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A Three-Winding Transformer Protective Relaying Algorithm
Based on the Induced Voltages

72 TR A - 4 b g
(Yong-Cheol Kang - Bvun,q—Eun Lee)

Abstract - This paper proposes a three-winding transformer protective relaving algorithm based on the ratio of the
induced voltages (RIV). The RIV of the two windings is the same as the turn ratio for all operating conditions except
an intermal fault. For a single phase and a three-phase transformer containing the wyve-connected windings, the induced
voltages of the windings are estimated. For a three-phase transformer containing the delta-connected windings, the
induced voltage differences are estimated using the line currents, because the winding currents are practically unavailable.
The algorithm can identify the faulted phase and winding if a fault occurs on one phase of a winding. The test results
clearly show that the algorithm successfully discriminates internal winding faults from magnetic inrush. The algorithm
not only does not require hysteresis data but also can reduce the operating time of a relay.

Key Words: Ratio of the induced voltages, Magnetic inrush. Faulted winding. Internal winding fault, Turns Ratio
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Fig. 1 A three-winding single-phase transformer
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Table 1 A rule for detecting a fault and the faulted winding

for a single-phase transformer
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Fig. 2 A logic diagram for detecting a fault and identifying
the faulted winding for a single-phase transtormer
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transformer

14, 23k9) Y-Y 2428 H9HE 4 (8) ~ (13)9 4o

RE, B4 Ale 299 el Ay 4x2 4 A1
sk 3xke] Y-4 AMze) dege] 9o, AdRs A
A ARz BAN ANE o] & ehek

13cA ~ 134B= 134, 134aB™ B3pc=13B, i3BC-laca=l3c a7

BARE A e o] et

Aol 4 (8)

Ryap=Rypc~ Ryca= R, Lpap~Lgpc=Lpca=L, (18)

A Aol A (195, A 1D A 5L, 4 (15)d

A A (16)S WE, g A3 g

€3ca — €348~ Vica — Vsap— Riga— le;:stA (19)
€3ap— @3pc= V3ap— Vspc— Rizp— L, d:;tB (200
€3pc— eyca= Vipc— Vsca— Risc— Ly~ d;f 21
ewmnp, espc, esca® AME F AT, TEY A= A (19

~ @2DE FIM AN 7hEsid. 19} HSate 1 Hadd

da ge thest 2ol fRu

€ic €14

. . ai di ’
= v~ Ua— (Riclic— Rialia) — (an dltC“LnA dltA> (22)
€14 €

. . di di
:UIA_UIB_(RlAllA_lem) (Ln,q lia ~Lug ZlB) (23)
€T €c

. . di di
:UlB“Ulc‘(RIBhB‘RchC)—(LAB dltB Lgc dltc) (24)

Y-Y-4 {8719 ASofl, 13383 2384 Alolofi= 4
(25)0], 1283 3218 Atolo = A (26)0] A Yo}

ﬂ:& @:Nl elC:_Ai (25)

ea Ny’ e Ny e N -

770 Mold|E ol 85 3AM WY HEANM 2D F

Trans. KIEE. Vol. 52A, No. 3, MAR. 2003

ea _ N ey N ec N

esan N3’ espc N3’ exea N 26
28, esap, e, escat A4to]l BrbEE7] o], 4
(26)& dlElEo] 24y Aol o} wmeld, B BRAME
A (26) iAol A @2N& Algstgnh A Qe A (26)3
dagd xxolrh o9 3 HuEH [4lo depd
ec-en _ N _eu—ep :ﬂ €18~ €1c :_N_l
eica—e3ap N3’ emap—espc Ny’ epc—ezea Ny
(27)
6702 e 7F o &3 o] FojRcl
Ny
em'ﬁzem
Detector] = ——VET/:A— x100(%) (28)
N
€187 T, B
Detector? = W x100(%) (29)
N
€ic™ Ty, €
Detector3 = W‘ x 100(%) (30
(elc_em)‘ﬁi(eam“ezms)
Detectord = V3V on x100(%) (3D
(ﬁA*ﬁB)‘%;(eaAB*eaBC)
Detectors = V5V x100(%) (32)
(elafelc)*ﬁ(eaac‘ esca)
Detectorb = V3V x100(%) (33)
A (34) ~ (36)9] YHEE Zol A}EEHA HW, @Ay
Best st R, Ala A4 Ala 48 PEE £ A
(ezc—‘-’ZA)‘Wi‘(eaoq—eaAB)
Detector] = V2 Voen =x100(%) (34)
(epn—e8) —~ Vi(eafw‘ e35¢)
Detector8 = V3 Vs x100(%) (35)
(ezp— eac) — %Z (espc— exca)
Detectod = V3 Voo x100(%) (36)
£ 2% 19 4v 99 P2 R Alng FREs
Ho Abx g 9 4e TEshe FEE vebdog BITOO
Al g Fdsted *}%-‘?]“‘1 94 e vlHE F=9 OR AY
o= ZAAd BITI10, BIT11, BIT12= 1, 23 @49 Alx
Fe TEsteW AME S, dEE |, 2 39 H¥ozRE F
A=t BIT20, BIT21, BIT22: 1, 3% ¥ Ala AHS 2
Faled ALEEY, telE 4 5 69 £dozny A
uteb A, BIT10, BIT11, BIT12, BIT20, BIT21, BIT22%to =
L Al A FEo] shedit). sk BIT30, BIT31, BIT32+
tiele] 1, 2, 39 OR AE, odg 4, 5 69 OR 2%, ¢«

