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A double-terminal fault location method for UHVDC transmission lines based on
traveling wave mode decomposition
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(1. State Key Laboratory of Power Transmission Equipment & System Security and New Technology (Chonggqing University),
Chongqing 400044, China; 2. State Grid Chongqing Electric Power Research Institute, Chongqing 401123, China)

Abstract: The fault location algorithm of an ultra-high voltage direct current (LCC-UHVDC) transmission system based
on a thyristor converter plays an important role in the safe and stable operation of the smart grid. There are shortcomings
of low accuracy and poor speed of fault location methods for long distance UHVDC transmission systems. Thus a double
terminal traveling wave fault location method based on variational mode decomposition (VMD) and Teager energy
operator (VMD) is proposed. First, the propagation characteristics of a fault voltage traveling wave in LCC-UHVDC lines
are studied. Based on the characteristic that zero-mode voltage attenuates markedly with line propagation, the
time-frequency characteristics of a zero-mode voltage traveling wave at a sampling point are extracted by a VMD
algorithm. To solve the mode aliasing problem caused by the improper selection of VMD parameters, Kullback—Leibler
(K-L) divergence is used to optimize the extracted modal indices. Then, TEO is used to extract the instantaneous energy
spectrum of the decomposed signal, and the arrival time of the wave head is calibrated accurately. Finally, the fault
distance is solved iteratively by the two-terminal iterative fault location method. The £800 kV LCC-UHVDC simulation
model is established in PSCAD/EMTDC for verification. The results show that the proposed method has strong robustness
with different fault locations, transition resistance and fault types.
This work is supported by the National Natural Science Foundation of China (No. U22B6006).
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Fig. 1 Two-terminal LCC-UHVDC system
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xmini
xmini = max(xM mini® meini)
xmaxi = min(meaxi ’xN maxi) (24)
Y. = (xmaxi _xmini)
' 2
s e ey JIPI 75 5 0 A 5 5
MBS Xypmais Xnmax 29 P THRAF B IEACER 29 5
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Table 2 Transmission line parameters

<y <
=~ xi =~ xmaxi

(25)

SHBIR Bl
i P2 B M T 7 /m 34
i HL R A1 P /m 22
b2 1 A L2 o /m 15
2R [B] B /m 15
TR Ay R 6
HERFLIME/m 0.021 35
Sy 3L T LA ¥ /m 0.45
‘i P2 ELIAC FRLPEL/(C0/km) 0.028 62
HZAME/m 0.005 52
2k B I HLBE/(Q/km) 2.8645
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Table 3 Fault location results under different sampling rates

KA /kHz RS R /km W (H/km
10 1892.386 2.614
50 1896.117 1.117
100 1895.814 0.814
200 1894.584 0.416
500 1895.402 0.402
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VMD-TEO 532 i bl B 1% 22 IR N o 2R
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Table 4 Fault location results under different fault distances

HCB R S /kem TR L5 R km R ZH/km
295 295.976 0.976
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Table 6 Comparison of ranging accuracy with

o LA R SR %, & S BT B A B traditional FHT method

S, T LA B SRR S, WA 10, HR R, Pkl
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@§77 1095 km AEHEAT i S8 UE, 47 HATRUER S 295 100 295822 297.147 0.822 2.147
P 300 293.674  291.756 1.326 3.244
=5 TETEBETMIELER 10 696.498  696.946 1.498 1.946
Table 5 Fault location results under different transition resistances 695 100 695.965 697.512 0.965 2512
I /O WFE L5 S /km % ZE{H /km 300 692.831 691.876 2.169 3.124
10 1095.832 0.832 10 1095.832  1096.679 0.832 1.679
100 1095.413 0.413 1095 100 1095413 1097.147 0413 2.147
300 1092.933 2.067 300 1092.933  1092.104 2.067 2.896
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Table 7 Comparison of ranging accuracy with

traditional HHT method
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