S0t ¥ waifsm fary sy ¥, o
sfrere FEan B
2. Wres FRETE (Feeder Reactors)—d SR Sl Qush & S0t & Hfo fordl W & oy
it FEem
3. SH-aR yeeme (Bus-bar Reactors)—3% ¥elas il a6-aR ¥ T S 8, S9-91 Shrqms
e 2l
1. s wframes (Generator Reactors)—a Nfdsiaeh &1 <73 & SOt & Haifra faran s ®, f
SfreT FEed 81 9 e Wnﬂﬂmﬂmw W % &7 N (leakage reactance) % &9 T TR &
TN ] T i3 il GRAT TeA BT € ek TN (short-circuit) F1 ety & S =1 e A

G, G, G3 M Generators
. Reactors
us-bar

(power loss) Bt

2. ¥ F9-51 1 Yy

HeH R ﬂﬁ-%%ﬁm%waﬁ-ﬁﬂiﬂ%%%%ﬂg

w.mﬂ%ﬂm%wﬂﬂ@amaﬂﬂg@mﬁﬁoﬂamﬁm%_

@ (Advantages)

_‘ﬁm@&%ﬂm%mﬂﬂ@ﬂw&gﬂﬁmmﬂ%wgaﬁ-ﬁﬂmﬁﬂﬂ
7 W TE w2 .

2. g ferelt rereh 1 ST 3o €1 2 1 SR T R S T W e e 51 v S A
S

il (Disadvantages)

1. |arey feafq ¥ ot sfeme % SR @ER Aew W (voltage drop) A Wl AT (power
loss) Bl 2 _

2. T S TH-TR ¥ TOEE O £ A A F TR 6 T g A Wy W A W

AR T (internal reactance) SHE® TR & H0 THYG 4R T A 2
3. ST SR ) e T ST S S e S A g T A e O W $
1 v TE W

2 ¥ o S R g R

AR A5 374 (voltage drop) 7 T T (pover _ai.ﬁ S 1 i i

Maﬁﬁ%ﬁ-ﬁmﬂaﬁa@q&ﬁﬁgw@ﬁ
1. 3579 ot (Ring system)

2. TR ek (Tie-bar system) o S 1 AR ¥ w30 VAR wAf
L. & orrett (Ring system)— ¢ STl

Fmior S
%ﬁﬂﬁ#@wmﬁ&ﬁgﬂ
fgw@iﬂgﬂg%ﬁ TR
w%ﬂg@ﬁwﬂﬂﬂ%ﬁ@am%ﬂwimﬁﬂ
T T3 s 3w A A
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Reactor

Feeders
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79 yorel § FW e T (voltage drop) T4 w7 vfs i@l (power loss) Bt

2. Tré-ar yorTett (Tie-bar system)—3d%
3 gg-aR ¥ 99 W-aR F TAH

S il

G, G, G;
Bus-bar % % %
Reactors w

Tie-bar

Fg 8
e
T

Feeders

fm11.4

Example 1. A generating station has three section bus-bars connected with a tie-bar through

- Each generator is of 5000 kKVA with 2% reactance and is ne__:nn“.“
n

6% reactors rated at 5000 kVA

to one section of bus-bars. Find the t i ircui e
of the sections aTmap o otal steady input to a dead short-circuit between the lines

: with, and (ii) with
Sol. Fig. 115 shows the sinc, (ii) without reactors.

ingle line di s
gty Rl feacitms ae _.anmsm_n line diagram of the system. Let 5000 kVA be the base kVA

at this kVA therefore their percentage reactance remains the sameé:

ot Forgrl SRTETERY Bt SR T HIH T 3 iy

g%ﬂﬁ%@@iﬂ%ﬂﬂﬂ%%@
i ST A1 SAfFH By ¥

Gl @%ﬂﬁﬁwa@ﬁmngﬂﬂ_ﬁi . R
%ﬂaﬁﬂgﬂa{ﬁﬂlﬁ._%ﬂimﬁmﬁﬁ&w@ﬁ@,ﬁm:@m_u_mﬂmw%ﬂ

ﬂﬁma%&aﬁ-%@%ﬁiwmsﬁﬁm&%ﬁﬁmi%@_ﬁﬁ:&ﬁﬁ

7 s 5 TOTER A ) T ST & - 8 ST Tl €1 T Somedt A el (halp)
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(i) With Reactors : Short ckt fault occurs on section 3 of the bus-bar. The reactance diagram will be

45 shown in fig. s
The parallel branches is == % = 9%

2
Total reactance from generation neutral upto fault point F = (9% +6%) || 12%
_I5x12 . o
Sigap Y6
ircuit input = 5000x 192
Short-circuit input = 5000 x 567
= 74962 kVA
- =74.962MVA
(ii) Without reactors :
zowpa, 5, . i
12% 12% %
2%  Gf 12%
8% 6%
ms,
6% F-
r
fex 11.6

Total reactance upto fault point F %+ 129%) [112%




4

234 _12_4%
~ 3
100
Short ckt input = 500X
_ 125000 kVA = 125 MVA .
i .u_mumm.n_ out as shown in fig. 11.7. The ratings anq Percey,
Example 2. A generating m:_:ou.. Jicated. I 3-phase short-circuit occurs on any feg der tage
reactance of different elements are 2 “._F_nn the short-circuit MVA fed to the fault. LT
transformer secondary (e.£- point F), c
B
A 10 MVA
@%Mb Suw_@va\ A 30%
K L M_
‘ 10 MVA 10 MVA
1ENA 10% 10%
Tie-bar
}eﬁt 5 MVA 5 MVA
5 Z_W.MM 5% 5%
_mﬂ
117
Ans. Let us choose 5§ MVA as the base value.
% age reactance of each generator on the base MVA
— 3% =159
=30x T 15%
% age reactance of each reactor on the base MVA
! — 10X =59
10x 0= 5% 4
% age reactance of each transformer on the base MVA
umxmumx
the

_mowmn:n. of the feeder near the secondary of the transformet
age reactance from generator neutra] upto fault point F.

