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(Fundamentals of Protection)

fawg fAwa=it (Course Outcomes) (CO)
OiaR Riermed oAl fafdy JeRe Wiee e,

(Recognize the different types of faults occurring in power system)

fawg frord RieR g umt f¥sr af i fAsa=ft (Theory Learning Outcomes (TLO)
Aligned to Course Outcomes (CO))

1.1 Uiefdeeg Rcw= faeed ucehid &1 quiH &

(Describe the functions of the given elements of the protective system)

1.2 GiaR Reayefid feciea YeRid Bice Sfn fawieic ™ Wy B

(Explain with sketches the given types of faults and abnormalities in a power system)
1.3 facied MeaRM 2+ A8t dah 370 T aRId! Heh o1 Whd¥yg TSI i

(Explain with sketches the concept of the Backup protection for the given protection zone)
1.4 feciean sPRexaTdt Rfedha Wieed! Q¢ wfdhe Hee TUHT BT

(Calculate the short circuit currents of symmetrical faults for the given generators)

1.5 o RISt v die fafafce Rieer Haet

(Select suitable current limiting reactors for the given situation with justification)

1.1 Mefaee Rew ; smawgddr, w1 3fO1 e (Protective system: Necessity, functions and
components)

111 Iﬁ%‘% R smazgwarn (Necessity Of Protective System)

UreR Riffer 7ed SReR, TR iHY, Srafie sfdr fSReegm are— s srdrd. e afdbey anfor
SR GERT YRR SRArET UiaR ReHaR Sgddid. UlaR Req= e [aurTar TidaR=umdt
aryg Uiefaceg Rat 3fdr fdhe S&R UeH 7 Hear gl Ric Aldhe dicdd USRI JHAM gIodrat
RTRIT 3.

SR UlaR RiEH=an e geshd fagre g, ak ReHsn AR YT 9 SiTiRRFHe Squarndt
iec YD Y e TaehR aTTes] PRUAMTS! Ueb TUferd Uiefdee gehagiuHcd IR 313,
SR TR RIEHA e RMTE Aidhe SIRd 1o AT RIedl ok AT RIS $la ! Hgwdredl HITHT JH 9
8% Wdhd. gal Xic AitheHes 3T AN] X, o JUMAHE T Xahd HTTOT AT TehT HITTE Jahr
BHE D, RICH Gleeol HHI 813 bl 0T UiaR WRAHL SFRex fdhdT diTaiTes ok A
SR e Rigiem HH! g1 Adhd!. SRMUGR gal Wie Jfdhe dmicyes Ried qufut faug
T, WWWW@ %HWW@?\H (switchgear equipment’s) e 3.
112 Wefees e &1 (Functions Of Protective System)

¢ Gfheqa Thiee (faulty) HTT fSmidae HR0! fdhar SR IR wfdhe fetmae HR0 8
Uicfaee RieHd B T8 SATHes IARd 3ol JUITeid I g1 Ldhd. A1 gaMTe! 1Rl aruRe! Sirdrd.
PRE TFIHIHR (C.THYT URT Biee Hic Nat siiwar 3nfor feu sigaan Tioll <ar sure fafky
Rerar gfthe s (C. B.) STSdl 30T Thice (faulty) YT fS¥h-ae gl

Oiefaee Rierd TR &1 U Wiee o Yabd(indication), R (location)3fIfdT iee a1 UHR UaH
H0I,

Hicfdee Riverd gayd oz dl WA ayHTo Ted:

a) Ryafaef@dt (Selectivity): g1 Uicfaem Rerd &@dT 3@ St Ydherd sRicedl  ReH=ar U
ARkl Aasd ST IdRd ReHdT 377 dad Il Wice ol YT f$xh-de Hd.

Maharashtra State Board of Technical Education 1
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b) TS (Speed): TaR[d IUHRUMT THAM CTBUANITST 30T Rived fRRAwTST Ral Red wiect H

T oo daa f&xpiae har uifga.

c) Gf-afef@di(Sensitivity): 8 R RETA= st aguien sifecan HH geag 3Hiuve HRuam!

& TG,

d) Ramafaferd (Reliability):gdFufta afkfRudid(predetermined condition) &M @xuam! R

e &,

e) RafRaRydt(Simplicity): frel R A SrTdt Siotee < Tgot e I,
f) SPIAMHT (Economy): AR MM dom=r Fadie Wafa Hewamn ges ot snffe O,

ICHRMTHS IUBRUNH! fhHd TCaRMRITS! Scied] SUDHRUNHT THUT fohHcieAT Wb U SR T4l

113 Wicfdes RRewd ¥e® (Protective System Components or Equipment’s)

AR Ih @ UHCH (switchgear equipment’s)

Fuse

Isolator

Circuit Breaker Lightning Arrester

Fig 1.1 switchgear equipment’s

Earth Switch

CT and PT

Sr. No. Eﬁ&m Rrara

(Equipments) (Symbol)

BITRHE
(Function)

1 S (Fuse)

1. IRIAT SUDBRUNAT WTe e
BT arerda.

2. TERAISHS BIUIR THIAH
TrSd

2 3MATeeR (Isolator) o

1. 3T AR Hfhe dies
U

2. g S Aaiedt Rydd
ORI

Hidhe sl

(Circuit Breaker) o O

1. ST fag[d HReTges BIom=al

THAATIRT Tea=MH

B,

2. BT R Ried Feerd
3R B,

3. AT SATI0T STaTy TRyl
feafi

4 AT 3R

(Lightning arrester)

1o o—

1. faoiges BT IR
PIRCE]

P,

2. B dlecs AT ST S

CRU|

Maharashtra State Board of Technical Education
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e L 1. e ol fSETS] ol
. (Earthing Switch) Ji
— 1. e A1 1Y SIS B

6 (Current Transformer) ¥;:
7 Ui fR13Md SR E
(Potential Transformer) H%

1.2 1 3fs sfaArda HfseH (Normal and Abnormal Condition)

121 T-I"I"lif?[Ei'ﬂ%','E!F-r(Normal Condition)

B Ried (system) Acaddt 3Rf R 31 Samed Afcheayd AHIUET HHT S0 AH= fagd dee
argar oNfor el (frequency)fRR IEd. e IR gfwsd ANTws fhal UdeHe aaddl Id -G,
R H PIUTATE! 3r8YeAT (disturbance) TR1aTd ®1H HRd. 3 el Glecsl S~ YU HTARIH e 0T
B feeaade (displacement) 120 3R (degree) 30N AH 35, Alsg Hfid Td Eleesl
JHM(equal) TOT THHIR (symmetrical)3RIdTd.

1.2.2 Jgqrvd Hfez= (Abnormal Condition)

UfeR Rierq e, Wiee WU 311 fShae (defect) SaT fag[d dHic Sr&THRI Bldl. Bied GBI WicT
SHile~g ®HI BIdl, lec HRC gar-- ofRd ardl AT 3t Thol glee SRIGRIA Bld. led PHRe SR
M d JTHRU! 30T GRAST RITI(supply installation) THIM B Adhdld. Hiee GREM dIol
gl HFTidS(faulty parts) desdail Sffd SO JoIRel a1 Rasl UHIfad gidl, Rleed
3 qferd(Unsymmetrical) Bid. RieeH SIS S0 IUBR UM T[Urad] YR Wiee HH! bl Udl.
1.3 Thiee UHR SATOT it SR (Types of faults and their causes)

Blec-

Wiee WU [9g[d afdbentia fethacy wames fagd ac 3iwsd ANTIaRe dosad L.

Wieed WP (Types of Fault)-

Piced GIH JITHRUT (classification) 3Ted

i. ﬁlﬁ'@ﬁtﬁ?ﬂ (Symmetrical fault)

ii. 3FRMfCHA Biee (Unsymmetrical Fault)

Rmfewa wice- 2 ol (3-phase) Bicedr R H T UHRT iee UK. 3-phase BiecHed, T4 gl
T RMic Afohe BIATd. AT Hieed g TR 3R JdbdTd 3 thel T3S TC Alhe 819 YabdTd fdhar
T3S FHIART 7 BT TIC Hidbe 513 Adhard. RReH Biee deed FHigd dxuara! 3 il e dfhe
Piecdl TS (standard) Hiee AT ST,

Rfcrd Wi o RARHA Bice dHRe MM I of THHBMT 120 =T fa=fUd (displaced)
gId1d. RAfcahd Wiced saa-ws (Balanced) Hiee 3! UM, SiegT fa-g! trol UdhId ded] R dithe
gIdTd dogl 81 Wiee Jaaadl. RAfeHd Wiee Hed AR o Al d Ae (L-L-L) MO AR89 d ad d
e d ASS (L-L- L-G) T FHIG B,

IFRMARHT Wice- Uik R Acadhdd e UIR atd W Hiee WUl SHARMICHd Hiee. AT
UHRAT Bl & SFRMAICHA hlec HI HHIU glard (SaTd SHRAF(Magnitude) IS 3R

1. Gicel A1 WY I3 B0

Maharashtra State Board of Technical Education 3
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30T ool fexaade (displacement)3RHM 3 &d). T Wieedl OIS (unbalanced) Tiee 3 g
SFRMRH T tice Aed RITA-Ihel d UGS, G -Trol d MS S, el o Bl ITE Afehe, Th-hel 31U Ffdhe
Wieed HIRUI (Causes of Fault)

1. STARERI e~ .1 (Direct lightning stroke) TSI &lecl dTad.

2. Rafed ¥sfga (Switching surge) ®leest aTeq.

3. RS AR~ aR USUITT &1l A8 a%d (external conducting objects).

4. AEY, TR SATS! TSN UTHIAR ¢e5, °TU ST TS,

5. YTSdT IBNITS! ¢Id 2 Thol ATS—IaR SR 3Ridferd (unbalanced) HRFTEA.

6. 3T Aidhe fdhaT geaid heac.

7. UIaR RcH=1 g 1 Aife T,

8. gcdh (Components) 0T IUHRUTAT YN SR fTa<SUl,

1.4 YSTRI SN 30T ST WieaR (Protection Zones and Backup Protection)

14.1 Lﬁ%ﬂ‘\’ﬁgﬁ:{ (Protection Zone)

Ui RIS S Rex, TRBIR, 89 9R, TrARM oftT fsReezm a4 sard! sram. s
JUBUTTS! fobdl UlaR RReH=1 gehiddl U Wad UICaRM Ao 31g, T8 P T-Rex YIeaRH,
ST IER YICaRM IR A WIcaRH, S gR UIcaRM sG], SRMYSR, UICaRMS! Uik RieH
3P FIHY U S, Ui A Uik Redd T fhal SRdld ofRkd gF 9
ST, MCaRM I =T UHR FHAIford dett SH1ed Bt Sl diet Jorel ThHATI0 irgR arga oid
3ATTOT 3N UBR, UldR RIReHT HIUTdTe ! YT SRRI& 8d ATl TehT I Uiar Rikewd fafay gicar™
A Mt 1.2 A TRifael 3ed. TTaa(Adjacent) TICaRM 3N TdH®TaR SRy d grfgord.
JIGRAT YA i AioHd SRl S hiee e, ReT=l Biee A9l gcdhdl
qTS HROINTS! TGS cIed] fHHM Hlhe SdRuel SIRd dfdbe adbR U gidid. o HHt
THIUNG 3fiegRelayes a1 A Hiee Jaddl HH! aid OT aRum, WU SR st it aRar gia
e,

S 7 b Generator
! ! \ ! Protection
o @ Ok
Circuit \L "_ ) 1
Breaker T e L V[
|
\f‘l _C'B_ || ) c8 b | LV Switchgear
| Station Bus-Bars | {4/" Protection
! | AtStation Bus-Bars
1= " R il |
] 1 | I I
| CB | | -C B!
i T "'Il""'_""l' "i'l Power
1 I
TransformeNI‘ : : ; e
sl \ 41 Protection
) ~ - |
) | | :
HY Switchgear | 1= | Mol
Protection ~ T ! !
At sending End\:\} S : - :
1y e ~l I i
legnd : Bus | TFedl Transmission
Lo Coupler | | e— ting
O Ly
fi | | |
| I s
1 ! | Transmission
Heal (€8]
! ! 'ZJ=)  LlineProtection
HY Switchgear/",,, I
Protection [fypediaig =l=. :
At Recelving End 1} | CB I
L HECT
b ik
1 I | '
| | | "

Fig 1.2 Protection zones
Ref: https://www.eeequide.com/overlapping-zones-of-protection/

Maharashtra State Board of Technical Education 4


https://www.eeeguide.com/overlapping-zones-of-protection/

Switchgear & Protection-315334 Rrafirer Sfor wieaRM-315334

142 UTGHI MeaRH (Primary Protection)

U] UIeaRM (Primary Protection) WU Tl (eqvivalent)/ARIH fdar tieR Red=n Y
IR HRUGTHTS! TS Deted A YR,

T TieaRM fdrar wufiies TicarM g Afhe faumT fbar gewrn diadia gviaR @Rd HRAE Uem
HA 0T A TREra . fAgd == vds AT G Tiea= UeH & o, Ra, sifegerdt
T USRI SR B3> b, TR WIS WCaRI SRR el TR dh-37 YICaR S0 HTa=IDH
3R, 3T, Wlee RYY g bl

1.43 dH3AYWEHIE (Backup protection)

SUTd, Aol IATE HRUMTS! GBI Uiear Ffshd(inoperative) 3l SiTd degl dab-30 UICaR GBT

fackup Primary
Protection Protection Primary Backup
Frotection Protection
" R A— Fower Power S
station 1 station 2
} A B L4 G H ...{

: c D / iy J__l

Transmission Line

Fig 1.3_Primary protection and Backup protection

1.5 §9GR qd Wie Afbe Rufewa wiee dearga== (Short circuit fault calculations for
symmetrical fault on bus bars fed through generators)

2. Rmfesa wiee 3 Ruarsyd MRISR (Stepwise procedure for symmetrical fault calculation)
a) Tquf Seadar e YT (Single line) 3MTdd BT SATHES Headadl YA geamTd e, GlecsT JToT
TSt Rifge—y g=ifac g,

b) S kVA T TATHG S AR Hed fAaeT S1for ad o Riae~0 99 Jeard wuidd o,

¢) e e RITd AR SHTHT=N JETd, ReHdT Th w1 3107 g GRAAUIRT RUde—T 3! Hal.
RUFe—T FHAAE I kVA TId % Ride~T gxiar. Rreqadia grawieR g1 arfaddra Refde—am
g=ifaer mfga.

d) cadbdl tiee UlscTdiad T % Riae—T e,

e) fHasad 99 kVA 3101 hice Uigeasid ITH Red &lecorRil i T dreme Q.

f) ¢ Ahe He 3T TE Afdhe kKVA e,

¢ Ffdhe dre,

100
lsc =1X o
3MT¢ Ffhe VA,
100
Base kVA » X
gui¥ed 3= T11¢ Afdhe wiee dergax= (Numericals on short circuit

fault calculation)
Maharashtra State Board of Technical Education 5
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1. G 11kV, 3 ToT, 5000k VA SFRER S 20 % RUde~g 3RITd 3HTed o THIARYUl B HdId (operate
in parallel). 22kV/33KkV IR 3reiedT 6% RUge—T Sreiedr 3000kVA SRIHBIERHYT SR
TS SIFReR gl QRAd!. SFAhiHRedT T, &, SISl hiee By Ao,

5000 kVA 5000 kVA
20 % 20 %%

G, T) G:('i)
vw«l/vw 3000 kVA
MA‘QSAAA, 22/33 kV

6 %
F

Ans: Assume base KVA = 5000 KVA
% FRUdeq related to base KVA

% X = (Base KVA / Rated KVA) x % R&=d on Rated KVA
XG1 = (5000/5000) X 20%

=20%

Similarly, XG2 = 20 % XT = (5000/3000) X 6
=10%

Mautral

For Fault F (HT side)

Total KRG is %X = (XG1 || XG2) + XT
= (20]|20) + 10

=10+ 10

% X=20%

Rated current at base KVA I = (5000 x 1000) / (V3 x 33 x 1000)
| = 87.477 Amp.

ISC = 1x (100 / % X)

=87.477 x (100 / 20)

ISC =437.385 amp

S.C. KVA = Base KVA x (100/ % X)

= 5000 X (100 /20)

= 25000 KVA

S.C. MVA= 25 MVA

Maharashtra State Board of Technical Education 6
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2. 1000kVA and 1500kVA, 3.3kV T 3rEeiel GIF ofiF Thol SIRex i RUde—g 3fgehH 10 3107 20
% 3T}, d THIRRM SSaa 3ed. SHHS i Bl ic Ffdbe gid. ic Ffdbe dHe .

1000 kA 1500 KVA
10 % 20 %
A B
13KV
4
Fr

Ans: Assume base kVA = 1500 kVA

% RUac— related to base kKVA

% X = (Base kVA / Rated kVA) x % RU&eg on Rated kVA
XA = (1500/1000) x 10%

=15%

XB = (1500/1500) x 20%

=20 % Neutral
%X, Xy
15% 20%

For Fault at Bus Total RUae,

% X = XA || XB

=151 20

% X =8.571

Rated current at base VA = | = (1500 x 1000) / (3 x 3.3 x 1000)

| = 262.431amp ISC = | x (100 /% X) = 262.431 x (100 /8.571)

ISC = 3061.848amp

«S.C. KVA = Base KVA x (100/ % X) = 1500 x (100 /8.571)

S.C. KVA =17,500.87 KVA

1.6 e fafafdn Riewer: TR, TSR, TTRT, @ATES BRS T dic (Current limiting
reactor: Need, types, arrangements , comparative advantages and disadvantages)

16.1 e fafdfén k&= (Current Limiting Reactor)

Hee i Refaer g1 to RIS R3lder ofg, @ U SSfde® Pigd e MY AT Y]
I Biee R Rdia Ride=0 B} 3RId 3T hie Hic UibRrEeGUl 3w Jeaiudd alg
[T, Tiee Hcdl CB A YHUIT arord! URHATONTG Faffed Hroame!, sifafed Ritde~w
3raie Rtded RdTaee RIS ae Siied A, a1 Ridged a1 e fafffen Refqer o, Wiey,
SYER ST SHERAS He (i Rafaex a¥ad Sidrd.

1.6.2 ¥l & UHR- (Types of Reactor)

1. Svex R¥3faex(Generator Reactor)- SIgT e fAfifde Rafaex srvexelt R Aed Siear sl
dogT T SiReR R3faer TUrdd.

Maharashtra State Board of Technical Education 7
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Generators
Reactors
Generators

Bus
Feeders

A B C

Fig 1.4 Generator Reactor
Ref: https://circuitglobe.com/current-limiting-reactor.html

B Rl wad degTa WeRel o1 ST 9 UiaR R Tait Jurm=at HRfi+en GHiaR arearae 3.
2 iex fRafae¥(Feeder Reactor)-SiagT de ferfiifid fRafqex wisRl RRisI Al Sied STl dagl
T Hiex R3faer WU,

G 1 G 2 G 3
Generators
Generators
Bus
Reactors
Feeders
A B

Fig 1.5 Feeder Reactor
Ref: https://circuitglobe.com/current-limiting-reactor.html

3. S99 R3fder(Busbar Reactor)- SHaRYe RIS 7 RR3faex grdedr Rafaex A IR Iddd
IHIM <Tesdl Ud. § R3lderaedl Iad wlecs 14 30T Jad Ul A od. S9ER R3fdexd g THR
Tgursl T Rieew 311ty er-aR R

Gl Gz 63
Gl GZ G3 Generators
| Generators
Common Reactors
Bus-Bar
Bus-Bar
Feeders
A B C Feeders A B c
Bus-Bar Reactors ( Ring System )
Bus-Bar Reactors (Tie-Bar System)

Fig 1.6 Ring System & Tie Bar System
Ref: https://circuitglobe.com/current-limiting-reactor.html

1.6.3 Wﬁlﬁﬁﬂﬁm%m (Advantages of Current Limiting Reactor)

i) TN AT AR Saag b b d AlteT 0T YHe Xd HHT U],

i) TPIeXaRId Bhiee G TS 99 Glecora RRAd YR,

iii) A8 ¢ QTS iee HC, AR ¢ A3 S Wl ec T UIABTUET HH! HRUl fdhdT Idc o,

iv) FERSIRM TrawIER, dST ISR TIUT SUSHRUMY Flecs] CT-TUCTURIT TICaRH.

v) Riew Yeanfareti (reliability) aTe.

vi) Tlee IRe/RIC Althe de MURd SRIc aig TeTH &l dithe S YRI&TYUT ol .
vii) dee faffeT RafaeR Qi Aidheqe Bumal Glecs feea-d! diadi(magnitude)@Ht Hd.

Maharashtra State Board of Technical Education 8
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viii) 8 tice dicdl geal (healthy) BieAed fahar Rier=a H1e! HRTHE SUaTIRE Faffed &,
e Biee TIRUITIR I,

16.4 m’zﬁr&rﬁwﬁ\ﬁaﬁ%mﬂ (Disadvantages of Current Limiting Reactor)

o i1 R3faex SHac S, degl Aiohed! ThHuT % Ride—g drad.

