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Transformer inter-turn short circuit modeling and its application
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2. Electric Power Research Institute, CSG, Guangzhou 510080, China)

Abstract: Aiming at transformer inter-turn short problem, this paper presents an idea which is equivalent the shorted winding to two
different windings. The modeling of equivalence is proposed with the low voltage side inter-turn short of three windings as an
example. First, the shorted three-winding transformer is equivalent to a four-winding transformer. Then a formula in the middle and
low voltage sides is derived, according to which shorted information is calculated and the decrease of middle and low voltage sides is
deduced and the latter decreases more seriously. The model is applied successfully to the simulation and analysis of the Guangxi

power grid 220 kV transformer inter-turn short circuit by MATLAB, the simulation curve and result of analysis are coincide with

examination results and recorded curve, which verify the correctness of the model.
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Fig. 1 Diagram of inter-turn short circuit of transformer

low-voltage winding
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Fig. 2 Equivalent circuit diagram of three-winding transformer

inter-turn short circuit
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Fig. 3 Reduced figure of three-winding transformer inter-turn

short circuit
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Table 1 The windings voltage RMS of before and after the

transformer fault

R EAY  MBEE RV R %
A 134.89 134.14 -0.56
i B 134.68 132.92 -131
i C 134.26 133.83 -0.32
A 67.39 65.61 -2.64
+ B 66.41 59.49 -10.4
Hc 66.23 64.47 -2.66
fit. AC 10.53 10.16 -3.51
{& AB 10.21 8.58 -16.0
& BC 10.26 9.85 -4.00
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Fig. 5 Simulation figure of three winding transformer inter-turn short circuit with Matlab
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Fig. 6 Voltage oscillogram of simulation
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Table 2 Amplitude of Matlab simulation voltage contrast with

fault recorder
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IRAE/KV IRAE/KV IBAE/KV IRAE/KV
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FC o 6755 66.40 -1.71 66.23 64.47 -2.66
. AC 981 9.53 -2.94 10.53 10.16 -3.51
& AB 9.87 8.43 -14.62 10.21 8.58 -16.00
{& BC 10.10 9.93 -1.71 10.26 9.85 -4.00

4 g

% BRI AR s A% 55— G A A I ) R o 5 BT
=R 1 SN S D RV CB 2 2 S
LI AT, N EAAAE R FI, SR AR
VR AR R VAR AN, BRI 23 B AR s A I ) R
BRI, I F B R & wI AT . ARSI R
N B, AR B AR e 2R A A5 R0k A
ANFAR LGSR o L =540 A8 He 2K Hs 0 I 1) 6 2%
B, HETE T AR s DA 0 o TR 62 T L A5 24y 458
AR, IHAE =L A IR A SR Y
FR LA 1 37 T = G 4 AR Hs s DAy 00 [ [ o i A
A, B DHES T AR S A s R TR A 2
CHIEGIN T A ST 2, Bl Matlab 1/
FLAZ S, A7 502 ORI S e 8 Ly S P s ) &5
WG, RWIASCR B A R H R &S
fH.

W PR SR AL R I R BCSE i %, B
FRER— T Bk AN SCHR H AAR R b A s 2 i 1) Jod 2%
R AT PR A T RS SR, IRPEASTEA I E e
AL I Rk, T (DR R bR . A
SCH AR SRS T o A I e R B et
AT LA 92 T8 Ao FIAL 7 Hs 4 R o T e i o
RSB b, i T AR s A AR s AT o 5
Sk
[1] WANG Hang, BUTLER K L. Modeling transformers

with internal incipient faults[J]. IEEE Trans on Power

(2]

(3]

(4]

(5]

(6]

(7]

(8]

[9]

Delivery, 2002, 17(2): 500-509.

s, AL, RIEE, & [FE K B T ge 4L I )
BRI AU (D], WD R GRS, 2011,
39(14): 52-57.

ZHANG Chao, XIA Li, WU Zheng-guo, et al. Transfer
law of fault characteristics of interturn short circuit in
synchronous generator rotor winding[J]. Power System
Protection and Control, 2011, 39(14): 52-57.