1 =(10%+5%)|15% + 5%

u_ux_m
15+15

When a 3- phase short circuit occurs at
reactance diagram will be as shown in fig.
Total %

+5=7-5+5=12.5%

L —

aﬂaﬁ‘ﬁ Neutral 4
B
C

] Neutral 235 ﬁ
|
10% “
15% !
15% G
5%
p )
5%
K
E
m
R 11.8
i - 100
Short-circuit MVA = wmmﬂ ww<> xﬂ%
= mXHNI.wH 40
| serewor 3 : W 11 W AToRo & 11 fFo Ao 50 T TH 6 Wavra FioETR et Y
(Alternator) & SYoft ﬂ&ﬂw ¥q wiaamas Amsni ﬂ%ﬂuﬂﬁm&ﬂmﬂmﬁwg (Feeder)
f FquRTe & AT YIS & TW A A @ A T I
3 o ST 1 S X 30 R 4

TE—TT 34N (Base) K.V.A.=11M.V.A.=11000K.V.A.
11000
e ¥R = Eunﬂfssm?z

gﬁ%ﬂn@ﬂmu;@kx %100 |
1000 Xg _ 10 - 100 i
=700 x100= :kx i
3 forg F o gt e St AT(\(T |
Rﬂnhm;.u_\wukzu R |
Rer 118 _,
. =10000
0 wgefeg W@ Igc =105, =10X1090
Yoy
100_ ¥fi
frg Isc =1 " %X7




- —THfw
- x 100 H.m:di_ b ﬂ—q_ %amm,
10000 = .\I.Il‘.coo ) 10 MVA 5 MyA .
100 .. w %Yo X = _oa}J\w.\.x- 8% & 237
Ay

100, _1000X100_ 0 7100y _yo_o_,

&L 6+1 42 = 10000 I

4x1l g
= =0-4
a Xg= 100

. SR 1 SR X g = 0-44 3H
dﬁghhﬂgﬁﬂwwﬂwwggﬁo@oﬂﬁ.mg&oﬂo :‘_Um.uoﬂdo.Wu.mwnﬁ_ R
e T T ) e e e AT W 81 AT T 3 R o gy g 1
WRrYer et 25 33 W AT WA (Feeder) T 9 WIwTa RRwama 15 37 gito o Wﬂ&&?s
up) TRunfas qnuum?qancwmﬂd%w_ﬂﬂumﬂﬂw%mdﬂﬂﬂﬁ ﬂudm.ag#aﬂ

Breear e % TTH ( 3 ) YETEE & Afwdl ft (Receiving End) ﬂ.@ﬂ?ﬂ@ﬂw%ﬂﬁmﬁ

féso ao Mo (K.V.A) AT WA

AT TR fodlodo (Base K.V.A.) 10 7 FeTo = 10000 fieoRo %, 3R frosion |

wesl H—

ST A4, 1 H S = 10000 10 = 10 5w

T 4y F1 S e = O g =16 3w

gaﬁu@ﬁ%au%xoumnaﬁ

MR fFodlolo _ 10000
= =175 iy
JBfEodlo V3 x33

e F S s = 22 x100= 175%25_ 00
Vo 33000/ 3

=23 wfowa T
e F1 v g = 2R 100 = 175 %8

Voh 3300073 100
< =7.35 ufaym
e fﬂgﬂa%ﬁ%iﬂﬂmj?ﬂﬂﬂ%ﬂ%%%ﬂ\

%a%ﬁmﬁaﬁ%aiﬁuﬂﬂwﬁ?. TR 1 e % e + RO

o 9RO Iy =

Ay " =

Bus bar _ ) 109,
11/33 K.V T ’ 16% 3 10% sx

15 MV.A %X= g,

(@) o
R 11.10

adiese odlloto x 100
Fufted fFodlolo (K.V.A) 3R ffodlod x 1%

_ 10000 x100
T 12-154

=82277-44 fFodloto I
(3M) SR & AR fR (Receiving End) W 3 fag, £, W wasion 2 frsfm 88 w—
T fag £, 7F TEgUl % WiuW = TR d Tl s | TS
% WfereTd + TR & % NEE + SRS 0 % Kew

ﬂﬂomp_ommo

100
BRIt wﬂo&oﬁo (K.V.A) = M ﬂﬂo.%_oﬂo X5z

10000 x 100
.I.l...wlu..l@l—ﬂ__ll

_ y7g44.3 fediete

D




238 rfergrer hRverTl AT e ey g N

aro 8 ) .
ST § T 55 A %%_ﬂmﬁzuﬂoaﬂmﬂ%aﬁsc%m gﬂﬂ?%

L
R 3y,

—H

Bus bar

Reactor

T KvA

.ﬁn.humw‘\ ‘u

5500 x1:732

=1

= 866 TFA

55MVA
11 KV 8% X

a1 e SoEa

_Ip&R y100= 866Xk _ x100

Von 1100/43
1-732 x 866X

B 11000
_150Xg _ 13-636X p Sfaw

11
2 fag F % gegul fav Sfqe X =8+13-636X ¢ wfcerd
Ao ARG I L5 =8 X Iy = 3 % 866 = 6924 T

Eﬂ%nmﬁﬁnuﬁxhﬁ

%100

F 866 x 100
._%lemi.a?«»
866 x100 100
ﬂq - = = —— .
8+13-636 X = 0 g =125
M 13636 X =13-5-8=4.5
Xp=oi =0.333m ™

13-636

TE 6 : F7 Jrmarda 5 m oo 10 whewrer e 8 fr ot 12 whirwre e
oo 8% WA 9t 11 i ato awa 5 A dhotto 5 wryre e = 6 v Aotte 8T
Fﬂ?ﬂuﬂmﬂ*u@ﬂi (Reactors) & gmT waifarm 31 T Folto WTeaTars it THa # 7Y g

B TRty ST e At feeiveras ot fardot v (Rupturing capacity) e

EEI I ST oo (BaseK.V.A) 12000 frodioRo &) afere s fipodlote FE%1 1
NI 4y H % Fi = SR Fpodfo X% X
oA

AR faodoTo

_ 1200019
s000 24 e

3

e

/

12
FEATAE Ay F % g < 1200013

G
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8000 =18 ¥fawm
TEdE Ay F % A < 12000 x§
>R “T0000 =96 ¥fawm
F1 0 I_NOSXM
HfeeE® R \onamailwa.w:usna«a
12000
s Ry 1 % St = L2000S e

nﬂ_ﬂ_ﬂ;_.&mgm_ﬂmﬂxﬁﬂ
(1242418 648

M SMVA 5%X 6MVA B%x

T U2+28)+18 ~ 35 =12 ¥owm i A g
12%X
%ﬁmmﬂﬁuﬁnﬂaﬁﬂa @

y 2 1241696 2685
¢~ (12+16)+96 376

_336_ .
== = 7.15 Wi

_ 3R oo} _ 12000
R L = T R dete Bl

100 _ 630x100
%X, 115

‘m_m.ﬂmﬂﬂ mﬁ.ﬂ&%ﬁ."&ﬁhx

= 8811-19 Yo
uftyy faarsrs &t fagRon &wd
- @y g fedloto
- o fredot x gy
_ ;omom_% —167832-14 fodtolo
@ @t =R -
ﬂﬁsf%%d.&m%qﬂ:ﬂo%a%a g & d, S SasE
@ﬂ.&ﬂm.w_ﬁﬂ 300 T Folo %ﬂ%%ﬁ%%ﬁﬂﬂw
Reactor) 1 wirera e =/ @m?
T—r 5 el Wi o1 S He AR
™ Wfey Ay fafga & 9@ 2

h_xmx_uﬁﬂmﬂﬂ%g

Ay ST v, T 3 W A % e
X 25+ xR
nmmhw\m.fg.wu 3

4 freh s s A R A F R

~u+.~.m
s < s 1 G S SO S
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Rm 11.13

