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Backup protection research for HVDC transmission line considering the impact of DC control system

LIU Jian, FAN Chunju, TAI Nengling
(School of Electronic Information and Electrical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: The fault characteristic and the states of DC control system during HVDC transmission line inner and external fault are
analyzed in detail considering the influence of DC control system. An equivalent circuit of second-order harmonic based on switch
function theory is introduced and analyzed. A new backup protection scheme for DC transmission line is proposed by analyzing the
feature of converter firing angle and second-order harmonic in failure period. Converter firing angle is used as operating value and
second-order harmonic is used as blocking signal for the backup protection. In addition, theoretical calculation method for the
protection settings is provided. Compared with DC line differential protection, the proposed protection can operate with higher speed
and will be independent of DC current fluctuations. Compared with derivative under-voltage protection, it can operate well during
much higher resistance ground fault. Comprehensive simulation using PSCAD/EMTDC validates that the presented protection
scheme can identify inner and external fault reliably and rapidly, and has obvious advantages over DC line differential protection and
derivative under-voltage protection.
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Fig. 1 Typical two-terminal HVDC transmission system
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Fig. 2 Equivalent circuit of second-order harmonic
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HVDC system
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Fig. 5 Simulation results for firing angle of converter and second-order harmonic during inner and external faults
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Table 1 Simulation results for proposed protection during external faults of DC line
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Table 3 Simulation results for proposed protection during different fault resistance

HOAGE e o as) » Ve fo BRA SR
> w2 =0-1pu) (U =0.1p.u)
50 86.75 0.000 0.000 Il(E
JER/TEa 150 84.56 0.000 0.000 Btk
M i 500 75.81 0.001 0.000 A
1 000 60.57 0.002 0.002 BB
50 87.40 0.000 0.000 Il(E
JER/TEa 150 84.36 0.001 0.000 Btk
R 500 7553 0.001 0.000 Il(E
1 000 60.13 0.001 0.001 BB
50 86.28 0.001 0.000 Il(E
JER/TEa 150 84.15 0.001 0.000 Btk
N il 500 75.24 0.001 0.000 I
1 000 59.71 0.002 0.002 BB




X8, 55 BREEPEHIR UL MK HVDC i Bk ik )5 & DRy ik ot

179 -

5 Zig

AR ICAET & A T R GRS T, AHICA
DX A 4 o PR A A A R LA 2 i A e
TREs R T, JF B TR EEVHETS
o ZARAPBEIETHI 2> BIRZR XA L X Ah ks,
NENp ) e e NE i O K (T T Y =Pl S N TV
B IR ZE S IR AL, R AN B
BB M AL, ShEd R ] BT Hi i %= 3h
DRI 53 KR AR LG, 7EX AP KRR I
REST & BT SEMBTASIE, BABRIHT
AEECRREAE T, MR TR KSR PRIEASC
SEH ORI 5 G0 552 B i s LU i v R i
HRY M E R A BEESHE L
Sk
[1] LONG W, NILSSON S. HVDC transmission: yesterday
and today[J]. IEEE Power and Energy Magazine, 2007,
5(2): 22-31.
(2] EUE, Rk, w7, 55 R B B R RE S S H
THE]. W CHIARSR, 2009, 24(5): 135-140.
WANG Feng, XU Zheng, HUANG Ying,

Calculation of main circuit parameters for HVDC

et al.

transmission[J]. Transactions of China Electrotechnical
Society, 2009, 24(5): 135-140.

(3] Tlvidh, ARffan, BT, 5. vk B R S

AT UL B DR AP R S M (— ) 7 ELIAL BN FR 1 2R R A
EMTDC L i B[] W R Gty S, 2011,
39(24): 58-64.
YU Zhanxun, ZHU Qianru, ZHAO Chengyong, et al.
Study on influence of HVDC commutation failure on AC
line protection part one: modeling and simulation of
Shandong Grid with DC feed-in system based on
EMTDCJJ]. Power System Protection and Control, 2011,
39(24): 58-64.

(4] FfR, $B8VHe, Wik, 5. ik E e Ry Rt
FIAVIEI]. B LEARZER, 2012, 27(5): 221-228.
ZHOU Jun, GUO Jianbo, HU Tao, et al. Digital/analog
dynamic simulation for £500 kV HVDC transmission
system[J]. Transactions of China Electrotechnical Society,
2012, 27(5): 221-228.

(6] RELT, SO, M, 55 o B f 2 i b
SENFLERR ] RGP S, 2012, 40(5):
133-137.

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

Survey of fault location research for HVDC transmission

(6]

(7]

(8]

[9]

(10]

(11]

(12]

lines[J]. Power System Protection and Control, 2012,
40(5): 133-137.

PRI, SR, AT, AF. s B R S IR
AN A PSUTIVE S R T R G S 2 =il e
2009, 33(11): 72-75.

LI Aimin, CAI Zexiang, REN Dayong, et al. Analysis on
the dynamic performance characteristics of HVDC
control and protections for the HVDC line faults[J].
Automation of Electric Power Systems, 2009, 33(11):
72-75.

