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A fault line selection method based on time-frequency characteristics

in S-transform for resonant grounded systems
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Abstract: When single-phase grounding fault occurs in resonant grounded system in different fault conditions, the fault
signals are very weak. which makes it difficult to detect the fault. According to the differences in characteristics of
transient zero sequence current of short-time window time-frequency, the transient characteristics of the zero sequence
current of single-phase earth fault is utilized and analyzed in this paper by S transform, where the zero-sequence cur-
rent amplitude time-frequency matrix can be constructed based on these differences in characteristics. On the basis of
multiple frequency information and local characteristics of time-frequency, a new method of fault line selection based

on S-transform time-frequency characteristics is proposed in this paper. This method can be applied in the scenarios
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with the lack of information coverage in a single feature band and the inconsistent band characteristics of each feeder.

Combined with the similarity assessment of image processing, the single-phase ground fault line selection for a reso-

nant grounding system of a distribution network can be achieved by comprehensive correlation coefficients. The simu-

lation results show that the new method will be less affected by fault initial angle, fault resistance, fault location and

network structure. It can effectively distinguish different fault grounding types, and has obvious fault boundary, high

reliability, strong anti-interference ability, and more extensive applicability.

Key words: distribution network; resonant grounding system;fault line selection; S-transform; time frequency charac-

teristics
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Figure 1 Simplified zero-sequence network

of resonant earthed system
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Figure 2 Transient zero-sequence current of

metal grounding fault
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Figure 3 The time frequency characteristic
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Figure 4 Discriminant flow chart of fault line selection
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Figure 5 Simulation model of a resonant

grounding system
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Table 1 110 kV distribution network simulation model line parameters
2 R/ Lo/ Co/ R,/ Ly/ Ci/
(Q/km) (mH/km) (pF/km) (Q/km) (mH/km) (pF/km)
Pos gk 0.275 0 4.600 0 0.005 4 0.1250 1.300 0 0. 009 6
LR 2.700 0 1.019 0 0.280 0 0.270 0 0.2550 0.3390
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Table 2 Results of single phase to ground fault line selection in resonant

grounded system under different fault conditions

WHELE  0/() Ri/Q o1 02 03 P4 05 pRLRZER
5 —0.97 0.49 0.47 0.49 0.48 1E
BEEsZ 1 %0 500 —1.00 0.50 0.50 0. 50 0. 49 1E
2 km 0 50 —0.95 0.50 0.50 0.50 0. 50 1E
5000 —0.99 0.49 0.49 0.49 0.48 1E
0 5 0.50  —0.99 0.50 0. 50 0.50 1E
BEis 2 2 500 0.50  —1.00 0.50 0.50 0.50 1E A
B9 km 9 50 0.50  —0.95 0.49 0.50 0. 50 1E
5000 0.50  —1.00 0.50 0.50 0.50 R
0 5 0.50 0.50  —1.00 0.50 0.50 1E
B4k 3 500 0.50 0.50  —1.00 0.50 0.50 E A
i 9 km 90 50 0. 50 0.50 —0.96 0. 50 0. 50 £
5 000 0.50 0.50  —1.00 0.50 0.50 E
0 50 1. 00 1.00 1.00 1. 00 1.00 1E A
\ 5 000 1. 00 1.00 1.00 1. 00 1.00 1FE
Rl 60 5 0.97 0.93 0.94 0.96 0.97 I
500 1.00 1.00 1.00 1.00 1.00 R

R3 FARHEEMHTEMBERUE N EOEEER
Table 3 Results of single phase to wavelet packet for ground fault

line selection under different fault conditions

MEEALE 0/C) Ri/Q o1 02 03 o1 05 LR LR
5 —0.99 0. 49 0.48 0. 49 0.49 1EAf
P 1 0 500 —0.71 0.56 0.54 0.56 0.58 E
B 2 km . 50 —0.99 0. 50 0.50 0. 50 0. 50 E A
v 5 000 —0.70 0.24 0.18 0.24 —0.06 1EHf
0 5 0.50  —1.00 0. 50 0. 50 0. 50 1EHf
PR 2 500 0.50  —0.98 0.50  0.50  0.50 1E)
B9 km 9 50 0.05  —0.56 0.04 —0.44 0.05 1R H
5 000 —0.38 —0.18 0.00 —0.05 —0.38 |
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Table 4 Results of fault line detection with noise