S - T 9 fog F 3 R @ g % e,

25+4Xg 25

3 e 625+100X g
X= Nu+hx+Mm T25-4Xg +75
3 i

_ 625+100Xg

100+4Xg

..&m Tty fFodleto = R fFodiolo x 100
%X,
30000 x100

300000 = &35 4100 X

(100 + 4Xg)

187500 +30006 X = 500000 +20000 Xg
100005 = 312500
Xg =31-25 9y o T

AR

] jgm%ﬁﬂéwﬂﬂiﬁﬂwﬁ%ﬂ%ﬁﬁﬂ@imﬁ%ﬂﬁj
Fifery (BTE 2007

- A e 9 | i o
h iy g#%&ﬂﬂ%ﬁaﬁﬁ%ﬂaﬁaﬁgé

TSR R o o - o s o

TR (BTE 2014

! .ﬂqﬂﬂ&amﬂ&_mﬂwmﬂﬁm@@

@rEW

I 5 e o (BTE 2015)
aﬁmﬂa%@?ﬂgﬂugmﬂmgﬂﬂr%ﬂ_ (BTE 2016)
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12.1 9fR=rd (Introduction)
3 o wA-RI £ e RS

ﬂmﬂﬂ%ﬁ%ﬂ%gﬂﬂw.ﬁﬁ

- (IU-TIA/AGA IIR) Fean 8l i §gRIeE WA TS T - Ry (Indoq;
type sub-stations) okd , oA & S wigmd I ! mﬂm IFx (outdog
g TS ﬁ.ﬂmﬂmiﬁm@ﬁm i IO H e wﬂﬂa%mﬂ

sub-stations) B 2 Eatl IHm Ed| M

-3 3 m = .@ .W_.Em— ﬂmﬂ Anogﬁmnaﬂ—:mg b .n.m_.&._ﬂd. Amamumw:mﬁ: 51 .Nﬂd.u .m“.ﬁ Y{FHT ﬁn_ﬁ wﬂ.ﬂ

i i wﬁﬁ,ﬂﬁmﬁacaﬁnvﬁﬂ& .w_ﬁmﬂ .
i § T @A wﬂwﬁ%,@wﬁaﬁ e
Mﬂ&wﬁﬂﬂﬂu%ﬂ%@ﬂmﬁg&m@%%ﬂﬂgiwﬁ

37 (chamber) 31971 e S0 (metal clad) € o EM& S S
. it 19 Haifeq
Mﬂﬁmﬂ:&mnawgﬂﬂaﬂﬁ&:gmﬂ_ﬁﬁﬂ&gﬂ qaL 91 ﬂiwm
S 3 i (langes) T ) ST € 8 N
iﬁ%ﬁﬁ-@ﬁmﬁ%%iﬁmﬁﬂ%ﬂgwn@ﬂnﬁ%wﬂ

iﬁwﬁ@ﬁu@:@ﬂ%m.ﬁmﬂwﬂ%aﬂg%& mﬂ_@ ma w1 s,
g 0 A R @ g A fafd d S & e < F Fe WA E S e IE T 15 kg / cm?
< 2 o S v A T &1 9 2 A T 10°C § I T A et
ded %1 Iwm e W 31 ge 19 N, U, Sl (non-flammable) TE ¥R il
STRIFFHT (non-toxic) 781 9 (heavy) BTl & T 20°C T 48 T4 Ag | 5 00 9l BTl B FerEEy
R F HAER BT (compact) T 2
12.2 Requirements for Gas-Insulated Sub-stations

(i) High system reliability.

(i) High flexibility of its solutions (modularity, expandability)

(iii) Compact space saving solutions

(iv) Innovation solutions (devices, switchgears)

(v) Low life cycle costs

(vi) Reliable and competent partners (operator, manufacturer)

(vii) Smart and power grid adaptation

(viii) Environmental sustainability

12.3 Characteristics of SF,

(i)  SF; is colourless, odourless and a chemica] neutral (inert) ga
. C e . = s
(i) SKg is 5 times heavier than air js not toxic and ha

: s no da ents inside-
(i) SF is not hazardous ngerous compon

_mﬂ\.—m_& JU-TII< Wl Je3Hq

i) SF, has no eco-toxic potentia],
— -
) SF has no impact for the 0Z0nosphere,

) SF is a potent greenhouse gas (Gwp+

d
243

. > 22800%*
(vii) SFi has excellent electrical characteritics,

* C0y)

12.4 SF6 gmissions in the life cycle process of Switchgear

ﬂ

Development
tests

Y

producing SFs Manufaciuing

Commissioning

Industrial
processing

SFgis used in a closed cydle

Recycling of SFg|,

Individual
processing

Decommissioning [ Use
for reuse

fr 124

125 G.1.S. B YfAemE (Advantages of G.L.S.)

SR - § Fread afw g e i o
0
(i) 3R T =g BT (Compactness)— 5! TR EfETE FE-REE w g g T 1
Bl .
i almm,ﬁéw%%&ﬁﬁﬁ

(ii) Atfirer ey mﬂmq (More current carrying capaci R
el 3t %ﬁﬁmﬁ%wﬁﬁéﬂﬂg%am@%ﬂ%w%ﬁ%

iﬁﬁﬂaﬁ%@%ﬁ%y %iw%é%wiﬂﬁﬁ
(iif) &3 arels oy (Superior Arc _Ennzuaoilwﬁ_ﬂﬂﬂ (De-cnergize) fopa T B .
R e s fav o W 9 0 Time) S AR A

(iv) =% yfyesTas gag @ magdaat AW&canMmB:E.E:.mmhﬂﬂu 5 @ T # Wi &
V5.3 e 3 o o 3 o 9 8 19
o ) aE e I 9

L. Jeakage)— 13
o TR s o T (Less possbily 8 e a8 s 9 T g
kyem?) T s 3 gy oS A (HED)




P 030 i vy
& s aﬂ&:n& switching c<2<o=mmnvl;wﬂm

q Ffeaea : B ;

%wiﬂﬂzﬂﬂﬁ%ﬁﬁmﬁﬂﬂﬂﬁﬁhﬂh

e on ciraing) T ST 7 8 e @

e e & e 0T (mental cladding) % .y,

(Increased Safety) .
m&ﬂbm@wﬁdﬁﬂﬂﬂmﬁﬁﬁg

T @ claddin, Al sz.u.msnc:& H

< e g 3 A T . .
(vill) WEET T g (Protection from mo:::oa\m_u_oﬁmoﬂo ! AT T ST s -

