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PSCAD simulation of transformer longitudinal differential protection based on custom model

CAI Yunfeng, XU Yang, PAN Qi
(Suzhou Power Supply Company, State Grid Jiangsu Electric Power Company, Suzhou 215000, China)

Abstract: In order to reduce the error of the design of relay protection, setting calculation of transformer, a method is
proposed based on the combination of internal leakage reactance parameters calculation and short-circuit impedance
parameters determination. By using curve fitting technique, this method obtains the exact equivalent short circuit
impedance parameters of the transformer in different fault conditions. On this basis, it establishes the custom model of the
short-circuit impedance of primary protection and backup protection combining the real digital transformer protection
device in the PSCAD/EMTDC by using FORTRAN language interface technology. Besides, using the equivalent system
model, the short circuit to ground short circuit, inter-turn short circuit, phase to phase short circuit within the different
positions of the transformer coil are simulated and calculated. The results show that, using the curve fitting method model

and custom element can accurately simulate and analyze the internal fault of transformer and relay protection action,

which provides a scientific basis for the design of relay protection principle and application.
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Fig. 1 Simplified model of the system
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Fig. 2 Software simulation model
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Fig. 3 Transformer fault equivalent impedance model
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Fig. 4 Transformer differential protection module
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Fig. 5 Current waveform of A-phase turn ground fault
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Fig. 6 Current waveform of A-phase inter turn short circuit
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Fig. 7 Current waveform of AB inter phase short circuit
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Table 1 Difference current of transformer internal fault

by A R e
1 2.490 04 2.490 04
0.9 2.430359 2.284 379
0.8 2.306 361 2.110 098
0.7 2.182363 1.960 525
0.6 2.122 829 1.830 753
0.5 2.051 653 1.717 095
0.4 2.019 262 1.616 724
0.3 1.958 552 1.527 439
0.2 1.819 578 1.447 499
0.1 1.591 316 1.375 511
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Table 2 Sensibility of transformer internal fault

by A T F SR
1 1.930 204 1.930 204
0.9 1.975325 2.106 625
0.8 2.084 637 2.318 539
0.7 2.221 544 2.450 656
0.6 2.300 349 2.288 441
0.5 2.409 025 2.146 368
0.4 2.464 733 2.020 905
0.3 2.448 19 1.909 298
0.2 2.274 472 1.809 374
0.1 1.989 145 1.719 389

M 2 AR Y, SRS i (e=0.5) i
Ph R AL B R A BRI S 45k A S BT A 22
BN ORI RABE W] 8 B v 144 o ST T 5T
MIai R A, EAR S AS AR RN, AR TH R
A SRS B N B S B WA, rTRES B
FEIL SR R AN, 22 R DR B
Uto

3 g

R E SCRHTRE AR, i B A8 s 45 ] s Ao
bR R SE A K, R M ZebUis A A e 4T —
R A BT R T) o S HORIN TR 22 s
ST AN S BHT S B D HET

Y\ IEBNAEAY AT TG U 7 R4 8 5 s I ) TE A
P, WSROI RS, AESEL S P R
IR, N2 AR AR B S BN 2B IR

YEVERERISEMT . 1T R AR R R, B0k 22

SR HYE I B IE .

Sk

(1] ESLR, BUAW. AR A% ki il 5 D R4 i 8 73 A
U] HAORGRI 5], 2010, 38(10): 138-140.
WANG Lida, DUAN Zhouchao. Mal-operation analysis
on magnetic inrush current of power transformer[J].
Power System Protection and Control, 2010, 38(10):
138-140.

(2] B3, ARBk, VEIEME. $R0RA8 Hs o8 B O MR BUARER E
PET[I]. H T HAR2A3R, 2013, 28(6): 108-113.
CHEN Hao, LI Lin, XU Zhengmei. Prediction of core
saturation instability at converter transformer[J].
Transactions of China Electrotechnical Society, 2013,
28(6): 108-113.

(3] fali, M, Bl — R E R AR e A5 A o ki

WIRTAELT]. W CHRR, 2011, 26(11): 141-149.
HE Yue, LIN Xiangning, HUANG Jingguang. A method
to eliminate the magnetizing inrush current of energized
transformers[J]. Transactions of China Electrotechnical
Society, 2011, 26(11): 141-149.

