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Single-Phase Grounding Fault Line Selection Method for Resonant
Grounding System Based on Transient Zero-Sequence Admittance Value
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Abstract: The zero-sequence characteristic difference between faulty line and healthy line is weakened by resonant grounding system,
so a line selection method based on transient zero-sequence admittance is proposed in this paper. Firstly, the transient zero-sequence
admittance formulas of faulty line and healthy line under single-phase grounding fault are deduced theoretically, and the characteristic
differences between them are compared. On this basis, a single-phase grounding fault line selection method based on the maximum
mean value index of transient zero-sequence admittance is constructed. Finally, based on PSCAD/EMTDC software, the
performances of the proposed method are verified and tested comprehensively. The results show that proposed method has the
advantage of strong resistance tolerance to the transition resistance. Only the transient zero-sequence admittance in half power
frequency cycle after the fault needs to be calculated, so the calculation load is small, the speed is fast and the implementation is easy.
At the same time, the line selection accuracy is still high under the interference factors such as noise interference, current transformer
reverse connection, the changes in network topology, line parameters and sampling frequency.
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Fig. 1 Zero-sequence equivalent network for single-phase-
ground fault in resonant grounding systems
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Fig. 2 Transient zero-sequence admittances of faulty lines and
healthy lines
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Fig. 3 Transient zero-sequence admittance values under differ-
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Tab. 1 Line parameters of simulation models

MR HL X HiLHL % C
sy /(Qkm) /(mH-km™") /(pFkm™)

By 2y By FF 7 =45d
AL 0.27 2.7 0.25  1.02  0.339  0.280
JuzseRpk 0.17  0.23  1.21  5.48  0.110  0.050
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Tab. 2 Test results when R=0Q

[0 s
A 6/(°) maxA, maxA, maxA, maxA, D e

L i S
0 75.815 0.837 6.976 11.931 6.35 1

30 54.928 0.747 6.115 8.740 6.28 1

b 60 37.337 0.510 5.953 7.958 4.69 1
90 35.103 0.339 4.235 6.498 5.40 1

0 15.184 59.880 8.463 15.010 3.94 2

30 15.069 50.890 8.054 13.347 3.38 2

= 60 14.609 33.092 7.147 10.903 2.27 2
90 10.389 24.771 5.972  9.494 2.38 2

0 16.484 0.705 38.458 15.076 2.33 3

30 15.059 0.630 24.338 13.963 1.62 3

ks 60 12.885 0.611 21.433 12.097 1.66 3
90 9.271 0.570 18.224 6.009 1.97 3

0 18.130 0.599  7.662 39.515 2.18 4

30 14.803 0.403 5.151 29.882 2.02 4

b 60 10.413 0.374 3.354 24.573 2.36 4
90 9.601 0.378  3.331 20.738 2.16 4
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Tab. 3 Test results for different faulty locations and different

impedances
%g /1;'1 maxA, maxA, maxA; maxA, D ﬁi

0 15.059 0.630 24.338 13.963 1.62 3

200 14.630 0.590 23.775 13.670 1.63 3

1000 15.125 0.649 23.309 13.410 1.54 3

F 2000 14.452  0.630 22.804 13.475 1.58 3
3000 14.966 0.614 22.694 13.087 1.52 3

5000 14.875 0.684 21.633 13.974 1.45 3

0 15.696 0.608 26.128 14.215 1.66 3

200 15.428 0.575 25.972 13.408 1.68 3

1000 15.147 0.563 24.671 13.811 1.63 3

B 2000 14.688 0.605 23.204 14.007 1.58 3
3000 16.093 0.534 23.124 13.556 1.44 3

5000 15.262 0.540 22.718 13.288 1.49 3

0 15.304 0.689 27.380 13.539 1.79 3

200  15.968 0.718 27.255 13.560 1.71 3

1000 15.527 0.766 26.147 12.993 1.68 3

B 2000 15.352 0.646 25.537 13.085 1.66 3
3000 15.834 0.712 25.124 12.881 1.59 3

5000 15.543 0.729 24.197 12.861 1.56 3
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Fig. 5 Emanuel model
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Tab. 4 Test results of arc high impedance grounding fault
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Tab. 5 Test results after noise interference