° mewm&mwwqegulaﬁon)waﬁ

1™ (Exercise)

. B 3T YT BT 3ATH 3TE o T BRI

. Riafewd wiee 3ftr sHRmAfiewd Wiee Aelid B i,

. Uik R UicaRM -1 381 H1 318?

e ureagad (Reference Books)

1. Mehta V. K; Rohit Mehta Principles of Power System S.Chand and Co., New Delhi., 2016 ISBN:
978- 93-5501-077-3

2. Rao.Sunil S. Switchgear and Protection Khanna Publishers, New Delhi, 2015 ISBN: 978-93-
87394-72-8

3. Gupta. J. B. Switchgear and Protection S. K. Kataria and Sons, New Delhi, 2015ISBN: 978-93-
5014-372-8.

Hifgel Ydhawdss (Information Websites)
1.https://nptel.ac.in/courses/108101039
2.https://www.electricaltechnology.org/

g B~ W N P
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(Circuit Interrupting Devices)
fawa fArso=it (Course Outcomes) (CO)
T SFVANTINITS Ay e FHaer.
(Select the suitable switchgears for different applications)
fawa fAroh SRieR g st @fsi fAsasft (Theory Learning Outcomes (TLO)
Aligned to Course Outcomes (CO))
2.1 faoied Smodeiean QI TR WY &,
( Explain the operation with sketches of the given isolators)
2.2 TISTRN e e ol Whawe Wy &,
(Explain with sketches the given terms related to the specified fuse (s))
2.3 TSI 3T S ikl Tafd ol Ty &,
(Explain the terms related to arc interruption process of the fuse.)
2.4 TG UH R Afche SHxHL 3 HIRHRH, BRI XRe T faRT dic SeruRM Whawg Wy
2y
(Explain with sketches arc formation, high resistance and zero current interruption in the given type
of circuit breaker)
2.5 Fichea faaiedn SereT 3MYR Hfdhe SexuRHRN Haerd crRid! UM .
(Calculate the terms related to circuit interruption based on the given data of the circuit.)
2.6 faaiedT Afthe SdHea Thaug ORI W A1,
(Explain the operation with sketches of the given circuit breaker(s).)
2.7 fledien Tfde SexitT femsaad WRIBES (specified) IRTHICHAR a1 &1
(Compare the given circuit interrupting devices on the specified parameters.)
2.8 feciedn TR e-amdt g ReqafiaR FasT sifdr I sRor |,
(Select the relevant switchgear for the given application with justification)
2.9 719 SaIc s RIafER= WM Sqa=T quiH &,
(Describe the general arrangement of Gas insulated switchgear)
2.10 feoiean SeTaRMH/ARNA SIARM HISHRM WF .
(Explain the Insulation coordination for the given installation/machine.)
2.11 feaea FewiaR criteria) Smenfkd R A9 gfe Raafiar tRidftee avffeor .

(Classify the Ring main unit switchgear parameters based on given criteria)

2.1 TIATACY - Fiewda dd, gRIF<d AP AT USTUTE YHRRIE T BTG AT dle
(Isolators- Vertical break, Horizontal break and Pantograph type with its advantages and
disadvantages)

AR Th UHRAl i RId 3R S AAAHIIIR Iaaedhd Hivedl Hlal U aTes]
FHRUGTTS ATURAT ST, ST Terex Raaan aTuR A1-a1s RUd saldedd Hidhe SUSUITa! T ST,
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2.1.13TgHIIeYd UPR-
1 giépas® (Vertical Break)

AN Moving contact

f\_ N (male contact)
RS
/ Opening path \\\\
hY

Fixed contact /
(Female contact)

Solid core

Ny
5 Operaling mechanism

Fig. 2.1 Vertical break Isolator
Ref: https://www.coelme-egic.com/en/prod/22/Vertical-break %28SHD%26nbsp%3Band SLOB%29/

i) ITd SGICd A T 30T U , G RIS 3.

ii) Gle] Aebiaiet G- S-gereR fRR 3R 10T Heydl Igaiex TR IS TUMH BT bRl ot SfRfeT
bR fRR 3.

iii) AT IS ThT ClabTall IYcIeaR Saciall 3RId! S0 UhT SIBTURIA ol Hidbed] b Qrdbll.

iv) T TSl gTerard 90 iR @iehd U ST U Fciexdl ®Biedhd S Sgiex FUdNd.
Z.E\fﬂ?fl'??raﬂ?(Horizontal Break)

Fixed contact Fixed contact

(female)
Contact rod move

horizontally

ale contact
{moving)
ju— ] @ Fixed contac
\* \—Conlact rod
Stack of (moves)

insulator

Fig. 2.2 Horizontal break Isolator
Ref: https://www.justdial.com/jdmart/Bikaner/Horizontal-Double-Break-Type-Isolator/pid-2023589887/9999P X151-
X151-140724205913-H3N8
Ref: https://electricalworkbook.com/electrical-isolator-disconnector-disconnect-switch/

i) T SGAeXd A T ST T T IS 3. SYeieredl WahaR Ul [has dlcde
Wﬁﬂ(supported) 3.

ii) AT M Teradt SgafeT quIcRi Sheear SR,

iii) ST BT 90 I SRIFed 3N SO AT MR HTRTRGR HY3Telt (manually), Fafaeael
(electrically) fdbar =gHfeH T (pneumatically) dell SRS, ehdl.

iv) STIICICR ¢ HRUIRIST 301 SUSTITST SHTTRIET T=0T fheRs M URIA faerT dhvd fobar
S

v) G R1E gl fihd, WUH Sgciexdl Rigiied o SHadleier BUrdrd.

vi) f& 7ot sRisett TieamTgs ¥id 9-d fohar Wi ThiaR SR 3d.
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3. USHITW Smaaidae’ (Pantograph Isolator)

i) T G0N YUIE SYcexaR R et oild. B TioR gh& RiTHe S9aad SRidrd. Tdd
U IR SfcgfAf-ad S 3R

i) B9 Plcde HIIR I 3. HSfaT UeRh 3HH FHIR RN SIS0 3awgds 3Rd.

iii) STERICICR TS 3R HIcW(collapse) BIATd. §¢ U, USThd axd gl 3R 58 W
T IRR UHS &H 9& el SITdld. TAT 9 TRER BTG RGN W] 99 IRaR [gd de

slation bus
—
Suspended

contact bar

X Upper end
of pantograph

Conducting

Ve
o
\\\ -\\_\ pantograph anm
'qa
/c«\ [Collapsed position "
— of pantograph m_ N A}
e

Lower terminal

Solid rotary
Solid support insulator

insulator

Operating
mechanism

Foundation
{concrete pad)

=

Fig. 2.3 Pantograph Isolator
Ref: https://www.linkedin.com/posts/anup-yadav-pmp%C2%AE-658580262 motorized-isolator-types-applications-
advantages-activity-7230419888584974336-J iS

2.1.2 Eﬁﬁﬁ ST tFITI% 3for ?ﬁ%(Advantages and disadvantages of electrical Isolator)
WN%_(Advantages)

i) Zaifdcdhd MaHcier H-g3{cll aTaRUA Y 3MTed.

i) Gfdhc SHU qa-d, ST I HTOT RIS HR0T 31 TRASUMR 3MTRl.

are (Disadvantages)

i) SMRATceR Raaa aTWR e Al-dle fRUdId Bl STl

i) 3T TAISHL MR TS 31T 8135 Tahel.

2.2 TGN TS - TR, UPR, TP, T cIgH HIc dfRIe (characteristics), TS
. (HRC fuses — Construction, types, working, Inverse time current characteristics,
characteristics of fuse element, Fuse current rating, Minimum fusing current, Fusing factor,
Prospective current, Cut off Current)

2.2.1 TR WIS (T TUIfT HURTE! TWIeT)- deae (HRC (High Rupturing Capacity)
Fuse- Construction)

TIaS HRATAT ST, SferHe e Hed SIRd IWTaes Sieg] Wl Uferie 38l degl fohfei Hefaa
3T ST STOT HITHT HTeTH TgUH HIH .
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Fuse element Outer element

Filling powder

Fuse link

-------------------------------

------------------------

....................

--------------------
-----------------------------------

------------------------------------

end plate

Cartridge

Fig 2.4 HRC fuse
Ref: https://www.eeequide.com/types-of-fuses/
Ref: https://www.exportersindia.com/product-detail/hrc-fuse-6140451.html

2.2.2 TAIARA TS - PR

g% HRC TS SN SRIPRFHE qTORUIRITS! Sad SdTd fo1Y hae Mo TmRiiaT 3=
Fleeol / HHT TSR aadHdid UICaR HRUANIST HRC TITH A=l A3Id. TeUd 9gdd HRC
WISl dgddal 415V fdvar g $1fdes TR SRy,

ol Tafd IHRT HRC PUN RN #GUI\;I( Types of HRC Fuse)

i) DIN NH 1S T,

i) fafewr &S BS8s wyet ftr

iii) SR fdar JRITTA HIfcS R,

Ref: https://www.youtube.com/watch?v=H5CEOtHKfDw
2.2.3 TASRA W]sl (eTU TCIT'-t[ﬁ"T PURIEY Wvol)- afdr (HRC Fuse (High Rupturing
capacity) Fuse- working)
e B A WS ged Al faqauara fag (melting point)U&T S AMUHMIER 3R U,
o SR TR 1 T A BHRe dIg- -dl. SIag] Wiee gl dag] He dTgd! 30T FHfor gromt Iwrar a1
gehiHl [ddmauarrdt TR 3RId. Wiee Hic el Uleedl RRER eamdd Uigiauargdl Wel 9edh
fadesdl. ARIEws Hed fhfel uras=i Mm@ (chemically) 3iiforar wxdrd Mfor gkomdt g™
Yafie=g gerdf(high resistance substance) TR idl Sl 31T & (arc quench) BT Hed BT,
2.2.4 TH CSH HIC IIFE NP AT WST (Inverse time current characteristics of fuse)
a) I2R gR Ff0T SIom= Iwraes SiegT Al ged (element) fadesdl degT WS &1 @xal, f578 R WU
RIS SSIRe . TSl IChIqH AIgUIRT fag[d dHie dTeeary (Aol ot Swrdl dTed.
b) TEU, 3MTAUT 3T FISh S B1g Rl DI AIGAT it HReHlo! TSl 9cdh SIag [ddosd ak HHT Biee
PR3] YIST I ARl
¢) WIS BT CISH e ey Woldl dRaeRRed WU Sfiaawar il Mfor fafkiy wfdbeardt sifor
TGRSt I e Hasuarael gu Jugad 38, Wielid $fipdl 2.5 AL Uh WHR TS
dRFeRRed gRIfa 317G,
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1.i‘|:“:| —— ™= s
L
{ Il
[ | 2008 e |
al —_— —_—
1 ||
| FLI0D AT 1
Ul 00 use
: I | — BD Alduso
g ‘\:\:\.. LS SR 1 !
2 A [ E |
E 1] [l
= :-‘., ...i........ ——— \_\__-.__\_: ...............
3 L[] W
I | INEN | | |
o1 02 03 05 07 04 o2 03 0507 1 2 34

Tima in seconds —————»

Fig 2.5 Inverse time current characteristics of fuse
Ref: https://www.eeequide.com/fuses-definition/#google_vignette

2.2.5 RIS gedhIdl HRae RIed (Characteristics of Fuse Element)

RISTd BT AT B @RIEE 7 Idl aTg- 0 3{Tg TR ST e ATed AT JedTae SIRd gt
d®T O I fadevaren fdgadd TRA gial ST AgR Wi dide fewm-de axal. § &
THIYHHRGYU TR UISTITS], TSl GehAed Wieiid S¥ dfRIed 3ol 31a=ad 33,

a) o AfccT Ulse IGRUT fo , s 3ame.

b) BTN BUTSHIefadl IgrUT Ry, B T,

¢) HFISYTY WIS - IO,

d) Ut fohrda Il fe | oS, BIR.

2.2.6 HEgQR T (Important Terms)

1.TRIST e feT (Fuse current Rating)

81 Al BT 3HTe SN T U AH-Id: SR TRA A gid [dhdl [qda iR arg =43 Adhdl. § W1l
glcex e YU AT dTIHM dTGIaR, TS HeRIdaR Sfaaq 3d.

2 farfraw /g #¥e (Minimum fusing current)

g1 | $ie 3iTg SaTaR WS Ued fadesd! ST =1 UhR AT IRféd Aidhe feamae Hxal.

3. WGfoiT Waex (Fusing Factor)

TGISHT TR =ATHH TSI e/ WS gcdhld PHRe AU,

Current r“"ﬁsymrnellical
. TR, currant
-
/’ "\
-~ by
; [3
Cul o 2 l\. Current zero
Carent ! " (Arc finishes)

i \

1 "

1 1

: : '

\ :

Fault 1 N — Time

1
DEELTS 1

Pre-arcing —/ N Arcing time
time
=
P Total operating
time

Fig 2.6 AC current
Ref: https://www.eeequide.com/fuses-definition/

4. Aredfaeeg ®Re ( Prospective current)

3Tl 2.6 AL TISIgR TH! HIC HAT HIUAT Sl § GRIdc 3MTg. Hiee HcHS I g4 JST ufgdn
qU 3, TR YA ol 1 Ufg e U fRIRGRT6R Uig [auaTgad RS duaring Uedh fadesauare!
R St AU HRl. Biee Bl Uigedl qud 3R.TA.TH.(RMS) Jeddl URufdes® die (WU
@G 1d. UM, TUfdee Hc WIayETs] URYTYT Bal SR bl
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SR WIS ST AT0g (negligible) Y3Re= 3Rcied] ATHR dhedex dda o) [Hes U=l thiee dHewl
Ul U SR THGH. e ¥
5. ¢ 3T de (Cut off Current)

RS f[AqesvaTga T&Td Uigiadid hiee dred § BHTd(maximum) Jed 3Te.

2.3 TRISTAT 3P SR Ufshazi wafka ewd- h-snfdhnergy, ve sifw <, snfdbersa, Tpur
TR fe e1gH, Mfaeeg wic Wie ST SifRra=I) (Terms related to Arc interruption process
of fuse — pre-arcing time, cut off value, arcing time, total operating time, peak of prospective
current and applications)

a) W-3TfHT eT5H: BT Bice Y= 8IVATIRIA d He3ith SIugTe &unuddal <y S,

b) € ATh Feg; W [ddavargdl T&Td Uigraeid Bie Hied g HATC(maximum) Jed e,

¢) 3TFHT eTEH: BT I U -3 eI FUvamIRE o 3n1dh fagroarear eromuea=n ergH.

d) THT AT ETH: § -1 ersy Sfon anfdh ergd =t 9l oite.

e) MWfde FHic Nid: TfheHy Wice M ATEUIRT 8T FarA (highest) BT 31T, SR al Aaifed
PHRUGMTS! PIUIdG] TREDH UGV (RISIRE) SURT ATe! 31 Taid eRd ok,

2.4 3 FfHt ufsban, aimeh =18 gvarear Ul g Yeie-a  for &t ¥efie=a (Arc formation

process, methods of arc extinction (High resistance and Low resistance).

2.4.131%p TR uferar (Arc formation process):

HHId: s R di<de (contacts) 3= ara (high pressure) ared STTdTd. o1 &foft ®i<de aiTes
B9 ANTATd, T &0 Picde TRAT AT HH gId S0 HGAT Wied HicHes Hecd! u-dl diad I
IS dTUHH dled. Yub AL AredTd Ao SRt S0 g9 S0 SxUgTa! fdhal dard
STfiyai(vaporize) 301 TATHIIRIRI (ionization) HRUATHTST YRR 3.

AIPpd g1 [l a1 aIgdh WU HH HRd 30T BlcdcHe Th D AT gidl. BlcdeHdd
Ut 8. (potential difference) GUd HHT ST ST 3Tk IRTTATIATS ! GRAT ST, 3HTeh HH! YGRe~d AN
2.4.2 3T TGS BIUUTAT Uil (Methods of Arc Extinction):

1. BT BT (High Resistance)
TG, 3T SRe IS TIR dIeadl SITdl SUldh & 3T IRGUANITS ! Hee SYRT TSl GRomH,

faR[a Pec Wied gl fdhar o A, a1 Uit G el U 3o Tas Solf favgesd(dissipate).
BUH, d Hhad o 31, fdhe sy 0T BT & Tl Gidhe shaaed aruRa oiTd.

3T NS aTequaTa UG,

a) AUFT g 3 (Lengthening the arc): 3T WEe~g AT AieT=dT I YHTONT 3T, 3Tt
el Pi-cac (contacts) AT 10 AIGq Al b,

Final position of arc

Electromagnetic
force in upward
direction

Arc initiation

Fig 2.7 Lengthening the arc
Ref: https://www.engineeringa2z.com/arc-extinction-principle-methods/#google vignette

b) PIT g 3 (cooling the arc): HIHT Hed Hicde AT HTAHT SISMATATRIRM (deionization)
BI0gT U d Bid.
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¢) 3T P -G HHI HIUI (Reducing cross sectional area of arc): SR e HiY -HaR-
AFAHE HH Hd dqR D GRS TS SR Flecd dledl. Gl Jegid, 3 ARTET
iR dTed.

d) fRrafd g amd (Splitting the arc): 3T WEie~g dTeUaNS! 3T @1 a8 3MTd A fRac
HRATd. T TS 3T IR AT ATGUN SATOT BT grograr uikond gidl. dicde AL Hlol dhedeied
wied(conducting plates) TTe 3Tdh feTe BT TS, v,

AN

_______ Lengthening of arc

Arc moving upwards
due to electromagnetic force

Fig 2.7 Splitting the arc
Ref: https://studyelectrical.com/2014/05/principles-and-methods-of-arc.html

2. ﬁW(Low Resistance)

B Ugd T Wfdhe sHeHe aToRel 9. A1 UG, faRd S A SR udd Sdhd Yeieg SH! saal
STl Tt R tae, Ude it (halfcycle) AR e TR Adl. Udd dc TR, 3D
G HHT S U7 ATEAT YU @leeoig o TgeTqul drsdl dd SaTal RERfd T ®leesi(Restriking
voltage) TEUITA. SR 3T S ST3 STQT, TR 3Tdh G 3HefwiehT (another halfcycle) T3t T IR,
SR Y TR Ao, Yo A Sansd saafaes Mt Jubiaeid @iecorieT e o
TIR T, TR SHTHRRCIID HRUATA SRR glsd 0T fasd e Wfed gisa.

THT 3T SRR TR THT TUT! fa=d dHie XA giara dusiqdia RS side SIsmame1
(deionization)&u.

St €)-smaaragiee argR AT HRar da,

o WUFAT 3ITWF ¢ 1T (lengthening of the gap): ATLTATH SAWGCH Jd! Bicae A SR
a1 THTUITd 3T, U, icac Sidg Id9g-, e iadd! 3w Srciided ekt UTed del Siis, Jdhd.
e 3= gIE(High pressure): SR e URIRTIA &1 (pressure) ITGdd TR Tard FHT0T HROMT
HUIHT BT (density of the particles ) GETd dTed. HUMT ATGAT UdHS S-3HI®RUM &R dledl
30T aRome Sicderqdia AT S™difde® e ared.

o Pfeifl(cooling): SR T U8 B fdd W MRS Uldd (ionized particle) ufid
IS (natural combination) 3T 97T gld.

o TRE FWae(blast effect): SR Hi<de AT MAMIZES UICIhd (ionized particle) ATg el SATOT
UGSl SFAMEES Ueidd (unionized particle) Tde IR ATHHTE! SRIdde® et A&URIQ
CIEERIKGH

2.5 3T Fledo!, Repgdl Freds!, §-IT5iHT Fledl, 3¢ 316 TS A6 I-wergfh e

( Arc voltage, Recovery voltage, Re-striking voltage, Rate of rise of restriking voltage (RRRV))

. FIRSI(Arc voltage): BT R Iees 3118 Sl Tfh 1T BT e I Aidhe s Hicdedr fogd
.
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o R B (Recovery voltage): 3ifdH 311 TF FTHR Hlhe SHIAT Bicaedr [GHUIRT
T Wb aes (Yo Beg) 3R THTY. Elecsl 3d!. BT 3ieTsl ReH wlecoredr THT 3.

o F-wBfHT FIewI(Re-striking voltage ): 3T HTaT@ER G, BT TRIUE @lecsi(transient
voltage) (T8 Sl Bicdear e YATAR fdhal ATl Saed fag Idl.

o 3T 3ATH TS 3T $-TWIgfhiT @leesi(Rate of rise of restriking voltage (RRRV)): & XM
Fleeo AN WY c-olcdl AR UM URHTT dal Sffdl. (It is defined as the slope of the steepness

tangent of the restriking voltage curve)

Active recovery

voltage
N/

- Restriking
voltage
transient

LTime,t—

-
Arc

/ voltage
Current

Short-circuit 2eroinstant
current

Fig 2.8 Arc Extinction
Ref: https://circuitglobe.com/restriking-voltage-transient.html

2.6 (TIS Afthe SPd: FHYH Tlhe P, AbI-gadT WIRISS (SF6) - afb1, Hweer, fafkrgar
3Tfor SIf@RIB=MA) (HT circuit breakers: Vacuum circuit breaker ,Sulphur-hexa Fluoride (SF6)
- Working, construction, specifications and applications)

2.6.1 %ﬂqﬂﬁﬁ’aﬁ (Vacuum Circuit Breaker)

THH Fidhe s A A 3{Tch TaRITCTR ST HRUFTHIET dTORe Sild S gaed, gl 87 (107 1o
10°5 torr) BT 3. SIegT G DHRC ATgH UIRT Dic o o [HSIH AvTe ol SITdTd dag] Tell s agd

Hfthe S TUrdTd.
o HTEH TP FgH Tfhe sHT (Construction Of Vacuum Circuit Breaker)

TP 2.9 HH UHI HHNI FagH Ffdhe dhxd HIT GrRadd Ted. ATd fhaRs dicae, T Hicde
AT FogH daRA Haad 3 WS 3. Hagd AHER KA Tl 9and (bellows) Fa=om
TAOIRM STSTT ST, TS GagH TeR HIIHT U HRUI U BId SUidhe- [S¥arsl off RIdl dH!
gI5d. 3MT3ex YAl dia! TgUMH Pd HTS (glass vessel)fdar RRIUS Hig(ceramic vessel) IR
ST,

o T TP FagH Althe 9P (Working Of Vacuum Circuit Breaker )

SIgT SR AT Bidll, degT G Pl ae fthaks Picde URIH avIaT gidl ATl dicae A Th 3D TR
Bl 31 M T s SRS Bid 30T d Sicdel il (material)aR a9
ST 3. 3T AADR [l DHIRUT 3T G HHIUT UMY YT A (mettalic vapours), aiacid
(electron)3fTfOT 31T (ions) UTSATd deaTd URRATd. GagH! SHdae® W JU SR e, FagH
SHIHD G HH! Dl YR G 3HTh Y BId (U 0.625 cm).
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Fig 2.9 Vacuum circuit breaker
Ref: https://circuitglobe.com/vacuum-circuit-breaker.html

o fafRryar anfor sfRrb= Sifw Fogw Tfhe s@(Specification And Application Of Vacuum
Circuit Breaker)

a) 3@ Fleeol ide.

b) TERCYH SHTIUT ST FTORS STd!.

