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ABSTRACT: In order to solve the engineering problems, such
as complex establishment of the multi-winding transformer
model, long calculation time of composite short-circuit
impedance and difficulties in calculation of the circulating
current for parallel windings, a solution method for composite
short-circuit impedance and circulating current in the parallel
windings was proposed based on the equivalent single-turn
inductance matrix and the equivalent circuit model of the
transformer described by self-inductance and mutual
inductance. In this method, all the short-circuit impedance
between any two windings were computed by the equivalent
single-turn inductance matrix. Combining the definition of
composite short-circuit impedance with the ports’ conditions,
all concerned composite short-circuit impedance and the
circulating currents could be calculated only once through
compiling the corresponding general calculation procedure in
Matlab. Finally, taking a twelve-winding transformer as an
example, the results calculated by the proposed new method
were compared with the testing ones, which indicates that the
calculation results of composite short-circuit impedance can

meet the engineering requirements.
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Tab.1 Composite short-circuit impedance and the currents in all windings

poh R PAEE SR HLTI/A BE R HYU%
Lell/ Rk Bed) HV1 HV2 HV3 HV4 AUX TR1 TR2 TR3 TR4 A WA
HV-TR1 71.46 0.90 0.16 0.08 0 -1210 0 0 0 36.83 38.29
HV-TR2 1.59 70.89 0.12 —-0.01 0 0 -1210 0 0 36.69 38.30
HV-TR3 0.69 -0.45 70.93 1.43 0 0 0 -1210 0 36.86 38.06
HV-TR4 0.20 -0.20 1.26 71.34 0 0 0 0 -1210 36.77 37.86
HV-TR 80.73 63.24 70.15 76.27 0 —1328 -1074 -1169 -1269 38.96 39.70
HV-AUX 12.77 10.87 9.98 14.38 —400 0 0 0 0 6.71 6.88
TRI1-TR2 —69.88 70.00 —-0.04 —-0.08 0 1210 -1210 0 0 70.28 72.39
TR1-TR3 —-70.78 -1.35 70.78 1.35 0 1210 0 -1210 0 73.76 75.83
TRI1-TR4 =71.27 -1.10 1.10 —71.27 0 1210 0 0 -1210 74.33 76.86
TR2-TR3 —-0.90 -71.36 70.83 1.43 0 0 1210 -1210 0 74.48 75.97
TR2-TR4 -1.39 =71.10 1.14 71.35 0 0 1210 0 -1210 73.63 76.20
TR3-TR4 —-0.49 0.25 —69.68 69.92 0 0 0 1210 -1210 70.28 72.46
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Mz A
12 i (1) A5 0 0 L PR B 1 (B4 107 H T
[5.0410 5.0301 5.0224 50183 50405 50300 5.0221 5.0181 50407 5.0301 50227 5.0185]
5.0301 50409 5.0183 5.0222 5.0299 5.0403 5.0180 5.0218 5.0301 5.0405 50184 5.0225
50224 50183 50409 5.0300 5.0221 5.0181 5.0403 5.0299 5.0227 5.0184 5.0405 5.0300
51830 5.0222 5.0300 5.0408 5.0181 5.0218 5.0298 5.0403 5.0185 5.0225 5.0300 5.0405
50405 5.0299 5.0221 5.0181 5.0414 5.0298 5.0217 5.0178 5.0398 5.0229 5.0224 5.0183
5.0300 5.0403 5.0181 5.0218 5.0298 5.0411 5.0178 5.0215 5.0299 5.0397 50182 5.0221
5.0221 5.0180 5.0403 5.0298 5.0217 5.0178 5.0412 5.0297 5.0224 5.0182 5.0397 5.0298
50181 5.0218 5.0299 5.0403 5.0178 5.0215 50297 5.0411 5.0183 5.0221 5.0298 5.0396
50407 5.0301 5.0227 5.0185 5.0398 5.0299 5.0224 5.0183 5.0418 50301 50231 5.0186
50301 50405 50184 50225 5.0229 5.0397 50182 5.0221 5.0301 5.0416 50186 5.0228
50227 50184 50405 5.0300 5.0224 5.0182 5.0397 5.0298 5.0231 50186 5.0416 5.0300
[5.018 5 5.0225 5.0300 50405 5.0183 50221 5.0298 5.0396 5.0186 50228 50300 5.0415]

HBE X (A Q)T :
[4293.0 2887.1 1453.0 755 2599 175 86.6 85 127.7 858 44.4]
2887.1 35287 6888 660 1733 210.6 40.8 6.8 863 103.9 20.9
14530 6888 21135 944 86.6 425 1246 102 442 20.1 623
755 660 944 1227 45 40 57 96 25 20 28
2559 1733 866 45 157 105 51 05 75 40 27
175.0 2106 425 40 105 13.0 25 04 52 62 13
86.6 408 1246 57 51 25 78 06 26 12 3.6
8.5 6.8 102 96 05 01 06 12 03 02 03
127.7 863 442 25 75 52 26 03 39 26 14
858 1039 201 2.0 40 62 12 02 26 32 06
444 209 623 28 27 13 36 03 14 06 20]

HiBE YO N S)an R -

[ 0.0074 -0.002 -0.0003 0.0008 0.0077 -0.0059 -0.0016 -0.0024 -02468 0.0672 0.0079 -0.020 0]
-0.0020 0.0076 -0.0001 -0.011 0.0295 -0.1244 0.0026 0.0124 -0.0026 0.0119 0.0038  0.0031
-0.0003 -0.0001 0.0165 0.0008 -0.0038 0.0011 -0.1353 -0.0131 0.0162 0.0017 -02725 -0.008

0.0008 -0.0011 0.0008 0.0239 0.0003 0.0137 -0.0028 -0.1979 -0.0231 0.0071 -0.0278 -0.3937
0.0077 0.0295 -0.0038 0.0003 -0.0897 -0.0678 0.0265 00021 -0.0644 -0.8743 0.0677 0.0052
-0.0059 -0.1244  0.0011 0.0137 -0.0678 2.1382 -0.0058 -0.1794 0.2447 -03200 -0.0301 -0.102 2
-0.0016 0.0026 -0.1353 -0.0028 0.0265 -0.0058 20183 0.0100 -0.0511 -0.0438 0.5842 -0.017 4
-0.0024 0.0124 -0.0121 -0.1979 0.0021 -0.1794 0.0100 25544 0.0703 -0.0749 03196 16117
-0.2468 -0.0026 00162 -0.0231 -0.0644 02447 -0.0511 00703 85807 -0.5236 -0.6305 0.716 4
0.0672 0.0119 0.0017 0.0071 -0.8743 -0.0320 -0.0438 -0.0749 -0.5236 -03152 0.0431 -0.084 4
0.0079 0.0038 -0.2725 -0.0278 0.6770 -0.0301 05842 03196 -0.6305 0.0431 82012 0.1200
|-0.0200  0.0031 -0.0080 -0.3937 0.0052 -0.1022 -0.0174 1.6117 07164 -0.0844 0.1200 10.207 9 |
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