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Research on an Improved Fault Location Algorithm for Hybrid Three-terminal Transmission Line
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Abstract: Aiming at the problems of multiple faults and poor location accuracy of hybrid transmission lines, a fault
location method based on improved complete ensemble empirical mode decomposition with adaptive noise (CEEMDAN)
and Teager-Kaiser energy operator was proposed. Firstly, the fault voltage signals of transmission lines were decoupled by
a new phase-mode transformation to eliminate the electromagnetic coupling phenomenon between lines. Then, the
decoupled fault voltage signal was decomposed by using the improved CEEMDAN and Teager-Kaiser energy operator, and
the time when the initial traveling wave of the fault reached the detection point was extracted. According to the fault
characteristics of the zero-mode and line-mode components of the transient voltage traveling wave, a fault branch
discrimination method based on the time difference between zero-mode and line-mode was proposed. Finally, in order to
solve the problem that the accurate value of the traveling wave velocity can not be obtained, the accurate fault location data
were obtained by using the traveling wave ranging method based on the time difference between zero-mode and line-mode.
Based on the simulation model, the improved CEEMDAN algorithm was compared with the traditional CEEMDAN algorithm,
and the effectiveness of the proposed improved algorithm was verified. The simulation results show that the proposed

algorithm is not affected by fault type, transition resistance, wave velocity and time synchronization, and has a high

Wk H191:2022-09-05  f&101 H 191:2022-12-08  SC#E4H %5 :1672-058X (2023) 06-0025-11

FEEWH AR R B RPBLEE S H (KJ2020A307).

BT : R (1998—) , 5 WL B E- R AE | i i 4R i B 2 T 5

IS Btk (1966—) , 5 ZRAER N, 2082 , 1, NS5 55 A FHAFSY . Email ; shhyao@ aust. edu. en.

SRS X EIRAS WAl —Fh ot AR & — S H 2 B R (2 e [ 1] PR LRI R4 ( AARBLA 1) L 2023,40(6)
25—35.
WANG Zhenjie, YAO Shanhua. Research on an improved fault location algorithm for hybrid three-terminal transmission line[ J].
Journal of Chongqing Technology and Business University (Natural Science Edition), 2023, 40(6): 25—35.



26 ERIHAFFR(AARFER)

%40 %

measurement accuracy. The improved CEEMDAN algorithm can effectively improve the randomness problem caused by the

decomposition of fault signals by the traditional CEEMDAN algorithm, which has high engineering application value.

Keywords: hybrid transmission lines; fault location; CEEMDAN; Teager-Kaiser energy operator; new phase-mode

transformation
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Fig. 4 Two-terminal instantaneous energy spectrum

of improved CEEMDAN
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Table 2 Arrival time of fault traveling wave line-mode

component at each measuring point

HE X H WEIEH/km L/ Bs Ly/ ps L/ ps

20 241 530 641

AO
60 104 667 778
15 408 363 672

BO
40 573 199 836
55 498 650 384

co
95 745 898 137
0 % 0 309 462 573

R3 BRNSBIEITHREES E LR E
Table 3 Arrival time of fault traveling wave zero-mode

component at each measuring point

ML BEIEH/km L Bs by Bs g/ ps

20 402 990 1131
AO

60 173 1219 1 360

15 704 688 1204
BO

40 1016 376 1516

55 832 1190 701
co

95 1298 1 656 235
0 % 0 517 875 1016
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Table 4 Location results of different fault distances and

transition resistances of AO branch

WIEIE B dHE B BB AR E stz £
/km /Q /km /m /%
0 6. 923 77 0. 086
7 100 6. 923 77 0. 086
500 6.923 71 0. 086
0 28.990 10 0.011
29 100 28.990 10 0.011
500 28.990 10 0.011
0 45. 000 0 0
45 100 45. 000 0 0
500 45. 000 0 0
0 64. 038 38 0. 042
64 100 64. 038 38 0. 042
500 64. 038 38 0. 042
0 86. 971 29 0.032
87 100 86.971 29 0. 032
500 86.971 29 0. 032

RS5 BOXBARWEESRTERBEMER

Table 5 Location results of different fault distances and

transition resistances of BO branch

WIEIEE RV FEIEE iR E MR i
/km /Q /km /m /%

0 4.915 85 0.121

5 100 4.915 85 0. 121
500 4.915 85 0. 121

0 21.017 17 0. 024

21 100 21.017 17 0. 024
500 21.017 17 0. 024

0 45. 085 85 0.121

45 100 45. 085 85 0. 121
500 45. 085 85 0.121

0 53.051 51 0. 073

53 100 53.051 51 0.073
500 53.051 51 0.073

0 62. 034 34 0. 049

62 100 62. 034 34 0. 049
500 62. 034 34 0. 049

£6 COZBARBEEBRTEERBEMLER
Table 6 Location results of different fault distances and

transition resistances of CO branch

HIEIEE WBG[ s d iR E ARiRE

/km /7Q /km /m /%
0 9.952 48 0.037
10 100 9.952 48 0.037
500 9.952 48 0.037
0 38.077 77 0. 059
38 100 38.077 77 0. 059
500 38.077 77 0. 059
0 73.051 51 0.039
73 100 73.051 51 0. 039
500 73.051 51 0. 039
0 95. 085 85 0. 065
95 100 95. 085 85 0. 065
500 95. 085 85 0. 065
0 120.913 87 0. 067
121 100 120. 913 87 0. 067
500 120.913 87 0. 067
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Table 7 Locating results of different fault types
W P e RALIE AR FaAFiE
X% #/km 3 B/km  E/m %/%

AG 35. 048 48 0.053
AO 35 AB 35. 048 48 0.053
ABG 35. 048 48 0.053
AG 24.915 85 0.121
BO 25 AB 24.915 85 0.121
ABG 24.915 85 0.121
AG 54.952 48 0. 037
co 55 AB 54.952 48 0. 037
ABG 54.952 48 0. 037
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Table 8 Locating results of unsynchronized time

L HIEIES/km B/ ps  AAELER/km AsFiR £/ %

7 6.923 0. 086
A0 1

64 64. 038 0. 042

5 4.915 0. 121
BO 2

53 53.051 0.073

10 9.952 0.037
Cco -2

95 95. 085 0. 065
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