¢) 3= g ST el

d) 22KV d 66 KV Tdd GagH Aldhe Sl aliR Bl S,

2.6.2 TEPR-gT WAIRTSS (SF6) (Sulphur Hexafluoride)

TR FRIHIRISS (SF6) Tfthe SHUHD (SF6 gas) 3T I8 HRUANITS! aIuRd Sifd. 8T Uh Sadel-
fAnfeeg arg (electro negative gas)3iTe IO AT Yo Saidgi-i(free electron) MYUAT did Ui 3.
SHI DICde SF6 1Y T I STETHT HIeld IUSH SIdTd SO I el 3 JaR g,

i) T HTH AP FRITIIRISS Hfthe ABY (Construction Of Sulphur Hexafluoride

Circuit Breaker )
3{Thell 2.10 T TehT YIHHI SF6 Hidhe sidhd U GRaaa 3HTad. AT ftheks i1 gfdT icae Tant

JeRAY Fg Bard ST AT AT SF6 T 3. IT JaRaT 3HTh SePIR TeR UIAId. § Jak SF6
1 RfEaRel Seda 3R, ST SoRd Bicde IUSd SIdTd, da] @ieeg =0T 3 qIaTedT SF6 719
R TYA 3P FRWH dRde dlg ¢dld. s Hicde gl Th Udhes cSNAdR (hollow
cylindrical) fag]d ®HRe aTg AUIRT Dicde . AT Bl BT Uh Ulhed GSTNAThR 3HTg SUTAT
SToAT SAAdd! [Sx(rectangular holes) 3ed SO+ SF6 719 I1 fS &AM dex Ug Wdhd. fhas
Hi<de, AT dlcae AT 3fhTT B THMT HIReTRed 3T ¥SRew AU (material) =
difUd(coated) al ST,

i) WWWMWW (Working of Sulphur Hexafluoride Circuit Breaker)
ShT §¢ (RUclid, HIc I TISET SF6 TN 3. ST st aTe] i, gl GfdT dicae diTes] gidl
AT Hi<de AL 3T TIR BIdl. AT Hi<de Al gTaara RighHTss(synchronized) 3/&d ded(valve)
T Noh 9 HIad. SIS SF6 114 kg/em?2 IR RATGEIR TR 3HTeh SeIRM deRudd Urgrad!. SF6 a1
I Q1§ HRC e AT Gard Jaac - STaig RIS sard. UROMH, dicae Aefie HTed Sidg - &
STIdfagd Y 0 = 3T 3l TSR BIUaT HRUNYA 3. SR JHTIRRAR (FUTor,
3T YA HTedTaR), BT Aed- ®led (valve)dg el SiTd.
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Fig 2.10 Sulphur-hexa Fluoride circuit breaker
Ref: https://www.eeeguide.com/sulphur-hexafluoride-circuit-breaker/

o fafRryar Sfor SIRIBRM 3T TehR TRITFIRISS Hidhe SHR:

a) U1 AT SF6 Tithe SHxHY SeRPR I SRIATd of U® g+ 60kA Tddeal die 30T 50-80
KV =T JUTCTA BlecorRN SHaeR HRUART H&H RIdT.

b) SF6 Tfthe FH 115 kV d 230 kV @leed, 10 MVA d 20 MVA TiaR T 3fdr 3 Qe w4t s

2.7 TA&. Afbe sovp—wcer, afb anfor SifRrb=r (L.T. circuit breaker Construction,
Working and applications)

1.79=R gfde 963 (MCB) (Miniature circuit breakers (MCB ))

2. Mt S &Y Afthe S (MCCB) (Moulded case circuit breakers (MCCB))

3. Hiex UieaRM gfdhe §6R (MPCB) (Motor Protection Circuit Breaker (MPCB))

4. IRTSY3IA Fie Wfdhe SHR (RCCB) (Residual Current Circuit Breaker (RCCBY))

5.371%f dfiorl Ufdhe §dR (ELCB) (Earth leakage circuit breaker(ELCB))

6. T3R Ffdhe I%d (ACB)( Air circuit breakers (ACB)

2.7.1 HF=R Tfdhe s&d (TH It dh (Miniature circuit breakers)

i) P 3T HiA=R Tfhe s (Construction of Miniture Circuit Breaker)

a) TS g U TIcaesT SUHBRUT 3118 o HichedT eals Sl Ui Afbeurgd UIeaR HRuame!
3{[9- 3110 T ¥,

b) TR A Eged i TR 3fed: dTI(ON) §iG (OFF) 31T feu (TRIP) Uifg=H.

¢) feu gened srgaciers REy ST SeiaciHie Sd. SRS U 3iegRes BRCURT WeaRM
TG R AT SeaeHIE Ric Ahe HReURIT UICaRM UG .
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Magnetic element
HH - Trip bar
I o
FH i
i3 : _-Latch
FH Contacts
) / A closed
F4]
Load i3 - —® Line
Bimetal
element
{a)
Contacts
open
Loac fet  Line
=
(L))

Fig 2.11 Miniature circuit breakers (MCB)
Ref: https://electricalnotebook.com/dismantle-mcch-elch-rcch-different-parts/

i) af$r 3ife HiR=R |fdbe 6% (Working of Miniture Circuit Breaker)

a) 3figRaArs 3T V¢ AlheurgT WCaRM SUIITS! THET aiiR dHdl oidl. Jdrd gidee YHd
SgHCd TierH ST Selae e Pisd 3.

b) ST 3fieer e RIS 3d dagT STaHed TRH Bid 31101 Hicde diTes sidrd.

¢) XIT¢ Tfthe R, HAfH HISTHYT SITURT HRC DHIcde AT HIUIMTS! YT Wd A0 FHd!
IS Tic Ffehe UL WicaRH fHad.

iii)m 3T HA=R fhe g% (Application of Miniture Circuit Breaker)

YT AFET (household lighting) 3TOT SN (industrial) TR TATHRSHT(solar panel) HHI-G@leest
B AL @RS ST Yic-AfheUR SR WIcaRH HRugRIa iR dfdbe s
(MCB) aRAR dTURdT STl

2.7.2 Aiee S »Y Tfhe sod (@HRIRTEh(Moulded Case Circuit Breaker)

Oits S B4 Hidhe S fhdT THRAG § Ueb Wadaferd (automatic)fa=[d SUHRUI 378, B U UHRd Widhe
SHR TR of Flbed TR, ic Afae T HIC Tord (current surge) TRE TR #d. § HHTR
gihe JH (Q'H?ﬂ@%[ YUITd GHQT-ﬂ (advanced version) 3G

i)PXc&l 3P AITS S HY Ffthe BT (Construction of Moulded Case Circuit Breaker)

TS ETeitd g HRTTORE a-acl SiTd,

a) 3MTd Fe&(Arc chute): 3T I TFUMS THIR YT WICHHT U 38 Sl THHB IR IRER SIS
ST, I 3T TAHIRT (Arc splity@e SO 3Tl Afet Aledd, 3T [AHAUIT Had HRd. ATl
3T fEgTaex fdhar 3iTdh fRetex 3R] WU, AT WieH WhRIHACH He RIAURIT S-aced SRl

b) WI~ede(Contacts): PIcdc § YD EH AT of fagd Hc AS Tdd g AUIMIS! SIaEaR
c) STARTAT YAUM(10perating mechanism): 51 MCCB T JAUM 3MTg St g B dTg VIR BHi<de
IISTIMTST IO e HRUGRTS] TSGR 3 .

d) <fiea W(Terminal connector): < 9d ®gcyal TR MCCB @ 3fTdhex  Jfdexit
SISUaRTa! ol STdl. avd efiAd SScye/arel siedd SRIdd ok Jerd - ST/ ARt
SISdd Sdrd.

e) ¥ feu gfe(Thermal trip unit): ¥Hd fou gcasd yvia A= aToRe STd!. SliexalfeTges
dTUHT dTed SHTfOT SR clerd U ardh.
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f) WAfed feu gfe(Magnetic trip unit): TAfcH U giie A U Rl 3/ of RTE Aidheqes e
AIHISSHY SIRA HRe dlgd degl fad HUdle & o gidl.

g) g/ feU-1Bt THAUM(Handle/Trip free unit): 8 Th §Sd 38 O SR TSIl SUSUIRITA! fhal dg
HIUITATS! aTaR ST,

h) f&T FeUI(Trip button): SHT! 0N HRUGRAS! ST FCUT AR ST, § AT VI §CUT 3118 of

| Bimetal Carrier I
- o - U T
S e
i1 l;:_f‘ ‘.( A !a Dual Ouigoing Terminal
9 " |
Calibraticn Screw i ) B
l \— Bimetal Strip
s it .l
Back paper s -
= il
Arc Chutes
,f' - Magnetic Coil
9% §
]
X \ (
Maoving Contact £
Indication
9
Fix Contact
Cual Incoming Terminal 1
Safety Terminal

Fig 2.12 Moulded case circuit breakers (MCCB)

i) afd T 3T Hitss Y Afthe AHI(Working of Moulded Case Circuit Breaker)

TRIRAS Afchedl hiee HRCIRIT WICaRM Gd. I iee HC ArsUaNIS! YHd T Hfed Hbi-em
TR, YHA HhHHAT AR HERATS WA Hal SITd! IR HATCH Heb el aiiR T Aithe
ISR Bl ST, SicgT NGRS gld, 98] dTaHM dled 30T Saaciad R adhd. SIaHC®
FRA A SAFIARCE B FHA{0 HRA. T Hic AIoHTSSHYT dTad! off SHal HSTBUIRITS!
STETEER SRIcTedT WoRdT STH N Bl 30T Fidhe o0 Hd.

iii) SfRIPRA 3P Hicss FI Tfbe AHI(Application of Moulded Case Circuit Breaker)

a) § 3 HIC gIdIed.

b) HaaT fagd eI Ral S TIRI IAdUIRITT STHS (Industry) MCCB T dToR bl SiTdl.
¢) T AT (adjustable) T 3101 3= faz[d dhic graravitges, d fasg[d wiexas divl
faeRUTATY aToRe Wi,

2.7.3 Hex MeaRE Afthe 9@ (@adRfid)(Motor Protection Circuit Breaker (MPCB))

Hex WieaH Ffibe §bX (MPCB) & T IR Rz Suevr 3R  gaifdes WiedH slierars, Tié
fdhe ST el AU aTaquarTa! fS$2me Had 3R,

iyPXcal ,?:Iﬁ:'lT 3 WWWW(Construction ,Working of Motor Protection

Circuit Breaker)

TqUte Wrciidd G HRTTOREA §+dd Sild,
a) YHA 3fERPHC Rafol

b) SAGCIHUCS Sficgrape Rella

c) T Pl<de
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d) TeTH (Auxillary) Fger Ryt
e) o

f) MfHT IR

g) WR

h) feusisa

Fig 2.13 Motor Protection Circuit Breaker (MPCB)
Ref: https://electrical-engineering-portal.com/the-design-basics-of-motor-protection-circuit-breaker

ST 3NegRdls gla, degl dTuA died M1 SAcerd f&U aidhd. sfediie WU e JaTe
qrahd T Hihe foU HRd. Siegl Ric Aiahe, ATS hice gid dogl HAlcd UIeaR aruRa offd. THUE!
HiHigs aued ¢ Afheurgd UIeaRM $Rd of SadeHiicd By FHUl $HRd. T&I  Hc
AIHISSHY Tgal Sl SRl FSTBUIRITS! JTATGR ST WoIRdl ST ¥ Bl ST dfeve feg
HRd. THURIE &S AR U1 TICaRM UeH HRd. SR U] Bl Glecsrdl 3D =1 Tl aR Tl
UIRUMH SHTURG gIHGR® 3dl HRUT HIeR Had GIH thorag aTe Aeld. HIex WcaRM dihe SH ol
Flecoqeid Wb Ao a1 IR MNYvarg e 311 3101 SegT o Sgddid degl HleR dlesdld
e o,

ii)alﬁ%-'{ﬁ WWWWW(AppIicaﬁon of Motor Protection Circuit Breaker)

a) THURASTET AR 3afdeds Hiexa e 10T s HRUTTITS! e ST,

b) THUI ST AR 3iiN e Iue i, ferge 3l 3 Ayw Aied A&l aTuRa Sild.
2.7.4.@@%WWW (RCCB) (Residual Current Circuit Breaker (RCCB))
RIS BT IRTSY 3 e Wihe SdhR 35 N AlcbcHYT RIS AT HIC ATed ST HTH B,
P& afHIT ITH YRISYSA B "ihe a3 (Construction Working of RCCB)

T MEHRI D15 d, TSl diad AT AR Higd SR, ATHA ORI HIS A AR Digd 30T
Yhesl Bisd HYH AGURT [Igd Hic M Sdl. JgT dls UeHe Bhlee Udl degl WA Pisd
A HC BlecHYT aTad), TS Jhe! Bigd AT UHLT Blad AU HC AT 3l RR
Tifes wicg A g0, IRTST3IT Tl Yo IS PHic TSt DIy argdl ior Rerear feg
Pisd A WA ek fCT Higd SHolldH gl ST Hide s ST B,
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Fig 2.14 Residual Current Circuit Breaker (RCCB)
Ref: https://www.onesto-ep.com/blog/revealing-the-differences-between-elch-and-rccb/

ii) SATRIHRIAT 3T IRTSY3IE Hie Althe B (Application of RCCB)

a) SRS AR g fag[a aidbendia fewarst g giom=a fas]d i SMfoT SR el
30T SUBRUITE USRI HRUIMTST bl ST,

b) § ol sAR, caTaaRie AR 3o IeTH TR STd.

2.7.5 3 WP Afbe FHT (ELCB) (Earth leakage circuit breaker (ELCB))

312f cfiopet Widhe SR (ELCB) & U Y& SUSRUI 3718 o fag[d qruges srfar fagqa aie fewmms
S gid daeT d QMud 3o dioTqRasT Wisd @d.

i) P&, afé afe o fiPpw wfbe o (Construction, Working of Earth Leakage circuit

breaker)

X Higerar Td <A SUBRUITAT YT IRRTRM SIS SiTdl, TR GRT eiid e =it Siear S,
SR ZavH fogsd fdhar TaTer AgeE arR YTdel TRNTET W Hdl R Hisd e T sifmed
Flecol TR G Adl. I HRepe Rl Bisare fagd Hec asd). SR GiecorHHid HRa gd-eia
ATfCUET SR T, TR RetHYH STuRT fag[d e Yafid idhe sdhral fod B SUHRUNH] dIolgRaaT
GfSd Hruarardt el Hichd HRugrSt g4 gidl.

RYBTN

010 00 [¢CB
loloTols

Load N

Relay |

Fig 2.15 Earth leakage circuit breaker (ELCB)
Ref: https://www.electrical4u.com/working-principle-of-earth-leakage-circuit-breaker-elcb-voltage-current-elcb-rccb/

ii)m 3T 3 Hipor wfbe sHr (Application of Earth leakage circuit breaker)
a) 3 s Hfhe SHR (ELCB) WHIT: fad HouMelied aaRel STd o fag[d =i 3n1for srfar fagqa
b) B Mol SURG!, SaEaaTiie SHRT 0T JTRTHE aTaRd ST,
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2.7.6 3R Afhe P (ACB) (Air circuit breakers (ACB))

TSR Fidhe S § Th THR [agd WCaRH JUBHRUT 3T o 311 [Iauarne! gadm iR &xd, Sarges
faR[a widbendia sifafkad Fic 4o IR JHuM eradT Ad.

TSR Githe §Hd g UHR 3gd

TR 9 Fidhe SR 30T TR &IRE Ffhe s

1. EGRaﬂfﬂﬁTdaﬁT\’ (Air break circuit breaker)

TSR 5 Fidhe SHRAY AIATaRUTAT GIaTaRId gal, 31Td fASIquard A1y U aTuRa oiTd.

i) P& TP TSR 9P Tfbe SH (Construction of Air break circuit breaker)

I SH Bl ° I TR, TA(main) Bicde 30T 31T (arcing) di<cae. Gfdbe s s fRuda
T Hi-cde [9gd PHIC A, lcae AMHEHIa: I1 RieeR 3Rd ST T Bicae UMM HIIR
o 3QN 3. 3MhT IR SIAATANT! 3 I 3BT Hicdeslt Siead . 3dh die
HIUGMTS!, 3T fReer Fidhe Il Sieaa SRdrd.

/Arc Chute —,  splier

—

Contact

| —

Main Contact

Fig 2.16 Air break circuit breakers
Ref: https://www.elprocus.com/air-circuit-breaker-ach-working-principle-application/

i) afé Wqﬂ?aﬁ?ﬂ%&aﬂ (Working of Air break circuit breaker)

SigT Widhe S IUSHT Oldl d] T Dicde YYH IYSId. @] T dlcde IS Sdld dag]
T Plcde o] UHHBIAT Hicde T SRIATA. T dicde T fAe[d Heedl ol SSNcE
AN @ d SRId!. §&T dicae JSarl, T Hi<de A DHIYHd T aaeHifed el THEHS
3T fReTe et fagraa ST,

iii) SRR &WEWWWW (Application of Air break circuit breaker)

a) TSR 9% Ifthe JH § UlaR L= Tgradh(auxillary) 3T ienfiies Tasr=ar faomardt
(industrial plants)a g 3MTg. T HUTR IATG! DHIVATG! SfaRed ITSHROM ATl A9d. o
T 31R1T fEHIuR aToRe SiTard fo1d 3T fdvar bl godTei! I 3R,

b) T3R SIRE fhe FH TSR SRS Fihe shiHed I ST HITSs (compressed) AT AR 3T
fagIquarendt e S,

2. TSR SR Hfdhe SHT (Air Blast circuit breakers (ABCB))

i)=&l WE&TWWW (Construction of Air Blast Circuit Breaker)

TR SRE L8l =1 WUl SRisiAe diF 9HH Wid(identical poles) ST, Udd QiarT avel
FIS[ET 3T TRTCHaRN SRdrd. aHed TR RERAR 3R SAHE 20 o 30 AIaRUA 3 Qe
BT I3ad! SITd. Thes Salcs hIa legds NIRARR R SHacdl 3d!. I1d U fheRs Picde
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30T G fdTT Sicde STdTd. faR]d PHie aTgH ~UIRT YT 3 3MTdh fasIqun=T iRl siedr sirdr. Jgut
3% [AqUaTe IUHRUT SYTexar S9ad oiTd.