A T 9 E ﬁnwiaﬂﬁmﬁswﬁm@ﬁﬁﬂw
(ix) I SR (Minimum Maintenance)—%1 S & S T & Ty -

m@ﬁﬁsﬂﬁ&%%w_ , ,
Eﬂ.ﬂaﬂnﬂﬁoﬁsz nom:l&&ﬁwaﬂmo afish AT u_, e g ol m.._ﬂ ﬂ,ﬂﬂzu G| ST
ﬁﬁﬁﬁﬂﬂ&%ﬁﬁﬁa@ w7 3% geA B O 99 QT TS We-Rw

%mﬂﬂ@aﬁ-ﬂmwﬂﬁﬂ_ﬂ%@a%

12.6 G..5. B rgfyend (Disadvantages of G.1.S.)
(i) ¥=4 JfTe &9 (High Unit Cost)
7 Fa-RYA F TF Hies TS (modules) F T YR ga-RvH | Sfawifia s ww
¥ T 1 o agd o B €
(ii) Sear =it rfergf (High Costly Repair)—3r 4 ¥ aTiaftes ara Ieara =i feufa § sty ¥
%MM&%W.%m@ﬂgﬁm_oowvﬂﬁ%ﬁmﬂﬁﬂw_%nﬂﬂmﬁﬁ%ﬁ
I ] .
(iii) e FUBTUT F AEvaEAT (Necessity of Gas Stocking)— |
) _ : o) — T R S1eE i
%ﬂﬁﬁw#gﬁiﬂimﬁ-gﬂmﬁ qUETOl F AEvEE e €l
(iv) TreaT @t 3Afq JTAYIEHAT (More Requirement of Cleanli
_ iness)—Hel A1 T o FR e
%Mﬂww.ﬁ“ﬁ-@ﬁw o 78 T ¥ g ¥ e A AT
Y TRa =32t Rt (More time consuming repair)— T 49 Seatd § A wa- R

el A A R g _ .
%ﬁﬂﬁ%ﬁﬁﬁ%%ﬂ@%ﬁgwﬁmﬁxﬂwﬁwﬂ%ﬁ ﬁmﬂm@w_m%

g
1. faaifim g
2. GIS (1 e % TG -2 e e i (BTE 2008)
3. 7§ e To v Bl Eﬂs.&wﬂ_ ‘ (BTE 2009)
4. GIS W dfarg o T R 1 Wi § 9| (BTE 2010)
5. GIS®1 ¥ 9% wa : 201%)
3 BTE

6. 9 TERE we-owm Mw v Ry ﬁmﬂm NEN

VRIS 01

. (BTE?

i L d

e

—
—

12,

13

14

OBJECTIVE TYPE QUESTIONS

A circuit breakeris:

(s) POW factor correcting device (b) A devi

3.} T erteeve oy (d)A nnSnn ﬂw neutralize the effect of transients
urrent interrupting device

The function of protective relay in a circuit breaker is -

() To carth any stray voltages .

(b)To n_o% En. contacts E:S. the actuating quantity reaches a certai i

©To limit arcing current during the operation of circuit Enwrn_.. A o e
(d) To ?.oiam. ua&:o:m_ safety in the operation of circuit breaker
Low voltage circuit breakers have rated voltage of less than : ‘
@20V (D40V © 1000V

The fault clearing time of a circuit breaker is usually :

(a) Few minutes (b) Few seconds

(c) One second (d) Few cycles of supply v
. . . olta
A relay in which the measurement is performed by a stationary nw.ucmwwnﬁ ér._nmmrmm el

(d) 10,000 V

5

is known as :

(a) Static relay (b) Differential relay (c) Instantaneous relay  (d) Time relay
6. The pressure of SFy gas in circuit breakers is of the order of :

(a)100 mm Hg (b) 1kg /cm? (¢)3to5kg/cm? (d)30to50kg /cm®
7. While selecting a gas for circuit breaker, the property of gas that should be considered is :

- (a) high dielectric strength (b) non-inflammability

(c) non-toxicity (d) All of the above
8. Ina vacuum circuit breaker, the vacuum is of the order of :

(a) 10 mm Hg (b)10~%mm Hg ()10 °mm Heg (d)10~°mm Hg
9, In case of HRC fuses, the word HRC stands for:

(a) High Resistance Circuit (b) High Resistance Circuit

(c) High Rupturing Capacity (d) Hot Reserve Capacity
10. Ina HRC fuse the time between cut-off and final current Z€ro, is known as :

(a) Total operating time (b) Arcing time

(d) Any of the above

(¢) Pre-arcing time

Fusing factor for a HRC fuse is:

@ Minimum fusing current
Current rating

. Minimum fusing current

(®) Minimum rupturing time
Minimum fusing current

@) Prospective current of a circuit

© Maximum fusing current
Minimum fusing current

Under normal conditions, a circuit breaker should be inspected :
(a) m.<mQ_ day | . (b) Every week -
(¢) Once in 6 months or 12 months (d) Once ﬂ.m years (0 1Y€
The contact resistance of a circuit breaker is of the order .ﬁ“_..%am +10
(2) 20 micro ohms + 10 (b) 20 mifit A E\
(€) 20 ohms + 10 (d) 200 @w_w +
breaket B (d) 2000 Mega obm

The insulatj i i i
o h voltage CIC hm
Piod n _.nm_wﬁﬂmmw %M_.:m (c) 20 Mega ©
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15. There is definite objection to use of which of the following medium for extinguishing the AT i gy
' e
Aike o .
me a MM_.REH breaker? (G550 2 () Vacuum | (d) Water
16. In a circuit breaker if the insulation resistance between phase terminal and earthed frame is lesg thay
i imit, th bable cause could be : i .
Mwww w\w MMM_HMM i, e (b) Dirty insulation surface
(c) Carbon or copper garticles sticking to the internal surface
(d) Any of the above .
17. Ifa circuit breaker does not operate on electrical compound, the probable reason could be :
(a) Spring defective (b) Trip circuit open
(c) Trip latch defective (d) Any of the above
18. The normal frequency rms voltage that appears across the breaker poles after final ar¢ EXinction py
occurred, is : .
(a) Recovery voltage (b) Restriking voltage
(c) Supply voltage _ (d) Peak voltage .
19. Fig. I shows the voltage waveform across the pole of a circuit breaker. In this voltage R represents :
(a) System voltage (b) Restriking voltage
(c) Recovery voltage (d) Extinction of arc
E paliy B
D
A
R
20. Best Eoﬂnmmom is provided by HRC fuses in case of :
2. hereats ) Shortcicuits (0)Overloads  (d) None of the above
. esses :
MMW ”‘\.an :M” %Mwﬁn:.m:nw (b) Direct time characteristics
enner of the above
22. A relay used for protection of motors against overload is :
(a) Impedance relay b) El . .
(c) Thitmal relay (b) Electromagnetic attraction type
. ; (d) Buchholz’s rela
= M\uﬂﬁ& nE.Mn in the figure represents inverse time o_um_.moﬁnmmmnmma Y |
urve :
A.S Curve B on Curve C AQU Curve D
q D
_m c
=
0]
Z
=
2
&
o ANB
QUANTITY

