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Fault Location of DC Cable Based on S-transform Mode Energy Analysis
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Abstract: In view of such issues as low accuracy of fault location and and weak generalization ability of location mod-
el in the fault location method of existing high voltage DC cable, a kind of fault location method of time-frequency do-
main energy analysis is proposed with consideration of the characteristics of rich fault information in the transient sig-
nal generated by the fault point after the fault of the cable. The method uses the characteristics of multi-class support
vector machine to construct a DC cable fault location model , uses the DC cable phase mode decoupling matrix to de-
couple the electrical parameters of the cable, and adopts the S-transform to perform time-frequency domain conver-
sion. The obtained modulus is used to construct mode energy and is used as the sample to trains the SVM model. The
experimental results show that the proposed method can accurately measure the distance of different types of faults
under different transition resistances and different locations .
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Fig. 3 Equivalent circuit diagram of positive and negative
DC cables
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Table 1 DC cable fault location results
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Fig. 14 Fault diagram of cable sheath at fault site
FL A5z e, T AR ik e A 5 A A 1Y
28.9 km &b, MNP 52 25 75 1.3% , 1% 5 40 201 2 i #E
HOR.

6 it

SCH DA B A B R 1 R B L R
B2 SVM ik, HA LU Re

)% & B LGS SR AZ 1T I 4B L R
MNEEEE 2, 52 NS 3 2 A T AR , T4 bR XL
e LA B T R IR 22

2) ST RE T 1 A B M, R S 28 46 X6 A5 e o
HEAT B A AL B, A5 B S 5 ms NS [R5
6 M E BT AR RE P BL, DRE T R U R
I AR R B S o

3)2R FH A AR 1) 8 et REAE EA T R BRI B, B+
Ptk , (HAESEhR TS P 5 R ek 45 1a]

SR

(1] Bekdx, s, £IRER, 5. R PE AR T R Eh

B Ve I R BHLEELD ). M TR 741, 2024, 39(1):
45-54.
DUAN Yubing, HAN Mingming, WANG Zhaochen, et al.
Insulation characteristics and failure mechanism of high -
voltage cables under different thermal aging temperatures
[J]. Transactions of China Electrotechnical Society, 2024,
39(1):45-54.

2] 2o, BT, 0 55 w0 5 R Ak R

BiF g Jie 55 i B ()], W TR 541, 2022, 37(9): 2341 -
2354.
LI Zhonglei, ZHAO Yutong, HAN Tao, et al. Research
progress and prospect of semi - conductive shielding
composites for high-voltage cables|J]. Transactions of China
Electrotechnical Society,2022,37(9):2341-2354.

[B] WHEH,E T RS ST Z AT N 22 AR
YOI o e i 2 7 325 (9] LR A, 2019, 43(9)  3280-
3287.

ZENG Xiangjun, MAO Yu, DENG Feng, et al. Fault

location method of subsea observation network based on
multi - terminal traveling wave time difference[J]. Power
System Technology,2019,43(9):3280-3287.

(4] BRSCH  IRIBUE. JETA7 FROTHINZE 26 (1 FL S5 R i Bk

TR BRAETIITAL ()] B IR HHOR 24, 2023, 38(1):
191-200.
WEI Wenging, DAN Shuheng. Evaluation of ultimate
capacity of cable transmission new energy based on finite
element and neural network[J]. Journal of Electric Power
Science and Technology,2023,38(1):191-200.

(5] FAHIAR, 258220 KV KA XLPE HL85 4 5 Jr R

FELNEMIBFFE)). KA AR ,2022(6):62-67.
WANG Zulin, WU Hongliang.On - line partial discharge
monitoring of 220 kV high voltage large cross - section
XLPE insulated cable[J]. Large Electric Machine and
Hydraulic Turbine,2022(6):62-67.

[6] Hotf, K50, HeT /0 XLPE H 5L i) A%
TR RENFGR)]. R AR, 2020, 56(9): 172-178.
LIANG Guishu, ZHANG Yichi.Propagation characteristics
of the high frequency signal based on fractional - order
XLPE cable model[J]. High Voltage Apparatus, 2020, 56
(9):172-178.

[71 MEYER S G, BASSOM A P, READING A M. Delineation
of fault segments in mines using seismic source
mechanisms and location uncertainty|J]. Journal of Applied
Geophysics,2019(170): 103828.

(8] 2 ML AR, H PR, AR EXUER T ) AV BOR R

WL B T SRR A ()], L TR 2, 2023, 38
(13):3619-3629.
LI Gen, DU Zhiye, XIAO Pai, et al. Study on calculation
model of submarine cable ampacity in J - tube section of
offshore wind power transmission[J]. Transactions of China
Electrotechnical Society,2023,38(13):3619-3629.

(9] REIK, =it & 90,55 I TR RIAIERR

TG LK 7 s A A EAUARL)). i ) RGeS 4
2022,50(12):134-143.
SONG Dongran, YAN Jiaqi, XIA E, et al.Optimization of
cable layout for large-scale offshore wind farms based onan
improved sparrow search algorithm[J]. Power System
Protection and Control,2022,50(12): 134-143.

[10] 5K5° K, B H B, FalEl, %5110 kV IR LA — 2R 25 26

Bl LR T[T, F R, 2022(2): 14-19.

ZHANG Yufei, LUO Richeng, TIAN Dikai, et al.Lightning

overvoltage on 110 kV submarine cable - overhead line[]].

Insulators and Surge Arresters,2022(2):14-19.

O SCE XA 500 kV SRR HLAE A

B8 A1 2OCET A BRI K (). A B 7, 2021, 49

(1):77-82.