(K]

are exinction chamber

2
Dalalls of doubla

2, Moving conlact (in 3)

1. Tank alf rasenvor (racohvor) g, Connaclion for curnt
2. Hollow nguistor sssembly {0, Comprossich springs
3. Doublaarc ouuncliurldﬂwbﬁ’I 11, Oponings for al ouller
ELEVAT'UN END'WEW 4: FI‘IDUmBHﬂ ﬂpﬂfﬂ"ﬂg mechanlsm 0 Arcing Ioms °|:f:|g'r‘;1 s
g Oparaling rod 13, Resistanca swilch
: ‘ aral Praumallc valve 4. Enclosurd
(One pol of an exla high votage ai blas circitbreaker ?: Fuad conact () :s‘ HA

Fig 2.16 Air blast circuit breakers
i) afé WQMWWW (Working of Air Blast Circuit Breaker)
ITSUITA R gk gaT 311dh TS AR JerTe "rdal 5. off i dlcae g gdhad Sfor
PHicae dTes BIAId. TS HTAMISTS 119 3 g T Sird! AT AT 311 -8 Bidl. SRMUBR Th
f3hal gF THaHe] TSR SRCHS 31T -8 Gial ST daR dTodl 3od STt ga- R ST,
iii) SIfRIP R 3T W3R AR Tfdhe SdR(Application of Air Blast Circuit Breaker)
a) W oIS dhg ST SN Thedined &t SR e HUfd dRuaNe! UsR &R Wit
SDHRATIR el ST,
b) d UfaR TRIWHIFR, HURTER, T SRR AT S SHver RWT I Flecsiar ArAu=ar AR
AR HRA. 110 Hea U SIRd B IecolTo! gdd Hhe s a1 bR SR,
2.8 WA 3Mfr Tadt ufdbe st fAas (Selection of LT and HT Circuit Breakers)
g fche s FHasarHT, @ wH-agleedl (LT) 3R fdhdl S=-&lees (HT), 3 He<aTd Ucdh JHTAY
AT, A TS @leedl T, B ARG, We-Aidbe efdr r ARy i afn
THIGY Bl HT Jfdhe SHR SIRd @leedl 30T dicre! fSSgT dald SRIdTd, R LT Afthe S HHT
Elee ol 30T HLHTS! T ST,
WWQ‘E‘T@'&W -(Circuit Breaker Rating Numerical)
Q. gfdhe S AT 2kA, 1000 MVA, 33KV, 3 sec, 3-ThoT 3 3[d. Sb! ST &FdT, AfdsT e,
FHHT g5 T (short time rating) GIEGERY
Ans: Breaking capacity = 1000 MVA (given)
Rated symmetrical breaking current = Breaking capacity / (\3 x rated votage)
= 1000 x 10 6 / (V3x33 x10%) = 17495.46 amps
Rated making current = 2.55 x Symmetrical breaking current
=2.55x17495.46 = 44613.42 amps
(peak) Short time rating = 17495.46 amps for 3 sec.
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2.9 THIEER, WSt 31for afdhe da: gdT (Isolator, Fuses and Circuit Breaker: Comparison)
Rt SO WS fhe g
(Parameters) . (Isolator) (Fuse) (Circuit Breaker)
ord T AT AT Sfiexars farar e Safdcdhd Qi
PROGTTS! Afehe fohar o s .
SUBRUTHT 4T RASATIRH ST HIFIDYT (SMFXAIS
33y feepae 31T =TE Afche) URE
{S¥pde BTl
1A T YT dR fdhar | fefUaR o H-gared
IS A g sme o | frade s S oRa | fobar sifefedsat e
ATRIA | G IS M PIa R | e e aedidegT | Hal oS Uhd, SIS
ITd T Hahd aall. fadesar anfor Afdhe el wieg g ard
Jed! &l dl,
I ST-gleco] JH: HH-Gleeol
gy | AR AT | SR amE | T S
3T Afdhe Sl-Teiigs ST STTOT g T RN
waﬁﬁr?ramatj‘rwl%@r. 30T TG U Y 3T,
eﬁ@?ﬁ%’ﬁﬁﬂﬂﬂﬁaﬁ 2 gD YT UG | 3fiegrars iy 2ic
MR ) _ B I AR O | Fidbe el Mea=H ad
UG DHRd T, T G- ST SITTTP R

2.10 9 ggdcs RaafaR ( Gas insulated switchgear)
19-3gcic s RIafRR (GIS) WU 41 &g dhald RITARR O SF6 TRBHT T4 dT0R R, 81 I 3

SHdfaed WY, I YHd Idldhic! U I T 3T i< TUreH UaH Hral.

-

Fig 2.18 Gas insulated switchgear
Ref: https://www.electrical4u.com/gis-or-gas-insulated-switchgear/

TN-3dcs RaafirR vga yewiasd=ar § 9uifay 3e:
o Hfdha SHH(Circuit Breaker): a1 32ff IuH0r &Hﬁﬂﬁﬁﬁﬂﬁﬂﬁﬁﬂ%ﬁ feare ey fagd oHie

AT IR B

o &P ATEd(Disconnectors): Bt 3=ft IUHRU 3Med St U fdhar Iruitear I Ffdhedr T
AT IGRT RRCHURA 371 H& bl
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. WW(Busbar) ? Heaex dId o HidbewdT 3T HITHT SSdd, S &1 SHReR, TRABINR,

@W(Transformers) B 3=t IUBHRTI TR ST Safdedhd Hldbed! Glecsl UIdw! e b,

o 3 fRYF(Arc Switches): B 31=ft ITHO! 3{Ted SNt IRFEfdITa! fdhar USfETT=ar Ie=m gfhe=n
T R QAR SiTg Mehdd.

o TSl SRICEI(Surge Arrester): g1 =M JUBVl MTgd Sif diel DTS“UEIH% fobar feaf<im G{Wﬁ%
IR Hithed UICaRM e Yahdld.

& ¥4 Ucdh UHT YT SHTARUIN 8¢ dherel SAdTd of Ul [AfRTS SE SF6 T = Rl 3.

2.11 SR P8 MRA: YHR 1 O PR 2 HISHRM (Insulation Coordination: Typel & Type

2 Coordination)

IR PISHRA B 4o guneiten fafay gediear 3o swers 3l Siiee ee oI
mwmm JUHRUNA FYARAAET Tgda. SR 3o degd (BIL)
TEUTS! ol TR [SRTSay Aiehd gIuaTga| safacdd SUHRUl S~IaRH gIdIe JBUIRT [hH Glecol.

kKV Peak ——»

Timeg =——p

Fig 2.19 Representation of wave
Ref: https://msbte.engg-info.website/sites/default/files/s18moupto519/17508-2018-Summer-model-answer-paper.pdf

BTe! SUBRUITAT HTIRIHTS ATl TYARM dlehg JeHd SYA Uraa! (BIL) =T GHT bl Amdean
SR ol Uicfaceg IUSRUNUET SR STdT. a-id 3Mdhat 2.190 AL 'A' 81 AHd SYA=H Uda! 318
30T B! BT 3aR SUSRUITET YA UTde! 318 ST 3 Y&l SR TR,

2.12 1 39 gfire Ryafiar: wRam, affexor arer snutle: sgo=eT TR @7, 39, gan),
STIATA (3TFESR 398RR) (Ring Main Unit Switchgear: Introduction, classification based

on: type of insulation (gas, oil, air), installation (outdoor, indoor)

571 9 gfie (SIRTHY) B T diiae, Hidee RITNAR 318 of HEH-® e UIaR fSReeRM Aecahaed
IR Sd, faRiva: 1 39 Reawed, {51 39 gfcy I sgoavH<l USRIUR aXifdd 5hs,
IHA: TSR, 3Sd bl T, TFIHIER A7 HRUGRIS! aTuRad Rad RfIad a3y Jraval fahar
TagH fhal T9-3gacs Fxpy dUE Afdhe ddR 3 Whdl. JHeHS Hleear Alhe SR
ATAGUITITST TR&1h el Gite 31y e,
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Fig 2.20 Ring Main Unit Switchgear
Ref: https://discover.hubpages.com/technology/Ring-Main-Units-RMUs-Construction-Working-Comparison-

SwitchGears
BT (Classification)
IR T STUM=AT $YCIRM HIHIER 3adqd, R A4 gHewd Teitd o 4o UHRTAE a0l dhdl
SIS, Yahd:
o TSR FYoice ROT A giie: UsR ggdce T 79 g WUl Bhad U=l dhis-HcH® dg dbaidd
REaTaR a1 o UM fSRESgRM iR ReHa e aruRe Sild. T USR Sgdics GagH
S s el T gcdh ). WU, TSR cics R 8 gies 9= Jidt 3nfor daure gidt
3.
o 35 SgIcs N1 B giie: aifsd sgaics R #7 gie 81 Ui Us UepREl SRTAY 318 Sff
faQva: wAR 31 WemRe gafavuiid(corrosive environment) TRIRAGT RITUT HRUARITST TRl
ST, 31 1 04 gieame, Aieger R R Sl st wfthe So § 3 ged UL auRd Sidrd. a1
YR 1 B gfie area siidae fEgme snfir quio Red T sad dRied siawd .
o T ZYcics R AT GME: 19 SIcics T 89 gRcaa el Sgaifc?T A1 WU T1adl TR &l STl
3T FHHt 7 AT Fleeo! [SREKRA Aeabadd Efsd el qRA3T UaH Hxuare! for fagga
SUHRUM TSI FRUIATS! ATORe ST, AT bR 1 8 ey i diride [ Sl srigm
SIS STSI3R 30T SITSISR Glg! S IAR-HS RIS TNy 3Tg.
STIAR (Installation)
AT B9 gATH (RMUs) ZTSISR 30T 3TICSISR Glg] STIARHATS! U e d, Y UHRAT
SIS 3M1fOr STa=uSHdiaed B 3Te.
1.3?@3&'\' RMU ﬁ‘Tﬁ?gﬁi{'ﬂgﬁ’lﬁ?ﬁ (Indoor RMU Ring Main Unit Installation)
RJF(Location): RITETS ¥H § TSR HRUAIHTS! Th AT fEHIT 31T,
fdaR(considerations): TG argdISH(ventilation) STfOT CEHTEITST (maintenance) Ta=T AT orat
grfga.
2.3T3ESI3R RMU ﬁ‘TﬁqgﬁWEﬁ'ﬁW (Outdoor RMU Ring Main Unit Installation)
RIF(Location): SEUTEHS Had SRR "cad fhdl SR Ulscy RS 33TSISR ST
I 3.
fdaR(considerations): TN URIRRITTIRE G¥Y MCaRM GUIR TailgR diuRd UTfgsl.
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T (EXxercise)
1.

© 0N o Ok WD

3T Fleed!, Rl Gleedl, KRBT Siecs i, YT 31 A5 3t J-KfdT Gleesl AT
R WY .

TAICIER 30T Tidhe SHRAS HRe [T,

TISRIAN(HRC) TS T d g T H.

TR Tidhe sH Plal,

fhe Seued 3 A uftrar oy w5,

FEDHd b ATHIAC DIl AT WY B,

19 SIcic s RaafiaRe! Q=T a1 9o &,

1 g gfied affensor .

fhe SR 30T WS A HReb (TG,

10. SF6 71 o T[ure fergt
e ureaqRad (Reference Books):

1.

Mehta V. K ; Rohit Mehta Principles of Power System S.Chand and Co., New Delhi., 2016 ISBN:
978- 93-5501-077-3

Rao.Sunil S. Switchgear and Protection Khanna Publishers, New Delhi, 2015 ISBN: 978-93-
87394-72-8

Gupta. J. B. Switchgear and Protection S. K. Kataria and Sons, New Delhi, 20151SBN: 978-93-
5014-372-8.

Hifgedl Ybhawues (Information Websites):
1.https://nptel.ac.in/courses/108101039
2.https://www.electricaltechnology.org/
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(Protective Relays)
faug fFreo=it (Course Outcomes) (CO)
fafay micfdees o= e iH-ae ¢ He1.
(Test the performance of different protective relays)
fawg froht sRIeR oot AR @f i fasasft (Theory Learning Outcomes (TLO)
Aligned to Course Outcomes (CO))
3.1: Uicfaeeg el it Hefdrd o Ty &,
(Explain the given terms related to protective relays)
3.2: UieR R amefid faaiedn Sera SR Rl °rsd sadgee o,
(Calculate the relay time based on the given data in the power system)
3.3: leaiean Uiefaeeg Rer=an afdh e SAUHYg WEIHRUl o,
(Explain with sketches the working of the given protective relay)
3.4; JTIRTD SHRIHIFIS! a1 HicTaes Rere fAas H1 oiftr I SRkt .

(Select relevant protective relay for required application with justification.)

3.1 Wicfdes N gayd U saxa@dT (Fundamental Quality Requirements)

T X ¥ Fr
——— - s, F————:\————-l '_____,f_____l___ ]
] ) eaiSen e | e |
| ! |:|I iRk 5\ el ' / II :[::
1 ) | - L
! @ | Ll \ P ! ! RfT=
I YT v Iy e | |
1 1 I 1 W L | B 1 1 13|14 |
i G e P Lz e
! 1 v T ! |
| 1 Al ? LAY | |
! I 7 oy ! I
r T e Ve
[} i i L o ] 1
o Ui S el LD . Rk
| IS PR AESs r sl =N = S
1 1 I : ! i/ | 1 S | ! 1
by i LS B 2 S R R | ISR PRRrn LR | 3 | Bl et Wi
i i i :
. N - L
Generator T -’i el ‘\_
i Power High voltage  ransmission High voltage
rolackor Log-{r x';oltage transformer switchgear  line protection swgimhgea?
switchqear : ! ]
% fi 1Gn
prolecion  Preteetie protection protection

Fig No. 3.1 single line Diagram of part of power system
Ref: Principles of Power System, Mehta V. K ; Rohit Mehta, S.Chand and Co.,Page n0.499

TRefdes R qor &1 3 3118 &, SigT iaR R HIvrarg! ufedic sieiHd 1 de anTa
fohar RIST=a SaR U= YUT! ST O ST, degl T Uchlal o HYH Higd crdhul,
Uiefaee el R 8 S SHIUFGRSRAT IR UreTd are!, fard areid ured $/ma andrd:
° W(Selectivity)

a) g URfdces Rt o<t emyar o &1, ff Rdimeha wiee gof ymmen avafvar Rasa enfr
JaRd RIRETHST 719 7 <dT $Hdes T Hiec Yol YT FShide B,

b) w@a 30T e (Well-organized and efficient) el ot Ricifdeee 3ramatl, T, foddl hiee
DS QT 31T 7 3NesEdl A 30T Wiec aid STaad Aidhe ddHR IUSUIN Uad HR1d, TS
RIS FHHtd ol fdhar Sivdg! THaH SR ATal.

c) § 3t 3.1 A aRifaciean faRiy tiar Rdd=ar vet Urmre R a5+ St (single line
diagram) ¥e¥ TS WF Hd WS Wb, 7 TR oS Abhd Pt Tdd UlaR RIEH Tferde=an
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FARMIL Flhe SH T 3R, WS Ha® hiee Yol fqURT fShae R0 A gid. S=0
UHR, SR YdcAl I T9-9RaR Wiee 3TAT, TR $de hleeedl Jdld oldad s UM 10, 11,
12 31707 13 ITSA UIfgold. UIETd, ied g DHRUGNITS! SR DIUIde] S IuSa™ ReTan HiaT
T fepae Bied.

Rt Riciface &ma (selectivity) TE™ HRUIRITST, Y01 RIETHAT 3 WcaRH Si-Ae fauifoa
H0! B TH Ugd 3MTg. Sieg] Tl ARy haaed Wiee Adl, degl dhdes T Fi-veid Ifdbe s
IS AT, TS $Haes Hiee guf Gidhe fhaT JUDHIUN I Bid 3T IR Becaidbeq (healthy
circuits) TafRYd Igda. REH Trelia U= SAed [AUTTe ST, X

O TFRITHRE A

3Pl 3.1 HH 7 UIgdd TS Webd i, A=Al WCHRA AL BIg! YHIUNG gt Srdl. Sl
f3®roft GF TIae I SligRerd Biard, T &Fd SR Wiee  3Tell, R Blee ol faum fewpae
TRUIS] HTARID SR fhH SHxUe SIRd S S8 SIid. Tu7 SR 3Ry —9dl, TR
A AU AT Blee HIUATe! SNTIE T THAT SO ATHS DIVIATe! ShR IgSdll A9, Il
HRUTYS, AT F-HE Hlal AN S@Rad fGar ST,

o TS (Speed).

o R Wice guf faumT e foder daa fexm-ace SR1dl, are! HRO [Tyl e

a) T IUBUTHT SR TR 9 Briee By Hg- HRId AT, TR Jid THAM 813> Wb,

b) Rrdirmeia fYareme R e @lecomed Md] Ue 81d. SR Biee guf faumT daws fSxmae e
e, TR BiecHes U0 A HH! Glecsl UTdH T ATl 8¢ dHe X 10T REHaRId 9-vex )
S B el

c) B Wi R R Ushl YR Wiced gal, i TR THRAT BlecHE FUR gIUgw!
IR HHT B,

° ﬁﬁﬁ%ﬂ(Sensitivity).

a) B el yumeidt T SagufcT Hifect (actuating quantity) TeaTaRg! STURC GIoATH &HT T8,

b) fra=h AfRifefgct & e Bisae aTazg® ST &lve-TrieR 3Yea 1 3118, ST dl
i Y=l SRIA). 3RMUBR, 1 VA R 813 VA Reltar i ddaa=iia s,

c) ¥ vromelt HagT=iia srdt aRft SwaT I SuidhEH it HH! Flee-THiSR Y JeaidRe! SHiuRe
glsal.

o RATafaferdt (Reliability).

& o Rt gdfufia offRdta sk groard enrar smg. Remafaferd! Rar | e e
THTON SUHTAT 3 SHTFOT 3RTEY GTfical o RTehdl.

o FAfRARFE (Simplicity).

a2 Rty Treh srrdt Sl foa Hea— Wesl axal dsd. Ramafaferd! Riftardi=h
e SHIHEIM (Economy).

fafRTy YieaRM IS FaSdr Faid Hew@rel gcd Ul ShiHH! . Blgldes] UMl SER ol
ORI SIHESeT SRR 3d STl TSSIS U Sradaral arTd. MR, Wefdes faRe fhaa
TR U1 GATAT 5% U SR 4141, T, SiegT Wicfaees SR 3id A 3id (3l SFReR , T
TR TS gTel), degT i faaRiter Ramafaferd! murafed .
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3.2 af® f¥a efdfAtarsit: ( Basic Relay Terminology)
o Ticfdes® R (Protective Relay)

¥ T8 (Relay Time)

-39 (Pick Up)

fX¥e ®Ye (Reset Current)

HRC TS (Current Setting)

T AT AfeT @R (Plug Setting Multiplier)

TS AT Afee @R (Time Setting Multiplier)
. Wiefdesg & (Protective Relay)

EiLis-Bar

= e [ ] [ ] [ ] [ ] [ ]

Trip ool

it

——————

! &
=T Relay coil

Fig. 3.2 Protective Relay
Ref: Principles of Power System, Mehta V. K ; Rohit Mehta, S.Chand and Co.,Page n0.498

Tefdee R 8 3R IUBRUT T8 & Wiee TN T Biee guf Tesren Rdia= IaRd U
dTTcs HRUGTTS! Hihe sihd BT YR Rl Rl fa[d Aidbewmedia s uRfUd ddd safdgedd
HIfccIT (electrical quantities) TS MY, ST T IO Biee URIRRT e 3RIdTd. Wiee
3{Te. ATUH U fobar 31 Sifeciomeid daaigR, hiccd g 3iRdd, UHR 3T ®H Wicfdes
T gferd FHRaTd. ice My, Ko s feu afbean de smxuamre! &rf 1. arar uikomd
SHR IYSUATT 31T Wiee YuUi Aiched fS¥h-de Huard g,

fafky e Ffbe ot 3.2 AR axifad ofie. & it WAYUTATST 3-Wel RRTH=aT Ut Trord
AR e, Rl dfche Sieuite a9 YFTae fquTeH &dl S, [dhd, o 3

a) Ul YT e CFIBIERE! (C.T.) AT AEfeT 3fg, Sit Uicde dxiauredl arg—eal Rfored
SIS 3.

b) GERT YT C.T. Il Tahex] arafe 3for Rt SHuRfT Higardr seren 3R,

¢) TRy T fefthn wfdhe 3ime i TRt (a.c.) fdvar ST (d.c.) SR Il ATd TRl Hid, iche sl
feg @i 3o el WA dicdcy .

SIgT SR AISaRIe feig F aR QI Hfdbe Biell, degT s THYT ATEUIRT hie HIGHT YHTUI aTe.
qrges Rl s HiaT THIUITG e argdl, sardes Ral A dicdcy g He- e glal. arged
sod fou wfbe o 81d, W Afdhe sH Iusal M1 Biee guf favrmenr =g IdRka
HRTTURT 7S &l 3121 TR, Ra Afthe IusmRui=al JoHaIuRT Ram 3or Rdia=an FRmf
YRTI TH DHTHGTS! GHATd B,

2. @ T1EH (Relay Time): "R T H" UM 1Ye Rigamed TR fhal sea gedriar, Rem ward
fafR1y fobar HRUTMTE], S B Blicacy IUSUl fdbdl g R0, JrATST ARTURT ded. THE RS

Maharashtra State Board of Technical Education 32



Switchgear & Protection-315334 Rrafirer Sfor wieaRM-315334

BITTS! ANTUIRT 3o, RAe ZIvaTTd! ARTUIRT des fdhat waren fohdan faeie Suarardt anmomT ae
i JHTART 3L D,

3. fU®-3r0 ®¥e (Pick-up Current): 81 Rd wigardia df oo die 318, SR el fiuve givar
gard Fxdl. Sodd Ramdfta die Ue-om geamen HH s/, dudd Ra sifove gid AraT Sfor
ArgR Afd SR de fRUdia e, auift, SeT Ra dlsa dc [Us-30 qeagde! fdhar aga
4. e FRe (Reset Current): "R dHRe WU 3RT HRe WX ST Ulefaceg SUHRTT, o &t R
hieT GR TR ATedl HT, A19- SR Ry tRd Id. 71 3 faig 31me ford Wiefaeeg Iuaur
g1ge Wiee R RMYd AT ST Aidbed J51 T H& b,

d B
|

S0 75 000 185 15’3 175 200
% A"!zf\'

"ﬁ“ "m’h

ETTI_:ID

T vty I
Zl’-ﬂlalll"ﬂ e 7
il e leS e

Fig. 3.3 Current Setting
Ref: Principles of Power System, Mehta V. K ; Rohit Mehta, S.Chand and Co.,Page no.505

5. e AT (Current Setting): UH-310 He HIUATR! MARID oML FHEISTT B! DAl
SV 3. ITeTd e AT 3 TOrdd 30T § IHraa: Reran STiRfeT sigaadia <itomr amR
D G Bl WId. T 3MThal 3.3 HH GRITATHIU & fiear  STuTeiel 3drd. Wi foel Rt
PRI T WS IEAUITE RaFT dal. IS fewmasia cfd daaar snfor ufvomdt Raean
TR 3@ Taad. Td® cUdbs gad dhad o dic SABIHRH (C.T.) QUl-ars e
CFHARIA] Fdd Dol SIrdTd, sa1 C. 7.} Ral Jefid orralt. €1 9ot siRft Rl a=faard e R fews
fOpUaTy geard HRa 31T Aact fou wfbe &g Ha.
fU%-319 BT (Pick-up current) = C.T. T 3¢S Ydex] e (Rated secondary current of C.T.) * e
T (Current setting)
SCTERUNY, THO &1 SfiegRae el , SaTel de YT 125% 3T, T 400/5 T HRC CABIHRGR U]
T Gihed SISadl 3. C.T. A1 3T Yl e 5 AfRISRf 31Tg.
BU, [U%-310 TG 5 A &l 25% SR 3RId, U 5 * 1.25 = 6.25 A. a1 3 31 $t, I e
TR, Rl UI&Td 6.25 A 3T fhal ATgH S1fid Ral hiad deciol JTRE giad.
fiERHe RAWST HC WHT AT AR 50% o 200% T 25% T TRHE SR AT 312
oot REATST 10% o 70% T 10% 2T WRHL ST, AT RIS Hee AT ot TRz
HicbcHeiid Sl G (jaws) TP TU GegaR W TTH- U et ST,
6. WT-|feT AfEWRR (Plug Setting Multiplier- P.S.M.) : 81 Ra ®isaddid Wiee dicd fUe-
30 PR 3 U 3T, TUoT:
P.s.M. = (Rd BIsardid Bice Be) /((UH-310 F<)

= Ral PrsaHed Wice B/ C.T. ATICS Y es! B
3aTeRuMY, T T Ra 400/5 e TIHIHRAT SISdT 3178 ST 150% aR e dhardl 3178, 2400 A
T UIIER] thled BhRedg, WH-YicH Afct kR T W TeyHT0 el $iig; Qb
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fO%-310 g (Pick-up value) = C.T. ATICE bS] HRc (Rated secondary current of C.T.) * HRc AT
(Current setting) =5*15=75A

el BIgerdel tiee BHRC (Fault current in relay coil) = 2400 * (5/400) = 30 A

PSM = (30/7.5) = 4

7. TT3H-AfET AfTWTAR (Time-Setting Multiplier - TMS)

7 Tirme
=1 muitiplier

Ref: Principles of Power System, Mehta V. K ; Rohit Mehta, S.Chand and Co.,Page no.506

foTe Imraa: AT Sl 9o JHTAIS BRUANIS! FUA0 UM o SIid. § JHRSH ergd-aieT
Afec R U 3iicdwd Sid. TSH-UfeT S/d 0 d 1 Tdd 0.05 Yhaial WA Hidise dhaar
3 (STl 3.4 TET). Bl HMMBSAR! TSH/P.S.M. FaHYyd fHesaaied dovdl ardidd SHuRfT dosd
EUART HROINTS! IO SUIR Afee Wy 3Med. 3R UHR, SR CRA Ul 0.1 3R™d 3Afor
CIQH/P.S.M. aﬁcﬂf?ﬁ BT 9 3 Yahg 3d, dR dRAdD Ral TR 95 (actual relay operating
time)=3*0.1=0.3 Jdha.