s JECTIVE QUESTIONS
” Fuse protection is used for curren; ratingg upto - 247
(©)50 A (b)20 A
: . (d) 100 o
e current 1n amperes ,
25, Thefuse PETES IS related with fuse wire igmerer as:
(a) = D (b)7 =D
32
26. The acting contacts for a circuit breaker are Bmmn of :
i teel c. :
(a) ms_n_nm.m stee 5 (b) Hard pressed )
(c) Procelain (d) Copper tun ﬂ_aw_o
77. lonisation in a circuit breaker is not facilitated by: Senaloy
(a) High temperature of surrounding medjum (b) Material of contacts
(c) Increase of field strength (d) Increase of mean free path
18. Which n:.n&.m cﬂurﬁ. is generally used in railway traction? P
(a) SE; gas circuit breaker (b) Air break circuit breaker
(¢) Vacuum circuit breaker (d) Minimum oil circuit breaker
29, A fuse wire should have :
(a) Low specific resistance and high melting point
(b) Low specific resistance and low melting point
(c) High specific resistance and high melting point
(d) High specific resistance and low melting point
30. Fuse wire protection system is usually not used beyond :
(a)10 A ()25 A
(c) 50 A (@ 1004 . e
31.  The number of cycles in which a high speed circuit breaker can complete its operation is :
(a)3to8 (b)10t0 18
()20 to 30 @40t050
32. When D is the diameter of fuse wire, fusing current e_s__ be proportional to:
1 )—5
(a) ) (® D?
(c) D32 (d) p"?
Cc P .
. . : t tion is known as :
B, Inacircuit breaker the current which exists at the Emm_wu”" NMMMH_.Wn CE
(a) Restriking current (b) Surg at
. (d) Recovery curre
() Breaking current
M. AMerz-Price protection is suitable for : (5 Alterators
(a) Transformers (d) Transmission lines )
g (c) Feeders !
3. “Kick fuse’ has : (b) Linear characteristics
(a) Square law characteristics
() Inverse characteristics ed in terms of
; is usually express
36. Breaking capacity of a circuit breaker is USU w@ Volts
(a) Amperes (d)MVA

(©) Mw




faa & .
N I 5 vy,

37. Sulphur hexafluoride mu.w. / (b) Semi conductor
(a) Conductor of electricity (d) Dielectric
(c) Inactive gas ) frected by :
38. The contact _.nm,.wsson is least a ec (b) The shape of the contact faces
() The mechanical force applied .
- (d) The ambient temperature
(c) The amount of surface contamination the relation betwee ¢ ;
39, Which of the following equation correctly represents the relall i contactresistance rang g,
applied force F? Is k
(@) F=Kr ®F=7
Aﬂu.ﬂ"'\ﬁ.l Amvﬂnzmﬂ:
m.:
40. Oil immersion of contacts is the method of : .
(a) Arc dispersion (b) Arc prevention
(c) Deionisation (d) None of the above
41. Which of the following is not the method of arc dispersion ?
(a) Oil immersion of contacts (b) Magnetic blow out of arc
(c) Use of rectifiers (d) Deionisation of arc path
42. Which of the following contact point metals has the highest melting point?
(a) Silver (b) Tungsten
(c) Gold (d) Copper
43. The arc voltage produced in the circuit breaker is always
(a) In phase with arc current (b) Leading the arc current by 90°
(c) Lagging the arc current by 90°
44, Sparking between contacts can be reduced by :
(a) Inserting resistance in the line
(b) Emm:.msm a capacitor in series with the contacts
) (c) Fw.n:_um a capacitor in parallel with the contacts
5. mvﬁ_ﬁ.sw.conza when a load is switched off because the circuit has :
(a) High inductance . o
(¢) High rsistance (b) High capacitance
46. HRC fuses are :
(a) High resistance and capacitance fuses
(b) Heat .wn:nnmum cool fuses
AMV m..u_e:m E.a. resisting current fugeg
p” m. ) ﬂ“mr rupturing capacity fuses
» Tor the same current, which of the following fuse wi ; .
(3) I8 SWG TIN- 125 A g fuse wires will have the least fusing time?
(c) 22 SWG TIN-75 A (b) 20 SWG TIN- 10 A
48. The basic function of cireyj (d) 24 SWG TIN -
() Produce the m“"omo:os: breaker is to : TIN-3A
i Mw .Hﬂ&.ma: voltage by arcing (b) Ionise the surrounding air
- Ina circuit breaker the arc i jnd: () Extingui
: guish the arc
(1) Thermal emission ndicated by the process of :

(IT) Ionisation of oil

R (¢

Emhﬂ?ﬁ QUESTIONS
0 ;
High temperature of air o .
MW_VH“ and 11 only Mw_\“ m_ __na emission
1, 111 and IV only +[Land 1] only
Anv ) An: — gﬁ —< Oﬂ—u.

5.

5

53

55.

56,

57

S8

59

60

61
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The power factor of the arc in circuit breaker i -
ﬁmu Always Nn_.o.

(c) Always lagging

Air blast circuit breakers are usually used for -
() [nstantancous duty (b) P beeak

(© _am:a:n.a.acﬂ ) (d) R p
pressure of air In air blast circuit breakers is usually “nvﬁ.& "

2
?:..mwm\n:_ @ul_orm\n%
(d)35-100kg /cm®

(b) Always unity
(d) Always leading

(¢)10-30kg /cm”

Air used in air blast circuit breaker :
(a) Must have least carbon dioxide (b) Must be ionised

(c) Must have oil mist (d) Must be free from moisture
Inacircuit breaker the time duration from the instant of fault to the instant of energizing of the rip coil
is known as :

(a) Lag time (b) Lead time

(c) Protection time (d) Operation time

Ina circuit breaker the time duration from the instant of the fault to the extinction of arc is known as -
(a) operation time (b) total clearing time

(c) lag time (d) lead time . )
In a circuit breaker the time duration from the instant of fault to the instant of closing of contact 1s
known as :

(a) Recycle time (b) Total time

(c) Gross time (d) Reclosing time
For high speed circuit breakers the total time is nearly :

(a) Half cycle (b) One cycle

(c) Few cycles A&.._.nu.nu.n_& .
For a high speed circuit breaker the total clearing time 18 nearly :

(a) 1to 2 cycles L o

(€) 10 to 15 cycles (Leses u.o e

If the power factor is zero, the active recovery voltage will be:

(2) Minimum ()03 :

