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Accurate location method of single-phase-to-ground fault in distribution network

based on zero-mode traveling-wave S-transform time-frequency matrix

YANG Xiaolei', YUAN Mingzhe®, ZOU Jingxin®
(1.State Grid Sichuan Electric Power Company, Chengdu 610041, China;2.Chengdu Power Supply Company, State Grid Sichuan Electric
Power Company, Chengdu 610042)

Abstract: To improve the accuracy of fault location in the case of single-phase grounding faults in distribution
networks, a method for fault line selection and location based on the voltage zero-mode traveling-wave S-transform
time-frequency matrix is proposed. First, the traveling-wave signals measured by the traveling-wave detection devices at
the ends of each feeder are decoupled to obtain the fault voltage zero-mode traveling wave. Then, faults are set at special
locations such as the main feeder, primary and secondary branch lines to obtain the S-transform time-frequency matrix
corresponding to the fault location, and a comparison library for determining the fault branch is established. Finally, the
S-transform time-frequency matrix of the fault zero-mode voltage traveling wave is compared with the data in the
comparison library for similarity to determine the feeder and branch where the single-phase grounding fault occurs. The
optimal location method is selected for different types of branches to achieve precise location of single-phase grounding
faults in distribution networks. Simulation results show that this method has high accuracy in fault location and can
achieve precise location of single-phase grounding faults in distribution networks without the need for traveling-wave
detection devices across the entire distribution network.

Key words: distribution network; traveling wave positioning; S-transformation; matrix similarity
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Figure 1 Propagation diagram of traveling-wave

modulus on distribution lines
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Figure 2 Typical model of radial distribution network
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Figure 3 Comparison of linear mode and zero mode
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Figure 4 Distribution network model with

secondary branches
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Figure 6 Simulation model of 35 kV distribution network
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Table 2 Unit length parameter of distribution network line
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M4 0.270 2721 1.019 0.255  0.339  0.280
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Figure 7 Voltage zero-mode traveling wave time-frequency
diagram of fault feeder and normal feeder
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Table 3 Results of line selection and positioning for

different fault locations

R AL T2k 4 FENLDE2E/m
A 0.98 L, 50.62
2 0.91 Lo, 144.03
£ 0.97 L, 112.77
£ 0.93 L, 138.33
£ 0.89 Ly 159.32
fi 0.92 L, 99.02
12 0.91 Lis 132.86
fi 0.90 Lo 150.55
R4 AR EREmegEE TEER

Table 4 Results of line selection and positioning for

different grounding resistors

MO BeMBEE/Q 0 MR BEEESR ERZE/m

3 0.98 L, 80.82

A 150 0.91 L, 88.60
500 0.97 Ly 93.55

3 0.93 | 136.42

fi 150 0.89 | 112.69
500 0.92 Ljo 158.31

3 0.91 Lsie 147.43

s 150 0.90 Lais 138.38
500 0.90 Lyis 158.85
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Table 5 Positioning results of different grounding
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paralleled capacitors on different buses
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different time windows
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