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A traveling wave ranging method for a DC line based on wave velocity compensation and fault
distance approaching its real value gradually
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(1. School of Electrical Engineering, Xinjiang University, Urumqgi 830047, China; 2. State Grid Urumqi Power Supply
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Abstract: This paper looks at the problem of adaptability to the calibration of a traveling wave head, when wavelet
transform singular point detection technology is applied to traveling wave ranging of DC lines. It also considers the
difficulty of unifying organically the arrival time of the traveling wave head its velocity. An improved scheme is proposed.
For the calibration of the traveling wave head, an improved Hilbert-Huang transform with full adaptive decomposition
capability for different fault signals is used, and the traveling wave head is calibrated using the peak frequency point of
high-frequency abrupt change. To unify organically the arrival time of a traveling wave head and its velocity, we propose
the use of a Newton interpolation algorithm to compensate for the wave velocity one by one, and substitute the wave
velocity after each compensation into the ranging formula considering the change of wave velocity. When the
convergence accuracy of the ranging result meets the set convergence condition, the algorithm loop is terminated, and the
ranging result gradually approximates the true fault distance. We perform fault simulation in PSCAD and the calculation
of fault data in Matlab. The results show that the ranging method has high accuracy, strong robustness, and a certain
resistance to transition resistance, and is suitable for various common fault types.
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Fig. 1 Microelement equivalent diagram of distributed
parameters of long distance transmission lines
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Fig. 2 Schematic diagram of actual wave speed
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Fig. 3 Schematic diagram of wave speed as a function of
fault distance and transition resistance
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Fig. 5 Schematic of double-ended traveling wave ranging
considering wave velocity variation
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Fig. 6 Influence curve of AV as a result of different fault
distance under fixed empirical wave speed
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Fig. 10 Schematic diagram of simulation system model
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Table 3 Convergence under different number of difference nodes
AN IR BT RSk e

I1/km

n=28 n=14
100 15/100.00185 8/99.99796
300 7/300.00011 5/300.00014
600 4/599.99939 4/599.99928
800 4/800.00018 4/800.00022
1200 8/1200.00228 6/1199.99703
1400 16/1399.99880 9/1400.00036

H# 3 45, fELBRAEKIEEN, Friffiim
WAL SHOKE 2 Bt AR AL TS A SO R 2 v, (R AT B
A n=14 WiZJr ik C BABE R . 1E
LR W SN, AT SR, WSO BB
FESEUT 2 it rh B AR, WA SIGH B S A BT A
HISZI LN
4.2 BiRERMIE

U B fg BARAE A R 4 e N B &
FIE, TRIUESIEAERR CANAdE(E T Mok, HoAtl e
PRESALRMBE RN . R 4 45 1=130 km. 370 km,
690 km. 960 km. 1180 km. 1420 km &b &4 #iA%
P A S I EE 25 2R o TR 23 T B E
WOk R T IV, oV, o WFELE R 4 .

® 4 RAGHET RCRISKIER
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Table 5 Ranging results with different transition resistances

R/Q I/km d/km elkm

0 960 960.125 02 0.125
100 960 960.137 50 0.138
200 960 960.140 00 0.140
300 960 960.142 98 0.143
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Table 6 Results of fault location between poles

I/km d/km elkm
130 129.777 12 -0.223
370 369.825 00 -0.175
690 689.900 00 -0.100
960 960.106 25 0.106
1180 1179.837 54 -0.162
1420 1420.255 14 0.255

H1% 4 1% 6 W13, iR 7vE LA Z sk
RIS, I8 TR OB — 4 i DRE S, 7
FEAE T S e TGO, I T B i e 8 AR A i 28
—3E, WFEE 2 I, R SLBIANZIA
IS PREE LT, T EESSE SR—e .

5 Z5ig

A SCAEVE LN 3 T AT P A8 A0 e M DA S A
TN A% G X AT YR I BEORS FE s LB g Rt L,
FH A= B (B S vh 5 o AT A M, e JE A 5 EE
TR AR B i R S AT TR B, A5 H R
2o (RN SHE /)N I8 AR 4 2 S SRS U B AR FH T AT 3
WSk br e N FE PR R, R — AR IHHT &



