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Single-end fault location method for MMC-HVDC transmission lines based on
parameter-optimized VMD and TET
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(1. School of Electric Power, South China University of Technology, Guangzhou 510640, China; 2. Guangdong Province
New Energy Power System Intelligent Operation and Control Enterprise Key Laboratory, Guangzhou 510663, China)

Abstract: The single-ended traveling wave fault location method needs to extract the time-frequency domain
characteristics of the fault traveling wave when considering the influence of frequency-dependent wave velocity. However,
existing methods have low time-frequency resolution, difficulty in identifying the wave head, and inaccurate calculation
of wave speed. Therefore, a single-ended fault location method based on parameter-optimized variational mode
decomposition (VMD) and transient extraction transform (TET) is proposed. First, the VMD parameters are optimized
using the sparrow search algorithm (SSA) to extract the high-frequency modal components containing fault features. Then,
a time-frequency analysis method based on transient extraction transform is proposed. This removes the ambiguous
time-frequency energy in the short-time Fourier transform and only retains the time-frequency information closely related
to the transient characteristics of the signal, accurately extracting the time-frequency characteristics of the fault traveling
wave. Finally, this paper extracts the main frequency component of the fault traveling wave full waveform and calibrates
the initial wavehead and the second reflected wavehead, and calculates the wave velocity under the main frequency
component, so as to realize the single-ended fault location. The simulation results of a four-terminal flexible DC grid built
in PSCAD/EMTDC show that the proposed algorithm has strong tolerance to transition resistance and noise, and can
achieve accurate fault location even at low sampling rates.
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Table 2 Location results under different fault conditions

BRI WAL B km PEAEEH/Q MEESTR/km BRZ%E/m
30 0.1 29.868 132.100

pp 30 50 29.872 128.400
30 200 29.873 126.700

50 0.1 50.035 30.575

pg 50 50 50.028 27.895
50 200 50.027 27.058

100 0.1 100.060 60.145

pp 100 50 100.055 55.120
100 200 100.069 69.190

160 0.1 159.741 258.890

pg 160 50 159.739 261.185
160 200 159.736 263.750
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Fig. 12 Comparison of VMD results under Gaussian noise
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Table 3 Fault location results at different sampling frequencies

KSR A E/km  f/ms t,/ms MR B /km R ZE/m
30 1.10 1.30 29.849 151.100

100 kHz 50 1.16 1.50 50.755 755.370
160 1.53 1.80 159.701 299.255

30 1.10 1.30 29.869 130.800

200 kHz 50 1.165 1.500 50.031 30.575
160 1.500 1.805 159.741 258.890
30 1.102 1.302 29.878 121.900

500 kHz 50 1.168 1.502 49.926 74.181
160 1.536 1.804 159.954 45.766

30 1.101 1.302 30.051 51.108

1 MHz 50 1.168 1.502 50.049 49.335
160 1.536 1.804 159.960 39.870
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analysis method and the proposed method
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