FHe R, RAM, ArEE, &5 T R R KA1
AR A W B2 W], W TR 224, 2013, 28(1):
158-164.

YIN Jin-liang, ZHU Yong-li, YU Guo-qin, et al. Fault
diagnosis of transformers based on Gaussian process
classifier[J]. Transactions of China Electrotechnical
Society, 2013, 28(1): 158-164.

FT, P T SRR AR K A s R
POFRD]. BTHEARM, 2012, 27(12): 191-198.
WANG Xue, WANG Zeng-ping. Novel transformer main
protection scheme based on generalized fundamental
power[J]. Transactions of China Electrotechnical Society,
2012, 27(12): 191-198.

R, TR, TKPE, F. R RERIMIAEE T RZkH
BRI, RGP 5T, 2013, 41(2): 13-16.
WANG Zeng-ping, JIANG Xian-guo, ZHANG Zhi-chao,
et al. Relay protection for smart grid[J]. Power System
Protection and Control, 2013, 41(2): 13-16.

DROGUE. FLER[M]. 2 iR, dbst: msS 0 HiRAL, 2007.
QIU Guan-yuan. Circuit{M]. Second Edition. Beijing:
Higher Education Press, 1989.

Wi L, BRAEm, JYIOR, A5 JE T ReiE (i L T
AMARYI]. R GSH BEMEAR, 2006, 18(4):
41-45.

CHEN Wei, CHEN De-shu, YIN Xiang-gen, et al.
Investigation of shunt reactor interturn protection based
on zero sequence magnitude comparison[J]. Proceedings
of the CSU-EPSA, 2006, 18(4): 41-45.

YEORBR, EARHT, F4EA. BT R RLpTAR A Rk
HLPT A /D L TR R B O3 [0 B &R 48 A B4k, 2005,
29(3): 57-60.

BI Da-qiang, WANG Xiang-heng, WANG Wei-jian.
Measured impedance based shunt reactor protection
against small inter-turn fault[J]. Automation of Electric
Power Systems, 2005, 29(3): 57-60.

YRit ks, DR, VRINEE, SF. BV ISR P B



WA, %

A s A5 0L TRV R A e LS o P

- 145 -

(10]

(11]

A5 284 M BH BTSR[], W TR AR, 2012, 27(4):

27-33.

TRAN T N, LUO Long-fu, XU Jia-zhu, et al. Influence
of inductive filters on short-circuit impedances of new
converter transformer[J]. Transactions of China
Electrotechnical Society, 2012, 27(4): 27-33.

KRR, VLR, e M2 ORGSR S
Ui BB ). W) RG R 51, 2012, 40(6):
57-62.

SUONAN Jia-le, XU Li-qiang, JIAO Zai-bin. New
transient simulation model of three-phase multi-legged
transformer[J]. Power System Protection and Control,
2012, 40(6): 57-62.

SRENHE, EF7 . R i 1 Al RE ) B 28 R 47 5
T BT[] W R S 1, 2011, 39(2):
35-39.

ZHANG Li-li, WANG Xin-chao. Simulation analysis of

the impact on distance protection caused by short-circuit

(12]

electromagnetic transient process[J].
Protection and Control, 2011, 39(2): 35-39.

IR, MoRZE, 4. 3T MATLAB HUAHA s 3%
(07 BUR AR KRB A3 BT [0]. AR 3%, 2005, 42(3): 8-12.
LI Xiao-qing, CHEN Er-kui, JI Zhi-cheng. Simulation

Power System

modelling and characteristic analysis of single-phase
transformer based on MATLAB[J]. Transformer, 2005,
42(3): 8-12.

et HEF: 2013-07-11;

& HH7: 2013-08-26

fEEEN:

BB (1987-), B, Mld, TR, TENFHY

thyp Aol ) & % B hibA8 X T4E; E-mail: yle6618@

163.com

g (19720, B, Md, HRIARF, TENE

W B LRt R R, AR A

) F(19740), B, HiE, HEIEG, TENE

B A A it S AR,



