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Research on fault line selection method for high-resistance grounding faults in flexible
grounding systems based on integration of two-stage transient information

LI Xiaobo, PENG Chaohong, YUAN Lujian, ZHANG Shile, ZHOU Jun, LIU Jianhua, LIANG Rui
(School of Electrical Engineering, China University of Mining and Technology, Xuzhou 221116, China)

Abstract: Flexible grounding systems combine the advantages of resonant grounding and low-resistance grounding
systems. However, when using zero-sequence overcurrent protection, they exhibit poor tolerance to transition resistance.
To address this issue, a fault line selection method is proposed to comprehensively utilize transient information in the
low-resistance input stage and arcing coil compensation stage in flexible grounding systems. First, the zero-sequence
transient currents of each line during the arc suppression coil compensation stage and the low-resistance input stage are
analyzed. It is found that, during the arc suppression coil compensation stage, the faulted line has an additional current
component passing through the transitional resistance compared to the healthy lines, while the expressions of transient
zero-sequence currents of each line are the same during the low-resistance input stage. Next, by calculating the
line-to-ground capacitance ratio based on the transient zero-sequence currents during the low-resistance input stage, the
difference between the transient zero-sequence currents of each line during the arc suppression coil compensation stage is
obtained using this ratio. The difference of transient zero-sequence currents between the faulted and healthy lines is the
current passing through the transitional resistance, while that among the healthy lines is zero. Furthermore, by
constructing a matrix of zero-sequence current difference, the fault selection is achieved by comparing the elements of
each row and column of the matrix. Finally, the correctness and effectiveness of the proposed method are validated in
PSCAD/EMTDC and a low-voltage experimental platform.
This work is supported by the General Program of National Natural Science Foundation of China (No. 52077215).
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Fig. 1 Schematic diagram of single-phase grounding fault

in flexible grounding system
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Table 2 Ratio of line-to-ground capacitance among lines

under different scenarios

R B
A LA SRl EE1 R=Bl2  EHI3Z R4
Cot/Co 1.20 1.20 1.20 1.20 1.20
Cy1/Cos 0.73 0.67 0.70 0.73 0.73
Cy1/Cos 0.84 0.84 0.84 0.84 0.84
Cy1/Cos 0.67 0.67 0.67 0.67 0.67
Coy/Cos 0.61 0.56 0.59 0.61 0.61
Cor/Cos 0.70 0.70 0.70 0.70 0.70
Cyo/Cos 0.56 0.56 0.56 0.56 0.56
Cys/Cos 1.15 1.25 1.19 1.25 1.15
Cos/Cos 0.92 0.99 0.95 091 091
Coal Cos 0.80 0.80 0.80 0.80 0.80

ZRA51] 3565 B IR FLR 2 (B R
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0.001 0 044 0.004 0.01
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Table 3 Ratio of line-to-ground capacitance among lines

under different fault inception angle

A PR HHEE
2 O fE K 30° 45° 60° 90°
Cyi/Cya 1.20 122 122 122 121 122
Co)/Cos 0.73 073 073 073 073 073
Co/Cos 0.84 084 084 084 084 084
Cyi/Cos 0.67 067 067 067 067  0.67
Cps/Cos 0.61 060 060 060 060  0.60
Cps/Cos 0.70 069 069 069 070  0.69
Coy/Cos 0.56 055 055 055 056 055
Coi/Cos 1.15 115 115 115 .15 115
Cps/Cos 0.92 091 092 092 091 092
Coa/Cys 0.80 080 080 080 080  0.80
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0.26

0
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0.003
0

R
[0 0.001 0.002 0.003 0.008]
0.0005 0 0.08 0.004 0.01
0.003  0.01 0  0.0007 0.02
0.004 0.005 0.0005 0  0.002
| 0.001 0.01 002 0.2 0
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fEAHRE, HRWMR A, &S5 NAFRENFH TS
FIFRI0T 1 FE A AR

R 5 TREIRFEIERT T &L B B]X1 BB 25 L 18

Table 5 Ratio of line-to-ground capacitance among lines

under different sampling delays

RNBRA L TCER AN, FERESE 2 5% RN
ZHIFTHEAT IR KR, FERESE 2 AT & o R PIOzAT o
FEF B RAB, AT DATER R 2 2 i g
5.4 BRI EIME

WE BEZR S KA 1000 Q. 3000 Q. 5000 Q.
7000 Q [HEH B, LLISIEZ 7 R8T X 70 B i
M. 2% 4 NBREL AR B B S 0 45 21
28 % () Xo] iy FL 2 LU AR

