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ANSI Device Numbers 1-1 Jsi

1 - Master Element 49 - Machine or Transformer «
Thermal Relay

2 - Time Delay Starting or Closing Relay 50 - Instantaneous Overcurrent

3 - Checking or Interlocking Relay 51 - AC Time Overcurrent Relay

4 - Master Contactor 52 - AC Circuit Breaker

5 - Stopping Device 53 - Exciter or DC Generator Relay

6 - Starting Circuit Breaker 54 - High-Speed DC Circuit
Breaker

7 - Anode Circuit Breaker 55 - Power Factor Relay

8 - Control Power Disconnecting Device 56 - Field Application Relay

9 - Reversing Device 57 - Short-Circuiting or Grounding
(Earthing) Device

10 - Unit Sequence Switch 58 - Rectification Failure Relay

11 - Reserved for future application 59 - Overvoltage Relay

12 - Overspeed Device 60 - Voltage or Current Balance
Relay

13 - Synchronous-speed Device 61 - Machine Split Phase Current
Balance




14 - Under speed Device 62 - Time-Delay Stopping or
Opening Relay

15 - Speed - or Frequency «Matching Device | 03 - Pressure Switch

16 - Reserved for future application 64 - Ground (Earth) Detector Relay

17 - Shunting or Discharge Switch 65 - Governor

18 - Accelerating or Decelerating Device 66 - Notching or Jogging Device

19 - Starting to Run Transition Contactor 67 - AC Directional Overcurrent
Relay

20 - Electrically Operated Valve 68 - Blocking Relay

21 - Distance Relay 69 - Permissive Control Device

22 - Equalizer Circuit Breaker 70 - Rheostat

23 - Temperature Control Device 71 - Level Switch

24 - Over-Excitation Relay (V/Hz) 72 - DC Circuit Breaker

25 - Synchronizing or Synchronism-Check 73 - Load-Resistor Contactor

Device

26 - Apparatus Thermal Device 74 - Alarm Relay

27 — Under voltage Relay 75 - Position Changing Mechanism

28 - Flame Detector 76 - DC Overcurrent Relay

29 - Isolating Contactor 77 - Pulse Transmitter

30 - Annunciator Relay 78 - Phase-Angle Measuring or
Out-of-Step relay

31 - Separate Excitation Device 79 - AC Reclosing Relay

32 - Directional Power Relay 80 - Flow Switch

33 - Position Switch 81 - Frequency Relay

34 - Master Sequence Device 82 - DC Reclosing Relay

35 - Slip-Ring Short- circuiting device 83 - Automatic Selective Control or
Transfer relay

36 - Polarity or Polarizing Voltage Devices 84 - Operating Mechanism

37 - Undercurrent or Underpower Relay 85 - Carrier or Pilot-Wire Receiver
Relay

38 - Bearing Protective Device 86 - Lockout Relay

39 - Mechanical Conduction Monitor 87 - Differential Protective Relay

40 - Field Relay 88 - Auxiliary Motor or Motor
Generator

41 - Field Circuit Breaker 89 - Line Switch

42 - Running Circuit Breaker 90 - Regulating Device

43 - Manual Transfer or Selector Device 91 - Voltage Directional Relay

44 - Unit Sequence Starting Relay 92 - Voltage and Power Directional
Relay

45 - Atmospheric Condition Monitor 93 - Field Changing Contactor

46 - Reverse-phase or Phase-Balance Current | 94 - Tripping or Trip-Free Relay

Relay




47 - Phase-Sequence Voltage Relay
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95 - Reluctance Torque Synchro-
check

48 - Incomplete Sequence Relay

96 - Autoloading Relay
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Number of correct trips
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Eq. 1-3: % Reliability =

Number of Desired trips+Incorrect Trips

2-1 Jta

The performance of an overcurrent relay was monitored over a period of one
year. It was found that the relay operated 14 times <out of which 12 were correct
trips . If the relay failed to issue trip decision on 3 occasions <compute
dependability ¢security and reliability of the relay .
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Total Number of trips = 14
Number of correct trips = 12
Number of desired trips =12 +3 =15

Number of False trips = (14-12) =2

Number of correct trips

% Dependability = , ,
Number of desired trips

=22 % 100=280%
15

Number of correct trips

% Security =
° y Total number of trips

2
=12« 100=285.71%
14

Number of correct trips

% Reliability =

Number of Desired trips+Incorrect Trips

=22 % 100=70.5%
15+2
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o Additional monitoring functions.

o Functional flexibility.

o They can implement more complex and accurate function.
o Self-checking and self-adaptability.

o Able to communicate with other digital equipment (peer to peer).
o Less sensitive to temperature <aging.

e More Accurate.

o Signal storage is possible.

e Low CT /PT burden.

e Metering.

o Fault report.

o Fault location.

o Event logging.

e  Oscillography record/fault data information.

o Standard hardware.

o Flexibility in operation.

e  Multifunction.

o Communication.

e Adaptive relaying.

o Connectivity with Scada.
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C400 and C800 «C200 «C100 «C50 «C20 «Typical C classes are: C10

S 8 LS s e (sl gl LUl Jsne ouli e Slen 0 ST S vie adf JaaY
cgall Y = Jul e WS (g)lgil) LA&: ol 202

20-2 J<&

2-2 Jo

A. Class-C CT with 600/5 is connected to a relay which is expected to operate
for 7000A primary current. Will the CT saturate at this burden ? Also «comment
on the ratio error. The internal Resistance = 0.31 Q , Burden = 3.5 Q

Answer:

7000
. X 5=58.33A

Secondary current I = Z00

V., =58.33(3.5+0.31)=222.25V.
From the excitation curve (Fig 2.19) of 600/5 CT «he CT will start to saturate

at a value around 120V. That means in our case that the CT will be in deep
saturation and % ratio error will exceed the limits.
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3-2 Jo

A 1200/5 €400 CT with excitation curves shown in Fig. 2.19 «s connected to
a 2.0 Q burden.

e Will the CT saturate with a fault current = 20 rated current?
e What is the maximum symmetrical fault current that may be applied to
this CT without exceeding a 10% ratio error ?

Answer:

CT ratio = 1200/5

Secondary resistance = 0.61 Q (from Fig. 2-19)
Relay burden =2 Q (Given)

For 20 times rated secondary current «.e. <100A

Secondary voltage = 100 X (2 + 0.61) =261 Volts which is less than knee point
of the CT. Since this voltage is less than 400V «rom electrical perspective ¢
linearity will not be lost even with higher currents.

Approximate limit on secondary current is given by:

400
Imax = E = 153A

: . 1200
Hence maximum symmetrical fault current = 153 X — - 36720A.

4- 2 Jui

A 1200/5 «C400 CT is connected on the 1000/5 TAP«
What is the maximum secondary burden that can be used and we can maintain
rated accuracy at 20 times rated symmetrical secondary current ?

Answer:




Sl 5 gl g 1 Joadl

The secondary voltage V; corresponding to the TAP 1000/5¢
V; =2 x 400 = 333V

Secondary current I, =20 X 5=100 A

Vs =I5 (Rs + Rp)

R, =0.51 Q «from calibration curve.

333 =100 (0.51+Rp)

Max. Secondary burden =3.33 - 0.51 =2.82 Q

5-2 Juio

Assume that secondary burden of a 300:5 Class C CT is 5 Q. The relay setting
i1s 2A. Using Fig. 2-19 «¢calculate the primary current required to operate the
relay ?

Answer:

Secondary burden =5 Q

Secondary resistance for 300/5 CT =0.15 Q (from Fig. 2-19)
Relay setting </ = 2A

V,=2x%x(5+0.15)=10.3V

Corresponding exciting current from Fig. 2-19 = 0.04A

Total secondary current = 2 + 0.04 = 2.04A

Primary current to operate the relay = % X 2.04 =122A




aneSl A leal) ok

pe ot o it O Gl dall o G dall 8 Jsiad) cujill (e g @llin of LaaY
1A Jall 8 Waias iS) Algebraic sum (gl paall oS0 Ly (s Lialas) il

kil g (G| el 3-2

LS by cane Loyl qnliny st cwlaline (s Lils Calias aajiall oyl Ll of asles
Cua o(Jaall Gigan ie) lall dad 8 5l BaLHI ae oaad apdal) AShag ¢l oy Ll 3
anil) ey L4l Gaamid alead gaal) QA adaieg Y laa e (b ged b elld Gand
-(Saturation)
Anlaiind 88 4l okl (K1 cahladl e 2 4d jar € Gapla s Al sda 3 gaaald) Gl
Gany Lo Lol 1305 cpin o8 Gguylall o sty Cligions Liin g 5all (8 4 ciblanadl 2ac 315 138 5a0ss
Lo o Gadll dad ufis Jallg ¢ Jall (andll 5abi) g (8 padil) oy Cua sl Qi)
Caally algiall Ll oK) T sl (il 37 5l Jand’ o e o pndall 2s) 436 dies
Sl il 3 s ol Ly Y il (22 mtl i Jona e Loy ol g5 sl 5
: Sk t :
2172 Jall Ay Bjsean ek Sl e (S L ( Laall I Loy Jeay )
Gl L Ak 0gin (8 daulY) dalsall 21 oag DC Component &Sy agag JSEI 8 LaaY
e Caigii Lain 5yilall X (R daid Aoy Jhanll Ghgan ddaal o lgiad Caigng ¢ Ay Loy 455l
Jaas X R I ded e Wil
Lage Bolandl jlead Lakus 3140 a850 Y Nl (Saturation s dadl) 3 CDEAY) of Lad LaaY
ple Ay gy A seilll (i o A5l Jiep 212 JSA) LASEQN oda da ab Al Lo atiy culS
(optilly Syl ()l o Alas puly «Saturation ) asag
idlaa) o Guldll/adleall Slea d8sles dad il g 16-2 JSAN 8 Wla cujeda ) ALY
GO At (o ) LalS cadhlal  agad) o)) WS ¢ lead) daslae el LalSi ¢ lall Jgan pds
i o) g e oLl Joaa o a1