R/Q  0/(°) maxA, maxA, maxA; maxA, Z;éﬁa fGWLL 0/(°) maxA, maxA, maxA, maxA, Z;iﬁa
0 25317 1.828 53.720 20.539 2.12 3 0 15184 0.700 23.389 13.566 1.54 3
20,232 1.823 45.782 18.834 2.26 3 .30 14.452 0.630 22.804 13.475 1.58 3
200 8.6 1779 39.788 16,603 214 3 b 60 11.224 0.520 21.939 12.580 1.95 3
90 15.461 1.611 37.648 15.648 2.44 3 90 9.389 0.491 17.191 7.548 1.83 3
0 24.691 1.789 59.135 18.953 2.40 3 0 31.675 1.566 63.056 25.273 1.99 3
sopp 0 21329 1726 S5 17.820 237 3 s J0 26900 1130 59.25 21,660 2.20 3
60 16.337 1.690 42.452 14.589 2.60 3 60 20.437 1.086 43.877 13.757 2.15 3
90 14.908 1.571 39.080 12.869 2.62 3 90  13.255 0.779 35.714 10.999 2.69 3
0 39.453 1.908 87.201 35.980 2.21 3
A B/, DAEAE— N sh, 53 2 2 30 29.872 1.783 62.523 21.064 2.09 3
AH EC B A DX 4 BE TR S B i, PR T HR T TR A OB 0 8378 1559 53.833 16.006 190 3
S BHAZE R O T B AU il 3E A . 90 15.362 1.313 49.341 11.847 3.21 3
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90 °, WHE(EMH H20dBAI10dB, HEEEFS
QREINE 5 PR

HRAEFE S H e, AT DL RS R K e 454k
BB AR T SFOEA TR, (HRRRL S S
F7 SRR 2 KT IR B A, R IE
DAE AT LAAR G b ke HH SR 4 6, BUMe s T3 00 g
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LT XL IR B AR )P SO EIET T, o

Hy T T4 7 s A S B R S T S gl 4 X}
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Tab. 6 Test results after CTs of faulty line reverse

ZE 0/(°) maxA, maxA, maxA, maxA, D ﬁ?
0 75.815 0.837 6.976 11.931 6.35 1
30 54.928 0.747 6.115 8.740 6.28 1
b 60 37.337 0.510 5.953 7.958 4.69 1
90 35.103 0.339 4.235 6.498 5.40 1
0 15.184 59.880 8.463 15.010 3.94 2
30 15.069 50.890 8.054 13.347 3.38 2
= 60 14.609 33.092 7.147 10.903 2.27 2
90 10.389 24.771 5.972 9.494 2.38 2
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Tab. 7 Test results for different topology structures

EJIEZ%% 6/(°)  maxA, maxA, maxA, maxd, D 1’_7’5%;2‘,3
0 36.598 0.636  6.010 6. 09 1
30 31.006 0.442  6.055 5.12 1
b 60  33.386 0.233 5.089 6.56 1
90  25.218 0.206 3.584 7.04 1
0 11.207 28.618  3.426 2.55 2
30 10.315 28.162 3.334 2.73 2
= 60 10.067 18.579  3.041 1.85 2
90 8.613 17.175  2.936 1.99 2
0 13.650 0.642  35.435 2. 60 3
30 11.390 0.607  22.460 1.97 3
b 60 10.374  0.536  20.922 2.02 3
90 9.397 0.472  16.796 1.89 3

TIPS, ABIFAS 2 s B A A 22 57 A ok
ARAL, FHIAR SCHIT BTSSR RE A% T 5 SHU i e 2%
B DIRG9 230 FINAG R AR A X I 5 7 12 B4 R T
B
4.4 ZRSHTN

N TR B S BBACRS BT 37 IE B, R
B 2 % 1) 43 A1 S BGHE AT £10% 198 5 J5 X A AT
T, BE BB L, XSRS F,,
PR 0 Q, SEERIAHM 0, 30°, 60°,
90 ° HLHIEET T FARAKMLUNE 8 7R
AR 2 8 A A AT L, 2R B S RO I 4% 2 T
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Tab. 8 Test results for line parameter change

RH B 0/(°) maxA, maxA, maxA, maxA R

2 4k/% ] s

0 16.484 0.705 38.458 15.076 2.33 3

30 15.059 0.630 24.338 13.963 1.62 3

0 60 12.885 0.611 21.433 12.097 1.66 3
90 9.271 0.570 18.224 6.009 1.97 3

0 17.323 0.779 38.311 14.836 2.21 3

30 15.121 0.738 25.488 13.670 1.69 3

o 60 11.255 0.649 19.355 11.087 1.72 3
90 8.365 0.437 17.373 6.846 2.08 3

0 18.238 0.775 39.279 16.943 2.15 3

30 15.695 0.683 27.630 14.053 1.76 3

1o 60 12.303 0.619 20.306 12.407 1.65 3
90 9.136 0.572 18.493 7.303 2.02 3

BF 7 FYUE BB, DIEEANE, Wi,
I T 0 2R i S AR AN R
4.5 RESRERT

SRAE G AN [ SRATEAT 5 BT 8 i (52, 4 )
BB SRR AR 5 kHz . 2.5 kHz 1 1 kHz #6471 4%
Bro Horp, SOBELRBR-M L, XFRHRE S F,, d
HiHLBE A 2 000 Q, EBERIAHA S0, 30 °, 60 °,
90 °, LB R T P R I B E T S 9 R E
M9 FR .
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Tab. 9 Test results for different sample frequencies

*Ti$/ 0/(°) maxA, maxA, maxA, maxA, D ﬁéﬁ
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