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(Transformer Protection)
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Transmission lines

carry electricity
Power plant long distances Distribution lines
generates electricity /7 carry electricity
/A to houses
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9.2 5ITNBIAUASHNANIENUVDIANNHNANI DY

Twnsiauilas ( Nature and Effects of Transformer Faults )

Q/

=Y 1 vV d?J 1
ﬂ’)']&JNﬂW?BGi%ViNBLL‘]JﬁG?I%B% U

- LHRIDNY ( Source)
. aadﬁuﬂwzfﬁ@iamﬂqﬂquaaa%
( Neutral Earthing Impedance )
- %Ltamm%f%:ﬂﬁa ( Leakage Reactance ) yasndaunlas

- UW9AKNINAA9DT ( Fault Voltages )
- NTADVARIA



NAVTW BN

| 1 6
1. nlandasaauuy Y uazaadnene ( Neutral )

RIABHIWDINNUAWT

] 1 6 a\
2. wlaudassauuy Y uazaalndne (Neutral) RIAWLA LRI
U 1
3. nNaunilasaawuy D

4. N13aN1VIEKNNE ( Phase-to-Phase Faults )



NIVTWILANIL ( (1D )

5. N1IANIITILHINITOUVDIVARIA ( Interturn Faults )

Y (=
6. N1IAMIITNUNWLRANVBIKNBLUAS ( Core Faults )

D.

) w

7. anEndnannsvasnNanlas ( Tank Faults )
8. IINANRANILYKAN

9. N3UANILY (Inrush Current )
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1. nalaulasdanuy Y wazaaynaend ( Neutral )
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| & = — PRIMARY CURRENT (1)
F o - I I N T N
1 0 10 20 30 40 S0 60 FO &0 490 100

DISTAMCE OF FAULT FROM MEUTRAL
(percertage of minding)

1 1 1 ¢ a\ 1 a\ 6
gﬂ‘ﬁ 9.1 nalandasnauuy Y uaznayadneg (Neutral) RIAWBHIBD NN UALD



| 1 6
2. ANaulasnanuy Y uazmayndwe ( Neutral )

RIAWLALATI

- NILUFAANNDIVLONNINA
&€
lagSuaananssa na (Leakage Reactance)
?I?Jd?llﬂﬂ')ﬂﬁ’)ﬁ'f[ﬂﬂ@lid

1 6 H o 1
- ASuaauansaztdaswldaiNeLrb
NISINAAANITDS




=0

-1
h

e
s |
- \-\\ - F&ULT CURREEMT
= 10 “‘Hﬁ
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.—H_Fd-fp.
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" — PRIMARY CUREEMT

| I N
0 40 =20 IO 40 SO0 B0 TO S0 90 400

DISTARCE OF FALULT FROM RMEUTRAL
(percentage of winding)

]
a1

~ % a U [~ 1
317 9.2 nIzuaanlvTRIAnlnndaulasnaaidle Y uazdaganans
( Neutral )asaulagass
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3.ndaudaseauuy Delta

1 o o (~f
- GaYARlAR YN audastilwuyy Delta
A NN AR I NVARIANIRIALTIAWLNLUNL A
( Voltage to Earth ) #A161121 50% 2a9Llt3snLtNa

~ I o KR A 1
- AU AgnLUaITaIA NI UERAIIITIIN LNNIN

D..

o 1 (~f
WNawnuUNIWNaaLtlu Y
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4.N138M995321 9N & ( Phase-to-Phase Faults )

- NIRANRIIEHNILNFN NV LN A YL A A Lib
naaudag
"\ ::?2/ o U

- LADILNAYNDZN mﬁﬂﬂszuaé’mamdflqa

NEULNINUNSLUFEAAIITUUY 1 tWdaIns

12




5.1158MVITTRINITAUVDIVARIA

(Interturn Faults)

- WSIABLUUDNNAE ( Impulse Voltage ) %aga%’uﬁ
HANINABYAAINYAR )

- Jlamanaan 99T U EIB AR IAAINN
( Winding Partial Flash-Over )

- lonstnaan93355eKuI195ay Usenmw 70-80%
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100 ‘ ‘ ‘ 10
” \ FAULT CURRENT IN |
Y;SHDHT CIRCUITED TURNS
&I ! &
i PRIMARY INPUT

CURREMT

“\\ :
] }q_'-:_._F___H

o 10 15 20 25

TURMS SHORT-CIRCUITED
(petrcertage of winding)

40

FaLILT CURRENT (multiples of rated current)