GUO Qiang, HAO Yi, WANG Shuang, et al. Monitoring of

500 kV oil -filled submarine cable conductor temperature

[1

[



BF3E 5447

ELI B, 02882, X A, A5 BET S AR i BT 14 LU L A8 R DM B

209

[13]

[14]

[15]

[16]

[18]

[19]

with distributed optical fiber sensing technology and its
application[J]. Smart Power,2021,49(1):77-82.

XTAR, 2w, £ FF, 55 RMUBEHE b XU 3P E
i FL AR N R R B ). v E T, 2020, 53(7)
55-71.

LIU Weidong, LI Qinan, WANG Xuan, et al. Application
status and prospect of VSC-HVDC technology for large -
scale offshore wind farms|J]. Electric Power, 2020, 53(7):
55-71.

DHOKE A,SHARMA R, SAHA T K.An approach for fault
detection and location in solar PV systems|J]. Solar Energy,
2019(194):197-208.

T/NE ARRRE , IR , 5. JE T uPMU AH 5 B A e
FEL DX 28 e e 1 (). FL IR, 2019, 43(3) : 810-818.
WANG Xiaojun, REN Xinyu, HE Jinghan, et al. Fault
location method of distribution network based on pPMU
phasor information|[J]. Power System Technology, 2019, 43
(3):810-818.

XA B, SO, TRk, 45, +800 kV 45 i [E E Uit iE
2 ISR 0 /N RE e P 22 2R D). HL T A
b4, 2014,34(4): 141-147.

LIU Kezhen, SHU Hongchun, YU Jilai, et al. Wavelet
energy spectrum neural network identification method for
fault location of 800 kV UHVDC transmission line[J].
Electric Power Automation Equipment,2014,34(4):141-147.
OB BILIA D . VAR RS S
AR B PRI W TR0, 2020, 35(2):383-394.
JIA Ke, ZHAO Qijuan, FENG Tao, et al. Distance protec-
tion of high frequency sudden change in flexible DC distri-
bution system|]J]. Transactions of China Electrotechnical So-
ciety,2020,35(2):383-394.

ARG B R, X)) b, A T AU BH TR MMC-
HVDC % L 2R 58 B3 54 Bl 7 74 (D). LR , 2019,
43(8):2868-2875.

XUE Shimin, LU Junchi, LIU Chong, et al. Single-ended
fault location method of MMC-HVDC transmission system
based on virtual line impedance[]J]. Power System
Technology,2019,43(8):2868-2875.

WS, FAEEET ak &L AE R TR AR R 23 BT MMC-
MTDC 5 55 FL i H 2 3 S Bl Upl D). R 7 P R B AR
2019,13(7):51-57.

JIANG Peng, ZHOU Congming, ZHANG Lei, et al. Fault
identification of DC transmission lines in MMC - MTDC
system based on current modulus analysis|]].
Power Grid Technology,2019,13(7):51-57.
PR, B S, VE AR, A — Rl I T P PO 2 B
TEEHT TR, 4R, 2019,43(5): 1787-1794.

Southern

H
[\)
=2

[21]

[22

—_—

(23]

[24

—

[25]

YANG Yachao, HUANG Chun, WANG Xingyao, et al. A
novel line fault location method for DC distribution network
[J]. Power System Technology,2019,43(5):1787-1794.
RT3k e, BRESS 45 R e s B Pl i o
A o7 e BRI ST, L RSl 7R A L 2021(3): 93-98.
TIAN Minzhe, ZHANG Long, LUO Huiyong, et al.
Research on lightning transient response monitoring system
of UHV DC transmission line[]].
Arresters,2021(3):93-98.

PR, BT, Je T A SRR X RS K B
K LRI B DR AP ). W RGP S5 4R, 2018, 46
(19):26-33.

HOU Junjie, FAN Yanfang.

protection of long-distance transmission line of wind power

Insulators and Surge

Time - domain distance

system based on distributed parameter model[]J]. Power

System Protection and Control,2018,46(19):26-33.
BORLEMENE 2 I, A BT G O I (R I Y
e HL P SBR[, L REE AR, 2020, 44(3) : 835-845.

JIA Ke, DONG Xiongying, LI Lun, et al. Distribution
network fault location based on sparse voltage amplitude
measurement|[J]. Power System Technology, 2020, 44(3):
835-845.

BOEEL, B B, PR, L R TS AR E S IR A 3k
LU i L2k B B BRI BE D VA W R GRS
il ,2021,49(7): 48-56.

ZHAO Guankun, JIA Ke, CHEN Jinfeng, et al. A single
terminal fault location method for a DC transmission line
based on circuit breaker reclosing[J]. Power System Protec-
tion and Control ,2021,49(7):48-56.

XU MG, DR , B0 MG, 55, BT SARHURT ELM (1972 [
ARG AR, 5 FEHLE , 2020, 56(1):9-17.
LIU Yunpeng, BU Yanan, HE Peng, et al. Transformer
winding strain detection identification based on S-transform
and ELM[J]. High Voltage Apparatus,2020,56(1):9-17.
ikRKGEk EE SR SRADR TR A S (E
S EACREALARAR A o T % A LRGSR B2 ). v T F
#%,2020,56(6):225-231.

ZHANG Xin, ZHANG Jing, GAO Xu, et al. High voltage
circuit breaker mechanical fault diagnosis with local time-
frequency singular value and the optimal random forest|J].

High Voltage Apparatus,2020,56(6):225-231.

B @ fa(1968—), B, 4, A% W5, E 2 NFRBA

T Ay W S5 E W 5 O & BT A0 (3845 4F &) (E-mail ;
307651045@qq. com).,

w40

1 25 5% (1998—), &, i+, Bh 2 A2, £ B F & A
M B S T @A