Sl 5 gl g 1 Joadl

Sy Sone b goilil) 6 o b lSaie 1-3-2

sl s Sleall Ba b s of oS lagin aa e 2ga Aginnd (uagita CT ) iyl i vie

Oyl dapd (S AKE) 03 sls 8 ol dee Jalaiall sy
ail Lylas iay 138 Current Source e slie 8 CT Il o Lag dare 8y gV dihall
Leg claby Al Impedance J) dad culS Lage Lanlall B0l 8 25l daihs (( 5A Din ) ol e
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Network voltage characteristics

Rated insulation voltage: 17.5 kV

Power frequency withstand voltage: 38 kV 1 mn 50Hz
Impulse withstand voltage: 95 kV peak

CT type
/ / Applicable

'SMERUN GERIN CT standard
ransrormmateur Qg cou = current trans ﬂl’TﬂE‘;
\ﬂgmﬁ RCF2/B'
17.5/38/95 ’j 50 Hz .1 Mot GEI = 185 memmm | Safety
( ﬁ:—gim“ 1s on 625 ks ‘5/“,“ factor (SF)
/ torminals VA, flass  FSouFLP
150/5 151 - 152 15 ST,
150/5 251 - 252 15 5P 10
F"‘L_F “"'"I-——-l""' L Y S, . =
/“ \\ \ﬁ\_—/ Accuracy limit
& 1\ Sz factor (ALF)
1 primary circuit Accuracy Accuracy

1 secondary circuit 151 -1S2  power class

1 secondary circuit 251 - 252

22-2 J<

Ciuagy Al aitll gdls aal (e a3 Class (8 agall c¥pae dlls 3 USH LSy «Class J) o
Jsaall L

oS Sleall 13¢8 22-2 UKl 3 Jla) da o L @llh Baag aleaty sga lefy el 2gal) @
Sy 3283 52a) 38KV J dlent nlSel go 17.5 KV e 2 ¥ laaga 3Sat b S o
.95 kV )i surge (impulse) dead (S

U s o oSay el o jral ad @llia aalallis 3000/1 o llee laliaily Jisaill dusi @
2372 J<al b LS Jigat s 50 ST CT
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23-2 <&

sl il e et AUl adlly VA o Caan Ll UK LSy Rated Burden Jesl)
la LY L15VA Gl sl Jiall 3g (30 VA <15 <10 7.5 5 2.5) :deriiud)
Al Aluagilly ¢ Guldll Bgal pe 0.5 ) o 8y (A1 ke dsladind 201K Liaf
A5 VA 3gan ¥ oallal) 8 Burden Jly %5 48y 45l 5eal ae prsis

a2 (s3) Class X ) 48l 10P <SP Jaa 4,lagl) b deodinall Classes ) gl (s
Class 5P axiie Wleg .BS dulandl claalgall ok @llyg dblalall 50 seal oo Wle
= Overcurrent J) EJ'@J 2= Class 10P xaiiu Lo <Instantaneous OC Relays zs
ilS Ll sl e+ Gl Juadl) & Jaaadtilly Al (j2m yaiis Laa DSy (IDMT o Cag yaall g5l
dald 48 zlias Al ladall W jraal oy deaiiuall Class J) cju Ll dysllag 2a0)
10P 5P a5 «Classes J o3¢l (9] Cilsansa W IEC of aaY .Class-X - L aadind
.TPZ TPY TPX
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Dl Lay Oleall o LgKall Wadl) L dldaay Jlall e %100 xe 4 LaaY
v Capdll Jaaill ae dpudll sda 25 Lan ¢ ) e JoY) 2ganll &8 829254l Accuracy Class
.Rated loaf oyitdl Jaesil) e %5 2ie 0.4 ) Uadll 2o Juaig 0.2 ) Die %20

pe Uadl) ds 55« (gpililly A1) Lo o Dyl b Uadll Gl Al a6 celld e el e
cJranill yall

i Capan Al dedl) Ll Jone Cauagl Lgabing ) 2l aal (b o)yl

Laidll s34 dsaly .Saturation Factor 4l iy Ll sa5 Accuracy Limit Factor ALF
(ol ulal) b el A 3 o Gen SN el (8 e LS el (e |ygea clidaas L
Ll L apding i) padiy o U SN 8 ey Ol ol ¢ AT iaay

6- 2 Juio

A il dad all ale (ALF =5 dad cilSy A 1/200 disas dos 41 s Jone
¢ Solll L5 (b epdi Sany o 090 a8 o oS

:dall

Foslad (gl LE (A ops tuaas o (990 a3 O e ) Ll ded oadl

200 x 5 =1000A

il dad aaan allg Bq. 2-3 & ek ) @l ALF e aaied lly laa akall gaal) (ag
:ALF ANy CT J bk o Lany 2
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rated VA

Eq.2-3:V, = * ALF x + I, * Rep * ALF

=2 Aleall o Aaadle g (172 Adleall (o Wlisen o o ) B ) Al 408 3 Laxs 2
i il) Aslaal) o3 Loeal Capls Ua Gy clgiiyaa ol aas dlggun (ul dad ag B ANy culK |
sl ohd §ja1 cand 1-4-2

$daslaall oda a5 3d SP10 100/1 8y9a Ao CT ) localge iS5 Ll

% (s & Aaal sda e dlsilaall ai€as %5 oy (uld 483 Al CT ) 1aa o Js dasleall o3
ALF o clialsall & ciry 10 B)lly il 3 1A by 3 ) o)l Jial 10
CT I 13 o Jsall iSay cilasleall a3 e elisg il L3 LS ( Accuracy Limit Factor)
osball 383 05S5 (saall 138 Phay (S8 3 1000) 55l 3 10A ol ans s Jass 4y
Yo 5 g b

woladd s3aal g alagl) S34al @ CTs plasiud 2-4-2

Al Slasdall & CT ) aadi

Protection CT Lyl 53¢l =

Instrument CT Sailly Gl s3gal =
Ay daall e Lo Saan gl sigal ae deatind) CT J seal of e St agal) (pay
& Aadiuadl CT Jl e e cauly (520 (3 dandl) Byuitia Jac) @yl oYl aly (5
Aslladl) 281 dgana (530 L} (5S Cun (ulidl) B3]
Beal ae deatisal) el L5 sigal pe deaiiuall Hlall clVsae cu BRIV 5 e 4l Jaadly
Do daii CT A e o Liny (63 agal) 8 4,80 sead e CT aladiad Alls 3 4l (Ll
BAly .+ uladl) Bigal ae daniianall CTs I 8 Liy 3 agad) (e 55 el Sy adle & L)
2372 JRal b maly cpagall o
o o Olgall Aol @hidU jaaes Lid CT aladil lgd 23 4l seal dla b Lle
s JEA
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v" Non Directional Overcurrent Protection O/C
v" Non Directional Earth Fault Protection E/F
v" Differential Protection

:85¢aY) 03a (e claglaall Huad VT das a2iiy CT aadied ) Ll sjgal paes clliag

v" Directional Earth Fault
v" Distance Protection

b Lo Clsne o (535 8 ) ulall) Bgad ae Load aasin CT o8 &85 sjeal ) dslal g
Aladl) e g Alladl) d8Ul b8 Bgal ae IS andiing agall C¥saas Ll ClVsae (o @35 ]
. 5 Jelaa el 53¢als <(kVARH meters <kWH meters

Protection CT

Instrument CT

Secondary voltage

Excitation current

L) sigaly Guldll Bgal pe deniiud) LAl Ve 43)lke 23-2 J<3

St | Jol o S| ] b 5-2

Gyt Lo g deadll Ll c¥sne JA) L ead) 8 Wgha) cans donlud culylid) de gana llia
IEEE A i piiad) g€l g ga )l Ll cang 1aals dlisals) Lgias «Commissioning Tests -
(sl LY bl Lalal) dhalsall a5 C57.12.90

Ratio Test Jisaill dauss dad Hlial —1

Polarity Test dukall ,laa) -2

Excitation (Saturation Test) Jl audill jlas) -3
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Insulation Resistance Test Jj=ll daglaa il —4

chlaaY) ol mags b Ladg

Ratio Test Jueail) cawi jJLii) 1-5-2

oY) @l Cilall o bas a3 Jeas s Jagail) s lad) g chlas¥l sda Jguf
U agal) Gl & 24-2 J<all L cilgh 60 (gsln sy (CT I jlas) dlla 8 <l sae b

60:1 & dasaill Lo o iy 130 2472 JSAN) 8 s 1 (goln sps (Sal] culall

24-2 J<&

AERY) sl 138 o il "Rl gl Cpaa b gl " S ol (s

Uil e gnn b Polarity Test anlaall j\ud) 2-5-2

danyhd o(lgnSe ol Aol lie ae & Ja) @lilall 3 DL (il slal o CT I dglad aaa
sl Jag ¢ A0V Hlal Al (gl Ll Jaall) olaV) anas cililal) & Call olaly Qa5
.Lgiy Phase Shift @lla of las ) guailing




Sl 5 eal) e 1 S Juadl
b gl S b el Jaalis gal) CT 1 Jle LSl jsa)ll DA G Gl 3383 (e
ol JEEE/ANSI 31 3 Seasl Gk oladid Al 3 J6al Qs e o(aneS) gl cilpae
sV i) Ll () sSan

laganns ¢y s Lagdl Jnay) 25-2 J<al 8 L& X2 X1 (H2 (HT 5o casgl) S 13 ~1
Additive . o Al e Al e o (Aelud) jlie olaal
Ol b a3l H2 1 Gl dimge HI 058 Lavie 4 ey 1385 ¢(aead) (00) Polarity
X2 Aol duage X1 (ys<s Aaall
Subtractive i (sl all 8 aslgoladl 8 il LusSae casill IS 13 Wi -2
LAl Al Se ag Polarity

25-2 J<&
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@V 26-2 J<all b LS Dot ) L aladiuly Ad/SUb ge s 3olalY) cilsadl) 3 Ulaly
Anagll e gall 130 89 )3 Juagi jlall c¥sas plane Cus Subtractive dluag CT S
L 06 A1 Akl adde aguyall (Sl iyl () LA Lgd Jaa S Adaalll 4 LaaY
LSy GuSally (Al Abaiil) dsle o gusal) (ol i (e lagls (geilEl)

