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Fig.1 Structure and line faults of HVDC system
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Fig.2 Equivalent circuit of system
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Fig.3 Propagation characteristic of current flowing

from converter side to line
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Fig.4 Schematic diagram of current propagation
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line to converter side
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Fig.6 Impedance characteristic curves of
DC filters
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Fig.7 Measurement point current ratio of
forward and reverse faults
(triple-tuned filter)
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Table 1 Simulative results under different faults

ek SRR / km M, BB PR SRS
1 18.8 X4 N
500 15.3 X v
! 1000 13.5 X N
1500 10.4 XM N
F, — 1.1 XAk x
F, — 1.2 X4k x
F, — 0.9 X4k x
Fy — 0.8 X4 X

N FR B, X R R R R

H1 1 RJRI, 25 DX PA g% 14 A [ 7 B A A i e
I, GRAP IS AT R T ORI B e (i, IR P RE R



@ L/ AR {7 G-

®39%

RS S 024 X AME B AL B &k A s A RE Rl
SEARNE.

22 U5 A X N R 173 Ak (B 8 #3500 km )
LR (% R iy (HF B #1500 km ) & AE A ) 1 9
H BEL A e R A0 0 B SR . PR R 2 AT U, M IX N
2 i AR BRI O A R i T A M, B SR Bl O
T P BEL A 38 R T DS ELJE: R R 500 Q) i B 42
WS OLR M AR TR R A, R ] AR
E.

Fx2 AETEBRETHHRELER
Table 2 Simulative results under different

transition resistances

WIS / km SHUERRH / QM BRI B ShERE L

10 65 XK N

50 50 X v

500 100 41 X P N
300 22 X N J

500 15 X P V

10 53 X N

50 42 X v

1500 100 32 X N J
300 16 X N J

500 10 X v

N T B UEA SO S AR 7 RPN A
HL AR 5 AR 1 L A 50 dB K2 40 dB 1
Hr g R 24 DX 2 R AR e LR D 500 QAL
% K X A1 e A 4 Jam T R A g, 3 03 0 L SR
K3, 3 ATAL AR 50 dB K 40 dB I T
YT ARSI ORI J7 SR BES HERR TR X N A1
B, 2R B T4 7 R B A BRI RE )
£3 FAREELTHHEER
Table 3 Simulative results under different noise

5L / dB e My EEEAG) PRSI O

F/(500km) 132 XN N
F(1500km) 99 XM N

50 F, 0.8 XAk X
F, 1.5 XAh X

F, 0.9 X4 X

Fy 1.3 XFh X

#,(500 km) 85 XN N
F(1500km) 64 XN N

40 F, 2.8 X4 x
F, 3.1 X4 X

F, 1.9 X4h X

F, 3.9 X5k X

N T BUEAR SCHTER AR5 ST DR AR P2 A4
I, 2 BESCHR [ 24 ] rb (9 001 i i 2% 0 R A S
PR ORI T 58, X5 40 dB MR PR 00 DX A K A e
FLBH iy 500 € 4 b il e K2 X A1 Jh A 4 T P R il o
S B P4 Sl A 15 B0 AT BRI, 2307 FLAG SR 3k 4
JI7Rs o e, M, U g B T O I i 35

(B BB S ERE B M, =15, R4, 2R
FHXGH W B DB A I, A SCRT 12 75 S8 475 RE % 14 1
WU DX SRR, %5 S AN SZ 0B e Bl IS 1 52
My, EA B2 (R

R4 WEHERKBTHHESER
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Single-terminal line protection for UHVDC power transmission
based on voltage backward traveling wave
DATI Zhihui'?, LIU Ningning',LIU Yuan',LU Hao',CAO Hong’
(1. School of Electrical and Electronic Engineering, North China Electric Power University, Baoding 071003, China;
2. State Key Laboratory of Power Grid Safety and Energy Conservation,
China Electric Power Research Institute,Beijing 100192, China)
Abstract: In view of the shortages of traditional current differential protections for UHVDC (Ultra High Vol-
tage Direct Current) transmission lines, such as poor tripping speed and limited adaptability to high-resis-
tance faults,a single-terminal line protection based on voltage backward traveling wave is proposed. Consi-
dering the attenuation impacts of both line boundary and UHVDC lines on high-frequency voltage trave-
ling wave, the transmission characteristics of traveling wave with respect to internal and external faults on
UHVDC lines are performed. It shows that the high-frequency voltage backward traveling wave at the recti-
fier side is relatively large in the case of internal faults. However,the backward traveling wave is approxi-
mately to be 0 in the case of external faults. Thus,it can be utilized to discriminate internal faults from
external ones. The improved voltage gradient method is used to realize the quick and reliable pickup crite-
rion. Numerous simulative results show that the proposed protection scheme can identify the internal and
external faults quickly without communication,and can protect the entire line reliably. Besides,it can identify
high-impedance faults and is not subject to the distributed capacitor of DC lines.
Key words: UHVDC power transmission; single-terminal protection; line protection; voltage backward traveling

wave;line boundary ; high-impedance grounding fault
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Single-end protection scheme for HVDC transmission line based on

fault current propagation characteristics
DAI Wenrui,ZHANG Haiqiang, MOU Dalin, LIU Lei, LIN Sheng
(School of Electrical Engineering,Southwest Jiaotong University, Chengdu 611756, China)

Abstract: Aiming at the problems of low fault identification accuracy and poor transition resistance tole-
rance of existing traveling wave protections for HVDC (High Voltage Direct Current) transmission lines, a
single-end protection scheme based on fault current propagation characteristics is proposed. Based on the
equivalent circuit of HVDC transmission system, the propagation characteristics of fault current from the
commutation side to the line,from the line to the commutation side and in the line are analyzed respec-
tively, and then the differences of fault current characteristics on both sides of the line boundary of the
recti-fier station are analyzed when fault occurs at different locations. Based on this,the identification crite-
rion of internal and external faults is constructed by using characteristic frequency band current, and the
single-end protection scheme of DC line is designed. Simulative results based on PSCAD / EMTDC indi-
cate that the proposed protection scheme can accurately identify internal and external faults,and has good
resistance to transition resistance and anti-noise-interference ability.

Key words: HVDC power transmission ; transmission lines ; single-end protection; equivalent circuit; current propa-

gation characteristics ; line boundary measuring point current



