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Single-end fault localization method for an all-parallel AT traction network based on
high-frequency energy ratio of current traveling waves

LIU Guosheng, LI Zewen, XIA Yixiang, WU Guorui, FENG Yixuan
(Engineering Research Center of Ministry of Education for Power Grid Safety Monitoring Technology
(Changsha University of Science and Technology), Changsha 410114, China)

Abstract: The existing single-end fault location method of an all-parallel AT traction network has the problems of low
sensitivity of fault section identification and the fact that second traveling wave head is easily affected by the fault point
refraction and reflection. Thus a single-end fault location method based on the high-frequency energy ratio of the current
traveling wave is proposed. First, the attenuation characteristics of the auto-transformer winding-to-ground capacitance on
high-frequency components are analyzed. The difference in the high-frequency energy amplitude of fault current traveling
waves in adjacent lines is demonstrated. An energy ratio difference criterion is established, and the fault section is
localized using this difference criterion. Then, it analyzes the propagation characteristics of the traveling wave in the fault
section of the all-parallel AT traction network, and reveals that the terminal bus traveling wave of the reverse direction
current has the obvious singularity of the fault mutation. Finally, a fault location method based on the inverse direction
current traveling wave is proposed. The precise location of the fault is determined by accurately calibrating the arrival
time of the initial wave head and the second wave head of the traveling wave. Simulation results show that the proposed
method can accurately recognize weak fault characteristics in a noisy environment, and improve the accuracy of fault
location in an all-parallel AT traction network.
This work is supported by the National Natural Science Foundation of China (No. 51877012).
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Fig. 10 Energy spectral density of line i, on both sides of AT1

when the fault occurs in different sections
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RIGUEA Sy i R T, 204 EATER
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A 30dB [1ImeE, B 11 NAFEEJE IR i, N
AR HAFAR KAE -
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NEFEBIE Th, BEELIE R, i, R
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Fig. 11 Wavelet transform modulus maxima of i, D777 V5 B RAHRT IR ZE AN 0.823%, 1EAN [A] Wb 13 T
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Table 2 Fault localization result
T-R Ji s e e F-R 6 M T-F 4 i e
HBORRCE LRI RJQ — = —
R B MRHRZE Y% P WX B AR 22 /% k) WX B ARHR 2%
10 6.4197 S1 0.027 12.6790 S1 0.027 8.1195 S1 0.027
1 km 100 6.5210 S1 0.027 13.9394 S1 0.027 8.5442 S1 0.027
1000 6.5480 S1 0.027 16.3952 S1 0.027 9.5074 S1 0.027
10 10.9621 S1 0.440 27.7941 S1 0.440 454776 S1 0.440
S1 6 km 100 11.1395 S1 0.440 27.6484 S1 0.440 42.7251 S1 0.440
1000 11.3742 S1 0.440 27.7202 S1 0.440 38.2341 S1 0.440
10 8.4413 S1 0.280 16.0680 S1 0.280 22.8266 S1 0.280
14 km 100 8.3950 S1 0.280 15.7030 S1 0.280 22.7971 S1 0.280
1000 8.3152 S1 0.280 14.9448 S1 0.280 22.7240 S1 0.280
10 0.0906 S2 0.469 0.0459 S2 0.469 0.0231 S2 0.469
1 km 100 0.0926 S2 0.469 0.0455 S2 0.469 0.0280 S2 0.469
© 1000 0.1019 S2 0.469 0.0451 S2 0.469 0.0415 S2 0.469
10 0.1378 S2 0.823 0.0402 S2 0.823 0.0372 S2 0.823
12 km 100 0.1401 S2 0.823 0.0402 S2 0.823 0.0380 S2 0.823
1000 0.1461 S2 0.823 0.0413 S2 0.823 0.0406 S2 0.823
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Table 3 Simulation results under different noise disturbances

fEIELL/dB WA E 3 HORIXBL AHXFRZE%
SI  3km 30.9475 S1 0.587
0 S2  3km 0.0325 S2 0.962
S 3km 137710 S1 0.587
% S2  3km 0.1052 S2 0.962
55 SI  3km 4.1487 S1 0.587
S2 3km  0.2460 S2 0.962
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PHE N 1000 Q, F:43 AITEAS 5 i i A [F 45 e Ll
FIME (5 5, DA B A 7 v NI T VA 55 e Al
MRS TH0 N S A, B HR S Rk 4 Fos .

*=4 (HEMLER

Table 4 Simulation comparison results

MRS (5B 2 "
WXHR Y MR A%
40 0.440 8.667 0.700
6 km 30 0.440 11.000 —
25 0.440 11.333 —
St 40 0.280 5.093 1.020
14 km 30 0.280 12.533 —
25 0.280 3.987 —

VE: PLL P2, P3 AMBINACIHEE R L. b FAF i, (64
H 4 FFIBE AT 2531 [0 263 -0 OB o 07

P2 R RS TAE 5347 @ fr, 384T Lol
R RBH A, TS SHME A S, HER 4
ATEN, P2 [P RAHRR ZE N 12.533%, &0 BEAR
s P3 RIS i S S i 1 Dy B 7 67 1 28 — 38
sk, wE 11 Fros, H4atdEEA 1000 Q, M s
S SARNEAE /)N, oo BliE e 75 5 5 (1 38 Ky

Yo, FECP3 kRN R . 52
FHEL, ARSI #Ra A VAR — e A AT T e
A RO IS HFRAAE ST AR S RRS R E L

4 LEip

ASCHI T RAAT AL e F B AT A25] R
FRARREE, SR — PRI R AT B R I RE R LA
SRR AT 22 5] W Sl ae g ik . il g Air
JHEA LT s

1) TRk AT 225 URFIR ISR AN 51, H
AL T 25 P 0 246 6 ) [ A B HRLUAL FR) v A B K/ 22
S, XBOEAL TEas N At

2) Al 5E Ay 7 SR AT S A O D i P X B
LR BRAT I AT i 5 8, M BV TR SR A2
Rtk 2 L et I R B e 0 o A i B AT AR A
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