Agladl) HLas) ehal a3k Allal oda & Ssnall e (e Comaa B gl sde IS il ol 3Le ()
.Commissioning ddee JS & HloaV¥) 13 sl 2k WS clayaan]

26-2 J<

¢ua Flicker Test = cigyaddl JLaY) chal (Ko CT ) Joags Ji dubdll daa o Kbl
& WS AV Byl e @l 9 aga dylley deags Wiy CT A gelll 8k ( Jaailed daas
aied o hlawl Y1 ggill g9 Subtractive ) gsill o CT I &k (f (i) 27-2 IS4l
) aaledll Hdse Capdy (Gedls e o has B sl Bl Gl Lad) Blal 8 djlad)l Juass
JSE & Gl Sae sl 0585 laies ¢ AV elad¥l (G (aSay dgjlaill s iy Lingall dgal

OmasSaa (gl (8 bl o iy 1368 Gy (S 5l Capatl 13 cLadus
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& ey HV-Side e <lsd 120 jaas Juagll v VT JL Al Polarity J) pasd Jls 8
I 5eld (e Polarity J dae i nasd a1y . 28-2 JSill A LS LV-Side I 812 e dianin
Subtractive g3 (12-120 ) <ul< 135 Additive dukalls o( 12+120 ) <l 138 Voltmeter

(1 12-120) seball ()sSins 1315 Sub 8ysuall & aasll)

28-2 J<&

3- dogan Alla b sl (@l (e ¥l Juagi die Tan Laga i bl ¢ gnga dlagale

.single-phase transformer into three-phase transformer
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Saturation Test ;\Lii} 3-5-2

A% g wagally Ol (el sigal ae Variac e aa Sles ) zlas SlaaV) s ohaY
LS oailill culall 8y 63 lall Luld ae Variac I e i) agalls (gl calal) Calhal
e Ll (f am Yy Lagide Jlay Sn¥) ulall o Adaadle ae «29-2 JSal) &

29-2 K&

5aly o agall b daida 5aL) (o i ladie Adaii ) el s agall L yni 5aL5 L) fay
D dlaye 3 Y J22 8 CT D) o e 1385 clgie Whans Al DY) ddais a9 ¢ lall 8 dadin
dee glam dal e eall ) dear ga lanys agall (i a4 cSaturation
Jadadll cluldll Jae Jd Core il Demagnetization
Ba Jaai (in 3¢al) i e dad JSI AL Ll a8 dinas by (530 Be 2¢al) B35 o — 1

tall U Laoyw agall (med 5 . Saturation A gy
A8 =2 SN 8 b ciyeds WS A aay (S Al 2l (e =2
Laadiaall DL G e S Cany 1309 ccilgd 1000 e el B ) ddais (3585 28 rdala daadla
Insulation Tests Y iy i) 4-5-2

sl S5 G daglaall —1

o)y SN o degladl =2
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saly @il G daslaall =3

Short Jee 23 LS leall o dlasall Jlaa¥ll pes doaii N ChHlaa¥) mes shal Jds
L) A Slaslial) Gulis 5 30-2 S b LS gl by SN bl e

20 daglad) dad (ya st g ¢ oelaall (C_ﬂjﬂ 1000 ) ) e\.\&.’u\ 0 agla o) S ﬁ;jj
csle) o dligl Jiall sae O i Ao Jiall Aaglie dad s O cdlgine dia) 5 A0
sl e 0 agie W B O e Y okl

30-2 J<i

CT | i e g G| 6—2

cOpme Dy Sles ae aaladnny CT e b ggt danlie (520 HLEAY Gyl 82 2a 4

dady Ll Jgna Gl o Lis dad all a9 Vi dad &jlie Ao it ) Al @lld (yad
Jonall 138 o i 138 V> Vg cul€ 1308 goilill 85k o cme Relay oas da Las 30 Vs
r A Bl 8 LS (Relay ) 13 ae canlia

7-2 St

Jhe Lo 48 e of adsies 0.02 ohm s daglae 1 OC Relay alasiu) Loulia (530 il
A laalgalls 5L Jsae ge @lldg ¢ ual 7226 53

10P20 7.5VA «CTR = 1000/5 A

Rer=0.26 Ohm
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RL =0.15 Ohm

Jgd
il dad Jlaall dlaal 4l (il i)l wie sgall Galais YT aag Jonall 138 mliay S
Vs =1It (Recr + R+ Ry)
= 7226 X 5/1000 x (0.26 + 0.02 + 0.15) = 15.54 Volts

From Eq. 2-3:
__rated VA

Vi x ALF + I, x Rop x ALF

n

Vi=75/5%X20+5X0.26 X 20 = 56 volts

CT 138 ga paiiy o) whiay Relay ) 138 of st Wl &3 (a5 Vi > Vs of Camg

Jgdds o 3Gk
rlshd E (e AisSe (5a] Ayl Liad L aaiig

(3172 UKa b Adanall 5000 8 LeS) opilill Caldll e L () culgal) dad — 1

Zg

312 K
Es = Isec (RCT + ZB)
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Ay (goilill Calall daglaall 40 & Rer
(B8N Slea daglae + DY) diglas) (sl Burden Jeall dislas & Zs
o g Jsnal) alesty Brax (s A bl e Jgeanll L8 ((Bs) Lol o2 paiius —2
(e classll s ae L) Eq. 2-1
L) "waall a2 gamal) lal) aleaty A A8l Ald) seladll & agunall By (plas =3
i <o)l 138 Ligunall Bax caaad 13 (@anll cfgaall s3gal 8 (100,000 lines/in?
Ll condil) o (st 4n Sl (asdl) (0 (Alsl) sigal e Jlanindl] culin ye Jonll 18
Al sda b aladn D loay 4 Thdge olld (5<8 ate Ji (IS 1Y)

8-2 Je

0.31 Q slll 4dle d8glae (A= 3.25 in? 4zkaie daliag N= 2000: 5 duws 4l i Jsnae
2Q gsbes (Burden) 4l dalad) sl & Jasdly

AL e of adgiall (g il Lale Allg Slen pe alatiudll Jondll 138 by o 4830 Caglladl)
€50 Hz 2355 pe 35,000A ) 4ied Josi Lo (ol Alls 3

idadl

ol Cagas I (3l adde & Hlall o] ey 13g8 Jomal) 138 <lia 13)

5

I, =35000 x =87.54
2000

Gl Cigms By (gl Calall e jelan 63 agall o i Vo
Ey=1Ip (Zp + Z1) = 87.5 (0.31 +2) = 202.1 V

Fgsbon Cigms (gaal) QR (3 Ll imadl) Z8US (6 (Eq. 2-1 3 Taaday (S 1




E
S = 202.1 =70,030 lines/in’

B =
max _8
AAAFANXI0 4 445 50%3.25% 20500 «10°*

Beal 2 el Ll ciVsae 8 Lo Calaniall Al Al (e J8T Aasil) a3 () G
123 mleay 568 il ¢ 100,000 Lines/in?) 445l

9-2 Jkieo

8 MVA ¢138/13.8 kV transformer is connected to an infinite bus. If a bolted three
phase fault occurs at F «<find out the fault current. The impedance of the
transformer is 10% and location of the fault is close to the bus as shown in Fig

2-26.

Fig. 2-26

Solution:

With 8 MV A transformer «full load current

8000

= Ty = 334TA

% Impedance of transformer <Z% = 10

1 1
Fault current [, = -~ = -2*%
%X 10

3347

X 100 = 3347A




Sl 5 gl g 1 Joadl

10- 2 Jko

In the previous example «if the distribution feeder has 600/5 C 200 CT with a
knee point 100 Volt «calculate the voltage developed across CT and comment on
its performance. CT secondary resistance is 0.414 Q.
Assume that

e C(Ts are star connected

e [ead wire resistance 1s 0.441€Q and relay impedance is 0.259Q.

Solution:

3347

CT secondary current = 20 27.89A (v CT turns ratio = 600/5 = 120)

To obtain conservative estimate of CT performance, we will use this value. This
amount to assume bolted SLG fault current to be comparable to bolted 3 phase
fault current.

CT burden for three phase fault¢

Zg=0414+0.414+0.259=1.084 Q

For S-L-G fault it is

=0.414+ (0.411 + 0.259) +(0.411 + 0.259) = 1.754Q
Effective impedance seen by the CT <Z= Rs + 2R + Zy
=0.414 +2(0.411) +0.259

=1.495 Q

V=13 X Z=27.89 X 1.495=41.7V

Since the secondary voltage «Vs is less than knee point voltage the CT wil not
saturate
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11-2 Jhio

In the previous example «If the existing SMV A transformer is replaced with a
new 28 MVA transformer with 10% leakage impedance «<find out the new fault
current will this new fault current lead to CT saturation ?

When the 8 MV A transformer is replaced with similar 28 MV A transformer

3
Full load current = 28000X10___ 1171.5A
V3x13.8x103

New fault current=11715 A

11715
120

CT secondary current = =97.6A

Ve=1Is X Z
=97.6 X 1.754=171.19 V

Since «the knee point is 100 V the CT will saturate at 171.19 V.

12-2 Jhio

In case CT saturates «<comment on the performance of
(a) Primary relay
(b) backup relay
(c) co-ordination between primary and backup relay pair.

(a) Because of CT saturation ¢the secondary current will be clipped. Thus ¢
CT secondary current will reduce Hence <PSM will reduce and primary
relay operation time will increase. This will slow down the operation of
primary overcurrent relay.

(b) But typically <the backup relays in a radial system will have higher ratio
CTs than the primary. Consequently <knee point voltage is also higher.
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This implies that the backup relay <which does not saturate can act
before the primary since <these CTs are generally less likely to saturate.
(c) Hence ¢relay co-ordination may be lost.