-
PRIMARY CURRENT (multiples of rated current)

5111 9.3 N13aM99TILKINTBUVBIVAAIA ( Interturn Faults )
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o 1 [~ v
G.ﬂﬂiaﬂﬁﬁﬁ]?‘ﬁLLﬂ‘Irl:L‘Ir‘iaﬂ?llﬁJ\‘iViN?JLL‘.IJa\‘i ( Core Faults )

I (~ a o
5’]%%')%33%')'\0 LLAWLHRAanN Lﬂﬂ?j']?;ﬂ

.

n3zualuain ( Eddy- Current ) §@ags

al

311

Lﬁﬂmw%’a%aamﬂ LRI )

<3

nJa Lt e

.

nyzualratl

(12

TadgnIsanoIin Baans1uar1838n15da9nwn19 A5 IsNAN
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=\ Q/

7.aNHAUNANDIVoInNalas ( Tank Faults )

LNDLAANIIIIVDIWBING

NI INVDIVARIAN B IAA R

-

o U A U
M ALNAAIINTDWES

N1392UNgAINIaBYIRN LU e ag
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8. 31Nd" L‘Ir‘i(i!g%ﬂ'l dhan

1) N155ulnanLIRIWIA
aagLdalunasuas (Copper Loss) LN

a\ v 3
qm%gumaaﬁuauﬂaagw%

2) N1IAAIIDT ISV
o VU "\ U dﬁy
vlneannsiiaanaiangeinann anugadsle
0 9 & A ' ~
nasuaszudsnnan (1, ) Tefinadaszeziaaii

‘Ir‘i&?fﬁl LU AIFINITONBADNITANIIIIAYWDN
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= = Y @ Y
19191 9.1 ﬁ'gﬂglﬂa']‘n‘ﬁ&laLlﬂaﬂﬂ%ﬂigllﬂaﬂﬁﬂﬂiﬂqEl%aﬂ‘lﬂ
@13 IEC 60076

Transformer Impedance

(%)

Fault Current

(Multiple of Rating)

Permitted Fault Duration

(Seconds)
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8.9MNANKADWAL AN (AD)

3) LIIALN ( Overvoltage )

(1) Transient Surge Voltage

AW BIan19tla)a993 ( Switching ) il

N1TAMIITILHINITAVVDIVAAIA

n1sdaeni

- Rod Gap

- nUANHIHD
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3) L3IALAK ( Overvoltage ) (8)

(2) Power Frequency Overvoltage

E = KfB AfN  ....... (9.1)
m
I‘ =
AeN
E = @1 RMS 229u39a1linibaain (V)
6 1 'V P
K, = ulaiaas31l319 ( Form Factor) 2a9usszutadanlnili
1 U 1 (~ (3
B_ = ANWW LY DILAWLIILNLRAN LB NLBEN (T)
ay .q' v Q [~ 2
A = NRNUBIAAVILNLAAN ( m?)
f = @1N0 (Hz)
N = AW IVIDUVVBIVAXIAMINN (turn )

20



(2) Power Frequency Overvoltage ( 12 )
o o 2 X 2 X 4 o
LBLIIARINNDY B_ ILLNNTW INaNAD

>

o @ © =
AasgLe luunuinangain

-

ﬁﬂ‘lﬁ’aua%mawﬂmﬂﬁﬁgﬂ
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8. INEANKADWAY AN (AD)

4) ANHNDANAY

Y @ = ~ o 6 v
ALY ﬂ%@d%%ﬂ’ﬂ&dﬂaﬂaﬂﬂﬂ‘w

] Q 6 43' "\
AN Lm%waﬂﬁzigwumwﬂﬂm

naandasriewaaldlanr E/f Jahin 1.1
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9. ﬂizl,l,m\g:dl,ff’l ( Inrush Current)

q (W) =\ 6 1 (W 1
WWaduaagang I lnnurnaundas ﬁmi‘vgatﬁ’waa

NIUARNDLAYIFUIN

I (~f 1 a o
?l%'lﬂ?laﬂﬂigtlﬂﬂﬂ L{ﬁ LU WRANYINIVDINTIZLLANNA

U

UANT IR
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9. N3ZUANILYT ( Inrush Current ) (610)

wumuazﬂfaammﬁ%agjﬁn

v
- AnIAVaIRN ol as
- AWIAVDITEUU LN
v
- AHATRN T L1629
a 1 (~1 cil Y o -V

- AnaUaIdaIsuUNLRaNT NILnwrNaudas

Qs c .
- Nangana9 ( Residual Flux )

