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Zero Sequence Inverse-Time Current Protection with the Introduction of

Current Effective Value and Phase Mutation Criterion

LU Xiaoyi, ZHENG Tao, DAI Yuxin, YANG Chang, SONG Yufei

(School of Electrical Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: Aiming at the issue that zero sequence inverse time current protection of non-faulty line
occurs before the protection on the side with smaller zero sequence current in the faulty line when
the system with large ground current has grounding fault, a zero sequence inverse time current
protection scheme introducing zero sequence current effective value and phase mutation criterion
is proposed. Firstly, the distribution characteristics of zero sequence current and the operating
characteristics of zero sequence inverse time current protection in the case of grounding fault in
single-circuit line and double-circuit line are analyzed. It is pointed out that the zero sequence cur-
rent of adjacent non-faulty lines may be greater than the zero sequence current of the faulty line,
causing the misoperation of zero sequence inverse time current protection. Then, through theo-
retical analysis, the changes of the effective value and direction of zero sequence current in other
lines before and after the protection action on the side with larger zero sequence current in the
faulty line are obtained. Finally, a zero sequence inverse time current protection scheme is pro-

posed by introducing zero sequence current effective value and phase mutation criterion, and the
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zero sequence inverse time current protection of non-faulty lines is re-timed. The simulation re-

sults show that the proposed scheme can effectively prevent the misoperation of zero sequence in-

verse time current protection of non-faulty lines, thus improving the selectivity of protection, and

the proposed scheme is still suitable for transitional grounding.
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Fig. 1 Action logic of zero sequence inverse time current
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Fig. 2 Typical structure of transmission network with single

circuit lines
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Fig. 3 Typical structure of transmission network with double

circuit lines
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Table 4 Current and action time of protection under different

fault positions on double circuit lines

L e BiE

" 31,/kA 3I,/kA 3AI/kA
PR o / / / mfiE] /s
1 67.409 0 —67.409 3.234 @)

2 4.224 9.192  4.968 4.046
3,4  a=0 4.082 4.885 0.803 4.067 @DiRzh
5~8 6.592 0.472 —6.120 3.818 @iRzh
11~14 1.659 0.950 —0.709 4.914 ©®
1 14. 250 0 —14.25 3.546 @D
2 12.031 14.183 2.152 3.596 @
3,4 «=0.5 1.164 5.440 4.276 5.556 ®
5~8 1.515 0.484 —1.031 5.052 @
11~14 2.359 1.921 —0.438 4.495 ©
1 5.643  9.744 4,101 3.890
2 33.788 0  —33.788 3.348 (D
3,4 «=1.0 5.644 3.817 —1.827 3.890 @Di®zEh
5~8 0.900 0.593 —0.307 6.549 ®
11~14 6.128 0.826 —5.302 3.851 Q@i%zh
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Table 5 Current and action time of protection under different

transition resistances

f#41 R,/Q 3I,/kA 3I,/kA 3AI/kA Ul
ifE /s
1 1.215 6.359 5.144 5.461 @
2 7.232 0 —7.232 3.778 @
3.4 50 1.215 2.491 1.276 5.461 @iRzh
5~8 0.194 0.387 0.193 22.730 ©@
11~14 1.319 0.539 —0.780 5.294 @iRzh
1 0.780 4.717 3.937 6.615 ©
2 4.643 0 —4.643 3.992 @
3.4 80  0.780 1.848 1.068 6.680 @
5~8 0.124 0.287 0.163
11~14 0.847 0.400 —0.447 6.539 Q@i#zh
1 0.696 4.318 3.622 6.834 @
2 4.146 0 —4.146 4.058 D
3.4 90  0.696 1.691 0.995 6.988 O
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11~14 0.756 0.366 —0.390 8.639 @
1 0.318 2.164 1.846 9.183 @
2 1. 896 0 —1.896 4.736 D
3.4 200 0.318 0.848 0.530 10.973 ®
5~8 0.051 0.132 0.081
11~14 0.346 0.184 —0.162
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protection under different transition resistances
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Table 6 Zero sequence current and action time flowing
through protection during two-phase grounding

faults on double circuit lines

L MRk e Bk
Ry 31,/kA 31,/kA 3AI/kKA
o7 B W /s
1 50. 764 0 —50.764 3.277 @
2 3.135 7.142  4.007 4.248
3,4  a=0 3.029 3.796 0.767 4.275 @DiR3
5~8 4,891 0.367 —4.524 3.963 @ixzh
11~14 1.232 0.738 —0.494 5.431 ®
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Fig. 8 Phase change of zero sequence current for each

protection during two-phase grounding
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