This can be minimized by one of the following methods.

e Additional co-ordination time can bet included in the settings.

e Set the instantaneous relay units below the current at which saturation
begins.

e Relays with less inverse time characteristics can be used upstream from
the relay which has saturated CTS. This ensures a greater time margin
at high currents when saturation is more likely.
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[P

Sl Saliy S duld sl

Over Current Protection
SUac ) alaes oY cllyg oyliml 4,650 igal augly sedls a3 _a Overcurrent Relays ) 5¢al
ol daiag Ay () as il e Ll OIS il olé Ua ey Ll B 8ok Lgie
Jas aiad chant 1)) aie $pilia Ll Jiady o(goill dashiia yoalic o yeaie (b L) Lol dad
.Jaaiill Overcurrent Relaysd) bl 5 toalie oyas Jadl) 138 A5 paial) 13g3 Lals TLuns

Jhoad| i i (gels k] o It 1-3

b9 B b Ll Al adll £jlha s Adle (oS5 e b Jaall Lo A o) g paall e
tsty bl L ad e 55 ) dalsall o Gapaivin deadll (e giall 13

Jaaly o\, 1-1-3

Sl Relay Iy 1) dagliall caaly LelS Relay 3 ol€e e dhaadl sl Ll 45 agladll
O05Se Gun radll ge samd) JUae Yl GLES) igra b cunll udy 1ag . Jlall L ded J&
Maals Jaall s 4l b g i)Y

RF Maal} deglie dnid 2-1-3

Jhall s (Short Circuit) ¢y g e Sie (Overhead TL) lsa ad o Laie
b B o Zep) ball daglie DA Jlhaall page R LB Slea e (g dlisall 3 s
Laglaall odag.1-3 Ul & WS (Fault Resistance, Rp Jhall daglia ot (531 daglia
cdare a Jaall pimsa (8 Bd 3sagn Liad 3l LS (&) L s — djda) dupll diesn itw Ry
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Where:

tce = Operating time for the circuit breaker = 40: 100 msec.
treser = Reset time for the relay = 40: 70 msec.
timace = The sum of inaccuracy in time measurement = 50: 100 msec.
marg = Safety margin
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Relay data:
e Pick-up setting: 1 to 12 A in steps of 1 A ( Hlead) Jaly dabiall .all)
e Time dial setting: as in Fig. 3-13
e Instantaneous: 6 to 144 A in steps of 1 A. ( Jlgadl Jaly dalia) aall)

e The discrimination margin to be 0.4 s.
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A B C
13.92Q | 25390 | 85.35Q
{ | W | W~ ‘
115kV
3
12-3 J<&

r N sail e Aabiadl BBs ) ie el 58 dad Gl ¢Sy IS 138 (ga
v 115 x 103
Ipquit—¢c = =
V3 x (sumof Z) /3 x(13.92 + 25.39 + 83.35)

= 532.6A4 Referred to 115 kV side

, _ 14 _ 115 x 103 16894
FOult=8 ™ 3 x (sumof Z) V3 x (13.92 + 25.39)
Referred to 115 kV side
1% 115 x 103
Irquit-a = = 4769.84

V3 x (sum of Z) V3 x (13.92)
Referred to 115 kV side

(B gy Lo cllyg 13.2 kV ) sgal referred to duwie dalull chlall o Clua (S
sl [Fauit-c Ll Diad L Turns ratio (115/13.2)

115
= 532.6 X 32- 4640.2A Referred to 13.2 kV side

ol Traue DL OsS0 Jialls
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115
= 1689 X eV 14714.8A Referred to 13.2 kV side

Ll ey gaal dswliall Turns Ratio ) sy GG

A ad ) ey el e Dy B Lo Cuaall Gaw Al aclgdl) Led gl
a;j auin Gigas Y hla )yl Qi o X dad 8 X: 5 (gl \4_5 u=ay Turns-Ratio
sl Calal) D pa S qalal) & jead s ol OIS Y] 385 Y 1385 CT )
(deadl) 138 3373 gially Aladd) Clibaes aal) el 100 50 o

X — 5

ISC — »<100
Golad X dad b il

X=1I, X —
¢ 7100

Cilghadl) oda 3aday A 1-3 Jgandl ‘éﬁ LS Turns-Ratio Al duadly dai e_a)éi e Lgiag
.( CBs Jl S5 ¢Sll) diiadd) BBs I e

A olal (Sly il (goime (uii Lagd 3 punsally 2 guzagall dic 4S54l CBsdl of JaaY
Al Turns-Ratio ded cuibia) b « AY) ge Calide Lagia IS P& ar 3 Nominal
Ligyd e SEN Jayall e s 3 ddaill e Sl CT JL 45k 2 ddaiill e Sl CT
DLl g ye ol SA (e JB (ol ulal) 8 L5 y55e e B a5 CT Ratio J) il

LAY il el
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1-3 Jsaa
CB- Max Lsc X=Isc X(5/100) CT Ratio
Number Inom
1 131.2 4640 232 300/5
2 393.6 14714 735 800/5
3 1093.5 14714 735 1100/5
4 125.5 4769 238 300/5

OC 2 5¢aY¥ Pickup ) ad Lid) :lay

D Slead lasall a8 i) o CT ratio Jl ad Jlad) s mecail) & 5aY) syl
.Overcurrent

ade el Laall rated current J g ST 99 Guay sy Relay U Pickup ) 4
a2 rb O ol a Ciaiy B0 I e el 05 o cand Laslaa 0S5 a1 ad Slead)
135 CT U Secondary ) 813 & sas Jlall 138 of ddaadle ae o(Ls deadivin L ga5) DA
M adl e alis S

Relay-1: 1.5(131.2)5/300=3.28A: — pick-up set at4 A
Relay-2: 1.5(393.6)5/800=3.69A: — pick-up set at 4 A
Relay-3: 1.5(1093.5)5/1100=7.46A: — pick-up set at 8§ A
Relay-4: 1.5(125.5)5/300=3.14A: — pick-up set at 4A

A shad) Slead) gsil kel 12-1 (e dasaia Lad 336 of s Pickup JI ol o) JaaY
Aalud) a1 VA 8 dasa a8 Gl il 13 il

Bgadd JBaalll Jaill dady Time Dial Setting ) JLEaS Luald
Jm,,t;:\&;@;me:)mwg%aau;;g;ﬁiwwsj&\m@:j%
(Laadll oo 2aY)) Relay-1 Gleall Slgad Yol cablaa¥l sda o5 of caag Jall 138 a8 . 2u35)

e 8¢l 3L Jau
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Relay-1 ! Time Dial Setting J) ,Lii)

AA gsls Relay-1 2 Dpickup o 239 Gl e3all o1

(TDS I finie jlid) 3 Jeu] sp (s Mlld 3Kl 3 Sles AT g8 Relay-1 of Ly
DO o gl Lagly PR Bea) (e 0yl z= Coordination | zb=sy ¥ AN
inial) 34T Qi il Gl ans oK1 1373 o8, (K81 0.5 ) aiall g8 1 TDS
«Transient Jl JlaeY) ae dals Stability JI ¢ g5 Glasal 4a Yoy (1 a8 Jinie) 4y (53
el o it Sl sl a8 o 48 Ligtne 05 Y 38 lan pedl B0 Slens

A3-3 Jall AT &) sl sa Relay-1 (aie i 1]y L8225 Transients
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Maultiples of tap value current
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Relay-1 ! Instantaneous Setting J) ,Lii)

Caal (e Aol 058 jaadl e 2Y) AV Sleall Instantaneous Setting ) Jais dasd
@) ((Relay I e 3snsall (ol dga a1 Slilual) paen) 4 5)lall I dad

linst—r1 = 0.5 X I, X (CTLR)
=0.5 X 4640 x 5/300=38.6 A
39A o (Ulall Slihaedl i) Lgaladind Koy Lol dad il
cllyg (Pickup J cilielias (e (g5 oS (5T) TAP ) sasgs Liadd Laill 038 (o ueil) (S
.Pickup value J e it
39 -4 =975
cBalll adll (o) of ax3 TAP=9.75 an 1 &8y e aladinliy 13-3 JS5 cliaiall (g
L)@ 0.1 Sec gl

tgolon S 8 Ll ¢ 8K (39A ) Instantaneous Trip ) leale Jasca Sl dail) o) L
300
39 x = = 2340A (ref to 13.2 kV)
Y oady lall e dall sda vie L) ogldl i Cagu o)lad) 23 (63 T8y Jaiall o e 138
14-3 J<all & Relay-1 AV Jiad)l Ssidl aaly Aagall oda aay Jsial) syl Jixa
& px Lag ks Al Relay-Z AL =) 6.\;.\4!\ & ‘_'é:u.n.\ﬂ\ s )1:\3“ Aol 28 2ic :ddaa
8y 8L 8 L ) S Relay-1

Relay-2 J Time Dial Setting J) 4ad L)

G Sleall 8 o)g e ey el Lo all dadi o) 58 Relay-2 1 TDS I jlas) ~lia
daidll 034 «( Instantaneous Value J) lgde cilana Al daidll (uii 85) o Relay-1) 4l

8362y (e Gigaa (laal e Time gap Jlate halie das Relay-2Jasd of s

o5 i 55¢9.75 TAP Ulay 585 2340A 58 Relay-1 3 & s )l el of sy




aneSl A leal) ok

) 13aT 138 L 3aw LS Relay -1 U sjlaal 23 63l J¥) TDS I iaiall e 0.1 sec o)
o) Ja Y1 s Relay-2 & el 2340 550 xie 4 ias 1368 Time Gap = 0.4 sec
oo 4 Jadll

0.1 +0.4=0.5 Sec
&5 Oes TAP U Jale i 5uaL e ¥ 133 (€80 8 cliaid) ol Gl 1S3 LS
038 4l (gilill Culall 8 hli (8K Relay-2 o o)s e vie uual 2340 Lallé
2340 X 5/800 = 14.62A
Relay-2 I (=lall Pickup 3 e Ua Zouill) TAP 1) sanss daill 038 e ueill (S
Golaw s (4A sl )
14.62/4 = 3.66 TAP
Gl o asis (0.5 Sec. ) asthall a3l) e ((3.66) deidll oda adalis i e Caaallg
Relay -2 1 olaa) s (Al sa9 2 a8 il 8 aie

Relay-2 Jd Instantaneous Setting 2 4ad L)

Short il dad (e 1.2-1.5 o o955 Instantaneous setting J) Jasia dad (jld U)<3 WS
o) O s 13 (Al o3a 8 BB-C) 4slel aiy s3) BB J) & e Circuit current
:(1.25 L