3aTeRunY, THT SR Raqd , vl d fxmaan Rae RyduRE  fo=an fUwem Rydiwdiaan
YA YHTUT UG e HaEd bal Sid. & U] gaddl JUI=T SdRe gl (movable backstop)
Ryl THrRISHIER e ot ST, St fSeadn Uar Fifd o=l SHfoT drges Wiee dicdl fede
TArd! R A/ Bicacy d¢ dHRd AT d3d 9ad dal. U adihidd "ersy SIa JaH Jd-
QTSI Wherg & THRISH U Hdl. IR ardided ded TIgH AT Afecworer Rer=an
TIRH/P.S.M. B fHesTeredt des- U Hioial i,

3.3 saacmife® fave R, yvia A, shiew Tiee v, sitez #ie, o wiee Ra: sy
3for @it afdred (Electromagnetic disc relay, Thermal relay, over voltage relay, Over
current, Earth fault relay: Operation and its characteristics.)

3.3.1 sadeHAfe® f&%h A (Electromagnetic Disc Relay)

i) T Td E-3MHRIET Sade e 30T U-3ThRTE 3aaciHie 3R, SIrATHed U fete Thrugrmd
THed! 3Yd. IaacHicgr A e wRmda B fsxaaie g Hicgr HAf e
TRIGTHeS YT Bid, ST GIF ideaso! fie XfeRe-4 3NfiT 8ae—T 3Med.

ii) E-THRTA SAdeI AT G drsfet S drd: TRl 11 Ydhe]. UraeRt die Ral e 11 g
!, R Fhe ARSI U-SHTHRIAT SAde AR 3.

iii) UTER] AISfST el e 11 918 Ad, R et HRc bS] emf YR HRdl 0T AMges AT
HC 12 TRl E-SHHRI HicHe Tl o1 URd Bidl, 30T U- SR HicHe) i o URa
B, I ST WTerea HifewrHe ORd JTeial & Teia 317Tat 0 3 Thored) et 3T, ST femaR
D1 sind T THTUNT TP AT €l [adHRId BIgl.

iv) Rere Fafd Aewar dfrea Bure dfd &1 Jaest afet dfdhe SugH fdhar dg oed Hifid Fa
SIS M. SR Jhes! defeT Iusdl e, TR HIUAIR! i [AdbRId SIVIR gl ST arge Kt
fAfspa Far oms, Adbd.
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Relay
66—k é_. ?ffgﬂ- =" Seeandary
> = |

o—4 = B ol

] i
I 1]

Totrip

§ CireLilt

N
ml

Fig . 3.5 Electromagnetic disc relay
Ref: Principles of Power System, Mehta V. K ; Rohit Mehta, S.Chand and Co.,Page no.509

3.3.2 yHa Ra (Thermal Relay)

Bimetallic

/ Strip

Relay Con!V

—| Heating
— Coil
To Trip —FTO T
Circuit | ¥ b

Spring

Insulated
Contact Arm

Fig. 3.6 Thermal relay
Ref: https://circuitglobe.com/thermal-relay.html

e Yol B 3R IUSHRUN WU URHINT el offd o SR e o Reureid HTdzar SRaHT YRRl &Rl
qTIR e SfigRae URIYdT Fed. uHd el araefsd Reud TR & B HRd, SaTes < aidhd
SATFOT AT SU Bicdey sg B, Fihe SHAl TR HRd.ATd YT Seiel SIaHeiad ReU 3RId
Wi YRR (coefficients of expansion) fHa SRIdId, T SITST Higd ST Hicaed SR, YHA
R SfigRars MCaRMNIS IR SidTd, faRivd: gafacs Alecared , Y d HH-gedran siaraedd
Tt TTesdTd. TRl g1 WHUiET Uh gayd JUIeH 3flg. ovTaied dTqHed YU U=RUM (linear
expansion) & 3 3RIATd. SACfi® fCU TR HTedTaR aTdhd HRUT GIH UTdd TR0 & T 3.
i e S ad « e Rl T aRia--THg dboed OreHTaR Sade B o, YHd Rerd Zayd
B I 3 3T 1, Sieg] R SR aTg- AU §ifcHT Higargk dIaHC a® U TRA 8,
T ot aTdhd ST AT U9 Blcacy 8¢ HRd.

i el a1 U i 3R, feU ardhd, NO ®icae &g gid! saTe Yac] Uohe sl eU higd
Soliar B,

JUIAT UHTG (heating effect) dTebTe 4], Sal IV AR (Joule’s law of heating), fAHATOT

eIl ST THTOT (amount of heat generated) &
Heat Generated=I"2xRxt

Y, | i e gifeT Hisaned aTeUIRT SligRac aRiad!. R e digadl faR[d Yered 3%, t
I BISeTHYH PHC | TGUARITS] TRTUIRT 45 318, UL, Iiet FHIBRUNGREH & W BId &1, Hiscigi
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fAHTOr BIOMRY IWIAT ST do5d 3fiegRebRe PIsaHeT dlgdl T dodedl 4 YHIUNT 3¥d. TS YHa
e STRRAHE SR Pl fadd g,

3.3.3 3R gieed Rd (Over Voltage Relay)

iggleesl R 7 Saffedd RIKHAD MR I @lecd Uldedtal YaIdiagd Yiea’H
SUGTTST TARISD ST &P HRd. d BlecTaRSAT Tehid Jad FRIE0 HRATd ST dibTarid
Ry foors Trevamrd! afen JRIid dauiar o &1 feftht dfdhe somdar s/adey s/ard. Ral
ERGIeedl geAges U R i HRugr WreM UeM & Idard, SIHe SUSHRUTAT Bl s
YA JS HIUAMIS] ST T e Uraaa ST, § gafdede RIAT JoHaH <red,
3T UHR RTo=an Suaundl QRigar sifor srafed dioqrasT fadsia exvard fodt Remagad ar
T3 bR, Sgddar, TrgeT , AT 3ty IfEiie $extr-uye U Elees ToigHos THTIA
3.3.4 3ft@¥de f¥a (Overcurrent Relay)

Current Control
Relay under test
! Clock Step
]
]
i

Matzhing Clock Start
Transformr 00—
Starting
contactor
i ':l: Auxiliary Supply
f—

Pushbutton®

Fig. 3.7 (Overcurrent Relay)
Ref: https://electricalworkbook.com/overcurrent-relay/

3igRapie Rl RIEAET SR S DHRETUNH WCaR U] SaldeR 8. § Saidedhd IUDR0l
UG HXdl. SR BT BRI1AP J5UTS] IRNTE & eguel aledl, ar Rl ot R uredd ot afdbeen wfed
B, IS Fibe YA THTE Wiee Yol UFUREA 375 Bisd. § MiShadd & Sramae,
fiEgRTe ST A S-SR foars arye fafay e foersir ey Yedrd. Tl USR]
fRRaAT IRgUaTd SfYT T feeTs SHAUATIRE IRGUATd He<dqul THTd IS,

3.3.5 31 Wiee A (Earth Fault Relay)

AL, Supply

CTs
; ——% 5 fLaS— v
vy v /7 B
FZ ? |1, =FI
Neutral | Stabilising

CTs J | Resistor
] &’l B +—L— Earth
] Fault Relay

Fig No. 3.8 Earth Fault Relay
Ref: https://smartshop.lk-ea.com/blog-articles/post/earth-fault-protection-types

Maharashtra State Board of Technical Education 36


https://electricalworkbook.com/overcurrent-relay/
https://smartshop.lk-ea.com/blog-articles/post/earth-fault-protection-types

Switchgear & Protection-315334 Rrafirer Sfor wieaRM-315334

31 e RA § 3ofdeerd RKTAE BlecquRT WedRH SUTRTS! ariRd Sid, SaTd GedTargd
Sdfacd Aidbeudd gedd fhal Sieaa! fRU 3RId. § e MYTTER Afhe TSd HRd, TS
JUHRUTY JHAM, faord ydds 31 3T ANTON a1 JHHET R S1d. 31 Wiee Rowe Has®
QST T 3R, T8, U1 TR T Hewaqul i fIRva: 3 el §1d &1, Safaed een 3’
HH-ad UITHS ORI FTT HHIAHH! glsd. o 3 Wiee Nl i srRivumeae 3t age
TR ST, TR AR BHHI leg Hredl A Sdhe AMYTITAR TR SRITd, 301 Adedr YohR Higdr
3.4 Wi, feforea fra ATHITRIER nuTie): =ATe ST, SRV, wrae TfoT Aatar.
?{ﬂﬁﬁﬁﬁ: uf¥=rg (Static, Digital Relay (Microprocessor based): Block diagram, working,
advantages and limitations. Numerical relay: Introduction)

3.4.1 E"ﬁﬁ?ﬁﬁ(Static Relay)

wfew Rerar ile s QT aRIfadn 3ife. a1 sdie SAuHaa Tfew Raa gehie TJia:
fdewrR , SffRawm, sidt gie onftr e A Sfdear THaw oife. 39, Reen AT Sfdhend
ded fecaer , o e TN SfRdeys T holReHT dhukeydl JHIAT 3TE.

Tramsmision Line
Currenl Transfarmer
el
Potenial Trassiormer
Farlsr = Do
Rectifier W enrmrim Llait = AREITT :'_.h; Cuipatt Device Bl

DC Bapphy

Fig No. 3.9 Static Relay
Ref: https://circuitglobe.com/static-relay.html

R Db SEEMHAL , TATHRH Tz AT B bRl (CT) fdhar tielRrd erawidRar (PT)
SIEdd 3Md, UG CAHRM @s- (transmission line) CT/PT @ 3AYC UGH ®Rd.@c
ST IR 3T3CYE aehIIRAT 3Yc UM fad i1d, ST $-99¢ AC Riuaar be Ruemed waiaikd
Fdl. 81 DC Rwa Reren aeie giear faan o, 39l gie Ra Tfew Ra Rdtamdia wafa
g $ $Rd, o A fScdeRgR  $Yc Ruerdt Uldes! QYA offor affvie e STR==
FROINTS! HReHgR Ruadt Ay 3nfir ol Jeaicd . a1 RaAed gF UHRd Huked
TR STAT: STRAeS ST thol HhuRed . SIRdes huvexd T8 B 3¢ Rigadt AU qa-r
oI gfcd 3m3eyc SifRahrRe fad Sird, o R 4Rregg dieaaq for d $ii/dl fesaa (o/p
device) THTRA #Xd. AP 7 SRRY KU Sisaal d@dHe Id, SUHE o dlhe sdx ¢
B, SRABTRT RIS, Ferean Asiia giear snfor s/t fsg=ae (o/p device) sffafvad
DC IWITad! STaRIHdT 3d. TS 8T Wiedh Reral T dlel 3e.

o Wiew e afd fAfRAue (Static Relay Working Principle)

iewm Raa SRV, Fauud Hc bR (CT) fdhal UIeRid erawiiR (PT) SRIHRM
ATSIh g 3TYC Blecol/dHc RIUd Ul ST al AfGchaRe dl. AR, T IaehIR AC Rirera DC
A&l geadl ST g1 DC R Rar= (relay) AR gfHea faar S, ofrar, 8 s gfe $qe Rt
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gides! fiedd, AR o Ao gHcatd Suas duveys R HRrgg 3o ol gan
FR. BT HUCX $7YC RAUd Wiee YUl 318 BT 16! & H12d HIUIMTS] ATE! gal DRl AR, 8T
SfRAHR R Ao argddl 3for fog eisaar Afda Hruarrdt dl 3i/dt feg=ae (o/p device)
TT3dd!, SIolde- Hidhe S foU gad.

o Tfed o™ WS (Advantages of Static Relays)

2) B R QU v wfasre dma, sard Raaed , s, <Y ogs 3Ryd 3M1foT d Xy SR,
b) & R GU HHI UlaR aToRATa.

¢) TTd HIUMIG! YA RSl THT 9.

d) I1UHR Rl 39Ye Ruaan SiRawr #xdrd, sare I dag=iadT drad.

e) TSP iUt Trerar HHT 3R,

f) 1 RHS THAT SR SR J(Re—4 SRIAl, AT d YHUudul TR TS B B K.
) T HH U AR,

h) T UfqTE ded U Sidlg 3R,

i) TTYHR R Aiep 0T FSERIAT e~ g,

j) e RO 9@ |u Sdg 3R,

k) O 3 SdhIBMTS BT BN,

) ?rqqao‘nﬁ UiaR aTaRdTd 31101 Yahex DC AWITIHYT (secondary dc supply) JiaR odrd

o e R¥ad di¢ (Disadvantages of Static Relays)

a) I1 RAH qTRAA Ued FAdeReled [Swamidl 3dd YaaT=id Srdrd, Sardm 3 aref daled]
THIAE YIS SAdCH BC BIdl. AT, UeHIaR [ARIY EHTA HTIRIH 3G S0+ SAdE R Ch
f&zarorar aRum gIomR e,

b) 1 RAR Id Fleeo! Forqdl  Tgol UNRUMH Bidl. TS, Bleeol WIS  BIUR I
TS UYTT WeRGR! YUl 1A 3G

o) Rera S g Afcheaed IR gehia Hadq 3.

d) 1 RO SNGRATST &Har vt 3.

¢) SAdgHAfed Rer=ar gad g1 el 3idid TN S,

f) o7 Rt aHT TR SehR-ades Tgol UHTad gid.

g) B Rleol CIUceT g 3.

hy a1 ReAed IR Som= Sidsaer IuHUNT dkred S & S1vs, <Ifare? 3dIe!, daraHH
AT SIATRM Feadrd.

iy 1 el Remafaferdt ger@ s a8 gehioR Sl i SIS uitar Sfadier 3.

j) SATMG e Redl Jad a1 RaHed S qE-rgH SNERas efdl 3.

k) Gedhil BIAARM IT R TIRRMaR. T8l URUMH 813 b,

) o7 R SRR 3T gew = Hobiiebd SRS Aaffad SR,

m) § A% HRUMTS! dF] AT,

3.4.2 f&forea Ra @raspIviG=R smenfe) (Digital Relay (Microprocessor based)

TSl Thd AT (LSI) T SIag [deTages, AT ST See ATsh TR STl Sudsd
TR, MYFAH fed Aaa Uiar RIS Aeaai Sidg dIgIHes, Sidg, 3 Tl Raged Uiefaee
OIS 3TIRTH 3MTed. HIAh IR TR f$foea Ra gior aiak RdiH dicarm e if¥aiiis
QBT B 3Med HRUI AT ATHYS Bl S0 dafIdbdl Gard. &1 el gea=r YeR i Te
HH FRAT. -, FAEAN ARITRR |, SHAN-TSEd (A/ID) F@X , Bleed HUeH AU
TR Ufeicy aTReH U Sexthd [aahiRId ol 11el 3iTg, St fafay gerean ot afkiee ugH &,
S @1 Sfthic orsd Ral, 3agu-ared Sfiegrae ol el dhiked 31for Regd drar Rl sard!.
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| =+ ANALOG
AD DIGITAL
INPUTS INPUT =t - e
2 emsl SYSTEM CONVERTER PROCESSOR 10 TRIPPING
DEVICE
CONTROLAND
DATAQUTPUTS

Fig No. 3.10 Digital Relay (Microprocessor based)
Ref: https://www.eeeguide.com/microprocessor-based-digital-relay-block-diagram/

OeR RICHHYT CTs 31O PTs GR UK GIom=T -t AC SifeciomT Udhrd dat fdhdl HHM 31fddh
o5 SR (Ufd IrIh 4 o 32 TH) T bl S, AR, T A/D Fgeg fSioled Teura
FUIARd el STdrd o1 f$fied URRe e gxaiaiRd e Sirdid. f&fled Ric dles WheR
BIRE] (coded square pulses) ¥dUTd AT, S fewpic Se1 a=faam. g o It WU
H! SO AR 3M3eye fegreaan few s e fufor sHrugrn fAufg o,

o HIHIMNER JTuTiRa f&fored fRad w1ag (Advantages of Microprocessor Based Digital
Relay):

ARH TR eid fSfored Rere eMd Brae $igd. CTs S PTs O il GO HH! o SR,
Tifed S¥eye SMaedl USR-TT qTue YRR eresdl Ud. d RT@IaR WqJ SR, SgdHuut
3T R fodadT Side TdH Ufshdl e [hdld 0T d UeRid &% Ydhdid. el TRmiad
RIS |  Safdedrd UlaR o MeaRHd AT YHIUNER aiiRd SIS, Yebdrd. e, te
AR IR e 3Hd RIETHd RO S HRUaN & 3R Hhd.

AR Ra st siftre Ramaaa onftr JRiéa smed SR d g ey groargdf fbar
fou gIvary sraRr Juargdl aTRG At f[TaTSag Ide B AHdd. aulfl, ARhIMRRAT &7l
JUTETIRA G TR s urfgs! Siftr <a1 REHAYT &1 I dheid wiee [Hesd, T Sff
U IR ST

o HTTHIMER 3meria f3fored Ra=ar wafer (Limitation of Microprocessor Based Digital
Relay):

fHd (Cost): AIHIIRIR-SMUTRA Rt IR fhad S SddcidbHea fdar Wieew =
RIS SR 3RId. § I SIS IR SRIcied UId R 301 gewiges gid.

a) Sfead : feforea Raudta Tfarjd Aiocdsr 3Nl SIEdSRYS T THAIE HRUT AT it
U HRO! e 813 Wehd. TR TR 7 Hed TS ST T alg Adbdl 3for
SI3ICIZH B3 Xdhdl,

b) ATed3R 3Tfor BTSA3R VLT (Software and Hardware Vulnerabilities): fSfored fral Titredsr afir
BTSASRAR AT A, of T, T 10T JRIeR Goedi =l do! Ug Xehdld. A1 NIdige 3uiea
¢) UTaR 3{Icifad : ATTHINRRR-MUTRG KA HTd HRUarITSt a1l UlaR WIdi! aRgehdT 3,
ST o UlaR T3CSTdl SRRI&T & bhdId. Dlal Fduiged, didids h3fd Uiak T 3
SN, TR o ST [epTH! gIodTe el 3d.

d) SEUTA SHTIOT DHiersRH : f$fSed Ram s 3for Reed siTReH gFRfdd sxvaret sHaar
Al YT |, HITERA ST BHIASR SRId- SHTaRa® S, aTge THUT AR Td  31fur
Sfeddr arg Kb
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e) ISRYRIEdd SrdiA fefored Reeit Aead Hfdefed 3nfr Ser TR emdr IiFT IrEeR
gocdid A&d S b dTd. IT R JraeR DeaiuRE WcaRH SUarITa! fa=iy JRem Iurg il oired
TS TG,

f) SaacUfed dulcfafact (EMC) : SR f&fSTed daM Ima=aa: SHTaUen S sarsl-aRférd
I T, I SAGeAeD Blegedl SRAUM CTSUUNIS! HIhINRER-SURd Kol EMC
fIaRTd O3 fSSgH HRUI 3a=T® 3%

g) Taffed TRRT &t : fSftiea Remed arRer STom= ARsITRRRAeE gARGa Raan gad
h) SO feftimt Treadr « St aIa: Ramed oid @), fefea femsd gities gaxuigs
AIFEd3R §79 , GIEdsR Ml fahar SaR MUfed wHiges Suférd fieft srua 3% 2.