(©0-707 (@ Maiin

A circuit breaker will normally opstRles b) When the line is to be checked
(a) When the switch is put on & Whenever faultin the line occurs
(¢) When the power is to be supplied @ {he least arc enersy’z
Which of the following circuit breakers Wil c_da”nwm_. blast circuit breaker

(2) Minimum oil circuit breaker A% Al will produce same L
(¢) Plain oil circuit breaker @ 3

For a circuit breaker *break time” IS (b) Opening time * ¥ durien
(2) Same as opening time urrent duration

(¢) Opening time + arc duration * resistor ¢



63. Which relay is used for feeders? Traisliy ela ti .
(a) MHO relay (b) Translay reiay 70. The protection against over-voltage due to lightning is provided b
(c) Merz Price protection (d) Buchholz relay . (s) Use of suree diverters (b) Low tower fi g tance
64. Which of the following relays is used on transformers? (c) Use of overhead .m_.c..sa wires (d) Any of the M.Mam rests
(a) Buchholz relay i (b) MHO relay 11. Which of the following is a conducting medium for electric nEwnEMn
(c) Merz Price relay (d) None of the above (2) Low temperature gas (b) High temp ﬂ.mg.n
65. MHO relay is used for: Somuy (© Dissociated gas (d) Plasma gas
(a) Rectifiers (b) Circuit breakers (c) Transmission lines  (d) Generator, 72. In circuit breakers the contact space is ionised by :
66. Merz-Price protection is used on - . § (a) Thermal fonisation of gas 3 Thermal emission fro
(a) Sub-stations (b) Capacitor banks (c) Induction motor (d) Generators (c) Field emission from the surface of contacts (d) Any of the above m surface of contacts
67. Match the following : 73. Which of the following are air break switching devices?
Relay . Operation (a) Isolator (b) Limit switch
(A) Static relay . (i) Responds to vector difference between (c) Earthing switch (d) All of the above
) two electrical quantities 74. Which of the following statements about SF gas is incorrect ?
(B) Owﬂ nE._”mE relay (i) Quick operation (a) It is non-toxic gas gt (b) It is non-inflammable
(C) Differential relay (iii) Responds to increase in current (c) It has density 5 times that ofairat20°C  (d) It has dark yellow colour
(D) Instantaneous relay (iv) Nomoving parts 75. SFg gasis transported in
(a) >|€_ wiﬁv. Ol?.c. D—(iv) (b) A—(iv), B—(iii), C—(i), D—ii) (a) Gas cylinders (b) Liquid form in cylinders
& (c) A—(ii), B—(i), C—(ii), D—(iv) (d) A—(iii), B—(ii), C—(i), D—(iv (c) Solid form in boxes (d) Air cylinders
s M._wnmm..%ﬂﬁ._%ww& neutral earthing is : ? ) 76. During arc extinction SFg gas ©
a) Simplifie i i i i
o Oﬁwéc:umuow_mnﬂw n_MM” %E: Eoﬂoﬂwn ) me Nmnosvnﬁnm into S and F ions ' (b) Decomposes into SFy and SK
ing can be discharged to the earth c) Gets oxidised (d) Reduces to SF
ﬁ% Freedom from persistent arcing grounds 77. Dielectric strength of SFg is : .
(d) All of the mao.cn (a) Less that of air at atmospheric pressure
69. Match the following : ‘
o g: . (b) Less than that of oil used in OCB
@ ym c/cl . Equipment (c) More than that of oil used in OCB
— ()" Ciimrent transformer (d) More at lower pressure and low at higher pressures
78. Which of the following is the demerit of SF circuit breakers?
® lﬁl (a) Seating problem of gas )
=2 d o T (b) In flux moisture in the gas system is dangerous
(ii) Lighting arrester 4 P
| (c) Deterioration of quality of circuit breaker affects reliability of circuit breaker
= (d) All of the above
©) Jl’ e ; | 79. Sphere gaps are used for:
L iii) Earthing switch (2) Measurement of high dc voltages (b) Measurement of high ac voltages
= . “ (c) Measurement of impulse voltages: (d) All of the above
l_l . e 80. Flash point of dielectric is usually above :
= i : ‘ _ (a) 80°C : (b) 100°C
™ | ; { (c) 140°C (d) 240°C
' | ) o 8L A fuse is normally a:
; (iv) Isolator . , (a) Current limiting device (b) Voltage limiting device
@ s (c) Power limiting device (d) Power factor correcting device
—{(i), B—{Gii), C—Gii) . s 82. Most of the fuses operate due to:
(¢) A—{iii), B—G), nléé. UIA@ (&) A—ii), B | ) : ” (a) Heating effect of current (b) Magnetic effect of current
» D—ii) » B—{(iii), C—(i), D—(iv) | () Electrostatic effect of current (d) None of the above