1
Linst-r2 = 1.25 X Isc_pp—¢ X (CT_R)

5
Iinst—ry = 1.25 X 4640 x (W) = 36.254

oy LS )

800
IPT‘i—RZ = 37 X (T) = 592014
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el Jaa & Instantaneous setting J) wiud Relay-1 Al < LSS WS Sl
e i) Tasi giag 143 J<aN 8 LS daill s2a die L) v Relay-2 b paldl)
LAl sslasl) 8 LS Relay-3

Relay-3- Time dial setting J) a8 L33

A Sleall 8 oyepa asy pal L5 oall dad o s Relay-34 TDS ) jlasl ~lie
Gigaa glaal (pee Time gap laze halie Jiats Relay-3dess of caso ( Relay-2) 4sll
calal (531 Slgall Inst. Trip lede Jasa il lgasis & dail) 038 o 2 502 Gy ot
o) Bl 989 ¢ 3w WS 5920A Jales Relay-2 1 4 e O Sy el Sl oadl o Cung
Time Gap = 0.4 1 L] 13 .Relay-2 ge padiusdl TDS A Jaidl e 0.18 sec oy
0o 4 deadll o) Jio YT ono Relay-3 (8 5l 5920 5550 2ie il Liny 128 s€C

0.18 +0.4 = 0.58 Sec
&5 ey (TAP 4 dala s sVl Jale ¥ 13-3 (K80 3 clpaia) old Gl U)S3 LS
038 4l (gilill Culall 8 s (8 Relay-3 < oys e vie juual 5920 Lallé

5920 x 5/1100 = 26.9A

Relay- Jb sal 3 Pickup J) Jle U Zewill) TAP I saas0 dasil) 038 e uaill (o
sl s (8A Lsbus) 3

26.9 /8 =3.36 TAP
Gl o 2 (10.58 sec ) casthaall el ae (3.36) daddl) sda aalis dlaii (e aallyg
Relay-2 pe a3t LS Relay-3 po Laad prdind Jully 2 o8) aiall g8 Jiaia
J dLald ab Lle 4i BB I Gu Je Relay-3 <l (Relay-2 asagd s
Relay-2 J8 das ¥ s jlzaill leie Relay-3 ) (s Instantaneous

Relay-4 3 Time dial setting J) 4ad L33

aalel GV Sleall B e el li oall dad o) s Relay-4 3 TDS J lasl ol
Gand Ggaa Jlacal fuae Time gap )i il Jas Relay-4 Jass of cang ( Relay-3)

G 4B 5¢aY) 8 LS ) as 2a0 V) Relay-3 ) 3 jead jli oually .530aY)




eSh A laal) o

13) dall 0385« uual 14714 diady (1-3 Jsaall e 335 ( Instantaneous J) duals clil)
:dalis Relay-3 DA <

14714 x + 8 = 8.3TAP

1100
2% (59 e dualy 4 22t (2 68 ini) Relay-3 5 (oldll iniall o adll ode alisiys
& omal 14714 j55e v 4 e 138 Time Gap = 0.4 sec JI Laal 13 .0.21 sec
oo 4 Juadl) ey Ji YT o Relay-4
0.21 +0.4 = 0.61 Sec

:dalesRelay -4 JJIF 14714 ( e sdop sd b sis]

I —14714x13'2x(5)-4—704T
se = 115 ~\300/) = * 7 OF19p

CAY) 8 5 a8 sl o s 0.61 sec ae 7.04 TAP ahalil Jiaie il (e caadlyy
-voltage level J) <Dl s turns ratio ) & cojuall LaaY

Relay-4 J Instantaneous Setting ) 4ad Lii)

il A a8 e 1.2: 1.5 o zslh—— Instantaneous setting J) Jawa dad
O s 13 (Al o2 8 BB-B) 4sll ais 53 BB JI 3 e Short Circuit Current
:(1.25 Lasl k)

1
Liceora = 1.25 X Lo_pp_p X ( )

CTR
132 /5
linst—rs = 1.25 X 14714 X == x (%) = 35.194

36A o lgalasinl (Ko Lauld Lad ol
Lol 038 die Ly akady Cises Relay-4 J Jiaall iaiall o ey 13
Linst prim = 36(300/5) = 2160 A referred to 115kV

Iinstprim = 2160(115/13.2) = 18818.2 A referred to 13.2kV




Dbl 5ol aum A s D) il
) el 13 Luesye lintal) s aul Bl 14-3 (<81 6 Lady gl ) dadll
Aalu) &b U jadl 14-3 J<ally L(13.2kV

14-3 J<s

Digital Overcurrent Relays ) §a} 7-3-3

DA (e Aliian (Slg Al clasial) uis e Digital Overcurrent Relays I s3gaf olal adiay

2-3 Jsaadl i 53sasall GBS Y sladll
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2-3 Jsn

:Eq. 3-4 — dfies Inverse Characteristic Il 223 i [EC ) Glaalge b

Eq. 3-4: t = TMS X l&]

(15'_0)0-02_1
Is

o
Isc. o8 Lo dar e 13) LlEgh Slea oamy (habiw (o3 Jadl) (1) t
Fault current. Jhall Lo 4o Lsc
& aid) 8y 3 Time Multiplier Setting or Time Dial Setting TMS
Wi (0.5, 1,2, 3, 4, etc) discrete ase iy Lily oISy el JIKsY)
Jaiins Ul clge Sleadl lapn oy 30 5Ll Aad (g5l cpickup ) 4nsis 52 Is

Lol e Lagd Wl 1)Sh WSy PSM a1l Too/Is il




Sl 5aly) aca Al s Joadl

sany) t duad el Jsmasll Jal (e Is TMS and A Lasliall 2l Lol dleal) (udige asig
.( Coordination ) cluh rua uvigal)

(Jhad) Lo dad duagleal BLDYL asladll g8 duaill (1e) 05$ Coordination Jl cluh & Ll
deaidll o) (A daail Sleall ade oy @A) TMS I dad e dlalaadd) s3a 0 Juans Jully
o siadl)

(Digital Relays ) guild! Joobaid| JUidS
A A<enl 8 ek A dadd ) Al Beal paead o Jae aglla

s5Uanall culilall

25MVA Jsaall 5y

100A ire S dea

200ms e Ju Y gals dlaye IS o ualill )

CTR for Bus—Section (Distribution) = 600/5,




LnpeSll A leal) ol
CTR for feeders = 200/5

Short Circuit Current at output Feeders = 5000A

Jad)

Eq. 3-4 s 53¢l gaes o s jidins

0.14
t = TMS X | ——sor—

()

Ales Slea JSI TMS suasts dlg (Pickup) wass sa castladlls il

WEaF11 3 FoFdlel s asdeSetting =J) a3 ol

Is = Pickup = 1.25 X (Irated) = 125A = 125A (primary)
Pickup (Secondary) = 125x5/200 = 3.125A (Secondary)
Isc = 5000A (given) = 125A (referred to Secondary)
Min. TMS = 0. 05

) Aalad) bl & omsaily

0.14
t =0.05 X 503

(315) -

4=91.4 ms Jadl (pe) o)) anies

£ 38 ¥ o s Bus-Section =J)3¢f Relay ~Jibahdés
SN e zlass 5l 200 desi 5o il e Bus Sec b alall ahaldll el 13)
Janall ad 05 A ey ccnbiiall e asagall 2haldll e <1 200ms

Pickup = 1.25 X (max current) = 1.25X200A = 250A (primary)
Is = Pickup (Secondary) = 250x5/600 = 2.08 A
t=200+91.4=291ms
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TMS =0.1285 ¢ asis &3l dalall Aleal) & (oassaily

1 F1 s a( g 3adiz od alp dsfad) auohyc
¢ sl 400 4oy Feeder, F1 14 Lo adl e Bus Section 1L palall abldl 3lef 13)

0sS5 &5 (ag (BUS Section 1 le gasall alalill e ST 200ms N ) e 2l
Ll a8

Pickup = 1.25 X (max current) = 1.25X400A = 500A
Is = Pickup (Secondary) =500x5/600 =4.17A
Time = 291+200=491ms
. TMS =0.1654 o axiv &bl dalel) dlsleall 8 (gl

Hea¥) b A Jidls

Jaily el 2 OC Relay Y by 8-3-3

ciles djall paiall gg3 g Glbialse e lalaiel Pickup current or TAP 1) Glus o bl
0o At 000 Y aleall o Aaadle ae . cN¥paally Jaill aghad e Aaadadl) 4000 dbGY] 3 LS
caly @l Ll Gl 5 dalead) 58l

:ddhgala

1> )b Inverse Pickup A5 « I->" 330t Le Instantaneous Pickup J) el ey

Jail Jaghd A Ll Sal) Mk 4gleall Pickup LS ded waai— 1

:Bq. 3-5 aaa5us Jaill haghad Lleal Aeaiindll OC 1 53aY — I — Pickup J) s aasal

Eq. 3_5:1.2*12—M>Sl>£0.7*15mm .................................................... 3-4)
I- = Pick-up current
Livad = Maximum load current
K- = Reset ratio for the relay (Drop off/Pickup).
Isc min = The smallest fault current that must be detected by the
relay.
1.2 = Safety margins Between 1.5 & 0.7.



LayeS A laal) ok
A ded e ,lal (emids) 1)) Relay ) bae oah 3 Lgall Ll ey Kp ) (o JaaY
il D) 4 W) el (emessl 13 Reset 4l Guasy e Relay o) of JEall Jusw e .Setting

0.95 (sl Ky off Jsis laaied Setting I dad (e 0.95

1§08l c¥saa dlaa s Pickup ) LS dad st — 2

:EQ. 3-6 ax8iui clsaall dleal dexdiiendd) OC I 83¢al i Pickup Il sl

Eq.3-6: 1. 21.5*;{" ................................................... G-5)

1> = Pick-up current

K, = Reset ratio for the relay (Drop off/Pickup).