34.2 qﬁﬁﬁﬁﬁ(Numerical Relay):

SCISaRIL:

JARed Ra g Wiew 3 gaaciics Red f[awRid ey 3ied. d o3Td Th JUSHRUl 3T of
afagdhd Acabadia fag[d URTHIcH HISUATITa! aToRe SiTd S0l T ARG semed wuiaRd
R, Sl Fafacdhd Headbdl foU HRugTE o Suardt T SfoT difvied faewoITg S,
ARG e T I Safaedhd "eddhdl U hice HICURA WICaRM Ul 315, gHRS
e e Jgg! aRtreaige WU fad S, Thd gaRead R #ie , @eed , The-t, sffie
er2H |, hyc e3H AT 3Hd WRHeHd FRIEU H& Wbl ST did Ra iR &ie | e
AR, fEHRT BT SO IR b Wiecyd faRayor Jfor FAR1a0r Hrugrrd! aTaRe ST, e,

Micioprocessor
= or DSP
NC SR AD

“ Al .;@emaz}; CB Status
: ~ OpendClose
Registors —
of ke &D

VT -

Fig No. 3.11 Numerical Relay
Ref: https://archive.nptel.ac.in/content/storage2/courses/108101039/Module-1/Lec-1/Sec-1.1/1.1 7.html

3.5 feeafagn - UfRyua (Principle)

o &y firar se=g e afdr ffRrue : (Working Principle of Distance or Impedance
Relay):

e o &1 W 3. d UICRId TRIhIARHAYT Te @lecs TierHe ST e SahIHRAY
TP Hc Ulede arRa. Rad! forar R eles onftr fEuifae el aieardia SqerTer sface 3.
o AU fdvg Wiee HSIF (Normal vs. Fault Conditions) : I URRYAT , fReifiT efdh
fSwRifacT clbuen JRa 3Rdl, SHes R MfSha I8l Biecal aX:M, dgddl Hec ST HH
A Blees § Yo deadrd, saTde Ko & dicdcd g He ihd Bial. 3= UHR, Reid S
TSGR , WU Flees d He UIRIgR Fufia Fe .

o UfdegeE AT (Activation Threshold): @lees d HRe ONTR  fhal e, qaHuiRd
TTO&T FHH e s Rod Ffohd gl 8 IHaa: SRR drRasia fafRry, gdfetia
SRS Wiee T=iad, HRUI AT TS~ o dieedT JHIUNd 3Rl
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1.2 STEYEREA RA (Directional relay) : TR 3MfOT HRIVUME sATH SIS (Need and

operation with block diagram.)

e TSl (Need):

Sofdca RS Uik T fa=m FfYd SRuarre! saxae siied, ST SR arg- 3for
JUFRUNT Ricifaeeg WeaRM AF BId. d lee Hrcd! [GRIT SNBHUIRITS! HRe ST glecorHed ol
ST o1 e BT BRI,

Potential Cail

| . ‘
From f__
BT ﬁl ! To
| - | Trip Circuit

i "“Iq.
Gl | i Current
& Coil

Fig No. 3.12 Directional Relay
Ref: https://electricallab.in/power-system-protection-and-switchgear-lab/directional-over-current-relay/

o B'IWFI(Operation)

A CTs 30T PTs TG SIHH FHee ST Flees fyerd Jdd (L0 B!, § SFABIER  Rd BTda
(bl AT FToTd! TRIIAT BT ST Fleeord! UIaed! HH! BRI R B AT Gleeo! Rrerean
BT 3f T o1 HRll. Hec SN BlecoH e d bl HaRH Jud, Ral Safdedha afberdia aiax
T fezn Fufia o wodl oty tefied  snft dfvrear setia, Ra #e T gfwsd faar
favg a7 3R B 3Xad). SR WIMId euigaR Pc BRAs ¥ a1gd 3, R d JH 3TIREH
Z2faa. quift, SR Fie favg YA argd orid fbar yafRefiva dxiicsten 9Ra sRiw, S fyars
gfed gidl, TR Rl ufdeuTeas Sriare] HRdl. SagT SIeNaRHd Ko hiee fdhal fa-rHd (U =,
dgT df Rt wiee qul geaRit Siededr dide sl fou Rua dreadl. § Ued JHnRd
ATl R IdRd U IR a1 &_d, ST ISR JhYH eresdl ad 31T 3afacdhd
Aeqdhd! fRRaT foT GRfaraar e gia.

3.7 FIc ATV Fieeo fSHIR™a RA: FRIWUME (Current and Voltage differential relay:
Operation)

o e FEHIRM™ R (Current differential Relay)

81 RO SrIh IERIREHT Wicacies SUHRUNT Ta=T HRUMT T STeR TS UMl Hrcd! gl bRdl. dl
Tl HeHd DHIUATE! B !, Sl sed Wiee GRIadl. AHT:, 3T JUMR 30T STeR SR Hie
A SRIATd, oS Ral 3TORE §id ATe!. AU, Sed hiee ! GFM, § B Ao d giald. Rl &
HIC TR YT AT Blee Yol SUBRUNAT 376 HRUINITS! Aiehe sdhral fod &l
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Protected Zone Protected Zone
8. g B g g H
A Iy It S HA L e it
. i v o b ' | 11K v R 111
Hi | ' | L
a1 |
: i | ?F
n 12 l |
— — . 2,
1 Rilay Relay
.m {_ﬂ -n-mgo l | col
Normal and External Internal Fault Conditions
Fault Conditions

Fig No. 3.13 Current differential Relay
Ref: https://www.electricaldeck.com/2021/09/differential-relay-and-its-types

o Fleew da-g fSHIRAT Ra (Voltage Balance Differential Relay)

BT UDR SRCX ATg[STRIREAT Mcac g SUBRUITAT Gl STl Glecord! ga-l Hrdl. § &lecs] edld
T STRd P! THHBIN Tor ST6R 3Med § durd. ReHe gF Hec CahIHR drsfeiTal shedd
ST, e IR alFet CTs GR Ao @lecsl THH SRIdTd, ATHes Rera SaRfET disaned
DIUIATG! HRC ATgd ATel. T Blecdl G Glees (HH BIdld. 8 sglecsl i Rer<dl STRICT
DISAAL PR HHIU B, S d fed gial.

e WAiternator] -
| G | Winding o
bl '] vy UL v
il 12
IRy oreratngl
Sl coiitiiing

Fig No. 3.14 Voltage Balance Differential Relay
Ref: https://www.elprocus.com/differential-relay/

T (Exercise)

1. Uiefdeeg Rt <ft deferd <ism s &1

2. TR Rcaaeia fadiedn Ser=n sy Rl ergd daageice o,

3. fedean vt faee e wrfvund= STavmE WEieu o,

4. e Hfes fete Ra, yHd R, iR @leed R, SieR e, 31 wiee Ral: afdh ofor <t
CIRISE R

5. SI&OIQI"M ﬂﬁ‘li\ﬂ 3ﬂﬁf dig’ﬂl ®Q’1Tq7 SIOUMHAE WY h]

6. AP TQRIH TS T U faees R fRas o1 3for e Iwda 3.
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e ureugTa® (Reference Books):
1. Rao.Sunil S. Switchgear and Protection Khanna Publishers, New Delhi, 2015 ISBN: 978-93-

87394-72-8

2. Gupta. J. B. Switchgear and Protection S. K. Kataria and Sons, New Delhi, 2015ISBN: 978-93-
5014-372-8.

3. Singh, R. P. PHI Learning, New Delhi,2015 ISBN: 978-81-203-3660-5.

ATfgdt HHawuss (Information Websites):
1. https://nptel.ac.in/courses/108101039

2. https://www.electricaltechnology.org/
3. https://www.elecspare.com
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gfie - 4
(Protection of Alternators, Motors, Transformers, Busbars and Transmission
lines)

fawa fArso=it (Course Outcomes) (CO)

(Use suitable protection schemes for alternators, motors, transformers, busbars and transmission
lines)

fawg frord RieR g umt f¥sr af i fAsa=ft (Theory Learning Outcomes (TLO)

Aligned to Course Outcomes (CO))

4.1 feorea q=iH e WieeT! (faults) HIROT STIOT IUTGAISHT (remedies) TUM BRI

(Describe the causes and remedies of the given faults in the specified machine)

4.2 el O=iiH=am UieaR aieHT (protection schemes) TGS (sketches) TE B,
(Explain with sketches the given protection schemes of the specified machine)

4.3 fediedn sfeex-exan WRférd arsf$eh (winding protected) TadbdRT (percentage) HTal.

(Calculate percentage of winding protected for the specified alternator)

4.4 fEQ TRIWHIER TieaRM Aieid (transformer protection scheme) Tiet RS (CT ratio) PHTaT.
(Calculate CT ratio of the specified transformer protection scheme)

4.5 SR (busbar) TOT SFATRM ATe-Hd (transmission line) f&Ted Biece (faults) HRUT TIOT
JUTAISHT (remedies) TIY .

(Explain the causes and remedies of the given faults in the busbar and transmission line)

4.1 EIASTHAA (Alternator) SGauNR TaATHAIET (Abnormalities) ATfOT Bieed (Faults)

e Abnormalities and Faults occurring in alternator

a) UTSH-Hegl BhegaR (Failure of Prime-Mover)

b) Bicedl Beg3R (Failure of Field)

c) 3flgR®C (Overcurrent)

d) iR e (Overvoltage)

e) 3fiEIWTS (Overspeed)

f) 3FA=S AlfeT (Unbalanced Loading)

g) TR AS[ST WiecH (Stator Winding Faults)

4.2 FEwiRma , sitgedie, 3rd wiee WG : TISHT (Differential, Overcurrent , Earth fault
Protection: Schemes)

421 3eeeR : fEBIRE WeaRM (Alternator : Differential Protection)
OfRradeR e 3iTe. AT UICaR iod, TRI&T YR G Cldbiasid drcre gerl shal SiTd. JrET=d
HTRFCT HSTHe, § Hc THM SR, U WRIAd HRTd Wiee AN d STAM §hs Adhdld.
WieT HISTTHE BRI TR R RIS HIsaH Sed RIT TTRIT et o, AR, Ral
I Bicdcy d¢ Hdl, ST IR U RIETAUREA I7@T gidl. a1 UeReAT UicaRe A-Ursy
TeJdfeT dHie WhIH (Merz-Price circulating current scheme) 38! T8UKTd.

WhIHfe® 3RWHeE (Schematic arrangement): 3Tt 4.1 d1-Bol SFREITIS!T e fSHREAA
SFIGIHR SISl CT1 30T CT2 ST SIAId. He SFRIBIERA] Ud® Jard! ddhed] TRAH
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(currents) TFRIcIC BIUTTTS! Th Waai= AT SR,
Allernator
CT, :— ------- 1| CT.
__r.g\ : "Uﬂ'ie'ﬂ'fﬂi : |T;“|_ R
P i i i B ) 't \
1
: 1 !
=y ; N ] B
Earthing DS ]
resistance Pilots (P}
| : ! "
) ' : Neutral
: ; fTﬂ trip circuit

Fig. 4.1 Differential Protection
Ref: Principles of Power System, Mehta V. K ; Rohit Mehta, S.Chand and Co.,Page no.524

A Pl TRAD Sedd S, Tl Ygd Trse PHRe-cIhIH HiF- geadl Srgadl SRdr
3107 ST Alb SeR <1 UReieqUes ! TABIE Shisad! SRIdTd. YA B CRIh IR do (HR)
TJIE 3a grrel, Raw dF ude aRie 3f@ueRud ke Siedd sard Sifr g
U Ulgey AuRiG Rl Idce arae<l AeHTT fYd srdia. e Immad: Saaeifies
PRI lee (fUTS) T felden dadx g obal el UTfgol.

SHTORR :- 3Tcll 4.1 (UTETER 3 WE Bid 1 Raret Tdd TRIATET UTY=T IeHA Shsad 3Hed.
e, 3N 4.1 AT Aldbe 3T 4.2 AeD S A WU gRaadl Id.

R TR HieTTHd, TS aRfSTTAT Glgl clbiasd Hec THH 3dl. URUMH, SIvrg!
Hoe Seaedl GH CTs T ShSxoHed Hec GuId THM 3{dl. AT, Tdc IiHas §a~s
TR e PHRied gl 0T Rerora TR HigeHeT (R1, R2 30T R3) HIVMTE! HRc a8
.

IR, SiegT 37-Wiee bl Thol-g-Uhel Whiee BIdl, gl o Agfard U foasd. 3= 9, Rl Afcvered

RRCTHIRA 77 Fdl.

CT, CT,
— O [ T oo b
— OO e B
Relay
coils R SR2 5 Ra
-+

Fig. 4.2
Ref: Principles of Power System, Mehta V. K ; Rohit Mehta, S.Chand and Co., Page no.525
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422 3T AGIHICE WeaR W ( Alternator: Overcurrent Protection Scheme)

g U aiRfET ggavHw it fyureme fhar v Rdimedia sieraede usd.
TS SGRDHIC UICa- SIS AN SiTd, AT BTg! HRU WO

o YD TTUIIR, Sfee3-c? YU I Sed e~ Joids (SR ohdl SiTard, Soide o iR
3eeAeR Hg3icil fewapide Tl AdTd.

o 3T MEGRAIS WCHRM ATURUGTE dieT 8T 38 B, 3 UICHRM Wicalgd gl dlgial
3Squiiges 3ee-erdl UldaR Wiic S fe¥hde H& Yhd U AMes Saifdedh Haal Arady e
3fgycs] AT B Tebl.

4.2.3 3eeAer: 3 wiee U= WA ( Alternator: Earth Fault Protection Scheme)

ST, S, TR U Fard Agl-Usy FRfAfeT sie NRud arRo! ey gid ATel, SR Udd bl
RIS g d HRMAL HTTID HC B SHIUANIS! HIUTa! Ao d. =1 IR,
$I% S 3rf-WleT IR Wb 1T AR B 3-Thi e TURA UIcaR Y& B0l GR& ATd Sild.
B W Tol-g-ol Wlec U TR 3d ATel, shudd o rf-wiecaned fasfid gid ieid, s &t
RIECIERRERSRINES

WHIfed sRuHe (Schematic Arrangement): &Wﬁ 4.3 Mol 3feeeTrd! das 3d-wiee
MR TS AISUN GRiad. aTd - g+ Hee CIhIHR 3dld, Ydd bhorred Th S3aadl
3, ST Hahasiel Sfeei-exd R Uieedl AU ST He  Fexmeia UhT PC
ST THRHT Y SRIa TR SiSdd SRIdNd. CRIh ARl Ydhesiodl Uh ol Siigadn SRadl. 3
e TURI WICaRM ged 0T A HRe C-Ih IRl G AR Faifed Srd.

TR AT 31 Wiee Mea=— (Operation of Earth Fault Protection) :-

T A1 URTYT, Yoo aRAENT B Y SR T LA HRC SFABIHRG! Yeb Sl Rardll HIoarg!
FNC T Hd el

SR TRI&T =T S8R, F2 39 3id-hlee 0T e, @R Sfeer-1exan eii-edaridl heed! axiel ggd
FARMAYT Hclde! 3Rd. A RHY HIUdTG! Hc aled e,

SI@T F1 3y fdhar Wiga FH 3if-Wice gidl, AT § HIC JAM gd Aeid. 3= IR,
EHIRa wie Reram STRiAT Hisarayd Hifed gidl. dMdR R dTd Bicacy 8¢ Hdl, SaTdes
3feeer RIAURE fexpaae gial.

_ Altemator_ cT

Pran
N g I §

CT 2 .

; 7 =
-------- : Z

—ih

(1

Earihing
resistance

]

" I
i | Relay
' I

1

]

o—>
= Te trip circuit

Fig 4.3 Earth fault protection
Ref: Principles of Power System, Mehta V. K ; Rohit Mehta, S.Chand and Co., Page no.528
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4.3 freg UTaR Uiea=I : THIH (Reverse power protection: Scheme)

RPN 3fee=-ex AHHT SRS BieRmHe ReTaan sidees Uiar RAvA! 3U&H 3¥d. SR TaigA
Rt offdces UfaR W@, USH-I&al JHAMYS GIVIRT 81 tiaR gara Regda, Regd giaR
AR YT TS Wb,

e i URome Sfifor tiar R Qe ST Uiaxd! UTde! Wi H-Ja@xa THRIaR
AT S, HRUT AT IR TRH-Heex Rich 4 HIeHT3! Als BUH HTH dxdl. W11 caigaal,
Al tiaR Sfeexexdl Y¢s UlaRa gAR 0.5-3% 3d. WRH-Jexdl [GureHes, caisTer
I JHUH 8IS Wb,

RS Rerar Regd ulaR Tfere WTdid YT a0k S ATl HRe 30T Glees §9gear JTURa
M-Tpel Sfdreeg Ulavat TUHT hl:

P = Val.Cos@a + VlwCosDy, + VclcCosde

AP 4.4 ARG RATD 3R HAGRM Hardd 3HTg B BIRAS BHRC WU B THIRDS
JTEUIRT C. I hIRAS SFRaRMAE Ulfeifee 3f faceg UlaR aTgumR] R Al offd. STegT 3feer-ex
AT qieAed 3TURe dd 3!, degl TR Ulak RREABEA 31 faceg Ular aTuRd 3/ 01 SR 8t
3-fdeeg UlaR e el Gegdl e Tat, TR e dbared! argd o dav el ddr fou sHrugmd]
3{TIRT glsd.

Revarsa Pawor Flaw :

“
GCB
Prime Mover — ﬁ

Primu WNever Failure

T Command Rusuisy Fosert

Rolay

CCB - Senerator Circuit Breaker

Reverse Power Relay is a directional Relay

Fig. 4.4
Ref: https://electricalbaba.com/reverse-power-protection-of-generator/

IYROT0 FYeg tiaR AT & el urava 500 Te it Saarett 3/Td. Iarexony, sk Wiy eafggt
HIehT alaR 4% 3R, TR Regs UraR TfeT 206 Uell HH Sacil olld. § W A& Ul SHTTRAD 3T P,
REd UiR UiceRMar AR 5 e <A fsa Gaar sdl, Soieer Rieqqs gom=n
fSeduga a1 R FeRF-R gIum=iT TgRIY SRR §91d Hdl Jad.

4.4 TTABIHRA ftor giom=ar TeArHed™ snforwiee (Abnormalities and Faults occurring

in transformer)

SFIBIERAY $ex-d U TeReAd HRUMYS fafdy UHR=Am SR 31 Biee A0 g1
RlhdId.

4.4.1 FeAA Wiee (Internal Faults):

« TR BY3R:- B T AR UK 3Tg, it YA fagd dror (Electrical Stress), 3@ aifc
fdhaT SimekaT Ua=Mges (Moisture Ingress) Bid. A1es T¢ Afape fdaT ST HidhT fHfor g,

- DHISR BicC :-CAB AT HISRD THUM — ST B YR froT0! fhdT shary — deod @&l 7 g
Yigsara wo=n fAfor e T
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- IS i ;- TSRS fobar T=ined TE fdhe gl fobar aTaR gt gred Ud. B it 10T febal g
QNS B3 Xebd.

B ST Ieorar fwfor 8.

4.2.2 Wﬂﬁtﬁﬁ (External Faults):

- Q¢ Ffehe:- TeT AE Alheqes TIHIRTY ifaeRd Hie drgal, Sarge IrdT fafor g afor
JHUM IS Wb,

- RS- TABIARAT TATAT EFHAUET SR HR e IWTdT FH01 ld SR TR gidl.

- TSI ST ol - faoian UeR fdha Rlee ™ Toies St M= S-gaRTd HIgdT THTUMER JHaT
B b,

- B Ried foers:- sfisa tu, e, ASTeH sane! HieiT Rived e HRRA T9N ZHI%IER TR
Bl

- TSR - I AR e e dT SR YoM WRTd gial STl Biee FH{0 giara.

- 31 HCIEARM :- G deTgod S~IAYAAR S YRUIMA il ST tiee fHfor giard.

« TR PR~ TFABIFAR Y= HRAMT BIVIRT SATD HIC ATg[SIEAR aT0T HH0T Hdl.
4.5 FEwiRma, sitgedie, 3rd wice, 3BT WieaRM (Differential, over current, earth

fault, over heating protection)

4.5.1 TG IR e fEwR/a WideR™ WA (Differential Protection of Transformer)
SR ST 3 Phiee HReel 9a], A cahariad Sga-Te FHfu gIvR fd em3eye Agwyul
3 . AT, TIHIARAT fSHRI TICaRMTAT =0T JHIUNE TR S UeH ol Ui of
HHT RSN STFURITUET SR THTA 3.