(- 97 { o /=Y e 1 1 (- 97
- ﬁ)dﬁ’)tl’)ﬂ’l‘ﬁﬁﬂﬂ’)(ﬂ%a gmsaqmimaaﬂﬁmmmu

24
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’/— P10 ﬂ"EILﬁ FH LT HLL L ﬂdﬂfl.ui'ﬁ‘ﬂ ak LT

Lmﬁuﬁ%?wﬁmﬂm \
A
VAVAVAVAVAY

= 1 ;:19’ 1 (~3 I Y
;S‘i.l‘lfl 9.4 NIZLAVIADLAYIAWINLN L‘Viﬂﬂ‘l/!\‘i L1
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—\ = 1 VY
ﬂsmmmﬂa\mwi%mmam L2

13197 9.2 AABIITINTDA LbNIUALIN DR ouLag

aslanasieun | swiaanin % sasdrauiln@  (Fundamental )
2 63.0

26.8

5.1

4.1
3.7

N o a0 A~ W

24
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9.3 n1sdasnwnaaunilas (Transformer Protection)

mﬁ]aaﬁumﬁ’a LU AINRIBULY AINTRIAURE

o (o 97 U

dAvaIridaulay
- nM3dasnwaNTawgItnw il
( Overheating Protection )
- n3dasnwnanggeninly
( Overfluxing Protection )
- mmsilasinlnsassonaanilas

( Leakage to Frame Protection)
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9.3 n1sdasnwnaaunilas (Transformer Protection)

- msdasnulagnisasianis
( Gas Detection Protection )

- nsUoInNwAIEHALN®
( Overcurrent Protection )

- N3UBINWNITAAIIITAIAW
( Earth Fault Protection )

- MN5UDINWHUUNAR

( Differential Protection )
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9.4 n13dasnwadnIawgatnlil (Overheating Protection)

@i'\gﬂbﬁﬁﬁﬂ’ﬂ&d%ﬂ%tjﬂ ( Hot Spot Temperature ) 71 98°C 1ilwn151%

udnfvasniaulas uansniziln 9.5

=Y

H % 1 %] % 6 [V
zﬂ‘ﬁ 9.5 LEAAIDAINAINANNNDUBDY mqm‘s‘l%’a'mﬂawﬁa wuas L‘ﬁ ﬂﬂﬂﬂqmﬁﬂ&l

u
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nsaalnaatnu

o Y =) v c?
m‘lwqmwguwamuauﬂaagw%

n13d09nN

12425 Thermal Image Technique

n15tadnwlyd Relay No 49
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9.5 n13dlasnwnandgetinly ( Overfluxing Protection )

ANNENNTI E - KB _AfN
Wandazanagnuansndin E/f ash

D = K(E/f)

N3OSV

NlAgNITIAUIING BINIADATDNNLAIINAIBNING LA

A' 1 V) (~4 V) ¥ 1 o
mxu,mam%mmuﬂszqmaﬂ%mﬂ ﬁ%agﬂu E/f

Relay 1738131 Volt Per Hertz Relay (59 /81)
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9.6 n1stadnwinlsrasasnianlag

( Leakage to Frame Protection )

; \ /% Tank Leakage

Relay

v
waaLklag
2 (0c)

@) @)

a
ABUNIG

AN

S cT

Check Relay

W

5UN 9.6 nsilognnlnlsrasnsnNaudas
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9.7 n15YasnnlaynI3A3NY
( Gas Detection Protection )

1) ualaazstag ( Buchholz Relays ) ( 63 )

p= | ¢ (W) c:: (W) [V
2) StaguuuanaNutdagnudasnsznnin

( Sudden Pressure Relays )

33



1) yalaazstag ( Buchholz Relays ) ( 63)

I xINTEEMAL FIFE CONSEREVATOR

DIAMETER [min.)

5 % I TERNAL PIPE
DIAMETER [min.)