I, = nominal current on the side of the transformer where the relay is installed
1.5 = safety margins

5- 3 Jueo

600 (Gsbs 4 (il Jaall HL5 5 il S 132 2¢a 15-3 S5 5 e sa LS Ji ba
4 OC Relay saiuly 4ules 23 ¢(conductor rated current ded _uii sag ) yudl
MSITAP 1 dad caal .800:1 4iaus ardivall jlall Jsne 5 «1A (g5l Standard Input

.8000 A (st SC Current Jil oL Lle .R1 & R2 :dlaall (5lea (e

1 ﬁ;

===8000

15 -3 J<é
Jzd

inie b Uit LgiST e onileall lasga (56K TAP ) old 5asls dga (e (s3e odll of Cus
:EQ. 3-5 Gl il aay piins WS Jaadl) (g0 20an (631 Juaial)
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1.2*%{#@13@ <0.7* Igo i

7

R2 s R1 IJTAP J Clua e

1.2"‘@31> <0.7*8000
0.98

734.693< 1, <5600

(e Asiaa dad 2 5 0.98 o Reset Factor U dawys dad (aye Liad dplud) daladl d
Lad (e % 100 Jala3 a5 ¢l 800 o Pickup Lo dad lod) e sl cblual)
Dl 1 oojlaie o ygye die adf Lylas iy 13ag dTAP=1A o (ol ¢ lall Jonal Jigall Lo
ol a5 dasy Cage Dleall Slea ol ) Al 3 el 800 i gplil) caldl
Jaadl

Gliniall ga s -Jhall ge il Sleall daad ) goul any (53 i) lad) s Lileg
Sy it gyul Hlas Cagw (Normal inverse) 5-3 J<all & dudl 5 Relays - dalal)
.Relay-2 10.5 = TMS

1.5 (sl (& 5 el 1200 = [l dadi wie £ V) ans Jimial) 38 o Jadll L) ddjadd
8000 a8 N yuadll 5l Jeag 13 Wl cluyi 406 1.6 = daadl) ey 05 TAPD (e
0.16 ) deas 5 gl 05 doadll (505 o 223 (TAP I Gilesal e (g5l Le 525) sl

LAl
il (s am Jhaall Jien ask (Sinia olial s ald Relay RT A Caslie aie HlodlY
0.16+0.3 =) ;) g 10 TAP ki) alalie] isie ol of 2a cliaiad) ) gsalls

vie RT Slgall dead (0) 055 ccanliall TMS I 58 by 2 Jaidll 58 (10.45 Sec
M 456 0.5 58 (10 TAP ) _usel 8000 (sl Jhae L




aneSl A leal) ok

Ll edgls e 300 gy 508 Relay R2 (g ain (il (hala (35S0 Cagus Alla) 038 b
Lialel 05 a5 Loy 456 0.6 Jsa (il (ala (35S Casud 3 = TMS las) 13
Myall paial) e ddailaall gl duad o) ara (s el s of ) 5 ¢ghlaal

TIMS=2 iniall s Cages ML 5 cailes

$azd) 331G 308 Suadom adledow Bl dileg Jo tale Jsoug b d b &e
2 VT g A8l o Jaghad g sansall el 5215 o Yol S8 (o comg ld e 4a3U
al ol 800A (g5l Pickup sl o) 2 dalid)l cilbluall e 5 cdlgaial) 48l dad (e % 25
.Overload ¢igaa sie Juady o (K a3l Lylas ey 1385 . (600A ) deal) i e % 125 Jala
1.1 o zsh— Relay U ladl) Jsrdil) ey ddads of aa3 OC syl cliinie dulpy (e oSl
%25 ) Jeall 8 53l Cugan e ail 18 e g Lol 5¢aY) 8 TAP J dad (e 1.15
sl adaly Sl deag 13 Jaall b Lbad oy dleal) Slea o4

- =800 x 1.1 =880 A
.Overload 3 Allsy il oF 5 (b o Jail) Jasd opiaal) lall ded (e 1,375 Jaley lall 13a g

cihsaall @) all Jantl) 9-3-3

Lslic T (adl (TDS) sylia) &3 (63l iaiall of e SEI i o 35850 5l Lo alss aal aal
b bl Jead ey i 4 e ST L s dileal) 83¢a) 48 2 coordination JI sl
i ol oY) Leshes sl Lapall cifglad e ol ail c AT Jiaar calanall 26aY) &y all 3g0al
Josd J (T ) Al sl o3a of St o s o1 (T) ) e Alsd s e (Isc) yuadl
i 3gaall 03y Ly zsansall dgaall (e T daa Gl Bl dagy 8 leli)) s o syl

Ll sdgd datiall ul€yal) Jd (ye Lanaas

(Transformer) T 4eu) JAT sniag (L (Feeder) 4an! inie 39a53aaly «14-3 J<3) La xal,
S Ll g 5ieal Aalall ciliaiall sy Jaay Jsnally (sdaall (gylyall Janill Mliay Guisiall (das
3 ohall dasill Aie nd lagie g g0
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Cold Inrush 4} §als 3o Jelatl} 10-3-3

BHUYIS duyesll 5ea¥l aliee s Qllall L Gulil) Gl L dae (e LSl Ldsall ¢ Uil xic
g il aey Lghiad iy ol CaasSll Sigal (e %50 of L il 1308 L sgu le (50 lasally ciladuallg
lag csanly Alaal 8 diafjie Jeadl 3 i 5eaY) oda olb lall gaay vie 4l slies 13gh ¢ Lol
O (e donas s 53¢ oda e 8 Casusy (53 Starting Current Jadl sadl 5ls of slias

cldiall (e Cige s Wle Lo o e Lee cddaalll uds 8 8!

G ke b Jiar 4 S DA Bk Bypem (it Lo glepu ) Ll 13 of s
pixid ) lal) g, s 8 Overcurrent Relays (s o ) Starting Currents sl
inrush 3 s oY Gaecdll 83 Ciela La (e 931 80 i) Joab 2 JUlls Fault Current
cdagh g am Jdil) ey die Casg

o Ut ish o 0y &) inie le OC Relaydsids s of oo ais ASad) oia Jaly
D elend) dey davdall atadl Hlall dgey s g sac sadd Slldg (5-3 JKEl 8 ald sl
5y 25m o Relay U oo Wanyg «cN¥gaall * Inrush Currents I i «Starting Currents
b Lol L Bigal Jeal ) (SAY] Jolall (e (g0 duadl g 4l el iaid) ) @Al
Sle sk sl 13 Y (JSlae (g0 Tnrush I g e ceanss s 3155 5l £lyeSl) poany Bl
gng O L el adip Junnll Ay B s Jhe dgag ciabay of (Ke 3 S hlia
Aoles

COORDINATION STUDY \Gutmsivitad | i ki | 30 4'3

I Lyl @llia 88 ¢l 50l Tase o lehee 8 aaiad 3 Aylead) 5¢af 2a] OC relay J) ey
Loy i bl 33 e Aulaall (g ganiiion aglSy dasall (aii Ao (gaaing aglSy ilysaill XSy CBs
igs A s Bleal Joadl) a0 Ly ASull) Gl (A b (pedinn — e Y] oo 1385 — o238
Lghi dylal CBs axdins o Jeadll (e (931 dgall Lleal OC relay aadins 4l all agall
sl o Coordination dales haas ¢l aas Jall cJpnall 138 a0 8l3ae Jlasl sl dac 3




LSl ALl ol
) Zolaad ddlide 3Ll iy gial) 138 By OISy Glal (3 Cpealiie dilesd) B)gal (e diliaa
-Aaleall sLadl 8 Coordination Study

aeandtd) dbee aldlaz, 1-4-3

s A o Alliie s e gane) dguliie ColS elgn 435 5¢al (m Coordination Jee i
Clshadll i Jea¥) IS é (bl Jhal 3 LS CB 4k Relay 4l 5sd) dibida f (Sl
Ayl 03 Jae 8 el 8 A0

A 3y of ey <l Short Circuit 3l cililea e Aliaie uh shal 1 A dgladl)  —1
GIGal) & dald Wia ETAP J) (e i lal) bl aladiuly of cgpiall cil€usl) Loy
.BB S xie )9 34 adgiall SC Current dasd aass dulyall oda (ag .3y251)

ad adl 1023 ETAP ) alasiuly L Load Flow ) (e &l slya) 400N Bgbdl) -2
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(Digital Relay ) 8- 3 Jlit

Consider a feeder shown in Fig 3.31 with relay R, (EF with NI) which is used
for providing protection against Instantaneous earth fault at the secondary side
of 2.5 MVA, 11/3.3kV transformer. Also <we have Relay R, to provide EF
protection at bus B.

Two CTS are used for protection. 200:5 CT is connected to instantaneous relay
and 500: 5 is connected to inverse current characteristic relay.

Compute the setting of instantaneous and standard inverse units at relay at R;.
Assume that

e maximum system unbalance is 20% and

e SLG fault current at bus A is 480 A and at bus B it is 650 A.

e Compute the time required by relay R, to clear SLG fault at bus B.
Use co-ordination time interval (CTI) of 0.3 sec.

31-3 J<&
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A ) Setting of Relay R,

Since the relay is on secondary side of transformer <our calculations will be
referred to secondary side. From Fig 3.31.

Full load secondary current of 2.5 MVA transformer

_ 2.5x10°
V3%3300

=437A.

Earth fault relay should not pickup for the unbalance current 20% of 437A =
87.47A. Hence choose a pickup value of 100A

(el87 Cp @l 0sdy Yozdsg 7 )p bdms <«

Thus ¢instantaneous relay will pickup at

100 x 5/200 =2.5A

Typical range available for setting is 1-4A. We choose the pickup at 3A.

If standard inverse relay is also set to pickup at the same current in primary ¢
which is 100A <then with 500:5 CT «¢pickup current of relay R; referred to
secondary is 1A (=100 x5/500).

Since R; has no backup responsibility <we choose its TMS to minimum «i.e.
0.1.

Now «for a L-G fault current of 480A at bus A <PSM for R; = fault current /
pickup =480/100 =4.8 TAP.

From standard inverse IEC (Eq. 3-4), the time of operation of earth fault relay ¢
Ri

0.14

t=TMS X ————— =0.439 sec.

(PSM)0-02—1
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B) Setting of Relay R,

The coordination time interval «<CTI = 0.3 sec

Then time of operation of earth fault relay R, <which has to provide backup
protection to bus A = 0.439 + 0.3 = 0.739 sec.