El 7, 8 92] OR ZE&S F 7214 AND #A&3sle Afar AA

175



BARE AN S2A% 33 2003%F 37

s %ﬂ—-tﬂ ALE dE o}, 13} A A Axe}
W, Qe 1, 45 7, 80 YARE EoHech BITO0E 19]
QEE Aln7y 8o BITI10, BIT11, BIT12+= 7% 1, O,
0°] slx, BIT20, BIT21, BIT222 1, 1, Q0] §2%2 Atz 4
2 Adoz #AHEG &H BIT30, BIT31, BIT32& 1, 0, 0
ol Slmz, Al WMol 13} AMYE DA

E o 2Y-Y-4 #oto|el Aol ALD BEED AR A Y A}

D AME FEET] 2% 7E

Table 2 A rule for detecting a fault and identifying the fauited
phase and winding for a Y-Y-4 transformer

BIT 00 P U
0 At obdl
1 W Apar
BIT10 | BITI1 | BIT12 Abar 3 FE
0 0 0 AR ol
1 0 0 Ad
0 1 0 B 4
0 0 1 Cc &
1 1 0 A4 BA
0 1 1 B4 C4
1 0 1 CH AN
1 1 1 e 2
BIT20 | BIT21 | BIT22 At g R
0 0 0 Abal ol
1 1 0 AN
0 1 1 B 4
1 0 1 c
1 1 1 F A EE A
o] 9o} ¢ o) T
BIT30 | BIT31 { BIT32 ALAL A FE
1 0 0 12 AA
0 1 0 22 A
0 0 1 32 A4
1 1 1 284 oA
oo ¢ n 3
-
™= — T
DETECTOR 1 v—[// —o- —81T10
TH
DETECTOR 2 [, DU ) e L ~BIT11
TH —
DETECTOR 3 ‘_[‘: i L BlTI?,
=
DETECION 4 *—L% 8IT20
THi
DETEGTOR 5 [} BIT2]
TH -
DETEGTOR 6 ——{\ ‘ BiT22
H
DETECTOR 7 A{ ~ I r—eima0
™ — —
DETECTOR 8 [/ = «”[I— ) BIT31
H —
DETEGTOR 9 ‘{/ [ »—|BIT32

gl A AlD Toknl AL A 2 HAME2 IClsteE 24X
Fig. 4 A logic diagram for detecting a fault and identifying
the faulted winding for a three-winding three-phase

transformer

176

4. ARAHT

ad 5 vebdch 34 388 Y-Y-4 ®ist
71(345kV/154kV/23kV, 500 MVA)% EMTPE o] &3t =

24 Age

sttt FnPY (519 AT ey Py Ags)
A EgE7) R AR HolE E *M shelo,
WEY B)ge FY 2 4EL Agsger, 49 23

g2 AAYY AF F9455 960 [Hz]U Butterworth 2
4 I E dAstdx, wE HJ HFHE SHAZ

eyl A4 daHEAA EAHE B2y
EMTPW ¢ type-96 4xt& Ag3tdi, HYSDATS
7] 918 £k (100 A, 822 Vs)& A Eists ok