Aafiudniiy
34in MINIMTII

:

o e
el

TEANSFORMEE

(a) (b)
35111 9.7 a) LAAIKANNITYINITWBENI18YBI Buchholz Relays
b) LEAINALIALTIWA1TAAAS Buchholz Relays
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1) qﬂfaaﬁz?%l,azf( Buchholz Relays ) ( 63 )

U
Q/ o S

CYRY Y A A &
- 1°lfﬂ1J1r‘iNaLL‘]Jaﬂ‘n3\l JINUINW Conservator

- Buchholz Relay n121U2s& Contacts 2 70
igﬂ‘ﬁ 1 &1%3U Slow accumulation of gas
Y A A 2 A TV
1 Alarm {adl Gas fl9ganasla
2261171 2 1951 Bulk displacement of oil WWaLtne
Heavy internal fault

1% Trip CB
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1) ualaazstag ( Buchholz Relays ) ( 63)

Buchholz Relays 22l% Alarm &1%5u Fault conditions
WULZT ¢ LW
a) Hot spots on the core due to short circuit of lamination
insulation
b) Core bolt insulation failure
c) Faulty joints
d) Interturn fault

e ) Loss of oil due to leakage
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1) yalaazisiagl ( Buchholz Relays ) ( 63 )

Buchholz Relays 2:%i11% CB Trip @1%3U Major winding

faults that cause a surge of oil L2
a) All severe winding faults either to earth or interphase

b) Loss of oil if allowed to continue to a dangerous degree

37



= 6 o a; (-9 -V
2) Staguuuiaanatdagunudainsenninn

( Sudden Pressure Relays )

— X e 1
i lusdionds

— -—‘*I_ - mwen —

— = e dalFus e

e

ci = 6 o ¥ (W) dl :i o V)
gfﬂ‘n 9.8 SLAaYLLUUNIIINAIYAMNNABNLU VLU RINITZNH T



= 6 o ai o -V
2) StaguuuanaNNtlagnuldasnsznuniin

( Sudden Pressure Relays )

d: a . . vV o v .
_ 13otna Short Circuit Mg lunnaudas viNlw Oil a1y
A7 INAAMNAWNIY Iat1981N Pressure Relay 229

CB Trip lagninii

- xnnlw USA

- Idnunsoudadn laal Conservator
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9.8 n15iasnwnIzuainw ( Overcurrent Protection)

a 6
1) Nad

U & A 6 1 a Y 1
wnaandasawiatan ‘V\I'Jﬁﬁ’]&l’]iﬂ‘n%(ﬂE’Jﬂ5$LLﬁLﬂ%‘ﬁ'}ﬂ;§

6 6 1
ANENNINDILADY ( ﬂi&tlﬁ?!dl"ff'] )

2) StagnsTuaEIN® ( Overcurrent Relays )

o

1R = 1 A 6 A
mmuﬁuauﬂaawmm%zy w Nlaani1 Wad aa
o VI ~4 1 1 = (V) a1 °
1. vz latSanin g nnssnaa a9 A6
2. §1N1I0UINBNITANIIIIRIA

(Earth Fault Protection ) L&
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Winding of Transformer

A- # L0
F L0 —
# L

@/B R C? <R Overcurrent Relay

H (W) 6 P\
511 9.9 nstlasnundoudadlasldsiagnssuatnnawla
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9.9 N15129NHNITANIIIAIAW ( Earth Fault Protection )

1) 15U nwLULUNWNNWIA ( Instantaneous )

Winding of Transformer

CT l
A R 00000000 —
CT l
B¢ to 00000000 —
[ @
CT l
Ce L 00000000 ——
[ @

4®7

Residual O/C Relay
31J‘n 9.10 N13Ua9INHRN LU RILANIZNITAAITITRIAK
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2) N3UBINWBNITAAIITUUUINNAUILIN

( Restricted Earth Fault Protection )

CT
—00000000 —eff ° A
Winding of Transformer
CT
~ 00000000 o ° B
._.J ¢
Winding of Transformer
CT
+—"00000000 o X
—¢
||
CT ég @ High Impledance Relay
]
Z
E

gﬂ‘ﬁ 9.11 N15U2INHNITAAIDIRIAWLUUINNALSLID
( Restricted Earth Fault Protection )



A & B - Equipotential points
A T -

%

B L 5

. . p ¢
5111 9.12 nMsaaItaguuuaALNWIIN CT Davanadnd ( Neutral )
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9.10 N1SUBINWHARTS (Differential Protection : 87)

(W] 1 U
Twn1sdo9nwuuUNa a9 12
- vinaudasswialvaiasua 5 MVA 2wl

- IAszuunszualunan (Circulating Current Systems )

- T#asn Internal Fault 5:%7379 CT 229 Primary LLag
Secondary

Staadrshansanluiias
1) NITUANILL
2) ansd@InNIsulas
3) nstaanng
4) n1stdagwuni ( Tap Changer)

45



9.10 n1sdasnuuacie (Aa)