Since this relay is on primary side of transformer <our calculations will be now
referred to primary side.

Full load current at primary side of transformer =

2.5%10°
V3x11000

=131.2A

R, should not trip for the unbalance current. i.e. 20% of full load current =
26A.

Let us «choose safely the pickup value to be 30A.
Pickup current of R, referred to secondary of 200:5 CT =
30x 5/200=0.75A.
Fault current of 480A referred to 11kV side =
480 x 3.3 /11 = 144A.
PSM for NI current = 144/30 = 4.8.
Desired time of operation of earth fault relay R»
TR, =TR; + CTI =0.439 + 0.3 = 0.739 sec

Substituting in equation¢

0.14

TR2 =TMS X W‘

we will get TMS of relay R> = 0.168.

PSM for a fault current of 650A at bus B = 650/30 =21.67.
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Substituting in equation¢

0.14 . .
T <time of operation of relay

TR, =TMS X oo

R, =0.37 sec.
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Solution:
Three-phase fault

For this case, only the positive sequence current exists, and is also the
phase a current. It is given by

7967.4

L.=I=
A s

=176.364 84.92°

7964.4 = (13800/\/5) is the phase-to-neutral voltage.
The phase- a voltage at the relay location is given by

E.=Ei1=7967.4 — 5 X176.364£ 84.92° = 7089.492 — 0.63°
Thus, the fault impedance seen by the relay in this case

_ Eb' Ec _ E _
ZF= -l L
_ 7089.492-0.63° :4+]40 Q
176.364—84.92°
Phase -to-phase fault
For a b-c fault
[ =-L=—2"% —88.18284.92°
2X(4+j45)
Also, Tp= -I. =I; (02-at) = -jv/3 I1=152.732 — 174.92°.
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[And (Ib -1.)=305.46 2 — 174.92°

The positive and negative sequence voltages at the relay location are
given by

E1=7967.4 —15% 88.1842 — 84.92°=7528.332 — 0.3°.
E>=35% 88.182 — 84.92° = 440.9045.08°.
And the phase b and c voltages at the relay location are

Eb = 0E1 +aE, = 7528.332 — 120.3° + 440.902125.08°
=—4051.3 —j6139.3

Ec=a Ei+0? B> =7528.332119.7° +440.902 — 114.9°
=—3916.09 +6139.3

Thus , Ep — Ec=12279.372 — 90.63° ,and

12279.374-90.63° . Eb-E
= =4+j40 Q2=
305.46£4—174.92° Ip-Ic

Phase -a-to-ground fault
For this fault, the three symmetrical components of the current are
equal

7967.4
(0+j10)+2%x(0+j5)+(10+90)+2x(4+j40)

Li=hL-=-I

—41.75£ — 84.59°
The symmetrical components of the voltages at the relay location are
E1=7967.4 -5 X 41.754 — 84.59° = 7759.58 - j19.68
Ex=-j5 X 41.754 — 84.59° = - 207.82 - j19.68

Eo=- (0+j10) X 41.752 — 84.59° = - 415.64 - j39.36
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And the phase a voltage and current at the relay location are
Ea=Ei1+Ex+Eo=7136.552 - 0.63°

L=L+1L+1,=125.252 — 84.59°

The zero sequence current compensation factor m is given by

_Zo-7Z1 _ 1-j90—4—j40
1 4+ j40

=1.2532-1.13°

and the compensated phase a current is
I'w=I, tm Iy =177.542 — 84.92°; and finally

Ea  7136.554-0.63°

== = 4+4j40 Q
I'a 177.54,4—-84.92°
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a. Find the value of Z, for a mho relay with torque angle, t = 75° which has to
give 100% protection to a 50 km long 110kV transmission line with
impedance 0.8CQ2 per km and TL angle, 6 = 80°.

b. If the maximum load on this line is 1000A at 30°lagging, is there any
possibility of relay tripping on load? Given CTR 1000:5.

Ans:
a. The two design parameters of a mho relay are Zr and torque angle, t. Here the
torque angle, t of the relay has been selected as 75°.

The transmission line impedance Z;;,, as on primary =
0.8 X 50 =40Q

Zine (secondary) = Z; ;. (primary) X %
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Where CTR ratio = 200 and VTR ratio = 1000

200

Z1ine (secondary) =40 X To00 8Q

To calculate the Setting value for Zg, make sure that

Ziine > Zr Cos ( 6—1)
where 6 = angle of transmission line

ZLine — 8 — 8
R Cos(6-1) Cos(80—-75) Cos

= 8.03€2,
5

This value is to be set on the mho relay.

b. The Maximum Load current = I oaa= 1000A

Vine 110000

088 T B [yeq V3 X 1000

CTR 200
Zreasured = 63.5 X m = 63.5X M =12.7Q

Since this value will not fall within the operating circle since Z,eqsured = Zn COS 5,
the mho relay will not trip for this load.
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Eq.4—8:7Z, =Zr + KRy
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A line section has an impedance of 3.6 + j6 ohms.

a. If the relay is adjusted to operate for zero impedance short circuit at the end
of the line section, show on the same R-X diagram operating characteristics
of-

(i) An impedance relay
(ii) A reactance relay and
(iii) MHO relay.
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b. If an arcing short circuit occurs having an impedance of 2 + j 0 Q anywhere
along the line, determine for each type of distance relay the maximum
portion of the line that can be protected.

Solution:

a. The characteristics of the relays are shown in Fig. 4-22. OA is the impedance
phasor of (3.6 +j 6) ohms; OB = 3.6 units and BA = 6 units.

I The circle with O as center and OA as radius represents the
characteristic of impedance relay.

il. A straight line drawn parallel to the R-axis at a distance of 6 units
corresponding to the reactance of the line represents the characteristic
of the reactance relay.

iii. The circle drawn on OA as diameter represents the characteristic of
the admittance or mho relay for the protection of the given line.

+X -VE
CHARACTERISTIC TORQUE
OF REACTANCE REGION
il T
At
" !
N 3 +VE
TORQUE
REGION
*U
708, &
© RO~ |2
S Qe \;3
L (¢)
b ‘?Qa
-R

+R

CHARACTERISTIC
OF MHO RELAY

CHARACTERISTIC
OF IMPEDANCE RELAY



http://www.engineeringenotes.com/wp-content/uploads/2017/12/clip_image010-28.jpg

Al L85l sl Sl

b. Ifthe impedance of short circuit due to arcing is (2 +j 0) ohms, this is represented
by taking OD = 2 units and drawing a line parallel to the impedance phasor OA
cutting the mho relay characteristic at F and impedance relay characteristic at E.
Then draw EM and FN parallel to R-axis to cut impedance phasor OA at M and
N respectively.

b-i. Then (OM/OA) x 100 gives the percentage of line protected by the
impedance relay and

b-ii. (ON/OA) x 100 gives the percentage of line protected by the mho relay.
On measurement the impedance relay is found to protect 82% of the line
while the mho relay is found to protect 77% of the line.

b-.iii. The reactance relay is unaffected by the presence of the arc resistance
and hence even with arc present, the percentage of the line that is
protected by the reactance relay is 100%.
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Eq.4 —17: Zpoay = Z, + Zp X [1 + K4 ]

_ Total Infeed Currents
=

Relay Current
B gld\ AUl Zones Al byl agasd dalall 5ypall Jarad 2u cInfeed dsa Als < Salls
A il e il Josil) 138 (g0 4-4-4 giall Algs 3 Loy

Zl = 085 X ZLine
Zy =Ziine + 0.5 (1 + K1) X ZsyorrEST-LINE
Z3s = Zpine + (1 + K3) X ZongesT—1 + 0.25 (1 + K3) X Zrpansk

_ Total Infeed Currents (except from shortest line)
e

Relay Current

Total Infeed Currents (except from longest line)
2 =

Relay Current

ALl N alaall eanly ks 4l Jlialls

5- 4 Jue

Consider a distance relay installed at the Station-10 in the circuit to
Staion-11 in the system shown in Figure 4-29, which provides a
schematic diagram of the primary TL impedances. Given:

e The short-circuit study is shown in Figure 4-30.
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Pance-115

Z,=7.21 /80.50°Q

(11} Juanchito 115

0.712 /82.90°Q |

11.95 /90.0°Q

e The CT and VT transformation ratios are 600/5 and 1000/1.

Estimate the three-zone limits for the relay at station 10.

5.92 /80.47°Q2

@

? Juanchito-220
<

220kV

Melendez-115

av
O

Zy=136.95 /75.66° Q)

|IlSkV

Setting zone 1

? Candelaria—115
8.07 /68.71° 0
Diesel-115 (ZD_
| 115KV
@ Yumbo-115
115kV
6.79 /80.59° Q2 | O
~
115KV | L15kv
Fig. 4-29
(1D} Juanchito-115 Juanchito_220
2.2328 /-90.08°kA ’ |
l D
. Pance-115 Melendez-115
| 21126 /-85.55°kA 1.3338 /85.54°kA |
| : T |
() Candelaria-115
0.0 /0.0° kA |
(i8) Diesel-115 I
0.4499 /-86.34°KA
- (5) Yumbo-115
5.3646 /-85.88° kA |
° |
/V 10,4249 /-86.25°kA
Fig. 4-30

Z,=0.85 Z10.11 =0.85(7.211.80.5 °) =6.13 L_80-5 ° primary ohms

Setting for zone 2
Zy="710.11 10.5(1 + Ky) Zo.1;
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In this case the infeed constant is defined as:
K, — ha-n+hyn+Is-n+ Lz

To-11

For a fault at busbar 11 and from the short-circuit values in Fig. 4-33:
_ 1333.8/-85.54° +0+5364.6.—85.88° +449.9/—86.34°

2112.6£(—85.55°)

1

This gives
_ 7148.27/—-85.87°

K, = —3.38/—037°
1= T2112.6/-85.5°

So that (1 +K; ) =4.38.
Therefore, the setting for zone 2 is
Zy=Zio-n1 +0.5(1 +Ky) Zo.1;