TEHRd UicaRM Ao TAd: Hhol-g-Uhol Hiee 30T Hhol-2-31 ThiccqURE WICaRMITS! aroRedl
TR 31TE. =T YHR UICaRM A 2 MVA Y&l SR =T St HudTa! aruRa Sifd.
PRI TiaR TIHIHR TH] oAl TR-Bdcs 38 T gH=T SN[ell Seel-dhacs 38, WTR-
Hd S dIdhald HicT (CT) Seel-hde s 3ed 30 Secl-hride s dldhald Hicl WR-h-de s HTgd.
FRC TTABIERAT TR HAGRMAT T TlaR TRIHIHRAT €R H-aRHdl ged Hal 4.5 T
SRATTIHIU T3S haidl 3o,

YT BId B CFABIHRA Ybh Sl aTgieioe] Saad! 38, ST hied RICIHaR o=l

ST AR Y as! aTa S ioTdl R Ulscedl ¥ daad! 3%,

Crelta
Power Transformer

SEar  mommersoeceon S ntni o ree e UL A S T S ey 2 e, | Cong{fcted
COHE?Cth : Delta Side Star Side
s 1
il a Y ! B | F ?_1 1
—F T ARAS 1 il "
o T L] o o A s s A i E i
= ; L I':l
e 1 WYL Y T
IV e S A R I P L
— Restraining
Coil
' & ol

YT

= Operating
9 Coil
] || I

Fig. 4.5 Differential protection for Power Transformers
Ref: https://circuitglobe.com/differential-protection-of-a-transformer.html
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IfHT: YR, TR CABIHRT Glva! TSl e dferd SRTed™, SToRfCT Higadyd HIodret
OlaR IR il aToid G Fidhe S B,

4.5.2 TTABTHYY IR HIE WEaRM (Over Current Protection of Transformer)

3R e WIeaRH ¢ fIed TImhiHRe U W1 Shard WeaR T2, § STe WTe Wihe 3Mfir sierals
TICaRM STIRITS! aIRd SiTd. § Sffadbie 3y sihi+e i ud ez (1DmT) fhar Sftefe ergm
(DMT) UoRd el 3R QhdId. TTURUMYU IDMT Rl TSI IR 3-8 STo[al Siedd SR,
S-T1S SIS 3ifddhRe UICaRMTE aTR B fadid S 3T HieaRM Aiid! HIvQrg] [TaTSrTa! afhd
glsal.

D3 TICHR g B IHRAT 34- TS STo[el RITUd Bl SiTd, TR AT Wi i1 fgcfiae et
Tfdhe ST fog &l g1,

45.3 g‘lﬂ‘l‘lﬁﬁ?% 3 wiee MeaRM (Earth Fault Protection of Transformer)

- hiecH AYRUU! RIS SIARME Hlg! YT i fousdl. amges fAafur guRT dids dve
E-Aldhe HIcUeT JJ HH ). 3f-Wiee TR HI@ e Javal A o quigor Jie-Afbeae
EUIaRd gisudd 3Nt Rmyr ®rear snuargdl deniia Jeam s& aal. 3= IR, a7
Wice fdhal didrol Yeald T f$xdh-de dhal Sfsd aTd! Wl HRugMe! 3fd-hiee R arRol
BRICRIR 3. 31d-Wice el § Jeod: HH! AT 3fiegdbee Ral 3RId HTUT 31-Whiee fdval Tl gl
d BRI BId. TFABIERTALN 37-Wl e YR UIeaRMTT U UGd TgUIS 3Tl 4.6 A GRadeial HISR-
S el UICaRM,

Current

Primary transformer
Secondary

transformer

2 |Relay

|
Secondary :
= :

]

winding
|

=l ity
T To trip circuit

Fig.4.6 Earth Fault Protection of Transformer
Ref: Principles of Power System, Mehta V. K ; Rohit Mehta, S.Chand and Co., Page no.535

BT UiaR CrIB IR TUTHS TS diF digy U] HRe C-Ih ARl T SiTdld, SaTell
Udhd b e] drsfeT 3RId. Tl Redl STRfCT pigd a1 Ybveial siheddl 3R,

A ORI (O, 3if-Thice  AXdM), TiF ol dicdl daex ool X[ 3 31 die
S U AT HIUTe] GRUTH Fa A9dl, A drs fobdlal Sriqferd ol aiom, fawym
DIUTG! HRC dTed ATel 0T dl (Afshy g,

AT, 312-Thiee T, TIH trel i el daex siel I XTgd ATol. URUIME e .= (C.7.) mamed
T i e, off Yahest aRfSTHe .UA.IE. (e.m.f.) URd FHRdl. ages Reran SHoit fHesd Sfor
dl Afche saRal foU e foaTs e TR IaR RIEHYT dTTes] Hdl.

45.4 @W%ﬁm (Over Heating Protection of Transformer):-

e erawiaad yie ieR-gife WeaRM (Thermal Over-Heating Protection of Large
Transformers): YAfHITR fdhar ¥Rex dUAH SR TS TUNeids oddid. g foe afdhexit
SIS Ted. SiegT ATaHT YRI&T HeaTue STRd dled dag] SaTHaT SHTaTel Adl. SUGATSH - dedld,
IRy AUHAMH®R Ffdhe SHR XU FHar Sl dar aUEHRTS! STl fafiy AT @reiavmm: sied:
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EIGEISCRANERIRIRIRE

;95 ° 9, Hgd: 120 TSI i,

3Ted SHREN Sfebex YA (Oil Temperature Indicator Thermometer): dd YAfieR, & ¥9
JAH R ST T A 38, ST 3o Jar] qUHMTE] g Idault qUaTITa! Serd
TUH T IS SR 3refae JUTHT TeRMIAS SRR AF IS, Adhd. AT R 3 38 B d
SFIBIIRASE HRI@ SRl glc-o Kged ARGl THEU FRd. 0w hagy e
TG AUTTITS W T TSR SARCHE YU SR HUaRId U HIcH & HRUATIIS! JH YHHe=ar
qTOR el ST,

o ic Wic yufHieR @& duvr f&®18H) (Hot Spot Thermometer (Winding Temperature
Device)): YHHICR Ted G5 UMOIdes ol (AR R 3178, Fed TRH [RUIRAT dd dedd 8. Uict g&H
H qUT TSV TAB ddTd dTaHH 3178, [SRTEY SRIhIaR fdfeTra gifeT aomg Jed 8.

4.6 fTEwIRraa Urea==ar forfire=m = (Limitations of Differential Protection)

SIBIERTSTT fEHIRHd MeRM Wi dren idifd faore iuvar gurEiumges Jiear
THTOTER ATOR e STdTd. T, T 3 Aafal SMed:

a) TdC-d hiecadTol Hag-=iadr (Sensitivity to External Faults): fSHRaa dieaRM Ui
3icia foeares MYTarTe! f$3M=A FHad e, ST hiee Hic AUIRIAT SRd 9dl, dgdd o
TICHd Wiecq-l THIET0 Uil ¢3» Xdhd ATel, S UIeaRMId (protection) JHTH It 43
RlhdId.

b) T TRRM (CT Saturation): TSR TICaRMHS FTIRT SITUIR HRE SAHIHR (CTs) 3 Hiee
RIRYcHd YR B3 Uehdlld, ST Jebd FShIRIIA e AT Bld. Irges feftmed fadd ghss
Il fdhdl o Jag Xdhdl.

c) Bl S e (Phase Displacement): THII® ATSIST AT SrABIHRAY fdval dTaTest
DIHTRIAL (341, Seel fohal ar ) Ssdedl SrabHAY, Thol STaHed B e JaT fAafor
d) BTHIAERT S1fOT R HXe (Harmonics and Inrush Current): TFAHIR 7R (inrush) ¥ fobar
I IR T, fEwRma Ra a1 uRfydiar wiee UM g IHy] od, Saqe
TS [t 8IS Wahd. SR STOT hled HcHE TR HRUINIS! faRIY SAiReH axad 3
RlhdId.

e) R AT (Relay Maloperation): SR femiRma Ra avaRkar &fdse T8« ®
SIS U B3 Wbl (Hied Uiiticagal) fdhal hiee & feU SI0a 3Rl B3, Jhdl
CaSARRITECES))

f) IET =N FAHEY (CT Ratio Mismatches): SR ST IHReT WA S0 Y el S CTs A
firet XN et fba d gobldl I boled 3, R AT bl FSBRIRRIA DR beadgaiR{ 8IS
RlhdId.

g) T3S Wiecd (Ground Faults): TRURD FEHRREd MM USE Wieed YUY =NeY ehd Tal,
h) HRFHIE Beg3R (Communication Failures): HTg! YD [SHIRAT UlcaRM B <1
e ©9 3t T MeRMAAY) FRAGIFAR A SdId, HIdal HRAGIT HegsR
UICaRM Wh 1l g1 Ulg g [

i) W 3O faaydr (Cost and Complexity): fTSTIREE TieaRM RIETRT Trear UieaR Wb W
Jad 3P AR 30T [T SRy hdTd, & T4 YTp-aaed g 33d -Tg!.

j) SEHTA TaIHal (Maintenance Requirements): fSHRIIT UicaR R amg Hrafamdt
fyarfiya ol snfdr SauTelieh sra<adar 3R, ST JHTRTAT HiERes aTg Xahd.
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4.7 IPTee A DRI, GﬁW(Buchholz relay: Construction, Operation)

ey Na 81 T 19-3fdegues Ra o, S dd-geaaed SrabhiERAe ¥4 UHReAT Bl quRd
RIS RATUT el ST, ATt MUH Tehledt JredT A1dTae g A1d SUaTd 3Td 3], TIhIHIHED
ISV URMAS (WU, §3-83 fadRId BV Wiceudl dadid e uarrdt anfor ik
3fqifd Wiz RN TIhIRA T@RHY f$de SRS ardl aoR »al Sl §
HTHIIC: Trgice cxal T ChRIT SIS UM UTSUHE 3Mdhal 8.\ Hed GRIGITIHIY! AT Bl offd. 750
KVA T&T ST T 3RIciedT 94 SHISA-SHRS CRIhIARaR e iedl el aTaR0! 61 U AT Tad 3Te.

Conservator

S

Buchhol=z

Transformer
Main tank

Fig 4.7 Buchholz relay
Ref: Principles of Power System, Mehta V. K ; Rohit Mehta, S.Chand and Co., Page n0.533

o HREHM :- TPl 4.8 TH ThIeyl Rardt Ia-TD Algell (constructional details) G 8. §
T ¢ 30T Hrdiog X G SIS Ul URUHe Saaied gHC- TR YT W& Td 3.

I IUGRUMHL G gedh . IRl ged U] Tl s ced] HaR] Th R et s-ere 3/,
Wl gehie Th AR fad o, off Ual 878 UsRa WiveR sqaadl 3Rl g Wi
T THRAY Halaexdha daTl BT 4T HNTER SR,

R 9P YRS Bl B A Hidhe 8¢ Hrdl, IR Jerdl ged THR Sfdiid Hieceraam aradia
fthe SR [oU HRUTNITS! AT Berel Sl

To
alarm circuit
Mercury oo z - e A
switch e = T - -
Hlnged< = = : 7 = > To
point = == trip circuit
Mereury
= switch
From el B
transformer ek | e T e = | Conservator
main tark e | ek = oo Z 5
/ — Ay S =
] — | —- — -- -—.
e | o oI I et et
A
= =
/I( 11 =
Flap Test cock

Fig 4.8 Construction of Buchholz relay
Ref: Principles of Power System, Mehta V. K ; Rohit Mehta, S.Chand and Co., Page no.534
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o JTRTM: Eﬁﬁ@[ﬁﬁ% (Buchholz relay) PR WY 3Te:

a) CrGIERAY URIYS Bhiecy ST, Hlecqe T GIUMRT IWrdl G <hALT (main tank) HTe!

SFIBIER daTd fdges HRd. a1 faued ST 70% U SIRA RIS 19 3¥d!. ghSe 714

TADT ST Hr3iog cXHL SITUATET Yad Hal ST a7 Uichadd df Rl deRadm avaam U SfSahl,

ST QAT THTON 19 SfHT 8T, dagT ol TaleaR (float) YRT QIS Clabd! SaTdes <l faRdT giar S1for

e S ced AR Rada dud d¢ gidrd. arges Sam Hfde gui gid 3MfoT Sfam arerdl,

b) SR b IHRA TR Wiee e, TR JF chHL HIGAT THTUN 19 (gas) AR gidl. T chadid

4 T el ROTHN degiog cxaba avTIH UTad SIT0T 3R dxaT deidal iRy S AR Raed WU s

° th‘l'ﬂﬂ' (Advantages)

a) § IR UICaRMTe afd Ut WY 311G,

b) § YRS WieeH ST AahR AMed P SR THRAT WM o U 4,

o dle (Disadvantages)

a) AT TR $HAD H-HG X - Yool AT 33 FHTS B IHRH ST Bl SIS, Javal,

b) T SUDRU Haad CABIHRAYTE daTT Tiaedareiel Hlecd Qe Xahd. TS, HrfacT hacadra!
T MR STa=Iehdl 3.

4.8 Hiex: TeATdeldRy 3fr wicew, RTE wfdhe WidarH, gl MeaRM , Riva b figer

(Motor: Abnormalities and Faults, Short circuit protection, Overload protection, Single phase

preventer)

4.8.1 TeATHeENT foT Wiee (Abnormalities and Faults)

o TRIeHd Wieed (External Faults):

g 3 Wiccy 3MTed o UlaR YW edhHyd fdhal Hlekal siieded AIeHYd JGadid. Tae-d

Biecdd! Hlal SGIEIUl TN AYHT0 3Ted:

a) AT g ®leeod (Unbalanced Supply Voltages): 8 deaT g8d SicgT 2-Thel Glecord TRHATOT

fhar %ol SfTaHe) THM 9. I ek i Riea wicy Al 813 Y@drd, saqe

SHfARad JHAM, TRH BI0T 31f0T <idh TR §IdId.

b) $fER-@leed (Under-voltage): 8 I&T TS SicgT T Glecsl HICIA YT il HeaTue B! gld.

c) Fegd-thet R8T (Reverse-phase sequence): § degT B84 Sl WA thordl hH Idc BT, TS

Hiewd Rt AeTH 8IS Wdhd, ST Arsdl bl Wd: Hiedl e a1 Xdhdl.

d) i 3T RishIZH (Loss of Synchronism): & degT e d sicgT Rish g Alex I he-itaiadan

T Ja@Ta Al THTAd. aes e ey, i Mfor Aiexa SRR 813> Wahd.

o S Wiecd (Internal Faults):

? 3 Wlecy 3Med of HicayH fdhar aradedn STl WicHys Iwddid. Scd biecddl dblal

IRl WIATAVHT 3o d:

a) 93T Teg3R (Bearing Failure): § d&8T 8d SicgT HIcR YMUCAT SMUR UMY SRl guuT | Fqor

Hied WIS 813 Wb,

b) 3NERalfeT (Overheating): ? degT ¥sd Siagl Hiedd iy fieraite, S{El? W CISICRYIR

IR fhar SHORM NS A= yHd HAfGUET JIRd 8id. AMHes 3-gaRdl BN, dRfSTd

JHUT ATOT He=h Hriemar HH g1,

¢) ATSFETTHEG3R (Winding Failure): 8 481 S Sicgl HIe ATafSod e (windings) S~IARH fodTe

(insulation breakdown), I3 dT0T (mechanical stress) fdhal Taie-d Wiecaies (external faults) Ric-
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e (short-circuited) fhaT $iuA-Hfdhe (open-circuit) BId. TS IR (sparks), & (smoke), 3T
(fire) 301 AYeXHED ST 3IHT (loss of torque) 8IS Jdhdl.,

d) 31 Wiec (Earth Fault): 8 dagT Sd ST Hiedl thel dheder Tfhe=dl fhal IuwRuml Ids
BT UITIT UHId Al TS I Biee HcH , TR T USRI JHEH, 30T FUIT
i HidT Ao g3, Tl

4.8.2 Tic Afthe UIeaRM (Short Circuit Protection)

HIeR, BRI WIS 30T W= T Ffehe MRS Bredsiydes 31T B0l HTIRID 3], Hex
YICHRMNTS! AR SIUIR SigRdls Uielaca f&@sd (OLPD - Over Load Protective Device) 3fOT
¢ Ffdhe efaee fS@TET (SCPD - Short Circuit Protective Devices) e THf-ad SRATd.

1.5 10 UC Y¢S I G HRcal Iofdl AMH: gRdls 3ol Ied oild. AC-3 SIS
Aiex Rafi ey a1 Wathd siards icy RGN A 310 8 H& Jdhd. 10 UT ¢S
HRCUET SR ST Tiee HICY TN Hfdbe B A ol Jdhard 3fUT § ¢ Tidhe Wefae
@RI (SCPD) g dvad Ulfgaid.

SCPD WeIeideh! UehT TUTd 3 Qb

a) THSRHT T

b) RIT¢ Aidhe eSS Afhe s TS,

¢) SKCIY B UC @I PHRC Rl Sl Ache-sadxal feT (.

3¢ Tide ticldes fsmawdt g fas oeq, ¢ Aidhe Je™ diex S Wiekd  SHaRa®H
THUM TSV AHRT 3T, TAHRI TSGR Hldhe-sadd §db-37 TR Tl Uh Widhd UGd 3118, ©
HUI ST e fHPhRaR Afthe d@Hdl TR HROAN T&H Hd.

4.8.3 3IQIAIS WIea= (Overload Protection)

3igRars Uicfdees fSREae WYY 7T SRl IdTa:

o TR FHicdl UfdTE SUR: I, THcd R, gefdes 3m@ra R, gaaeifes e, TRee Ra . g
Y0 T Picdexd Held Aithe IUsdId [dhdl Hidhe-shdl U HRdId.

o TRISTAT AUAFET UG GUMR: Ia1. WA THIa JaRex Smeay | YHkecy , dffed
SAG!. RN IYHRUN WicHS S g AT ISl dUHMEaR  d& dauard 9 g
SR f¢U U HTH ST,

P T sfigrals Uiefact feggay Wreile SR URIRUdT 3fiag Qevdd:

a) SNERAGY , 3feI@Iecol

b) Tt tfoi

c) dide AR, Wl

d) gl eI

e) PPN Mgragy

f) gal s

T, WTelia IR Fae T s YHd [SRRATGR 3wl Idid:

a) 3o JAYUC IS dYHMHG dle.

b) BT HIRYS AUHHIG dle.

¢) 3R HRUMYGS AUHHET dle.

Y-GS UICAHRADT I£- HICAT SYARMAT S YHd TAIURA aradul gl 38, gui
AT I, Hiex TSR AUHH Sacdeias HHE ST gHcudd dieiad (O g FArRIaR
ST ). ST URIRYT, TIHE JRI&T FaiGUen ared ST SR 3RS $HH! gid.
A GRS dool IR dATSfSTd AU debJaR TarUIHRITe! drad.

dT9H aTerdl & 8T A ST Teren YHd ergH dhi~ce Mg gidl. Hiexdyd JHiadra= gdd
BIOTRY IWTaT 8T 3ffeie arqa |, Rfea=e ofr fegmgan Uger sraded S,
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T ardtet Fafudd Uigruarardt TRTURT e 3M1fYT die fave /gH ded SBR AXiHaId
JdTd. QBT YR yHd R Aiew=an yifd HRIFT o1 o, Wi 3= Ko afdneg § Aiex
gt Haed! SieTord wdT SR,

X 3fftaie qUEE  SEARTSt HRUTE HRdl, SUihe df Hiekdl dice }IC AU gic WK alol
ORI araq b,

4.8.4 R b fUgex (Single Phase Preventer)

SR YA A0 ! Teb T 30 Aicbeqes fohar Raameiet gep e i deqe febae gmell, aie!
Tl JAR 3 UC dTed!. aral RiTe BISHT Tordid, Sares Sigad }eR ey i gam.

g1 3Rigford dicadl IuRRA SRfara iifee R dhuiFe T waaqa favg fa=H fihrumn
JIHTI TR IR Bl Jes Jexq e gue e dicy URd gId1d, SIHes o TRA gl 3=
DR, SR INY WeRGR! Uaa Aal, R RiTe BioiTges Alexdl Hid JH9H 813 Udhd. ol SigRae
¥ g ufaforan <d s/, @ RiTa BRSFURE drchTe UieaRM &S Xdhd AR,

BT SRaIedl BholHeld areadl dic 3eddrd Tl Yy UIcaRM gdld.

HiodT SSaRM HAlcHH FEdid Wad R ol UIeaRM dithe 3aad 3[d, RO 34l dgH
e gule Hiex 1SS 3for ARl JHUH Ulgrdd, Ahd. R BiohT figex il ¥.Q g
FRIEEEIE

R Y B
b4 o [
Ll el ||
o ‘% a
Control g cr.[Ter[ler
circuit [
ON
l& 1.5 1_5 Thermal ':_. -‘_
T % % w1 Tl
= ui as :} = =u,l= o I] Auxiliary
Ro®* Yo o T contact
Conlaclor

Fig. 4.9 Single Phase Preventer
Ref: https://yourelectrichome.blogspot.com/2011/09/single-phase-preventer.html

TP TRAGTIHIY, ITd YD holHed SIsad IT.Sl. (C.Ts) ST, deld Hidbed 3T3eye dmd
fScaexa fad Srd, S SRIgeTe YA 3fieswddl. dheld idbeHyd fHesTedl a7 $3cYeIuR, Siegl
fifees g wie e gafufia qafeuen SRd gid), dagT Trexan fdar wfde sovar feft
HHiS faell 9.
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4.9 SR Bleed, SHUIR HieaRH, fEwIRmaa 31for thiee 99 WieaRM (Busbar: Faults, Busbar
Protection, Differential and Fault Bus Protection)

4.9.1 WHER:Wiced (Bushar: Faults)

o AR B3R (Insulator Failure): UIE FYelex FHME B Tdhard, S 3 Wice fdhar
HIISNEY B D,

o TRIRSNEY (Flashovers): @@ ecory, faRvd: Tgd aararud, ey Fisiey 8l
QhdId.

o TRCRM a¥q (Foreign Objects): TRCRT a¥dT SUHTc Ud=T thiee [-HIUT H& Jdhal!.

o TiF® THAM (Mechanical Damage): Y4 fdhal SaR FifA® WekiTqes TR AT fdhal AT JUIe a1
JHIM §IS Wb,

o SHORIMA W (Operational Errors): RaafiR=ar TauTd fdhal SHORRMeRE Soiedl gHhiges
Blee AU EIS Tehdld.

o JUHRU B3R (Equipment Failure): STSciedl SUGRUIAENT [TUTS, S & Aldhe SR, TIAR
Wil culd Y= H& YD,

o TS HRI fhdT STRSRTM (Loose Connections or Deterioration): e I SedTde fdhar s
JecTes Siscd fdhdl haR-H dure I3 Wbl

o CfH (Tracking): IYCCRANT HIaTd TS U HRCH T N TR B AT, SATS I 30T
T Biecd 8IS Yahdld.