(d) A—(iv), B—iii), C—(ii), D—01)
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. s : 3—5 [VE QUESTIONS
83. Which of the following is not valid in case of aluminium as comparéd to copper? ow._,mn,.—. w3 i |
. higher : ) ] - mo:& grounding 1s used for voltages :
W_u_:m.aﬁwmﬂ“& e (b) Coefficient of linear expansion % (a) Above 220kV (b) Above 11KV
() Tensile strength . .A& Joint resistance = (c) Below 660V (d) Below 115V
84. The main factor in favour of the use of aluminium as Em-@ﬁ ms.a.:a is : . Resistance grounding is used for voltages :
(a) Its low melting point (b) Its high Bm_mssax (a) Below 220V (b) Upto 660V
(c) Its low cost (d) Its low density (c) Between 3-3kV to 11KV (d) Above 66 kV
i tor is provided by : ; ‘v S
85. NW.MHMMMMM W_Hmouﬂmo:ou for motor 15 P w& Kit kat fuses , 98. w%ﬁnﬁawhﬂwn.ﬂw_wﬂm_ﬂ are more hazardous ﬂwmm. u__m._m.vum surges in case of :
a) Lo systems
(c) Over-current relay (d) All of the above ¢) Unbalanced systems d) EHV
86. Fuse in motor circuit provides : © T e o (d) and UHV systems
(a) Over-current protection (b) Short-circuit protection 99. m:ﬂmﬂ cooled M: i may be -
(c) Open-circuit protection ~ (d) None of the above ® oil i ’ d ‘cally shield
87. In which method of starting a motor, the starting current is the maximum? (b) _ wa:jﬂmn agnesion w shie m.n_
(a) Auto-transformer (b) Star-delta starter (c) Oil immersed non-magnetically shielded
(¢) Stator rotor starter (d) Direct-on-line (d) Any of the above
88. Over-voltage transients may occur due to ; 100. Series reactors are installed at strategic locations of power systems to :
(a) Lightning (b) Switching (a) Bring down the fault level within the capacity of switchgear
(c) Arcing ground (d) Any of the above (b) Directly pass the fault surges to ground
89. gﬂr of the following protective devices can be used against lightning surges? a (¢) Pass neutralizing surges of op pasife naue
(a) .oB m.% (b) Surge diverters (d) Discharge the capacitors
0 Amo‘w‘.“mwug_:m mnnﬁﬂmc (d) Any of the above 101, Fault diverters :
! g surges may be caused by : Divertd . e
(s) Closing of unchanged line Yy . (a) Dive wn current to earth _=. the event of short-circuits
St o dl (b) Load shedding at receiving end of line ~ (b) Neutralize the surges by resistors
91, Surge impe ME nnnw“,m_._mzwsm o::.nE. o (d) Any of the above (c) Modify the surge wave shapes
(2)20 10 30 ohume overhead transmission lines is of the order of : (d) None of the above
(¢) 3000 to 5000 ohms (b) 300 to 500 ohms 102. In which portion of the transmission system faults occur most frequently?
92. The surge impedance of und . (d) 30 kQ to 300 kQ (a) Transformers (b) Overhead lines
(2) 20 to 60 ohms er ground cables is of the order of : (c) Alternators (d) Underground cables
() 2kQ to 5k0Q (b) 200 to 500 ohms 103. Which portion of transmission system is least prone to faults?
93. A transmission line has - (d) 20 kQ to 60 kQ (a) Switchgear (b) CP,CT
(1) Resistance ' (c) Alternators (d) Overhead lines
E:. Capacitance (1) Inductance 104. Which of the following is not a relay using electromagnetic force :
Which of these results in formation of ; : (a) Buchholz relay . (b) Induction cup relay
(2) T only ol travelling waves? (c) Balanced beam relay (d) Attracted armature type relay
o4 M..N Iand E only . (b) I only IIT only 105. Buchholz relay is operated by :
) @n Mﬁmn impedance of a transmission [ige ; Qv Il and I only (a) Eddy currents (b) Gas pressure
vLC Ine is given by : ‘ (¢) Electromagnetic induction (d) Electrostatic induction
©yL/C JC/L . 106. Thermal relays are often used in :
95. Surge modifiers are used to - (a) Generator protection (b) Transformer protection
. (d) None of the above

(2) Red @JL+C
educe the current of W

ave mabﬂ ’
(¢) Reduce the steepness of Wave frony (&) Reduce the voltage of wave front

() Modify the shape of wave front

(c) Motor starters

107. Differential protection principle is used in the protection of ©

(b) Transformers

(a) Generators
(d) All of the above

(c) Feeders
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ANSWERS

3@ 4 @ 5 @ 6 (@
10. (b) 11. (a) 12. (c) 13, (a) 14,

15, @ 16 @ 17 @ 1B @ 1Y (® 2. @

2 (@© 2. (@ 4 (@ 5. (© 26 (@ 27 (h) 5

29 (@ 30 (@ 3 @ 32 (© 33 (© M @) 35

6. (@ 3 @ 38 @ 3 (© 40 (@ 4 (@) 4

3. (@ M4 (9 45 @ 46 (@ 47 (@) 48 (@ 4o

5. () 5. () 52 (© S @ 54 (© 55 (b) s

5. @ S8 (@ 5. (@) 60. () 6. () 62 () g

6. (@ 6. () 66 () 6. () 6. (@) 6. (@ 7o

Mm@ @ B.o@ M @ T B 6 (b)) 7.

B @ 79 (@ 8. (o) 8L () 8. () 8. (o g4

8. ') 8. (b) 8. () 8. (&) 8. (d 9. () o

9. (@ 9B ® % (© %5 (© 9% () 9. () o8
9. (@ 100. (@ 10L (@ 102 () 103. () 104. (a) 105,
106. (b)) 107. (d)

1. @ 2 (b
8. (d) 9. (c)

State whether the following statements are true (T) or False (F)

1. The deion grid consists of insulated iron discs of various shapes placed one above the other in the arc

control device,
2. Aircircuit breakers are used for voltages above 12 kV.
3. U.occ_n pressure type SF circuit breaker is also known as Puffer type.
4. Air .Em& circuit breakers and SE; circuit breakers are preferred for EHV applications.
5. Arcing contacts of circuit-breakers are generally made of copper tungsten alloy.
6. The arc plays important role in the behaviour of circuit breaker.
M The arc has a brightly buming core of high temperature ranging from 6000 K to 25000 K.

SFK;isa heavy, colourless and n:aqanm__w inert gas
9. SE; gasis electro-positive,

10. In oil circuit breakers transformer oil is used
11.  Anisolator does not have .

: any current making or ey, i i
12. The isolator is always operated Mmanually ) ™ cﬂom_::m e
13. A triple pole isolator has three identj
14. Isolators Operate under no current Co|

cal poles, with operate simultaneously.
nditions,

(dy
(d)
(a)
(b)
(©)
(b)
(@)
(d)
(b)
(d)
(b)
(c)
(b)
(d)
(b)

. 2B
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CcTIVE
Non-linear resistors arc uscd in lightening arresters,
on-
15

itching over voltages are proportional to system voltages.
i6: ms,_._n% ng over-voltages arise from energising of uncharged line can be reduced by the use of high
17 wuam ¢ shunt reactors.
he damage caused by surge depends on steepness of the wave front.
18. H: ac power systems of today operate with solid grounding.
““ In electromagnetic relays the restraining torque is given by springs.

2l Reliability of a system means trustworthiness.
N. i n_.oﬁn:ﬁ system which responds to vector difference between two electrical quantities is known as

oBJE

N -
differential protection.

13, Protective systems prevent faults by disconnecting an equipment in the event of abnormal condition.

14, Selectivity is the property by virtue of which the protective relaying system distinguishes between
normal condition and abnormal condition.

15, Frequency relays are used in generator protection.

26, “Alarm relays initiate alarm.

17, Tripping relays are slow and generally attracting armature type.

18. The over current relays are connected to the system normally by means of CT’s.

29. Core balance GTSs are used for earth-fault protection.

30. Short circuit tests are conducted on circuit breakers to piove the ratings of the circuit-breaker.

31. Fusing factor is the ratio of minimum fusing current to the current rating.

32. The distance protection responds to the ratio V/I.

33. Graded time lag and grade current over-current protection is used fur single radial feeder where time

lag can be permitted.
3. Distance relaying is based on measurement of impedance between relay location and fault point.