B g8, &8 BT UUEAMEAREE B IR P8 U B AT I N ER T 1

- 77 -

AT R IFRE o BRI 23 T A7 LA AIEAS HY 2

FRT7VE AT DL R A
1) R HHT ST B, W 1 /N

AR B B SRS s R S0 B X AT I R 2

3 B & VAT BBOE AR AR LS AT I BB 2 %

7 S P YR R 22 e SR A W 2 TR i

BEATAME, THBR T AR AT I BEORS FE PR
2) I IEW S LR, W EECRS 2wy, B E WA,

FE R A 8 XU A T B A B2 R RN, Sk KA A3

BN AR ALK, 7Ty H T LA bR

HH R X AT I BE T VAR S %

3) PR ELIE N E T AR AN G, T e
BB BRI RS TR, AT B ] s
RS2 — B XA TR L HMNEESE, HizHE
R RAFIATSESENE, R 5 S ORT Y s
VRN HTHE COANHE 7 20, WA 3 58 i — W A= i ()
Z N, B AR B R0, IR SRR Rk
— 1Tt
EE R
(11 sk, #3457, FH5E, & FEmARL MM

R R v R LU R R B BE R[], T R

Gian 54541, 2020, 48(5): 17-25

WANG Yongjin, FAN Yanfang, TANG Yong, et al. Fault

location method for UHV DC transmission lines

considering strong nonlinearity and wave velocity

variation[J]. Power System Protection and Control, 2020,

48(5): 17-25.

(2] EXGEE, AR, BUkE, & TSk ERBRs
A5 B SRAER FE B R 5L D], ARG S
¥, 2019, 47(1): 101-107
WANG Zengchao, ZHENG Junchao, ZENG Genghui, et al.
AC line distance protection method based on station area
information of HVDC converter station[J]. Power System
Protection and Control, 2019, 47(1): 101-107.

(3] kBT, MVER, Zn(, & Bk NEAN S R AT
VLR G5 ) LI i L 2R 4 4 AN 2 B e U B [J]
ML R GR35, 2017, 45(20): 117-122
ZHANG Yining, HAO Hongmin, LI Jing, et al. Ground
fault line fault location of DC transmission system based
on pulse injection method and single-ended fault
traveling wave method[J]. Power System Protection and
Control, 2017, 45(20): 117-122.

(4] RETe, 5B, mBE, 5. kB 2R fs
BN FLLE]. I RGP 541, 2012, 40(5):
133-137, 147.

SONG Guobing, CAIl Xinlei, GAO Shuping, et al.

(5.

(6]

[7]

(8

[9]

[10]

(11]

Summary of research on fault location of HVDC
transmission lines[J]. Power System Protection and Control,
2012, 40(5): 133-137, 147.

bk, ETE, SR e PR b R AT
FREFARN]. B RS HE B, 2018, 42(8): 185-191.
YANG Lin, WANG Bin, DONG Xinzhou. A review of
the fault location of HVDC transmission lines[J].
Automation of Electric Power Systems, 2018, 42(8):
185-191.

B, TIEA, ZE/ANIS. BT AT A P e T B
Tt Ak SR E AL[D]. FJ) R G E Bk, 2013, 37(3):
104-109.

LIAO Kai, HE Zhengyou, LI Xiaopeng. Fault location of
HVDC transmission lines based on traveling wave
natural frequency[J]. Automation of Electric Power
Systems, 2013, 37(3): 104-1009.

BHY, BT, I, AN SR W R B
Uit A P 2k B B R U BE DT VA D], W R RYT 545
fill, 2018, 46 (18): 142-148.

LI Zigian, FAN Yanfang, HU Jiansheng. Single-ended
fault location method for UHV DC transmission lines not
affected by wave speed[J]. Power System Protection and
Control, 2018, 46(18): 142-148.

TeBET, IRER, Xk, . RS E AR AR B B
i P, 2 B AT U R BRI AR 0] BRI EER, 2011,
35(7): 227-232.

ZHANG Yining, XU Min, LIU Yonghao, et al. A novel
traveling wave fault location algorithm for DC transmission
lines considering wave speed variation[J]. Power System
Technology, 2011, 35(7): 227-232.

B, XF, MR, 55 R TATIRBRR R M
L I L G B B U 2 2 [, v I L AR AR
2016, 36(7): 1842-1848.

DUAN lJiandong, LIU Jing, LU Hailong, et al. Fault
location method for HVDC transmission lines based on
traveling wave instantaneous frequency[J]. Proceedings
of the CSEE, 2016, 36(7): 1842-1848.

W, HER, Bk, % BT 2N Er s LR
5 ELIAU A PR BR AT ORI RE[J]. = R ROR, 2017,
43(7): 2105-2113.