] U
1) n3eud@WILa ( Inrush Current)
[ (-
NILUANILL
- NAWIAAILDAFING 8 LNINITLUANNA
n15ilagni

- 61%’30%)3 Harmonics Restrained

15N %
o P~ 6 1 1 U nl
Wraluwndnng 9 PVAINTLUANILY (N2 uaE 5)

Y& o o o o ~ ¢
T%Lﬂ%ﬁfyiy'lmsl,%ﬂ’liﬂﬂElﬂﬂ’l‘iﬂ'ld’l%?llﬂ\‘iilaﬂ
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9.10 n1sdasnuuacie (Aa)

2 ) aaIamwnIsnlag

NITUANII Primary LAz N3eLLd Secondary
¥ P | 1 (-

2aInNatUaId AN
¥ P | (W 1 q'
nadlaanans1@IwnIsulasnas CT NinkansaEs
W linszuaial lnanwnawid Differential Relays

% ¥ ;:l Y P— I | 1 %
RAILUAILAINITLUEAN LA DIDRNAIAII N
158121 Mismatch
L U . 1 Q/ VA 1 . U ~
@3l Interposing CT #3813u#diA1 Mismatch wagnga

7inl@ nawtd Differential Relays

=D.

N
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9.10 N15UBINWHANN (Aa)
2 ) aasawnisulag (aa)

N3ICANII Primary LLaZ NILld Secondary yainaaunlas

| Q U

S 1 P | oa | t:i ¥
JNAININW A adtaanaaIIdgINNITLUaIvas CT ‘ngﬂmaa

22kV/6.6kV
250/5 10MVA 1500/5

i —000 Eia
I il N K

uil_ 10w %

‘JWL‘ I@M‘ — 1

@é@mm

317 9.13 ehagren1sae CT luszuvilasnuuuunszualnan
48




nngy
| (P) = (10x1000)/1.732x22 = 262A
1 (S) = (10x1000)/1.732x6.6 = 875A
Primary CT ,250/5 A, Wye Connection
1(S) =(5x262)/250 = 5.26 A
Secondary CT, 1500/ 5 A, Delta Connection
1(S) = (5x875)/(1500) x1.732
= 5.05A
Mismatch 5.26 A -5.05A = 0.21 A
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9.10 N15UBINWHANN (Aa)
3) n1staantnd

naaudasnzanalnee uuu Y -Dwsa wuuD-Y

W nITUEA19NH 30°
v w Y 1 w 1 v . .
aoslsulrimnwnawtd Differential Relay
A A
D019

2AaIA Delta (D) CT @auyuu Star (Y )

UAaIA Star (Y) CT @auuy Delta (D)

50



- Qd@iﬁ) Reley

Un 9.14 n1s6a CT IWosasanasiasuiwd

v




9.10 n1sdasnuuacie (Aa)
4) n13tUaawuni ( Tap Changer)

wlaulasswialva naldmacinisilaaw Tap
aUIUUIIARBLAABALIAN

n1sdasni

6 o 1 1 [~ ¢ G c
THSiagdrna nacnig Ll astsise

( Percentage Differential Relay )
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M298191N 9.1

wnaawdaseauuy  Star - Delta

Qs

Jamas1awn1sudad 100 kv /10 kV

- [~
amussgedimatlasuuiivle £ 15%

IAIWIWHIAT Setting VDIILALIAATHAR
[~ ¢ & ¢ A 1 o
Wt asiduwe LagauialI1 CT a1l Ia

Q/

JamI1d@1N 15U a91000/1
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AaAq o v S o
90711 CT ﬂﬂ%ttidgﬂ&ﬂ@ﬁ'}ﬂﬂitlﬂaﬂ

= (1000/1) x (10/100 ) = (100/1)

iangaulasdansd@aw 100 kV/10 kV anafise

|

IOIIR = 0%

100kV/10kV
10011 100 1000/1 1000A
f7avan ,_@ .y,
TUUT TUUT

| BETN A 1A
N\,
R R
’ %T 0 A
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d (1 [~
La‘immﬂﬁ'mmagal,ﬂu +15 %

115kV/10kV

100/1 97A 1000/1 1000A
20N 270N
TUUT "@ T
Y 0387A A 1A
A
R R
0
0.13A
@
Wonyaudaobuiun + 15 % I = 0.13A

o
I, 1229 = 0.935A

I,/1, = 14%
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(~1 (o
unitlanwusagarili -15 %

