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A high resistance ground-fault line selection method for flexible grounding system
considering unbalanced power grid parameters

LI Xiaobo, ZHANG Shile, XIE Jianfeng, PENG Chaohong, LIU Xupeng, LIANG Rui
(School of Electrical Engineering, China University of Mining and Technology, Xuzhou 221116, China)

Abstract: Zero sequence overcurrent protection adopted in the flexible grounding system faces the problem of low
tolerance to transition resistance. The existing fault line selection methods also require high-precision current transformers
and do not take into account the influence of grid parameter imbalances, increasing the risk of protection misjudgment. To
address the issues, this paper first explores the relationship between the changes in electrical signals and line-to-ground
parameters and unbalanced current before and after the introduction of a small parallel resistance, taking into account the
unbalanced conditions of grid parameters. The research finds that the ratio of zero sequence current change and zero
sequence voltage change of a healthy line is equal to the line-to-ground admittance, and the ratio of the change of the fault
line is the sum of line-to-ground admittance and grounding admittance. On this basis, a method of line selection
applicable to single-phase high-resistance ground faults in flexible grounding systems is proposed. This method is not
affected by the unbalance of grid parameters and the zero sequence CT polarity reversal, effectively reducing the precision
requirements of current transformers. In addition, the method can also utilize the fault information to measure transition
resistance and the ground admittance of individual lines under unbalanced grid parameters. Finally, the correctness and
effectiveness of the described method are verified in the simulation circuit model.
This work is supported by the General Program of National Natural Science Foundation of China (No. 52077215).
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fault in flexible grounding system
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Table 1 Unbalanced grid simulation parameter settings

i H LMLl L2 KREKL3 KK L4
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LS /UF
C A 1.8051 2.8198 1.2440 0.1250
o AM 101094 61899 166524 1362567
BAH 101094 61899 166524 1362567
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Fig. 4 Emanuel arc model
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Table 2 Emanuel arc model parameters
s V. /v V,/kV R/Q R /Q
ESTD 3.8 3.6 400 350
22 22 2.0 800 750
ESTK] 12 1.0 1200 1100
K4 4 0.9 0.8 2550 2350
ESVH] 0.6 0.5 4050 3800
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under different fault types
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Table 3 Transition resistance simulation test result

i Y5 v B BE B A /Q PiF T SAE/Q RE%
150 154 2.667
500 508 1.600
1000 1017 1.700
3000 3007 0.233
4500 4496 -0.089
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Table 4 Zero sequence measurement resistance of each feeder

line under constant resistance high resistance grounding fault

T LR Il B /Q 2k
HER/Q  Z&BR L1 &BKL2 AR L3  &ML4 SR
150 149 20 508 54306 447 009 Ll
500 492 20226 55408 459779 L1
1000 971 21929 53 668 461 674 L1
3000 2751 20262 52597 412 490 L1
4500 3978 21029 53170 423 085 L1
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Table 5 Zero sequence measurement resistance of each feeder

line under arc high resistance grounding fault

- 2 % Z 7 Ik FLREL/Q Lk
R L1 B2 REFL3 L4 4
Fhl 1 772 20 939 55790 451386 L1
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Table 6 Zero sequence measurement resistance of

each line during bus fault
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Table 7 Fault simulation parameters
NO. KR ZH PR B AR
1 QEGER 3N 1000 Q L3 A
2 iEREEN 3000 Q L2 B
3 PG %41 3 L3 A
4 PG A %451 5 L2 B
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Table 8 Results of line selection in Reference [10]

NO. T, =392 LR T 57
1 [1.41 0.85 61.53 2.07] L3 I
2 [2.18 31.97 3.62 5.24] L2. L4 iR
3 [2.05 0.769 61.55 2.56] L3 A
4 [1.99 32.39 1.60 6.47] L2, L4 IR
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Table 9 Results of line selection in Reference [11]
NO. (B = O 1) ks R NRGESES

1 [14.4 10.7 -86.2 80.1] L3 1E#

2 [-15.0 -87.7 42.8 141.6] L2. L4 R
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O S BINFFIE/N BRI RT G 5 HBI 5 55 FL R )

ik a]L'm N
M.
FT 10 AR LER

Table 10 Line selection results of the proposed method

NO. LR T L /Q sk
LML KL RBKL3 A% L4 EES
1 32911 20 345 975 452 867 L3
2 32055 2613 51865 423521 L2
3 34153 20319 1365 440 954 L3
4 34255 3541 57578 448 983 L2
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