4.9.2 YoM, fEwIR 3o wiee a9 MR (Busbar Protection, Differential and Fault
Bus Protection)

SRFET W MO - R 3ad SHaR  Ju=ar SfoT Sron=ar HfcheqHed Hewardn gdl
YT, SR SHIRER Blec e, R Biee ATied] THIRAT diled HYUIMIS] DIgI STelg-fhamRile
Taafrd UeaRH o TN Hid JHAH S TWHe ad 354, WeaRMT e THaR
THIR YRS HHRI: dTOReT ST G T Aol WTaayHT0) g

a) TSHIR™TA UIeaRM (Differential Protection)

b) Wiee &9 UI¢a_M (Fault Bus Protection)

a) fewIR™e e (Differential Protection):-

FIER MeRMAMN Tayd Ugd WUl fEHRad THiH, ST S T SO ST e} TSUR
FCH UHHAd Pl STard. FHH e IR, I1 Hied! skisl YT 3. Sigl hiee dd, dagl Biee
FC § Ao [oasadl AT Rad srffad sxuamre! fShRrd die fHafo &,

Bus-bar
CT.
c.] —P— 1
C.T.
= CE.
G C.T
=gl Py
L_lC'B' L4 2

% Relay

Fig. 4.10 Differential Protection
Ref: Principles of Power System, Mehta V. K ; Rohit Mehta, S.Chand and Co., Page no.542
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TPl 4.10 AL LA THIRTST HRe [SHRIRTd WhiHal R A5+ ST GRIGaT 3R, SR
SRR T f&ar St SAf0r off G ae=uT @ls gRadl. SFReR dierdld , ared 1 Aefid ofir
AR 2 AERA e TTABIERD Jhassl qd JHIR Siiead 3gd. Uiefaees Ra a1 qaiar Sreufier
SIS 3Te.

I WAL T4 I (CTs) I Afbe e &Hdad! Udi = HRdl, JHH SR 3. g ars
IR fdhar TRIed Wiee TR, SHAY TR HROMAT HRedl akiol AT dTex Gaum=l
BHRUMR DHRC deX TSUIRT HRelde AGUIR ATeId. AT dicHeid e RaidgA drgia il sRe,
Hfche sl T YA ATsTedT Hidhe SRl (AUD Wied B

b) Wiee 99 WIeaRM (Fault Bus Protection)

M 3R UHR S BV T 31§ P, AT BIVIR TgdP i (faults) § 31-Thiecd SRIAIT. §
T CFERAY TS Hedexdl Ul drarHiadr 31 sraiean Hed aReRE (Sardl Bice 99 U
B ) RAG B T BT Adl. I TGRS, HIATE! YU Hiee dHsaex AT 372 dared
Ted YT HaRM AT Blsd. 3-Wiee Hcal HRC MafRId deed, Hiecd MO 1T T
RfH AT B0 YR BId. AT UHRAT UICHRHAT Biee a9 TR 3 GUIdTd.

3Tt 4.11 AL Wiee S YIcaRMd! JIoHIES araad! 3MTe. Hed qUITedT gaeR fdhdl thiee 99 dC
TBIHRGR 3 Faa 3d. T WA (CT) Ydhsdal Th o Sisadr s/l JHRa $ifoRfe
IRIYT , Bice TUAYT USSHe HIUTa! Hec dled ATal 1 Rl Fispa gl dredexsiir o
B JUIET WFRAL HGRM S PBice e, Hiee THHYT ASSHS Hedl FIc g,

et el SRR gisd. Reredl SRR SUBRUMHT FURIT SISUR d §h¥ U giald.

Conductor

B

Supporting structure
{fault bus)

-——1 Relay
C.T.E ER

1-== To trip circuit
>

Fig 4.11 Fault Bus Protection
Ref: Principles of Power System, Mehta V. K ; Rohit Mehta, S.Chand and Co., Page no.543

410 TT-AARM W8-: Bieed, R e, f$&~a 3Nfir urgae araR WeaRM™ (Transmission

Line: Faults, Over current, Distance and Pilot wire protection)

4.10.1 TT-AMYRI @TE (Transmission Line): Bieed (Faults)
o 3UA-Tfdhe Biecd (RIS Blecd): § SFAERM Al HYTd Heder Jeedn fdhdl fetm-ae e
TSAId, S HRC DS ST Ad!.
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o XN¢-Tlthe BiecH (T HiecH -): 8 Hedex (ol-g-Uol [hdl Bhol-g-UT3S - phase-to-ground) T
o Rifewd Biecy: 8 BiecH FUMRA a1 fagl bhorg A A UHIfdd Hdrd. dls—-g-
AT (LLL) S0 - TARHA-E-TME-E- S (LLLG) Wiecd & el ITerul 3ired.

o JRARRHA Hiecy : § Wiced AR s-edl Polg-T avaTTe YbR gHIfdd dard. RiTa
ATA-C-UTSE (SLG), AMS-g-qTsH (LL) 30T AMSA-g-ATe-¢- TS S (LLG) HieeH § UM UHR 3MTed.
4.10.2 TTEH-USS SN@IHC U= (Time-Graded Overcurrent Protection)

JHIGRHIC WA Il WhHAL T3y FSTEpHARMDT JHER Hodl SRIdl. g1 Wsaid T
ey, e ergH AT 3L ISR US ol 3 B, hiee e, R e gaid de™ IHe
YT 477681 bl ST, SHTAUI HTg Hew@rdl Hadd] ol B,

o ISTA WIS (Radial Feeder): YSTa R 727 AReea § 3118 & UTaR haes TahT fo®H, SR
fha1 T TSURE dieds dTg dhd. AT dicl 34T 3118 PI, Wiee ATedry R tear qwmg=it
fARERar IrRaar ad el ST Biexd Td-Ies WeaR

a) Sfth-c TgH Rd (definite time relays) 3TOT

b) Wﬁﬂ'{qﬁﬁ (inverse time relays) diU=+ HI& DXl Td.

Sfhae e1gw A= 9TUR & (Using definite time relays)

3Tl 4.12 T Sfthc <1gH Rl aIuRe AT BIed SHigRdbRe WM GRITd 8. Udh Rei=a
IR des AT ST 30T ot SHTURICTT BRCaR Sraeiqd .

Iy, Rl D =1 SToRfET 218H 0.5 Ydbe, 38, TR 3R Raare! g fed HH: 0.5 Ydha ! dreaar
ST, SR DE YaRMA Wiee SATET, IR dl 0.5 Ydbard Rl 30T Afdhe s R (D) T fateR dHal ogd,
PHRUT IR Jd e SO T5H TR 3MTg. M= UBR RIET=T (system) TBad DE Ja- ITTST Bl
STsd. SR (D) Tiid Ral fou gioamy s/t e, o (C) Iftd et 0.5 Ydvgrean ergd fSa-iar oo

Piee TATUR 1 FhaHaR B DR,

g g +— +—p 4—p 44—
G @ c8]—cBl—|cel—Ica]
2 é A B C D E
F
E 2seC
o 1.6 sac
5 1 seC
o
2 0.5 sec
D .
.
Distance

Fig. 4.12 Definite time relay
Ref: Principles of Power System, Mehta V. K ; Rohit Mehta, S.Chand and Co., Page no.544

g Y crgd f¥adr aruR &% (Using inverse time relays)

APl 4.13 AL g9 <gH No a0 ST Biewd igRae UIcaRH qraad 3g, Sy
TR T8 SHTIRIET FHca T FHIUNT 3. T HARIYS, TAMCT TRAURA Fidhe S
SI9GT gR 3T, daeT el RerdT S{uRfT ergH HHT !,

A, B 301 ¢ 20 i Reiaed Sgd-cTgd ddeRRea Ser A SId. BC HaRFHd BieeHes
3 el ersd fhresdia of A 3fid saxan oneft B 9fid siavan fog gioamdt wRamet i,
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Operating time

v

Distance

Fig 4.13 inverse time relays
Ref: Principles of Power System, Mehta V. K ; Rohit Mehta, S.Chand and Co., Page no.544

4.10.3 UeTd WISH (Parallel Feeders)

5 geema=l fFARaRdT faRiva: smazae 3rad, fad 3F WRad wisd T Fd SIS WHhdrd. SR Tl
HIeIaR tlee 3T, TR ATel RIETYA f&¥b-de Rl Ad 3101 g1 Blexuyr Jwiad! FAearar
RECRIR

WA BIedd UNIeaR Hacs Al--SRaRHd 3gidbc e Hal W, Udhd el STRaRd Rt
TR FHRO1 11O Ricifaesg feftare! e gy IfeTar I8 R0 SH1a=aw 317G,

Inst.
+—> +— l

B Feeder 2 0

G {:;—u
Feeder 1

+—fcBl——# cB—4

A / P
Sub-station

Fig 4.14 Parallel Feeders
Ref: Principles of Power System, Mehta V. K ; Rohit Mehta, S.Chand and Co., Page no.545

3T 4.14 ALY 3R R TRaaa 3Mmg ford SFRIET WM 3N1fYT Ya-X¥FeEM aH Bigd iR
e 3. a1 R TH=aT MRS Wrelid NSt 3aRad e

a) TP IeXdl SHeel STl Uh AH-SRRaRMA erde Rl 3rmal. a1 RaHed s-g4-ergd
DHRaCRREH ST,

b) U BIeXdl Fa-LRHHT TrbTen U Regyd uiaR fhar SRaRHd Rt 3rmar. 8 e g=ee-a9
BRI SRTAd 101 G1aR. IeTe R urerd p 3101 Q A Srum=n faR ared e R diitad
ESEG)

4.10.4 f&1 99 <19 (Ring Main System)

T R fafqy dier © = fhar ve-wexra gafit arf tehas i Siedd SRidrd, ST Th
dg 1 TR Bid. RI=ar SIvrrg! YaRMHd JHAH e, giNa! dl Ya-H fedhae bdl ois
[l SO TR T gl el g AW dhall oled, SR TWae! FRaRdl IRael sad.
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|~
G®—' Fault 47
2.5s8ec 0.58ec 2 sec 1sec 1.5 sec
T—E (1] [H | G
8, Sy

Fig 4.15 Ring Main System
Ref: Principles of Power System, Mehta V. K ; Rohit Mehta, S.Chand and Co., Page no.546

TPl 4.15 AL TehT AT N1 B Ridian RiTa ae ST SRaaa 3Tg, SATd T SHveR G R
H&-XCR-IAT (sub-stations) S1, S2, S3 HTIOT S4 W ¢d 3. T AARHE, Bhiee TR TlaR alg!
f=Ti=t aTg Wevd. ATges, RTHiad gig! R I8 HRu! TUT STaveRMd Kol aTaR0l A< 3R,
4.10.5 &%= Wiea=M (Distance Protection)

CRA-ISS AT Urgre-anR R gl QU dd 81 ®iecsl SRR drs—edl HIeaRMNTas! ard
ATe1d. Ul SR W= SIhTell Biee fRIsR-uHe SHITIHYU HIsT <1eH f&el gidl, SiegT
IR fohaT UTatel STRd Yo ST, dd, UTgee-araR R A Sawad Sreed] Irde i SIRd
ST G 7R Bl

gres f&ee—g Ui aR fashra girelr, samq el Reid! fovar Rl RITfUd st {SBTumarg S1for tlec=ar
fSBomeid SRR (fhaT SWeaR) 3fadgd 3Md. 3 R URde aidel auR 7 &l
fSTEpETH ticeRM UaH $ia.

Power station Sub-station Sub-station
Z—»
A B / C
& ‘,:‘-’ .
| ¥
— 7, b Z, —Me— 7, —

Fig 4.16 Distance Protection
Ref: Principles of Power System, Mehta V. K ; Rohit Mehta, S.Chand and Co., Page no.550

TPt 4.16 T TP A1eh RIS Traad! $Te, ST A4 =M UHR RIS Shediedn 3Ted &
Ok had STAIdh g Suldids dg Xdbd. A, B 30T ¢ AT R A 21, z2 3f0r Z3 U Ht
SUSITA! BRI HRUGIS] Te hard 3R,

TS, YE-IC B 3101 C T Wiee ddl, degT gidR WL AT J6-% M A 9 B 30d Bice ss~N
SIHH 71 + Z 30T Z 3. § WY 3R &1, gRaacied HRTRITA!, Had B Ifd el B SR, ArayHy,
SR AB YqRFHY Hiee TAT, R Tad A THd el B HRa. SIRMTBR, ATR=AT Td GRS
dThTes MR fieg qrhd.

vegerd, ol uferdey anftr gRge eruwiHdAdld  srEdsrHIdl dsear qul didimdt diebres
UicaR fHesqul J1aT ATg!. ATges, A Adte el [3HTdha 4.16 UBT] AB S{cRTT 99% dRId hiecHed 0T
AB 3RTAT 101% IR WiecHH WD HRUId BRYAT [y SUR A8l 3l 4.17 A
SIS S~ NIRRT dTR e g1 3SIU GR bl Sild.
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Time
g
0]
3]
o)

2
o

Zone 1 Zone 2

Zaone 1

Fig 4.17
Ref: Principles of Power System, Mehta V. K ; Rohit Mehta, S.Chand and Co., Page no.550

T YICaRM FIod TA® SR i (e UferHed aruRa SiTdTd. 24 1 Tfe Ars <A1 Ufgedr 90%
YT TICaR HRdl ST AT HIATI T Blec o] diahies fcd gIvaTTa! et ToT1 shaiai! 3.

2 2 ufeie ars-ra IR 10% U hlecadra! Tl Jeid drs- YaRAd Phieca™rat ieu
Bidl, T SR Bice Y&id JaRMAL 3l R a8 feU 819 14 I3t UIsT g f&el YAy sretent
3. S 3 TeHT YT YR Wiee ATl Sih ISR T e dob-3U YICaR UG .
4.10.6 fEHIRM yrIee-araR WidaRM (Differential Pilot-Wire Protection)

fSTIRMT Uree-arR WIeaRM I1 dwiar SR 318 &1, ITHRT GRIRRUd, aRTea Ul Sidlqd
YR HRUIRT BT GHAT DI dleR USUMIT HcUda] 3!, GIol Clbiedl G Wied ddrd, B
TRyl e Mg AT SATIOT AUIT=AT G TR USUMAT e HETA Thieh Ul RAHYA drguard Sqaeil dait
SITd, ST Thiee TaIal ATa- aiTes! SHRUGTHTS! ithe S-dl Hai-ad Bl Ar-adra! 3 fSHIRmd
TR Wh 1R dTIRTd 3HTed. JUTY, WIehd Wad g Tp ! It il SiTsdT:

a) A-UTsY ®leed Sa-0 RIETA (Merz-Price voltage balance system)

b) Tl Wb (Translay scheme)

a) ﬂﬁm oo ga-g Rt (Merz-Price voltage balance system)

3Pt 4.18 AL 3-Tol AGTAT RIS HS-UISH glecsl doi- R Rive arg+ Sraum
IRITAT 3R, AR Gl SABHT TAD o THARW HIC TRIBIER (current transformers)
FIIAS AT, TS ArRrend I (CTs) Shet Radg 3= UeR Rigiomed Siead! 3/d 1,
I aRfYdT, I Ihsd Flees TAH T favg fORM 3rydrd, ®U @ THAGHT Idferd
HdId.

r
flow

Relay 1- 1+ Pilot

E

To trip circuit L= O To frip circuit

—

ol L
£
tffa
]
sy
|
-
o1

jeR

£

Fig 4.18 Merz-Price voltage balance system
Ref: Principles of Power System, Mehta V. K ; Rohit Mehta, S.Chand and Co., Page no.547
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e WIUS (Advantages)

a) B R R O o WRad wieadalal aTuRel Siig, ahd.

b) B R UIST WicHwrd! Aihi® WIeaRM UaH oxd. IS § Biecd Sav toHdl  FHIay
SO Yo HH! gl

e dic (Disadvantages)

a) BT I 3® JBU WU RIS 317G

b) SR UTge-arR Aidheas faars gimar, av Ry &1 HRum T8,

¢) SHTIRIS ST TRITIE aredl SR dieiges gl RICH gqu HehT T8,

d) T TS~ S1EdId, Iade-arR duRe-d THTaes fafor gIom =i & ammg uRkfRudtag!
o Frifad BRGNS G S .

e) B TBIHY Julidid TaIe® SrSTuiges & R 33 kv U&T IR A1S- Gleesidiat
IR SIS ehd ATal.

b) T THIA (Translay Scheme)

3-Bs QTS -TeAT WA T Wh1H TGl 4.19 AEd GRAgal 3], T WA aTRad Ko Jad:
T Rored gH gaae e Yoy rdrd. ave Uiaie U argfeT (11 fdhar 11a) YR &HRdl, o
TR el ST A<l hoHe ShS ot s It (line CTs) @%ﬁﬂ?ﬁ UM TRIBIAR
IGUH SHolf Ud. axdl Ufee U Adbesl argfetal (12 fdar 122) ¥R HRdl, Sl W Hoearld
SR aRfETHE (13 fhar 13a) REISHE Sisaar sRydl. Jhes q|s|sw1 12, 12a 30T SR
ST 13, 13a RRISHS 3= UHR Shead SRIAT &, Iiade] URd Gleesl TdhHB AT [a5G
SHIdId.

CT, 3-Phase feeder CT,
R e CosocoS ff—R
Y '_le_ _______ _{E‘_ﬂ Y
B SIS it~ 8 B
— »F < =
13 1121
zi—11 =2
3 =3
=112 128
] ] [
O =
S = | 13a =
L_____T

Fig. 4.19 Translay Scheme
Ref: Principles of Power System, Mehta V. K ; Rohit Mehta, S.Chand and Co., Page no.549

° GﬁW(Operation)
SR BIeR WRI&T 3, I@T T Gig! CIhIaId P THM SRAId, TS e (CTs) aiol
Heaefid Yhedt HcHs! G 3rard. uRomd!, Kol At arefEm 11 o1fir 112 AYA AEUIR e FHH
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S A0 A b S<l aTsfSTo] 12 STI0T 12a HED HHM Blecs] YR BRI, o dTg S Tol UhHD AT [dvs
SISae SRIeaTes, e fdhdT SiTorfeT arEfET 13 Ml 13a HYH HIUATG! B dTgd ATl
RIS ATSTaR Wiee e, TS -TedT UhT SpTaRId AlsH Bc Gu=T b TUET SR SRd. TrT URome
ST I D Yohax] arsfers 12 3fOT 12a 7ed TR BIUIR @lees (M4 RIS STOT TR dise 13,
13a 30T URIdle Afthenyd Hc d1g anid. a1 IR, Td® Rad (relay) alFal axd 31foT @re
THcy SuiaM gIaTd 30T gdie el f$thar T Bikds cla ®1 dHrdl. Ko Hrfge g
3IQ) Apiadld Iihe sy Iusdia,

o TS (Advantages)

a) Bl R frmrraaRiiR 3118 HRUN 3-5d ATS-TedT UICaRMNTS! Wad giF Uridc araie Sa<adhdl
3.

b) AT fSSSTd HRC TIHIHY ATURT SIS, Jehdld.

¢) URIEE aiR HURIey Pcayes Rl HrafaR UM gid -Tg!.

T (Exercise)

1. HIeHe IR IR SR §Ga i,

2. THIRYTS! TSR UICaRM TId Was P IIg TBIHT 2T,

3. TAMHRM AR A1 dhaled! TRIdE diR WICaRH Jioi-d e 3MPHdINg TBIHR0T 1.
4. TS SATIOT AHITR T SHag gaied e T 30T HRiuGdd gui .
5
6

. R Bioht g e W8 Sardiig & ¥ .
. 3T TR SITUM=T "SR RId TicaRM Wb o s 3101 ArHifehd g
BT 1,
7. 3T 3Gd AHUIR DIUIds! IR Wiee T,
8. TS AT STIUTHYE 3eex-cal @Rdbe ST 3 Wiee WeaRmd &1 i,
9. WSS P Had M, TR Ae-413! e UIcaRM Wb B ¥ H.
10.3¢ 3fecicyen Ry Uar TieaR< TSt T o1,

e ureaqzad (Reference Books):
1. Principles of Power System, Mehta V. K ; Rohit Mehta, S.Chand and Co., New Delhi., 2016

ISBN: 978-93-5501-077-3

2. Switchgear and Protection, Rao.Sunil S., Khanna Publishers, New Delhi, 2015 ISBN: 978-93-
87394-72-8

3. Switchgear and Protection, Gupta. J. B., S. K. Kataria and Sons, New Delhi, 20151SBN: 978-
93-5014-372-8.

Hifgel Phawuss (Information Websites):
1. https://nptel.ac.in/courses/108101039
2. https://new.abb.com
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