8bkV/10kV

100/1 118A 1000/1 1000A
700\ Javan
TUUT "@ T
VY 1.18A A 1A
N
R R
0
0.18A
@
ionysudaoiuiuin -15 % I = 0.18A

(0]
I 1nag= 1.09 A

I/I,= 16.5%
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€ 1 1 ®) ¢ ® 3 o o 1
-Sdinananilwilasiawa A5UsuaAIgININ 16.5 %

WA LWNII I TINBAITEAD IINa&NAIT LAaN Setting 30 %

Slwnsatudaudasiansaswuidlads £ 10 %

el Setting 20 %

Slwnsatngaudasinanisiaswundle £ 20 %

2zl Setting 40 % LaIN9IWILaLsEu1 0.020s D9 0.060s
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5 ) Interposing Current Transformers

“ [ ]
- Interposing CT il CT, LV / LV N Tap §¥1na1%
LY o (W (oW (oW 1 U 1 (W
S nsudsuoasd@InnIzua A LNIN
nawnazadtyn Differential Relays
U938 Auxiliary CT
[~ Y e
L% U vl UURbS

... N1I1 = N2I2
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Q/

. Q ti! A () 1 o
Interposing CT @RWINNNA LLASITWIBIDUATI 6) ASATIIY

M15199 9.3 31121 Turn A Input (Primary) Lta& Ouput (Secondary) 284 ilnterposing CT

Primary Number of Turns
Winding Transformer Rating
Taps 0.577-1.732/1 | 2.886-8.66/1 | 2.886-8.66/5 A
A A
1-2 5 1 1
2-3 5 1 1
3-4 5 1 1
4-5 5 1 1
5-6 125 25 25
X-7 25 5 5
7-8 25 5 5
8-9 25 5 5
S1-S2 125 125 25
S3-54 90 90 18
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Removable Jumper

/

6 X

S S S S P P
1 2 3 4 1 2
N— s —_ s s — = /
+ Input From
Output to Relay Line CTs

AULARBIVARIAVDY on Interposing Transformer
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Mad1s  areasnisudadnssus 4.60 A tdw5.0A laaly

Interposing CT  9:@89 X311 IBIa U bA

AR INFINNIZUE 5.0/4.60 = 1.087
NI = NI
Guian Relay loAnn 5 A
LRan S,-S, = 25Turns
Snenwnibd = 25x1.087 = 27 Turns

1% Tap 3-4,4-5,5-6

= 1+1+25=27 Turns
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ﬁ’)ﬁ%i’h‘i‘ﬁ 9.2 Transformer 1®
ANNANTZUEAW Primary 195 A
WALNITULEATW Secondary 780A ANAANAU
wiaulasciianisilasnnlag
THiagInaInIznaNanig ( Current Differential Relay )

9%1A1 CT Ratio 374N Interposing CT

1 . o ( U
ANV LA LT
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A o
910111

INWNANIZUAAY Primary |, = 195A
\ian CT Ratio N 7AW Primary ' 200/5A
INNNANIZUEATH Secondary |, = 780A

138N CT Ratio N%A1% Secondary il 1000/5A

= X =
lere 5X195 = 4.875 A
[ = SX780 = 390 A

CT(S) 1000
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WNUINISUEIN CT N9 2 LN
1SgNILNA Mismatch
v
9IA DY Interposing CT YsuaINIzua

970 3.90A 11w 4.875A

Interposing CT

RN ITINNIBIDUVARIAAW Secondary S1-S2 = 25 Turns
25X4.875

Primary Turns = 3.90 = 31.25
a1 cT dsula 31 Turns
E — 31.25— 31)( 0 = 08°
rror 31 55 100% Yo
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Y H (Y o
wnaa nazuandsulmingg

I, x 25 = 3.90 x 31
I = 3.90x31/25 = 4.836A
. —4.
Error = < 815:)875836 <100 9%

0.8 %

P1- P2 => 4-5, 5-6, 6-X, X-7 = 1+25+5 = 31 turns
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Single phase

transf
200/5A ranstormer 1000/5A

Interposing current

Differential relay transformer

nsdasnurNandas 1 wWa aual08190 2
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G089 9.3
3 @ Transformer WnN® 50 MVA , 345kV Y /34.5 kV D
AA1 Short Term Emergency 60 MVA
wiaulascaninistasnulaaly

SRt INAINTZUANAAY ( Current Differential Relay )