*k 4 BEEETEIT B A &R E B At (E

Table 4 Ratio of line-to-ground capacitance among lines

under different busbar transitional resistances

R [ X0 . A
HALLE 0 ms 0.25 ms 0.5 ms
Cy/Co 1.20 1.22 1.31 1.27
Cy/Cos 0.73 0.73 0.71 0.74
Co/Cos 0.84 0.84 0.83 0.84
Co1/Cs 0.67 0.67 0.65 0.67
Cp/Cos 0.61 0.60 0.54 0.50
Cp/Cos 0.70 0.69 0.63 0.57
Cpa/Cos 0.56 0.55 0.50 0.46
Co3/Cos 1.15 1.15 1.16 1.15
Co3/Cs 0.92 0.92 0.91 0.91
Coa/Cs 0.80 0.80 0.78 0.80

KAEIEIR 0.5 ms 15 201 Fr L Z (B FE

LR ] ~ e
A S 1000Q  3000Q  5000Q 7000 Q
Co/Coa 1.20 1.20 1.20 1.20 1.20
Co/Cos 0.73 0.73 0.73 0.73 0.73
Co/Cos 0.84 0.84 0.84 0.84 0.84
Co/Cos 0.67 0.67 0.67 0.67 0.67
Cor/Cos 0.61 0.61 0.61 0.61 0.61
Cpr/Cos 0.70 0.70 0.70 0.70 0.70
Cpr/Cos 0.56 0.55 0.55 0.55 0.55
Coy/Coa 1.15 1.15 1.15 1.15 1.15
Coy/Cos 0.92 0.92 0.91 0.92 0.92
Coi/Cos 0.80 0.80 0.80 0.80 0.79

0 0.62 0.01 0.002 0.007]
0.52 0 052 051 0.51
0.007 084 0 0.005 0.006

0.003 0.74 0.005 0  0.004
| 0.01 0.91 0.006 0.005 0 |
FERFERR AR 0.5 ms FHIL T, G FETT S,
BRAT R TTRAN, FEREH 2 51 & TR B ARSI e
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Table 6 Ratio of line-to-ground capacitance among lines with
different transition resistance grounding for Line 2

g3 aipap:il - THEE
A

1000Q 2000 Q 3000Q 50000 10000 Q
Co/Cor 025 0.26 025 025 025 028
Co/Cos 05 0.5 054 052 05 0.52
Co/Cos 0.5 0.77 07 078 09 0.8
Cor/Cos 2 1.92 213 209 196 186
Cyr/Cos 3 2.97 278 317 352 288
Cu/Cos 15 1.54 13 152 179 155
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Table 7 Ratio of line-to-ground capacitance among lines

under different busbar transitional resistances

LR (R b ) THEAE
SEFRME
FLA LU AR 1000Q 2000Q 3000Q 5000Q 10000 Q
Co/Co 025 025 025 027 025 027
Cy1/Cyys 05 0.5 05 053 05 0.56
Cy1/Cos 075 074 069 075 075 083
Coo/Cos 2 198 203 194 2 2.07
Cyo/Cos 3 202 28 277 296  3.04
Cos/Cos 15 147 138 143 149 147
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Table A1 Parameters of lines per kilometer

ZH HLFH/Q H/E%/mH HZ%/uF
st EF 0.178 121 0.015
i 0.25 5.54 0.008
" 1R 0.21 0.25 0.19
A i 2.1 0.99 0.30
LR g A28 500 Q T FELH 22 b g s ) XoF S 1)
F 7 IR E AN
[0 287 287 287 287]
2.39 0 0.01 0.004 0.01
394 0.02 0 0.005 0.008
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Fig. Al Transient zero-sequence current waveform during the

arc suppression coil compensation phase
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Fig. A2 Transient zero-sequence current waveform during the

low-resistance input phase
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Table A2 Arc model parameters

ESY]] Vp/kV Vy/kV Rp/Q R,/
1 43 4.1 500 400
2 3.8 3.6 1000 900
3 22 2.0 2200 1600
4 1.2 1.0 3000 2500

FAF 1 %) IR R T R R N
0 0.001 0.77 0.001 0.006]
0.001 0 064 0.002 0.01
106 1.05 0 106 1.08
0.001 0.003 092 0 0.01
10.008 0.02 1.17 0.02 0
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Fig. B1 Low voltage equivalent experiment platform
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Fig. B3 Transient zero-sequence current waveform during the

arc suppression coil compensation phase
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