35. Distance relay is used where time lag can be permitted.

36. Pilot wire differential relaying is used for lines upto 40 km of length.

3. In motor starter, thermal relay provides overload protection as well as single phasing protection.

38. Protection against unbalanced supply voltage is provided by negative phase-sequence relays.

3. Loss of excitation may cause a generator to run as induction generator.

0. Most of the alternators are provided with Buchholz relay in addition to differential protection.
ANSWERS

LM2.(F)3. (F) 4. (T) 5. (T) 6. (T) 7. (T) 8. (T) 9. (F) 10.(T) 11.(T) 12. (F) 13.(T) 14. (N 15.(T) 16.(T)

17.(1)18. () 19, (F) 20, (T) 21. (T) 22. (T) 23. (T) 24. (T) 25.(T) 26. (T) 27. (F) 28. (T) 29.(T) 30.(T)

3. (T) 32. (T) 33. (T) 34. (T) 35. (F) 36. (T) 37. (T) 38. (T) 39. (T) 40. (F). .
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SEMESTER EXAMINATION, (U.P) 2018
dga Raa ik v o=maeh
(Switch Gear and Protection)
Code : 0023
5th Semester

9,30 Hours] [Maximum Marks:50

(i) Attempt all questions.
(ii) Students are advised to specially check the Numerical Data of question paper in

both versions. If there is any difference in Hindi translation of any question, the
students should answer the question according to the English version.
(i) Use of Pager and Mobile Phone by the students is not allowed.

Fre—as T W B Hie|

1

Fr # @ fel @ vl & SW -
Answer any two parts of the following :
(&) 8-l w4 <1 Tw § <u-ura e s fafe wemd

Describe the procedure of calculating the fault current in case of three phase

[2x 5=10]

symmetrical fault. =

(8) <19 ur A owio STHEE YR H TG HTH T 1 T4 €l 82 Fdl 3R 4, ga-grai=,
TS ST =2 e H <y uiEldd gt R
How the effect of DC offset current is incorporated in fault current? How and why
the fault current varies during sub transient, transient and steady state period.

(¥) TF 3-W1, 10,000 FHodlo Heetiet 1 Ha-Zrud Fw 8% 2 fll W 3-%+ &g
99y S FEl g1 1Y I G40 519 UHodloTUo ! UM IfwTl
A 3-phase, 10,000 kV alternator has a sub transient reactance of 8%. A three phase
short circuit occurs at its terminals. Determine the fault current and fault MVA.

2. T 3§ { fe= wm wmif % st Sfsu—
Answer any four parts of the following :

(27) TRotito WS ol ST Jagd qell afieRtor it
Give the classification and applications of H.V. Fuses.

(3) wihe-3am sl wim-Tia 31 wia &l a3 AU e Syl & e Sy

Explain the equipment required and methods of testing of circuit breakers and

[4x 3=12]

switch gears.
(V) 2Hn-aira um fet R erteve fa &1 Jermer e S
Distinguish between time over current relay and directional relay.
(3) Wfere B i %) 7o o i g Wl

Explain the principle and basic construction of solid state relays.

(%) fot 9 e @ e wibe @t F FEEE T



Draw and describe the working of Vacuum Circuit breaker.

3. fer § @ feeel @ IR fe—
Answer any three parts of the mo:airmn :
(€)) %ﬁﬁ%%ﬂ%ﬂ%ﬁ%
What are the preventive measures for the protection of generators?
(@) ﬁﬂﬂuﬂﬁ%ﬂ@%ﬂmﬁﬁiﬁ%_
Explain the static differential protection mm. a transformer.
(=) %mﬂ%%ﬁﬁﬂ@_ o) e % YR U 82
Explain the protection of transmission lines. What is the preventive prote ction?
(z) fin wiet # gea-=re Hid ;
Describe the protection of ring feeders.
4, frer % 9 freel S Wl % I e
Answer any two parts of the following :
(=) o fieed 2t dieee & WOl F A Hitol
Explain the causes of aver voltage in power system.
(=) grafin v 9 g = faf weEed o gEH afed (endefi) i et deem F fing
W SYFE 5 Al i

Explain the method of protecting transmission lines and apparatus against

[3x 1=1y

[2x »umu

lightning and over voltages.
(8) R T § et ® T w & w1 el
Describe the method of connecting reactors in power stations.
5. f 4 1 foedl &1 sl & Sw f—
" "*Answer any two parts of the following :
(37) VIe-AEe HE-wud & faega faaeer s
: Umwnmm_.._m the pole mounting substation in detail.
@ ﬁ-ﬂmwmmﬂamjw@m@ﬂ-?iﬂ oI T © |
a. Describe &m factors to be owsmam_.mm for selection of site of a substation.
) TEE HAN (T ASen) A w0 e 87 el
) What do you understand by Natural Grounding? Explain.

[2x4=8]

oDD SEMESTER EXAMINATION (U.R), Umﬂmgmmﬂlwowm
(Switch Gear and Protection)
Code : 0023
Fifth Semester

Time :2.30 Hours] [Maximum Marks : 50

Notes :

(i) Attempt all questions. . .
(ii) Students are advised to specially check the Numerical Data of question paper 1n

both versions. If there is any difference in Hindi translation of any question, the
students should answer the question according to the English version.
(iii) Use of Pager and Mobile Phone by the students is not allowed.
Hre—ash we T Hw
L fre B @ el @ & S e — [2x 5=10]
(a1) wfirdrg S & 9w THE €2 ot v oM H 39 S & A9 wasl S SR
g < 2 2
() mwoﬁ@ﬁ@ﬂﬁﬂm?ﬂ.ﬂﬁﬁ@&ﬁ%%&
(W) T F @RS HE SEeEan F €7 faEe wif
9. frm & § farrdl =R 9T % I SiTT—
(1) T-T9 FTE B T HT F STEAIFRA F FOH Ff
(F) TrEiTem A % TR GaT % aui St
(§) gehai (Isolator) Fi gl 9R9e g (Circuit Breaker) | Hifs
(%) SF-6 dRuw fadrsis =1 = =i ‘
(3) “reTEd FEd e # e Hif)
w.ﬁrﬂw@.i%@%wﬁ%ﬁﬂl [Bx 4=12]
) AT F R FBell h W9 F T %
() %&ﬂgw@aﬁ%ﬁ%@mﬂ%ﬁ%ﬂ%%&
Mw MM.&%&% e e e -fafe 9 sen wif
=T © X
B TR e T I S ST
(37) fim 721 32 < .
va %m%ﬁ%ﬂﬁmﬂﬂmwﬂw@iﬂwﬁﬂﬁﬂw‘ﬂ@%_
) s T : R )
5. ﬁﬁi&mﬁmﬂﬂﬂw@mﬁﬂ@ﬂﬂﬁﬁwﬁ%%_
M@_W %ﬂw«ﬂ@%ﬂﬁrﬂﬂﬂ.@wﬁ_ﬁ%ﬂﬂﬂ_ [2x 4=18]
El 1 E? Wi W F afga-Frade 9 drrw (e fuka .
(W) wfe-wometl ¥ =zar-sifdn & fafes fafirdi =1 989 3 aols %%M.ﬂ?&ﬂﬂs%ﬂﬂ_

[4x 3=12]

[2x 4=8]
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