1 . < . ' 1 Q 6 g
29%1A1 CT Ratio 57343 Interposing CT N @3 00U LA
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o

a g
101N

%1 Rated Current

| = 60x106 = 100.4 A

n(HV) ~  /3X345X103 T T
60X10©

| = = 1004.1 A

n(MV) /3 X34.5X103 00

MV Side ®a CT LUy Y-Connected

Laan CT Ratio = 1000/5 A

NzuaAM W Secondary 2ad CT NNy 1004%5 x 504
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HV Side @@ CT wuu Delta Connected

lRanUw1A CT 200/5 A

Secondary Current 229 CT =

Line Current 229 CT = ./3 x2.51 =

5X100.4 = 251A
200

4.35 A (W31znaauuu A )

AW 345 kV A 34.5 kV
4.35 A 5.0 A
N
T~ —
Mismatch
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1 Auxiliary CT %30 Interposing CT

\Wwuuy Autotransformer Y-Connected @any
Main CT 209011 34.5 kV

Tagfiswanwas Tum Hnasit

CT Turn Ratio = 5.0/4.35 = 1 .15

N9 tap N1 +15 % a9 Autotransformer 293¢

U Y A 6
Tanszugdsiag 4.35 A
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------------------------------- CT 1000/5A
A ® m\ | ® 3
CT 200/5A TR.
. *b
B ﬁ
u *c
ce T
2.6+j3.5=4.36 2.6+j3.5=4.36 >
A ——s—— 0 —————
1.7-j4 g
0000 2 000
-4.3+j0.5 g
70000 000

N9

nsdasnurnandas 3 wWa axala8199 3
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M29819N 9.4

3F Transformer Wn® 30 MVA , 11 kVD /66 kV Y

naandasmaninisdasnwlasly
6 & 1 1 . .
SLAgINANIZLANAAT ( Current Differential Relay )

J . & . ] 1 @ e
29%1A1 CT Ratio 573143 Interposing CT Nl¥38nUI LA

72



A X106
N 11 kV In(11 kV) = \/33,3111;()103 = 1575 A

Main CT 1600/1 A @auul Y-Connected

N3zudA % Secondary 289 CT = 1575/1600 = 0.984 A

4 30X106
1 66 kV | (66 kV) =  /3xe66x103 = 262.5A

Main CT 300/1 A @atuu Y-Connected

NzuaM W Secondary 289 CT = 262.5/300 = 0.875 A
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M29nN15 Ratio 2a9 Interposing CT = 0.875/0.984 = 0.889

0117 $1-S2 i@aunIy S3-S4 = 215 Turns 121 Relay

215X0.984

= 140 Turns
J/3X0.875

Input Taps =

1 Tap2-6: = 5+5+5+125 = 140 Turns
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o L 1 [~ o A
laamuwaansmzn1saotlnasis
1 “ [}
watdunsundawinisidownd
CTs Aaluy Y-Connected A1 66 kV

( Transformer fauuy Y-Connected )

Lag Interposing CT @anu Main CT wuu Y - D

A A 1 Y A ¢
Lwataamwaﬂ R IV ARIGEH
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TR. 30MVA 11/66kV

1600/1A 300/1A

Ja.v.

YV

kg T

] T—’O'Om" —iiia
0.92;;1; --------------------------- 0 E;E' T 0.875A Y
> ®pR® > 00—
o—— lerha 0.984A
®pRr® 50—
¢——————1ePhB
®pr® | 5o0n—
ePh.C
215T . 140T
- S, S, S; S, X 6 2 y N i
¢ i é o— A
E P2 3 Lot
To E S S, 5, S, X 6 2 p :.:~ To 'E”e
differential -z, b I <p1— . r o
relay ] 0P, A i
; S S, S, S, X 6 2 . i
Pe P
” Lo P, i A .




U
Bnuaday 3 IAaIA

- vidlaudas 3 uAAIAN
Primary Winding
Secondary Winding
Tertiary Winding
- pRaulafia 3 analnsnsallasninais
Differential Relay (D.R. 87) 1@

1 YV a\ d' 1 1
= LLAADINITIITWILIDILEAAIIN Ell‘N
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1) waawdas 3 Baalandunasans i inasurasLfen
Aav18 W 1va Primary
. 1 U
2m Secondary Wag Tertiary 31810 1% Load
n15dadnwa28 Differential Relay

Mo9d 2 Sets of CT Input

2) waaulas 3 vaaa N wrasae llrarguray

Differential Relay SHEEL Input Lﬁﬂnﬂwﬂaaﬂ
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(W | (W U 1
9.11 @aag19n1sdasnundanldaszwiaaig 9
NUIWA
1) waoulasaniatan
U
2) nauaudasaniadrwnans