A1 ()~ (13)7 & (19~ @Dl v R3lo] EA sy, o]&
ZAE el oF g} olRdtE F FS ZAMEStE Wy FolA
Aok} whale] Euler Walol wlsiA 227 oy}, F3
g 7ol At ¥ =RdME nEEgE FuEd (6

o 4 @3N FUE 2AgsEch 29 6o Lhebd vhep

9 shol
g3

ol ¥ A&g AYsted #AFE At
R 2L
. . Pt
v ()= YT} {l(t)—l(t—dt)}“*zfv(t—dt) (37)
4, L Rp+
oL TR, At

Rpe) &2 Fa3 (6ol AAE A (38)F Abgshsich

_20 2L
Re="3"1 (38)
AA e WAe AEga dEAbae] H 9ol talA AlE
3l o, Atdld Pl M= Detector 1 ~ 698 Jehl AT}
41 oiX=Q
AAAFY A7 FY A4, BEASE, ol wet @
g mR A vtz Hetnle g WAslg kst JGaE4le)
A8 R, Case 19 3¢9 A#E Jehldoh

1) Case 1: A} 9427 0%, d5A% 80%, 753

28 7 ~ 2¥ 9% Case 19 A& vebdd ¥ 4
zto] QXolx, A5 RAZe] 80%cl7] wjFoll, 1z @AM o
& 2 AFI 524 =3, o2 s 7 ;‘“14 Hgto] of
doi(ag 7). 29 79 xd%’r Mooz HE FAHI Fr7 A
3 FA AR aArg 29 8ol el

450 [MVA]

H

30 [GVA] 50 [km]
: 7s I g
+4 <

Oy 5 2d AlAH
Fig. 5 The model system studied



i AN,
—
+ v, -

12 6 Bigd Z2+a| X g2 A2 S OlHE{ A gd

[ A, I el

Fig. 6 Inductance model for the parallel damping

& T}, Voltagesd¥ eic-ea® Ni/Nilesca—enn) S Lh
bl o}, A W2, 2158 HHo] ofyy WS S
4 F AT 5t ] at, AAE o] 25 AE A 2%
o T go] A AAEE ¢ & Art

e e AARS FA ozt AMTe FE Gof ubel
AN} B =RoME 5% Algsm, otE Ao 9
SR ke “JZI 0}7] olste] FhS TS ApgSlTh whek t
dEl7h S%nch A9, HEHE 1 Sl Ao 18 3
.iﬂﬂd.iﬁ.ﬂrﬂﬂogq- tow pgor s}l 7L E 7}
4% z3etA 5 EYAEE AN

a8 9% 6709 tlHEIS F e EHY

N8 vhehych
R

Tripl A3+ Detector 1~32] A3} Z ¥ =5, Trip2
5000 an :
b VN A
1/ [\ / HAWAWA
s 0 — s Lot
> ngAc Y ;
£ : :
< ‘ :
00 50 100 150
Time (ms)

(@ 1XF B F (4, ha, i1d)

o 8

g

Primary Voitages (kV)

Time (ms}

(b) 1% A (via vig Vid)

Secondary Voltages (kV)

.
=1

&

3

Tertiary Voltages (kV)
=)

IS
3

Time (ms)

(d) 3XF M et (vaus Vasc Vaca)
a2 7 Case 12 A2 34 ME Mt
Fig. 7 Three-phase currents and voltages for Case |

F7) MU E oj S JAEM v ZeAM ¢nelE

Trans. KIEE. Vol. 52A, No.3, MAR. 2003

s s 50
= £
z 3
° @ 0
> o
ot -
©° K
> >
s s
= 3
~N )
3 2
3 2
o o
s s
= ©
> > -
s s
< =
™ w
2 2
3 2
o o
=2 =
R ©
> >

g 2
< ¥
5 5
G el
4 2
b K3
o - S -
§1U T T j ;\?10 T T
E 0 w r:“ o E 0 ) VIO W N §
5 . 3 |
e ‘ } &
B : 3 X
o .10 - o -10

i} 50 100 150 0 &0 100 150
gl N g’ I
Z ; : g : :
£ Ot £ Ot
o | 2 . , J
& .10 . S T . o

i} 50 100 150

— — 10 T T
s s
[~4 c !
> > !
(] [ —
— o
S 2
s , Z o . .

g 50 100 150 0 &0 100 150

Time {ms) Time (ms)
% 9 CjeEel ER M

Fig. 9 Detectors and the trip signals for Case 1
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