(4] EF, EHOP JETWIR I AR 148 [ 2 il i
TR PUNI]. A CEOR AR, 2012, 27(1): 148-154.
WANG Xue, WANG Zengping. Identification of
transformer inrush currents based on waveform
distribution characteristics[J]. Transactions of China
Electrotechnical Society, 2012, 27(1): 148-154.

(6]  E4efs, TEAEH;, EAHE KRIAR FHLAR I ds N L
Bre A b Gk HLORS M. bt o HL ) H AL, 2006.

(6] ABEAN. A% H#$5 H AL ORGP 3 E R (7], W0k
L7, 2012, 36(5): 30-31.

ZOU Shengquan. Discussion of the setting for compound
voltage blocking overcurrent protection of transformer[J].
Hubei Electric Power, 2012, 36(5): 30-31.

(7] ok, RER, £IF, 55 B RGAR LA A
[7]. 4kef3e, 2007, 35(24): 16-20.

YAO Yubin, WU Zhiliang, WANG Dan, et al. Study on
transformer representation in power system[J]. Relay,
2007, 35(24): 16-20.

(8]  E4ife, xfR%. WiR L s 2= Ry B BLIR 5 5 e

[0]. 77 HIMb 4, 1996, 24(4): 8-13.
WANG Weijian, LIU Junhong. Present situation and
development of differential protection for transformer[J].
Electric Power Automation Equipment, 1996, 24(4):
8-13.



-122 -

&) &GS

[9]

(10]

(11]

(12]

[13]

[14]

[15]

. W ARG RHL R M), JE st HUBRT Y H kL,
2011: 152-157.

FRIEIR. 22 Heds O v SRR L R4 I BT 5E (D). ik
#i: PRI ATE K, 2006.

HAN Zhengqing. Study on simulation model and
protective schemes for transformer[D]. Chengdu:
Southwest Jiaotong University, 2006.

HAMEDANI GOLSHAN M E, SAGHAIAN-NEJAD M,
SABA A, et al. A new method for recognizing internal
faults from inrush current conditions in digital differential
protection of power transformers[J]. Electric Power
Systems Research, 2004, 71: 61-71.

w)ELRIPE, SORA, B, SE JET SVM LR
A N B R AL I RE R VT[], ) RS RE
2012, 40(14): 121-126.

SIMA Liping, HUANG Songbo, DOU Peng, et al.
Probability estimation of interior fault position for power
transformer based on SVM[J]. Power System Protection
and Control, 2012, 40(14): 121-126.

JELHE, TR, 4R, 2 oAb AR Ay
R B RGA DML, 2006, 30(10): 44-47,
74.

TANG Qichao, WANG Zanji, WANG Weijian.
Steady-state analysis of internal short circuits of
multi-winding power transformer[J]. Automation of
Electric Power Systems, 2006, 30(10): 44-47, 74.

Rt R. Fortran W FISEAEFAEIM]. b5t TEHRY:
HiRRAL, 1992.

. DI T & I 2 AR AR HL g rh AR Y

(] Rk ARBIERR, 1992, 13(4): 558-562.
LI Bingkun. Application of Chebyshev approximate
polynomial to the analysis of nonlinear circuit[J]. Journal
of Huaqiao University: Natural Science, 1992, 13(4):
558-562.

[16] M5, FUiR, 5K¥, 4. PSCAD/EMTDC f&f 54k

PRI HAE R I BOR SON T[], H8 ) B e e,
2006, 34(11): 67-70.
XIAO Yi, YIN Xianggen, ZHANG Zhe, et al. Interface
technique between PSCAD/EMTDC and relay protection
simulation model and its application[J]. Elecric Power
Automation Equipment, 2006, 34(11): 67-70.

[17] =&k, #hocil, 5Kk7&?%:. PSCAD/EMTDC H & XUTfHE

HLJT R Ge Bh (Fig F [0, e Rk 5 TR, 2010,
26(7): 12-15.
YUAN Xin, SUN Yuanbo, ZHANG Chengxue.
Application on user-defined model of PSCAD/EMTDC
in power system simulation[J]. Electric Power Science
and Engineering, 2010, 26(7): 12-15.

Y5 HEA: 2014-04-25
UETEPIE

KE%E1971-), B, MEARE, HRAIRT, KF
Yk w4k 47 £ L AR, E-mail: 18662199055@163.com

B #01976-), %, AR, HAIARIR, KFLEE
P H LB

& #1976, H, A HAIEM, AFLS LR
P HLFFR.