Z,=7.211.80.50°+0.5%(4.38 x0.712L.82.90 °) =8.77L.80.93 °
primary ohms

The setting for zone 3 is
Z3=7io-n + (1 +K2) Z17.11 +025(1 + KZ) Z transformer

For a fault on busbar 11, the infeed constant is defined as
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_lon+han+Isnu+hgn

K>
Tio-11

Thus:
_2232.8/-90.08° + 1333.8/ —85.54° + 5364.6/ —85.88° +449.9£—86.34°
a 2112.6/—85.55°

2

i.e.
_9376.72/—86.86°

7= =444/-1.36°
2112.6L—85.5°

so that
(1 +K;)=5.441L_-1.10°

Therefore the setting for zone 3 is
Z3="710-11 + (1 ¥K2) Z17.11 +0.25(1 + K3) Zansformer

Z3=7.21180.50°+(5.44_-1.10 ° x 8.07L68.71 °)
+0.25%x(1+4.441L-1.36°) x11.95L.90°=114.35L80.20°

The relay settings, in primary ohms, can be summed up as follows:
Z,=6.13L.80.5°
Z,=8.77-80.93 °
Z;=114.35180.20 °

The secondary ohms are calculated using the following expression:

CTR
Zsec = Zpri X 5mm

In this case CTR/VTR=120/1000=0.12, and, therefore, the relay
settings, in secondary ohms:

7,=0.736 Q ,
Z,=1.052 Q, and
73 =13.72 Q.
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To protect the 100km double circuit line between Green valley
and Blue River substation using the model 2LFZP112 in the
permissive overreach mode with forward looking zone 3
comparators as per scheme POR 1 and to set the relay at green
valley substation (figure 24).
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:System Data
Line length: 100 Km

:Line impedances

Z,=0.089+j 0.476=0.484 279.4°

Z0=0.426+j1576 =1.6322,74.8°

Z0/21-3.3724 — 4.6°
CT ratio.1,200/5
VT ratio:230,000/115
:Relay settings
It is assumed that the two optional reach-stepped zones Z1X and Z1Y are
not used and that only a three zone scheme is required
Zone 1 reach settings:
required zone 1 reach is to be 80% of the line impedance between green

valley and the Blue River substations

1200/5  _ 419

Ratio of secondary to primary impedance = 230,000/115

Required Zone 1 reach=0. 8 x 100 x 0.484,79.4° x 0.12

=4.64,79.4° ohms secondary
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KZ1 x KZPh x 5 /I,

Relay zone 1 reach
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The relay coarse reach KZPH should be set to the nearest value below the
required Zireach . It is important to set KZPH as high as possible . since the
current setting of relay current level detectors is inversely proportional to
KZPH and it is best to have relay sensitivity as high as possible

KZPH settings 0.040 to 1.0 in step of 0.01
Therefore . select KZPH =1.0

KZ1 settings 1.0 to 49.98 in steps of 0.02

Required Zone 1 Reach
KZPH/ In

Required zone 1 multiplier setting KZ1=

=4.64
Therefore , select KZ1=4.64

Relay characteristics angle THETA ph settings 50° to 85° in 5° steps
Therefore, select THETA Ph =80°
Actual zone 1 reach settings = 4.64480° ohms secondary

Zone 2 Reach Settings:

Required Zone 2 impedance =
(Green Vally — Blue River )line impedance + 50%(Blue River- Rocky Bay line
impedance)

=(100 +30 )x 0.484,79.4° x0.12
=7.56479.4° ohms secondary

Relay Zone 2 reach = KZ2 x KZPh x 5 /I,
KZ2 settings 1.0 to 49.98 in steps of 0.02

Required Zone 2 Reach
KZPx 5 /In

Required Zone 2 multiplier setting KZ2 =
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=7.56

Therefore , select KZ2=7.56
Actual zone 2 reach setting =7.564280°

Zone 3 reach settings:

Required Zone 3 forward impedance =
(Green valley-Blue River +Blue River-Rocky Bay) x 1.2

= (100+60)x1.2x0.484,79.4°x 0.12
=11.15479.4° ohms secondary
Relay Zone 3 forward reach =KZ3 xKZPh x 5/ In
KZ3 setting 1.0 to 49.98 in steps of 0.02

Required Zone 3 forward reach setting multiplier KZ3

_ Required Zone 3 forward Reach
KZPhX 5 /In

=11.15

Nearest KZ3 setting 11.14

Actual Zone 3 forward reach setting
=11.14 x 1 x5/5280°

=11.14 £80° ohms secondary

Required zone 3 reverse reach impedance = typically 10% zone 1 reach
=0.1x4.64,79.4°



=0.464.79.4°

Relay Zone 3 reverse reach = KZ3’ x KZPh x 5/ In
KZ3’ settings 0.2 to 49.9 in steps of 0.1

Required Zone 3 reverse reach setting multiplier KZ3’ =

_ Required Zone 3 reverse Reach
- KZPhx 5 /In

=0.46
Therefore , select KZ3’ = 0.5

Actual Zone 3 reverse reach setting = 0.5£80° ohms secondary

Earth fault residual compensation settings

Residual compensation factor KN = %

Zio—Z11= (0.426 +j1.576)- 0.089+j0.476

=0.337+j1.1
=1.15472.9°
1.15272.9°
= =0.794 — 6.5°
3X0.484.,79.4°
Residual compensator setting KZN =MXKZPh

3ZL1
KZN =0.792 — 6.5° x 1£80°

=0.79473.5°



eS) A leal) ok

KZN settings 0 to 1.36 in steps of 0.001

Therefore , select KZN =0.79 and THETA N =75°
Power swing blocking With the permissive overreach scheme POR 1, the
power swing blocking characteristic Z6 is set concentric with the Zone
3characteristic ,So that if the measured impedance locus travels into Z6
characteristic but takes longer than timer TZ6 setting to pass through into
the zone 3 characteristic, The Power Swing Blocking unit will operate . The
Power Swing Blocking unit is arranged to block under certain system

conditions and can be preset to block one or more of the relay zones .

The recommended settings for The Power Swing Blocking characteristic
Setting (see Section 16.0) are:

Z6 forward reach = 1.3 x zone 3 forward reach
=1.3x11.14280°
=14.48480° ohms secondary
Z6 forward reach = KZ6 x KZPh x 5/ I,
Kz6 = 14.48
KZ6 setting 1.0 to 49.98 in steps of 0.02

Therefore, select KZ6 = 14.48
Actual Z6 forward reach = 14.48480° ohms secondary

Z6 reverse reach = 0.3 Zone 3 forward reach + Zone 3 reverse reach



= (0.3x11.14280°) +0.46 ~280°
=(3.34 +0.46) £80°
=3.8480°
Z6 reverse reach = KZ6’ x KZPh x 5/ I,
KZ6’ settings 0.2 to 49.9 in steps of 0.1
Therefore, select KZ6'=3.8
Actual Z6 reverse reach = 3.8480° ohms secondary
TZ6 timer settings 20 to 90 ms in steps of 5 ms

Recommended TZ6 setting 50 ms
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Example
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A 3-phase transformer having line-voltage ratio of 0.4KV/11KV is connected in star-delta and
protective transformer on the 400 V side have a current ratio of 500/5. What must be the ratio of
the protective transformer on the 11 KV side?

Solution.

Figure below shows the circuit connections for star/delta transformer, CTs will be connected in
delta on 400 V side (i.e. star side of power transformer) and in star on 11,000 V side (i.e. delta

side of power transformer).

Suppose the line current on 400 V side is 500 A.
.. Phase current of delta connected CTs on 400 V side

=5A

Line current of delta connected CTs on 400 V side

=5 x /3 =5V34

This current (i.e. 5v/3 A) will flow through the pilot wires. Obviously, this will be the
current which flows through the secondary of the CTs on 11000 V side.
.. Phase current of star-connected CTs on 11000 V side

=534

If I 1s the line current on 11000 V side, then
Primary apparent power = secondary apparent power
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Or

V3 x 400 x 500 = V3 x 11000 x I

Or

I=\/§x400x500=@A

V3x11000 11

o C.T. ratio of CTs on 11000 V side
_200_5\/§_ 200 _10.5_105.5
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Schemes for LOE 1} ¢},i} 4-6-6

a e kil 136 Field Current Jl 4ad aiiu Loss of Excitation ¢igas ey slins) oSa
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A5l gal e gaill 12¢] Setting I wd Jania LS Jla L Lads

1- 6 Jeko

;0 @l Al g LOED jlgal Jasdall ad cilus cuglhaa

PT Ratio :22000:110 =200: 1

CT Ratio :20000:5 =4000: 1
Transient Reactance (X’q) :0.30Q (0.16: 0.45 Q)
Synchronous Reactance (Xq) :2.50Q(2.0:3.90 Q)
Generator Rating : 588 MVA

Generator Voltage :21.0 KV
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:dad
T= CT Ratio / PT Ratio :4000/200 =20
Base Q (Pri) = KV?/MVA (21 X 21) +588=.75Q
Base Q (Sec ) =T X Base Q ( Pri) 20 X.75=15Q
X’q (Sec) = X’q X Base Q (Sec) 1030 X 15=4.50Q
Desired offset = X’q/2 :4.50 /2 =2.250 Q

Xd (Sec) =Xd (pu ) X Base Q (Sec) 2.50 X 15=37.50 Q
Diameter of Circle =Xy = 37.50 Q
Offset Setting = X’q /2 =2.250 Q

iladod) dkig g OC RELAYS mamdl 0 dibuimsi] 7-6
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Example 18.18. The per unit values of posiﬁve, negative and zere sequence reactances of a
network at fault are 0-08, 0-07 and 0-05. Determine the fault current if the fault is double line-to-

ground.

Solution. Suppose the fault involves yellow and blue phases and the ground. Taking red phase
as the reference, let its phase e.m.f. be FR =1pu

Now, E; =j008 pu. E =j007pu ; fo. =j 005 p.u

For a double line-to-ground fault, we have,

Fault current, Ir = i+ = 5= — 1R
X, + X, X, + X, X,

44

= —3xj0-07x1

70-08x70-07+70-08%;0:05+70-07xj0-05
—j0-21

— (56 +40+35)x107*

_ jo-21x10°

- 131

= j 16 p.u
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