SHU Hongchun, TIAN Xincui, BAI Bing, et al.
Traveling wave fault location of long-distance UHVDC
transmission line based on multiple measuring points[J].
High Voltage Engineering, 2017, 43(7): 2105-2113.

MRAL e, 2R, WHEAR, & R AR RN E 2 0
i R AR SRR ER (D], W RG R A3
i}, 2016, 28(8): 20-24.

CHEN Shilong, LI Jianping, XIE Jiawei, et al. Fault



-78-

LY EE R TR

[12]

[13]

[14]

[15]

[16]

[17]

location of UHVDC transmission lines based on modulus
transmission time difference[J].
CSU-EPSA, 2016, 28(8): 20-24.
Fettoe, RS, HEsRar, & —Phbkm IR B Lk
% 220 POX 0 X i AL 000 B T D7 R 0], H DR R
2015, 30(4): 257-264.

CHEN Shilong, XIE Jiawei, Bl Guihong, et al. New
method for fault location of UHVDC transmission line
neural network[J]. Transactions of China Electrotechnical
Society, 2015, 30(4): 257-264.

BR9E, BEHETY, Tk, 2 e i T oI AR R
JE Bk i M BE 7R [3]. T R G H B 3R
2020, 32(6): 21-27.

DUAN Kuan, FAN Yanfang, WANG Yongjin, et al.
Ranging method for UHV DC line considering wave
velocity and sag effect[J]. Proceedings of the CSU-EPSA,
2020, 32(6): 21-27.

VERRL /NP ) LA AT I R 6 B2 D).
Jent: HdbH 7R, 2014.

WANG Min. Application of wavelet transform in
traveling wave fault location of transmission lines[D].
Beijing: North China Electric Power University, 2014.
BT, ERZE, BN, & EATHERES SN ERE
iR 2% % R AT U AR U EE D). ARG & H B
2:4i%, 2016, 28(1): 74-78.

ZHANG Yining, WANG Caizhi, LI Jing, et al. Single-ended
traveling wave fault location for DC grounded electrode
lines based on mathematical morphology[J]. Proceedings
of the CSU-EPSA, 2016, 28(1): 74-78.

W, £l kA, & ETIRAYIHVDC 4l
R 5 AL VAR A [I). B0 B B ik i A%, 2007,
27(4): 6-9, 18.

SHU Hongchun, WANG Chao, ZHANG lie, et al. Research
on HVDC line fault identification and location based on

Proceedings of the

morphology[J]. Electric Power Automation Equipment,
2007, 27(4): 6-9, 18.
ZRERAY, TLO0T, #EE, %5 £1100 KV KBE S B
HL 2 I M SR L A SR R OT R 0], R E
2019, 52(7): 92-98.

[18]

[19]

[20]

[21]

[22]

LI Huigi, REN Hongxin, GUO Xin, et al. =1 100 kV
long-distance DC transmission line ground wire induced
current distribution and removal plan[J]. Electric Power,
2019, 52(7): 92-98.

ZOU Guibin, HUANG Qiang, SONG Shenglan, et al.
Novel transient-energy-based directional pilot protection
method for HVDC line[J]. Protection and Control of
Modern Power Systems, 2017, 2(2): 159-168. DOI:
10.1186/s41601-017-0047-z.

FokEk, BT, A £ T O 1A HURVE IR
e L L A L R R 9] TR IR A g, 2019, 52(1):
76-81.

WANG Yongjin, FAN Yanfang, LI Zigian. UHVDC
transmission line fault identification based on improved
directional current method[J]. Electric Power, 2019,
52(1): 76-81.

o [ E RS TR R e B FEROR EL U
S3MHIMI. AbsE: v R Rk, 2012,

BRI, KT BB EREORD]. #0K
Hi, 2019, 48(9): 28-33.

CUI Qingru, ZHU Zifan. Intelligent power generation
operation control technology[J]. Thermal Power Generation,
2019, 48(9): 28-33.

MR, HER, HE. OREE IR & ]
IR H, 2019, 48(9): 1-8.

YANG Xinmin, ZENG Weidong, XIAO Yong. Current
status and prospects of intelligent thermal power station[J].
Thermal Power Generation, 2019, 48(9): 1-8.

i HER: 2020-03-29;

i&mE HEA: 2020-05-26

EEEN:

#0996, B, @fEEE, mEHRL, HLTG

w AR R Gk Ry E-mail: 1142047219@qg.com

5 (19711—), %, @i+, #R, WEEFTF, R

FTEAIERFRABRRKAE ) Z ARy 544 . E-mail:
410849062@qq.com

(o KEH)