[ A fEWeLL/dB 0/ Ri/Q o1 02 03 01 05 LR LR
5 30 5 —0.96  0.49 0. 47 0. 48 0. 49 1F
B 1 1 2 km
20 30 500 —0.98 0.48 0.48 0.48 0. 46 1E
30 0 500 —1.00 0. 50 0. 50 0. 50 0.49 EH

HEBER 1 K ¥ 2 km
40 0 5 000 —0.94 0. 45 0.45 0. 45 0.41 T
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Table 5 Result of fault line selection with large

earthed resistance

0/ 01 02 03 o4 05 LK

0 0.50 —1.00 0.50 0. 50 0. 50 E
30 0.50 —0.99 0.50 0.50 0. 50 EH
60 0.50  —0.99 0.50  0.50 0. 50 1E
90 0.50 —1.00 0.50  0.50 0.49 EHf

4.3 HBINHESH
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RN E R £k 45 RN 6 i,
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Table 6 Selection of arc faults at a distance of 5 km

from the bus line at the hybrid line 3

0/ o1 02 03 04 05 WLk
0 0.50 0.51  —0.97 0.51 0. 50 IEW
30 0.51 0.52  —0.93 0.52 0.51 EHi
60 0.51 0.52  —0.92 0.52 0.51 1E
90 0.51 0.50 —0.89 0.51 0.51 IE

4.4 FREMBES
2 2 G0 A () 2 i A (] — B 220 55 AN [ ) 220 2 A
PR ML BRI L T IE U REIE R 4 . R BEBC R

PIFESL 2 2 1 BERELR 10 km Ab S IR A 2% 3 BE RS
22 5 km Ab[R) I AR b P HLBH Ol 50 QA FAORH 4 M
Hl R I O R LR A R R 7

MECHE MRS i 1 B REZR 2 km b 5 HL SR
A 2 BEEREZL 5 km Ab, 43 B AE A 8] B 2 AR i
HLRH S 5 kQ A B R 422 b 5 o B, JHG oy 5 A [ Bsf
20 7 1R b B A e L A5 SR AR 8
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Table 7 Results of fault line selection with two

earthed fault occurring at the same time

0/ o1 02 03 o4 05 Lk
0 —0.498 0.003 —0.494 0.003 0.003 IE#
30 —0.495 0.005 —0.500 0.004 0.002 1L
60 —0.458 0.022 —0.497 0.019 0.014  IE#
90 —0.369 0.064 —0.444 0.0615 0.065  IEH#f

R8 2EFFANAGBEHLLLER
Table 8 Results of fault line selection with two

earthed fault occurring at different times

& 0/ o1 02 03 o1 05 Lk
1 0 —0.537 —0.431 0.032 0.037 0.036 1FH
2 30 —0.537 —0.431 0.032 0.037 0.036 1FH
1 90 —0.630 —0.281 0.098 0.118 0.118 1F#
2 60 —0.630 —0.281 0.098 0.118 0.118 1EH
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Table 9 Restults of fault line selection with different

compensation degrees

/% 01 02 03 o1 05 Lk
5 0.48 0.50  —1.00 0.49 0.50 1E
8 0.50 0.49 —1.00 0.50 0.49 1E

10 0.50 0.50 —0.99 0.50 0. 50 1E A

5 4hEiE

AR SCHEHE T8 25 Fr L R I RURRAIE L 258 5 1
ZAWURAE B FERE L P2 T —FP 3L T S AR et
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