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Traveling Wave Fault Location of Mixed Lines of Ground and Overhead Cables Based on Time Linear Fitting
YANG An, XU Pengkun

School of Electrical and Information Engineering, Anhui University of Science & Technology, Anhui Huainan 232001,
China

Abstract: Objective This paper investigated the traveling wave fault location in n-section ground-overhead mixed
transmission lines and proposed a traveling wave fault location method based on time linear fitting. Methods Firstly, the
fault area was determined to identify the region where the fault occurred. Next, different wave impedance lines were
normalized to reduce ranging errors caused by different wave speeds. Finally, the time linear fitting method was used to
accurately locate the fault. Results This method addressed the difficulty in identifying the initial traveling wave head and
reduced ranging errors caused by changes in traveling wave speed with transmission distance. Conclusion A simulation
model of a 500 kV ground-overhead mixed transmission line was built in MATLAB/Simulink. The experimental validation
results demonstrate that this fault location method can effectively overcome the inapplicability of the dual-end traveling
wave ranging method due to different wave speeds and ultimately achieve precise fault location.
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Fig.1 The refraction and reflection of traveling wave at point A
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Fig.2 Topology of mixed lines
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Fig.4 Linear fitting diagram of fault traveling wave
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Table 1 Length of ground-overhead line and its

normalized length

L/km K% EAHN  FFEEAE/km F2—HEKE/km

L, | 12 12
L, HLYE 1 21 35.7
L, R 14 14
L, HUYE 2 26 44.197
L rE3 8 8
L HYE 3 17 28. 898
L, Rz 21 21
Ly HLYE 4 34 57.797
L, RS 15 15
Ly, WYL 5 27 45.897
L R 22 22
L, HYE 6 15 25.499
L, Rz 30 30
L, HYE T 22 37.378
Lys RER 16 16
£2 WERSHBSY
Table 2 Parameters of ground-overhead line
BRI AR RE R & LR
R/(Q-km™) 0.034 68 0.024 1
L,/(mH - km™) 1.347 7 0.516 3
C,/(pF - km™) 0. 008 67 0. 065 4
Ry/(Q - km™) 0.3 0.196 4
Ly/(mH - km™) 3. 637 0.397 2
Co/ (uF + km™) 0. 006 16 0.317 1
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Fig. 10 Transient voltages and wavelet transform
patterns of L; detection device
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Table 3 Time of arrival of the initial wave when the fault

occurs in the middle part of the line

NDS i/ s PDS i/ s
c, 69. 8 D, 127.8
c, 1416 D, 179.2
c, 240. 4 D, 336.2
c, 267.8 D, 411.4
C, 418.8 D, 498.6
C, 466. 8 D, 601.2
c, 588.8 D, 729.0
C, 629. 8 D, 783.6
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Fig. 12 Transient voltages and wavelet transform pattern
of the detection device at the near end of the line
AL BB R A T U i I 2% AT ARG T 26 ) ) AR AT
PRI R AN 4 FrR
x4 HIERETER A BRIATT IR B ik A E
Table 4 Time of arrival of the initial traveling wave when the

fault occurs at the near-end point

moE t/us o t/us
C, 30. 8 D, 727.2
C, 10.4 D, 778.2
C, 132.4 D, 934. 8
C, 180. 2 D, 1 010.0
Cs 331.4 D, 1097.4
Cy 358.8 Dy 1 200. 0
C, 457.6 D, 1327.8
C 529.4 Dy 1382.8
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Fig. 13 The linear fitting pattern of sampling points

when the endpoint fails
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Table 5 Location results for different points of failure

HERE HEE AL
HIE M KRR C K MEECH
£8 0 EM EAdm  ER Eddm "
A-g L, 10 L, 9. 980 20
A-g L, 20 L, 20. 023 23
A-g L 90 L, 89. 983 17
A-g L, 130 L, 129. 862 38
A-g L, 160 L, 160. 031 31
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