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Fig.1 System diagram of mixed-voltage double-circuit
lines partly on same tower under different
grounding modes of neutral point
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Fig.3 Decoupling integrated zero-sequence network
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Fig.4 Independent positive-sequence
networks of Line I and II
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Fig.5 Independent negative-sequence networks
of Line I and II
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Fig.6 Independent zero-sequence networks
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Table 1

Comparison between calculative and simulative results of grounding fault current amplitudes

, . HEE/ KA RE/ %
R T I Y — A I
WRERAL BREE OrIUE S T R LR
[1A 1.710 5 1.700 2 1.701 9 0.602 2 0.502 7
IA-TA-G
Ia 0.171 3 0.174 7 0.213 7 1.984 8 24.741 8
Iy, 1.714 2 1.706 8 1.700 6 0.431 7 0.793 4
IA-1IBC-G IJIB 0.873 3 0.876 4 0.880 7 0.3579 0.847 4
Iye 0.868 3 0.880 5 0.841 6 1.405 1 3.074 9
[1 A 1.648 3 1.622 9 1.626 5 1.540 9 1.322 6
Iy, 0.844 6 0.859 9 0.859 6 1.8115 1.775 9
IA-TTABC-G
Iy 1.033 5 1.024 7 1.024 7 0.851 5 0.851 5
IL[(; 0917 1 0.902 2 0.881 7 1.624 6 3.859 9
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Table 2 Comparison between calculative and simulative results of grounding fault current phase angles

e . . ) HEAE/ (°) RE/ %
BORER WL U C) e o r R R TR TR T i R
[A- TA-G Iy, -173.531 -174.644 0 -174.717 0 0.641 4 0.683 5

[LIA -115.189 —-114.278 0 -137.523 0 0.790 8 19.389 0
Iy, -171.307 —-173.884 0 -171.412 0 1.504 3 0.061 2
IA-1IBC-G Iy 111.494 112.898 0 114.137 0 1.259 2 2.370 5
Ine -56.032 -57.039 9 -58.479 6 1.798 7 4.368 2
Iy, -174.484 -173.626 0 -174.511 0 0.491 7 0.015 5
[LIA -142.061 —-140.477 0 -142.045 0 1.1150 0.011 2
IA-TTABC-G
Iy 92914 92.094 0 92.914 0 0.882 5 0
Inc -33.109 -32.514 0 -34.128 0 1.797 1 3.077 7
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Table 3 Comparison between calculative and simulative results of phase-to-phase fault current amplitudes

s e s i HAE/KA W/ %
BORRRRL BRI O e e R g TR R
[B-1IC Iy 0.609 7 0.600 6 0.575 5 1.492 5 1.492 5
Inc 0.609 5 0.600 6 0.575 5 1.460 2 1.460 2
[IA 0.702 7 0.712 1 0.648 3 1.337 6 7.741 6
TA-1IBC Iy 0.859 9 0.860 2 0.854 2 0.034 9 0.662 9
Iy 1.038 7 1.034 7 1.016 2 0.385 1 2.166 2
Iia 0.620 9 0.6115 0.582 7 1.513 9 6.152 4
I 0.785 7 0.788 3 0.796 8 0.330 9 1.412 8
IA-TABC
[L[B 1.077 6 1.055 9 1.056 2 2.0137 1.985 8
Iy 1.149 8 1.141 7 1.1352 0.704 4 1.269 8
Iy 2.100 8 2.086 8 2.086 8 0.666 4 0.666 4
[1 B 2.101 9 2.086 8 2.086 8 0.723 5 0.723 5
I 2.100 5 2.086 8 2.086 8 0.652 2 0.652 2
TABC- IIABC
Iy 0.627 7 0.625 1 0.625 1 0.414 2 0.414 2
Iy 0.627 6 0.625 1 0.625 1 0.398 3 0.398 3
Iic 0.627 2 0.625 1 0.625 1 0.334 8 0.334 8
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Table 4 Comparison between calculative and simulative results of phase-to-phase fault current phase angles

- . N TEAE/(°) 1R/ %
BRR WL U C) e PR TR BRI KT
B-1TIC Iy 86.189 3 84.515 4 84.265 6 1.942 1 2.2319
Ill(j -93.826 4 -95.484 6 -95.734 4 1.767 3 2.0335
Iy -164.609 -163.416 -164.017 0.724 7 0.359 6
TA-1IBC Iy 98.038 -97.568 99.889 0.479 4 1.888 1
I'nc -39.819 -38.721 -40.741 2.757 4 23155
Iy, -169.721 —173.888 -173.061 2.4552 1.967 9
IL[A —-138.631 —138.358 -139.112 0.196 9 0.346 9
TA-1ABC
Iy 82.650 81.814 82.345 1.011 4 0.369 2
Iye -22.439 -22.551 -23.618 0.499 1 5.254 2
IlA -177.761 —-178.237 -178.237 0.267 7 0.267 7
Iy 61.212 61.766 61.766 0.905 1 0.905 1
Iy -58.806 -58.236 -58.236 0.969 3 0.969 3
TABC-IIABC
Tna -148.011 —148.496 —148.496 0.327 7 0.327 7
Iy 91.942 91.499 91.499 0.481 8 0.481 8
Iy¢ -28.027 -28.503 -28.503 1.698 4 1.698 4
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Fault analysis of mixed-voltage double-circuit lines partly on same tower
under different grounding modes of neutral point
WANG Yan',LIU Meicen' ,CHEN Xu',LIU Junde®,JIAO Yanjun'
(1. Department of Electrical Engineering, North China Electric Power University , Baoding 071003, China;
2. State Grid Anshan Power Supply Company, Anshan 114001, China)
Abstract : Based on the sequential component method , the inter-line fault of mixed-voltage double-circuit lines partly
on the same tower in neutral point directly grounding and indirectly grounding systems near substations is studied.
Firstly ,the zero-sequence mutual inductance between mixed-voltage double-circuit lines partly on same tower is
eliminated ,and the system is decoupled into comprehensive positive-,negative- and zero-sequence networks. Accor-
ding to wiring mode of three-winding transformers , the amplitude and phase angle of common impedance parts of the
comprehensive positive-, negative- and zero-sequence networks are corrected,and the independent six-sequence net-
work of mixed-voltage double-circuit lines partly on the same tower under different grounding modes of neutral points
is obtained. The boundary condition of fault point is listed according to the fault types,and the short circuit current at
fault point is obtained by the composite sequence network and its solution equations. Different types of faults in
mixed-voltage (220 kV/110 kV/35 kV) double-circuit lines partly on same tower in neutral point directly grounded
and indirectly grounded systems are simulated with PSCAD software , and the simulative results verify the accuracy
and practicability of the proposed method.
Key words: neutral grounding modes ; mixed-voltage double-circuit lines partly on the same tower; three-winding

transformer ; six-sequence network correction ;inter-line fault



