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A new fault line selection method for distribution network system based on
transient energy and direction of S-transformation
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(1. Hunan Provincial Engineering Research Center of Electric Transportation and Smart Distributed Network, Changsha
University of Science and Technology, Changsha 410114, China; 2.The Eastern Operation and Maintenance Division,
Maintenance Company, State Grid Hubei Electric Power Company, Wuhan 430000, China)

Abstract: In order to improve the accuracy and reliability of faulty line selection when single phase grounding fault
occurs in distribution systems, this paper presents a new non-setting fault line selection method for distribution systems
based on transient energy and direction of S transform. The transient energy parameters and the integrated phase angle
parameters are calculated at a characteristic frequency of each line by S transform, the Euclidean metric algorithm is used
to get the characteristic distance of each line by fusing two-dimensional information, the robust distance and the fault
distance of the real-time samples are compared, thereby realizing the fault line selection based on the method of non
setting protection. According to simulation result, this method is affected little by fault location, fault initial phase angle,
ground resistance network structure and other factors, and the criterion margin is higher. Comparing with single criterion
method, it is more suitable for complex distribution network system. At the same time, it does not need to specify the
operating characteristics of relays, which means there is no need to set discriminant settings and has high accuracy and
robustness in fault line selection.
This work is supported by National Natural Science Foundation of China (No. 51777014).
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Table 1 Parameters of overhead lines

il R/IQ/km) L/(mH/km) C /(uF /km)
7 0.17 1.21 0.012
£ 0.23 3.7 0.009
T2 BRI SH
Table 2 Parameters of cable lines
AT R/(Q/km) L /(mH/km) C /(uF /km)
£ 0.12 0.52 0.29
EY 0.35 1.54 0.19
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Table 3 Results of the transient energy parameter Q; in

each line based on different fault conditions

010 0, 0,0, 0 01

Lo Xd% RIQ 0/°)

10% 5 0 1 0.030 0.109 0.037 0.029
1 50% 500 45 1 0017 0.064 0.022 0.016
90% 5000 90 1 0.091 0335 0.132 0.102

10% 5 0 0.000 1 0.151 0.054 0.042
2 50% 500 45 0.000 1 0.080 0.024 0.019
90% 5000 90 0.000 1 0.015 0.001 0.002

10% 5 0 0.000 0.060 1 0.084 0.066
3 50% 500 45 0.000 0.028 1 0.031 0.027
90% 5000 90  0.000 0.006 1 0.001 0.001

10% 5 0 0.000 0.044 0.161 1 0.047
4  50% 500 45 0.000 0.022 0.084 1 0.025
90% 5000 90  0.000 0.004 0011 1 0.006

10% 5 0 0.000 0.045 0.169 0.940 1
5 50% 500 45 0.000 0.026 0.091 0974 1
90% 5000 90  0.000 0.191 0366 0.871 1

S O O 0 O O O oo o oo o o

10% 5 0 0.000 0.031 0.116 0.650 0.033 1
6 50% 500 45 0.000 0.018 0.067 0.725 0.020 1
90% 5000 90  0.000 0.105 0.367 0.494 0.072 1
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Table 4 Results of the integrated phase angle parameter (;

in each line based on different fault conditions
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Table 5 Results of the fault distance d,; and sound distance d,, in each line based on different fault conditions
La Xi% R/IQ 0/°) [dg1, dai] [de2, dao] [dy3, dai3] [dya, daa] [dys, das) (6, das) ks R
10% 50 0  [0.000,1.562] [1.543,0.030] [1.495,0.109]  [1.539,0.029] [1.544,0.029]  [1.562,0.000] 1
1 50% 500 45 [0.000,1.562] [1.551,0.017] [1.522,0.064] [1.548,0.022] [1.552,0.016]  [1.562,0.000] 1
90% 5000 90 [0.000, 1.562] [1.506, 0.091] [1.372,0.335] [1.481,0.132] [1.499, 0.102] [1.562, 0.000] 1
10% 50 0  [1.562,0.000] [0.000,1.562] [1.166,0428] [1.239,0404] [1.248,0.402]  [1.281,0.400] 2
2 50% 500 45 [1.562,0.000]  [0.000,1.562] [1.219,0.408]  [1.262,0401]  [1.266,0.400]  [1.281,0.400] 2
90% 5000 90  [1.562,0.001]  [0.000,1.562] [1.269,0.400]  [1.280,0.400]  [1.279,0.400]  [1.281,0.400] 2
10% 50 0  [1.562,0000] [1.525,0.060] [0.000,1.562] [1.510,0.084] [1.521,0.066]  [1.562,0.000] 3
3 50% 500 45 [1.562, 0.000] [1.544, 0.028] [0.000, 1.562] [1.542,0.031] [1.545,0.027] [1.562, 0.000] 3
90% 5000 90  [1.562,0.000]  [1.559,0.006] [0.000,1.562] [1.561,0.001]  [1.562,0.001]  [1.562,0.000] 3
10% 50 0  [1.562,0.000] [1.534,0.044] [1.464,0.161] [0.000,1.562] [1.532,0.047]  [1.562,0.000] 4
4 50% 500 45 [1.562,0000] [1.548,0.022] [1.510,0.084]  [0.000,1.562]  [1.546,0.025]  [1.562,0.000] 4
90% 5000 90 [1.562, 0.000] [1.560, 0.004] [1.555,0.011] [0.000, 1.562] [1.558, 0.006] [1.562, 0.000] 4
0% 5 0 [1720,0200] [1.695,0.205] [1.628,0.262] [0.209,1373]  [0.200,1.414]  [1.720,0.200] 5
5 50% 500 45 [1.720,0.200]  [1.705,0202]  [1.699,0220]  [0.202,1.396]  [0.200,1.414]  [1.720, 0.200] 5
90% 5000 90  [1.720,0200] [1.617,0276] [1.537,0417] [0.238,1326]  [0.200,1.414]  [1.720,0.200] 5
0% 5 0  [1720,0200] [1.703,0.202] [1.656,0231] [0.403,1.193] [1.138,0.601]  [0.200, 1.414] 6
6 50% 500 45 [1.720,0200] [1.710,0201]  [1.682,0211]  [0.340,1235] [1.149,0.600]  [0.200, 1.414] 6
90% 5000 90  [1.720,0.200] [1.662,0226] [1.536,0.418]  [0.545,1.115]  [1.105,0.604]  [0.200, 1.414] 6
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