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Abstract: To address the issue of weakly discernible wave heads in the reflection waves of faults in the fully parallel
auto transformer (AT) traction network, compounded by difficult localization caused by refraction and reflection
complexity of fault traveling waves introduced by the parallel structure of the lines, a single-ended localization method
for fault traveling waves in the traction network is proposed based on variational mode decomposition (VMD) and
enhanced energy operator. Firstly, the transmission characteristics of fault traveling waves in the traction network are
analyzed, with a focus on the impact of the fully parallel structure on the refraction and reflection of fault traveling
waves. Features of different fault types and power flows are determined, facilitating the extraction of fault features. The
process of wave head identification is transformed into the extraction of abrupt energy changes. Then, VMD is used for
denoising and extracting the genuine voltage traveling wave component. In view of the challenging calibration of weak
wave heads in the second reflection wave, a sliding time window (STW) combined with the symmetrical differencing
energy operator (SDEOQ) is employed to construct the second instantaneous energy spectrum of the fault signal, yielding
satisfactory results. Simulation outcomes demonstrate the method’ s robust resistance to transient resistances, its ability

to reflect variations in electromagnetic energy under different operating conditions in the fault traction network, and its
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high precision in fault localization.
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Figure 1 Influence of AT on traveling wave
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Figure 2 Influence of AT on voltage traveling wave

under different faults
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Figure 3 Single-line diagram of fully parallel AT

traction network
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Figure 4 Voltage traveling wave modulus at different points
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Figure 5 Attenuation of traveling waves on traction network
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Table 2 Fault localization results of T-R short circuit at
different distances (10 ©/90°)
(g M R
T,/ms T,/ms T,/ms
B /km B /km 2&/m
3 112 132 192 3.000 0
5 118 152 187 4.952 —48
8 128 176 182 7.941 —59
10 134 168 201 9.951 —49
12 144 159 186 11.053 —94

K3 FEATERLMETHELALRE(T-RER/I0)

Table 3 Fault localization results under different transition

resistances (T-R short circuit/90°)
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Figure 16 Single-ended localization of fully parallel

AT traction network
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300 111 132 192 3.088 +88
10 125 172 178 7.050 +50
7 100 125 172 178 7.050 +50
300 125 172 178 7.050 +50
10 138 165 213 11.029 +29
11 100 138 165 213 11.029 +29
300 138 165 213 11.029 +29
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Table 4 Fault localization results under different initial

phase angles (T-R short circuit/1 Q)

(g . MEEE X5
& km 0/(°)  Ty/ms Ty/ms T;/ms & km % /m
30 118 152 185 5.049 +49

5 45 118 152 185 5.049 +49

90 118 152 185 5.049 +49

30 138 165 212 10.990 —10

11 45 138 165 212 10.990 —10
90 138 165 212 10.990 —10
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Table 5 Fault localization results under different
fault types (1 Q/90°)

BRSO W 4oxtis
B e UM Tms DM %/m
'R 118 152 185 5.049 +49
5 F-R 118 152 187 4.952 —48
T-F 118 153 187 5.048 +48
T-R 138 165 212 10.990 —10
11 F-R 138 165 213 11.029 —+29
T-F 138 164 211 11.060 +60
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