I, KIS, PR EA R R AT AT O]
HL I R 58 H a1k, 2005, 29(14): 96-99.

GAO Ximing, ZHANG Peng, HE Zhi. Analysis of
performance of HVDC line protection[J]. Automation of
Electric Power Systems, 2005, 29(14): 96-99.

JALLRH, UL, dHAL, 4 BB ZES R 1
AR IET]. FET MR, 2008, 2(3): 17-21.
ZHOU Hongyang, YU Jiang, HUANG lJiayin, et al.
Issues over DC line differential protection[J]. Southern
Power System Technology, 2008, 2(3): 17-21.

sRORSy, gk, JUBK, S R IR S A R
P[], B RGRA S5 45, 2010, 38(1): 19-23.
ZHANG Baohui, ZHANG Song, YOU Min, et al.
Research on transient-based protection for HVDC
lines[J]. Power System Protection and Control, 2010,
38(1): 19-23.

RIE LT, B, OB, S5 s B H A Ak
TRIEARERR[T]. I RG H Bk, 2012, 36(22): 1-7.
SONG Guobing, GAO Shuping, CAI Xinlei, et al.
Survey of relay protection technology for HVDC
transmission lines[J]. Automation of Electric Power
Systems, 2012, 36(22): 1-7.

Wk, MR, #R, & AT Z MBI E
LA HL 2 B DX P A IR R T R [D]. L R AR,
2013, 28(1): 251-258.

SHU Hongchun, TIAN Xincui, DONG Jun, et al
Recognition method of HVDC transmission line fault
based on multifractal spectrum[J]. Transactions of China
Electrotechnical Society, 2013, 28(1): 251-258.

FMA, FIE, £5, SR A HRIRS b R
LRI 5 A DRI SL[T]. ARAB B ) K 2% 4R, 2006,
33(5): 1-5.

WU Liying, WANG Zengping, WANG Xue, et al. Study
on DC line remote back-up protection in HVAC/DC
system[J]. Journal of North China Electric Power
University, 2006, 33(5): 1-5.



-80 -

&) &GS

[13]

[14]

[15]

[16]

[17]

(18]

[19]

A, e, BAAR. AT HUIR G M B 50 He Al
100 Hz R4 BE5E0]. RS ML, 2008, 32(12):
57-60.

FU Chuang, RAO Hong, LI Xiaolin. HVDC 50 Hz and
100 Hz protection of AG DC hybrid transmission
system[J]. Automation of Electric Power Systems, 2008,
32(12): 57-60.

HU Lihua, MORRISON R E. The use of modulation
theory to calculate the harmonic distortion in HVDC
system operating on an unbalanced supply[J]. IEEE
Transactions on Power Systems, 1997, 12(2): 973-980.
T, TR E TR RS R G TR
[D]. ¥ m: K%, 2012: 1-20.

YU Chunguang. Study on fault analysis method of AC
system interconnected with HVDC system[J]. Jinan:
Shandong University, 2012: 1-20.

YU Chunguang, CHEN Qing, GAO Zhanjun, et al. Fault
calculation of AC system interconnected by HVDC
system[C] // Innovative Smart Grid Technologies - Asia
(ISGT Asia), 2012 IEEE, Tianjin, China, May 21-24,
2012: 1-6.

WL ZEHRHE N RSB BAT M. JEst: HLK
b HRRAL, 2004: 44-48.

BGE . mH E A TAESORM]. st R
HiRRAL, 2004: 1-25.

Y, PONE, Wi, S5 A B T

[20]

(21]

e s EL A R E R )], B RR RS
i, 2011, 39(18): 88-92.
LI Sisi, MING Zhigiang, et al.

Characteristics of capacitor commutated converter in the

HE Xingrong,

prevention of HVDC in commutation failure[J]. Power
System Protection and Control, 2011, 39(18): 88-92.
R, WE, ALRE. S EA TR HL AR S R T
FE00]. HE HAL TREAR, 2008, 28(22): 118-123.

YU Tao, SHI Jun, REN Zhen. Interharmonic in AC/DC
hybrid transmission system[J]. Proceedings of the CSEE,
2008, 28(22): 118-123.

oz I, I LU L2k B SRR AT L fR P T 5 [D].
J7IM: SRR, 2010: 70-80.

LI Aimin. A study on fault analysis and protection of
HVDC transmission line[D]. Guangzhou: South China
University of Technology, 2010: 70-80.

gt HEA: 2014-03-09;

& HH7: 2014-06-09

fEEEN:

x| A (1990-), B, @fEHEE, AL, B2

R e A A Gk wtRkA 545 4]; E-mail: sjtulivjian@

gmail.com

AR (1967-), %, I, KPANEATL AL

ARG B LR BB LR BB TR F TAE

SREER (19720), F, #I%, WA FH, NFELHZ

Gk wARY Fo ) R 426 A TR



