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Simulation Research for Preventing Malfunction of Heavy Gas in Compact Transformer

LI Lei*, WANG Junbo', XU Xin', ZHANG Bo?, LU Tiecheng?

(1. Foshan Power Supply Bureau of Guangdong Power Grid Company, Guangdon Foshan 528000, China;
2. School of Electrical Engineering, Wuhan University, Wuhan 430072, China)

Abstract: To reduce the malfunction probability of the heavy gas in compact transformer due to the
transient impulse from power grid, an ATP/EMTP simulation model is built using actual parameters of a
substation to calculate the short-circuit current when flashover on different tower insulator string form stable
arc. The short-circuit current is used to accurately predict the range and probability of heavy gas
malfunction caused by lightning stroke on transmission line. Consequently, three protection methods, i.e.,
enhancing the line insulation, connecting small inductors in series before the inlet of transformer, and
connecting small reactors at neutral points of transformer, are proposed to restrict short-circuit current and
reduce gas malfunction. Moreover, the effects of the proposed methods on actual power grid are analyzed
to obtain a feasible scheme. It is shown that integrated usage of the three methods can achieve significant
effectiveness in restricting the short-circuit current and reducing the malfunction probability of heavy gas in
compact transformer.

Key words: compact transformer; transient impulse; heavy gas malfunction; protection method; ATP/EMTP
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Table 1 Insulator connect of different towers becoming
stable arc short circuit current in Cang-Gao line
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15 068 2178 21.79 1101 10.84 21.84
2% 690 1582 16.01 838 7.62 16.16
3% 340 17.15 17.25 912 837 1758
4% 068  19.65 19.68 1053 9.80 20.35
5% 490 1537 1551 831 758 16.01
6% 830  13.85 1407 755 6.84 1458
7% 690  13.88 1408 761 6.92 14.69
8% 1230 1246 1276 6.88 621 13.35
9% 840 1286 13.09 714 647 13.80
10% 1000 12.28 1254 684 621 1327
11% 360  13.89 1402 779 715 15.05
12% 650 12.52 1270  7.04 643 1362
134 5.30 12.61 12.77 713 653 1379
14%5 760 1174 11.95 666 6.07 1291
15%  5.00 12.19 1235 696 6.37 1347
165 6.90 11.43 1162 654 597 1268
17% 1080 10.53 1080 6.05 549 11.77
1855 6.20 11.16 11.35 645 589 1249
194 5.80 11.05 11.23 641 587 1243

20%  3.90 11.41 1155 667 6.14 1293
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Table 2 The threaten caused by short-circuit current to transformer in Cang-Gao line
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25 V 78 1299 V 130 333 || 125 x — — V 145 225
35 vV 90 9.49 V 160 152 || 13 % x — — V 145 225
4% vV 179 092 V 340 001 | 14% x — — x — —
55 vV 83 1140 V 145 225 || 15% x — — vV 145 225
65 V 82 1170 V 145 225 || 16 %5 x — — x — —
75 VvV 83 1140 V 145 225 || 175 x — — x — —
8% x — — vV 145 225 || 18% x — — x — —
9% VvV 83 1140 V 145 225 || 19% x — — x — —
10 % x — — vV 145 225 || 20% x — — x — —
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Table 3 The threaten before and after short-circuit current being strengthened by insulator string, when a return line of

Cang-Gao line showed single-phase short circuit
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IKF-IKA 1% FRTKA  BUERY%  KFKA  BEER% KA 1%
25V 78 12.99 94 8.55 101 7.12 109 5.77
35V 90 9.49 108 5.93 117 4.68 126 3.70
55  V 83 11.40 100 7.31 108 5.93 116 4.81
65 V 82 11.70 98 7.70 107 6.08 115 493
75V 83 11.40 100 7.31 108 5.93 116 481
95 Vv 83 11.40 100 7.31 108 5.93 116 4.81
ns v 83 11.40 100 7.31 108 5.93 116 4.81
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Table 4 The effect of series inductance of 220 kV
transformer outlet end on bus voltage and
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short circuit current
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Table 5 Small series inductance that could limit current and at the same time
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s 71 85.10 15.81 71 85.15 15.84
1% 5 72 85.83 15.76 72 85.93 12.71
pEeie 73 85.22 13.07 73 85.32 13.08
s 60 72.89 12.97 62 74.90 13.00
2% e 47 62.76 12.98 49 65.01 12.99
pEeie 75 85.30 13.71 74 85.29 13.86
s 80 85.52 14.03 78 85.35 14.34
35 mH 75 83.17 12.97 77 85.46 13.08
pbeie 33 47.27 12.98 40 55.18 12.82
s 47 59.50 12.99 55 67.22 12.92
45 B 80 85.20 14.31 78 85.52 14.75
pEeie 40 53.74 12.94 46 60.44 12.94
s 43 54.67 12.88 50 62.08 12.92
5% 44 56.43 12.93 52 64.78 12.94
pEeie 57 67.41 12.83 62 72.84 12.99
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Table 6 The lightning overvoltage of neutral point under
different reactance value

- rh‘rigﬁﬁftm%fﬁ/kv |
220 kV A 500 kV k3t
60 148.78 103.52
62 185.67 104.72
71 205.49 109.54
72 207.46 110.03
73 209.38 110.51
74 211.26 110.97
75 213.10 111.43
77 216.64 112.32
78 218.36 112.76
80 221.66 113.60
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Table 7 After different series of small reactors, the
voltage in 220 kV side when a single-phase short circuit
was occurred in the 500 kV side

b 220 kV s AR R T
T B AR E R TRV JE (R AUE) KV
60 212.10 24.69
62 212.58 25.47
71 214.74 28.93
72 214.98 29.31
73 215.23 29.69
74 215.47 30.07
75 215.71 30.45
77 216.19 31.20
78 216.43 31.58
80 216.91 32.34
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