Y 1
3) nalaulaszwialua
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LY [~
1) n1sdasnwndanlasawiatan

Source

Fuse /
A UAL)
—_L< nm

—-@3-@

52

l

{ 6 'Y o o (~4
5191 9.16 Sadilasnudansunaandasswiatan
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Y )7 (~1 1
1) nisdasnwndanlaszwiatan (aa)

- 1A% Primary Ya9nwa8 Fuse

- MMM Secondary YasnwAe

1. Time Delay Overcurrent Relay ( 51)

2. Residually Connected Ground Relay ( 51N )

3. Transformer Thermal Relay ( 49 )
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2) nsilasnuudandaszwianans

Utilyty Source 22 kV

A\

RES

52

&

U
(YYY)Y 22kV/6.6kV

(&) €3
&

2

52

o 6.6 KV

i 6 (W) o o
511 9.17 Sadilasnudansunandasawianais
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2) n1silasnuusandaszwianais (Aa)
- 179A% Primary Yasnwaae

Relay ( 52)

- 179A% Secondary Yasnwaae

1. Instantaneous / Time Delay Overcurrent Relay

(50,51)
2. Residually Connected Ground Relay ( 50N, 51N )
3. Transformer Thermal Relay (49 )

4. Neutral Ground Relay ( 51G )
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% ¥ 1
3) nstasnwniaudasawialval

- N19AW Primary 1a9nwa28 Relay ( 52 )

- 179A1% Secondary UainwAe

1. Instantaneous / Time Delay Overcurrent Relay ( 50, 51)
2. Residually Connected Ground Relay ( 50N, 51N )

3. Transformer Thermal Relay ( 49 )

4. Neutral Ground Relay ( 51G)

5. Pressure Switch ( 63)

6. Differential Protective Relay ( 87T )

&7




o v 1 1
3) nstasnunsaulasswialua (Aa)

Utilyty Source 115 kV

N_.

5

&

6 A U 5000 KVA @D
/) i g 115 kV / 22 kV

Surge Arrester

(Optional) RES

= 52

, ) ~— 22 KV
= | = | w/ o (o> 1
311 9.18 Stadilasnudnsundaudasawialva

1

S




Transformer Multifunction

Relay
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Application

W Small, medium & large transformers

Protection and Control

B Percent differential

B Adaptive harmonic restraint

B Multiple overcurrent elements

B Adaptive time O/C elements

B Underfrequency

B Frequency rate-of-change

B Overexcitation

B Multiple setpoint groups

W Restricted ground fault (optional)

B 1 analog transducer input (optional)
M 16 digital (logic) inputs

B 7 analog transducer outputs (optional)
B 9 control outputs

Metering and Monitoring

W All currents

B THD and harmonics

B Demand

B % rated load

B Harmonic analysis

B Tap position

B Ambient temperature

B Analog transducer input

B Waveform capture and playback
B Simulation mode

Additional Features

B FlexLogic™ (programmable logic)

B Auto-configuration (vector group
compensation)

W Dynamic CT ratio mismatch correction

W RS232, RS485 and RS422 ports

W Drawout construction

W RIG-B input
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V(_)LI'S

RTD 1
=@ AMBIENT TEMP,

l ?”"A ANALOG INPUT

(0-20 mA)

Single Line Diagram

WINDING 1 WINDING 2

(Highest Voltage) y * (Lowest Voltage) 3y
3) ik . .
-i - lm 3)_
{ T.C.} /F' £ P
[ C ~ o [
= o1 WINDING 3
' Y = } {Intermediate Voltage} [} [}

Extract

Calculate 3lo

THD & SPECTRUM &

HARMONIC FACTOR
THD & SPECTRUM &

HARMONIC FACTOR
THD & SPECTRUM &
HARMONIC FACTOR
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Symbol Common Elements

Symbol Winding Elements

59/81  Volts-Per-Hertz

81U Underfrequency

810 Overfrequency

81UR  Frequency Decay Rate
81-H5  5th Harmonic Level

87 Differential (Percent)
50/87  Instantaneous Differential
877G Ground Differential

AN Analog Input Level

50/46  Negative Sequence |0C

51/46  Negative Sequence TOC

5P  Phase |0C

5N Neutral (31,) 10C

50G  Ground I0C

51P Phase TOC

5IN  Neutral (31, TOC

51G  Ground TOC

THD  Total Harmonic Distortion Level
AD Current Demand
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