$45% 121 €A EREY DA Vol.45 No.12
20174£6 H 16 [ Power System Protection and Control Jun. 16,2017

DOI: 10.7667/PSPC160910

He 7 F8 I % B i ) BT 6 M 1 B 43 A

IVHE, B R, m R

(KX KFaARTAFIR, #Hb KX 430072)

P BRSO A B A B A A A AN BTG I, S0 AR ST 5 A ) 22 TELIAL ) P 45 A SR RS R 1P 1]
Hai s K PSD-BPA £ FesE i AR/ T, A 2016 A A L I 42 K02 47 75 21 B 20 L UL I IR A 2R i et g
T TUIEIINT. GOARRN]: R R Bil—ITT5, El—H T HRAS 2 BT 22 4 500 kV 2k A — A e i g
ST\ P B A A A AT R 2 LR ]I A R 2 S 32 o R AR 1B AT, (IS IR GRS,
SN SE 5 S AR RSN T)AT 5C o SR ISR TR G PRI S HRAH RISV S e PR R P S S PSR o
KR 2 EMBARIG SFREAH RO o) AT AR e, ReE ks il B

Commutation failure simulation analysis of East China power grid multiple HVDC lines

WANG Shaohui, TANG Fei, XIANG Nong
(School of Electrical Engineering, Wuhan University, Wuhan 430072, China)

Abstract: With the increase of number and capability of DC transmission lines feeding into East China power grid, the
stability problem caused by commutation failure of multiple DC systems which resulted by AC faults has been more
serious. By use of PSD-BPA transient stability simulation program, commutation failure of multiple HVDC of East China
power grid in summer peak load operation mode in 2016 is simulated and analyzed. Simulation results show that
commutation failure of eight DC transmission lines could be caused by three-phase short-circuit fault occurred in 500 kV
lines in Shanghai area and nearby tie-lines; commutation failure of multiple DC lines impacts but not destroys the stability
of the receiving-end system, and the influence degree is related with the equivalent commutation failure time; and inverter
bus voltage during the recovery process of commutation failure can be affected by equivalent commutation failure time
and load model.

This work is supported by Science and Technology Project of State Grid Corporation of China "Study on Safety and
Stability Control Technology for Extra High Voltage DC Successive Commutation Failure and Restart Condition".
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Table 1 Mgcr of HVDC inverter stations in East China

power grid
Bk e Mscr | Bk i) Mscr
/MW H/MW
PR 1200 4515 | HEHRK 6400 4.080
TeBUE R 3000 6.654 | HiIRHEI 7200 3.486
HAEH A 3000 5142 | EAHR 8000 4.108
LS =R 3000 3.789 | RAAHH 8000 3.838
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Fig. 1 Extinct angle response curves of inverters
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Fig. 2 Power response curves of DC lines
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Fig. 3 Power angles of generators in East China power grid
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Fig. 4 Commutation buses voltage in inverter station
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Table 2 Minimum voltage of inverter buses during the

recovery process of commutation failure

A e REZR A% FL /..
HekH I 0.14 5 HeAH R 0.3 s
Valeeliis 0.905 0.860
TRECT 0.950 0.945
VAR 0.906 0.870
PR 0.891 0.847
Vs 0.868 0.794
pINGILES 0.903 0.892
Wi de 0.927 0.932
A 0.935 0.920
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Table 3 Minimum voltage of inverter buses during the

recovery process of commutation failure
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PR 0.891 0.909 0.912
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W 0.934 0.948 0.951

HIEE 3 WAt BRIBY- st A [ Lt i B2k
AR AL A 40% 1 Lh R G4 I AT BEAIR AL, Bl 1
BELTREIRY A PRI om0 B st A AR SRk
SRR B R AR S I 4R T, AR e R
Mk .

4 Lig

ACE R PSD-BPA & AfaE i B,
XF 2016 AR N FE RS AT 3R 28] B A
WA AT T 8T, A TRV,

1) B S HIT TR, WVLIea £ 3k 22 E i)
Iy 8 AH 2R MO 55 X 8k, 2550 500 kV & 1000 kV 2k %
P 2 5k )\ (R N TR 8 1% 4 A A 4 R L
SR e D i T ) 2 18 K S5 R4 A A e st i), At
B B DU SR A I, 2R AR L 32 i 4
KA R phit o

2) A5 AT LR A W e I ) N DD B, ER T
ARSI R, R e sl e I ka g ia
AT o SERATAR RN TR BOK,  4A e e S i v
e RELE R T FRIR BOBOR, 0T e 3 B0% 244
I R o LT A0 g (1) LU AR AR 25 S i 45 A1 S
P S Ik R R e A R FUR R

PG FIRSE S, $EHDUR AU .

1) Mk 32 i A2 U 52 G0 W 48 485 1) S L I V% 55 A
Jey, PRI RS . AE BRI T2 R
3 JE T ORI K R G 2 15\ R i Lb A P o S 3
VA

2) T RS R ] . A R E T T M
IEE . M ERE RS S H0% & 57k o B
B RN, S THEHRIDIRKE, A RR
P UE B AR R 1R fE T

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

[9]

[10]

S5 30k

KRG R R s e M. bt thE e H
fitt, 2009: 5-10

BN, 5RT, WL s LU T BORIR MUk S
AT S[J]. HMHIR, 2012, 36(4): 1-9

LIANG Xuming, ZHANG Ping, CHANG Yong. Recent
advances in high-voltage direct-current power transmission
and its developing potential[J]. Power System Technology,
2012, 36(4): 1-9.

KUNDUR P. Power system stability and control[M]. ik
A P T R, 2002.

PREOE, X, KER, & HIRBIKBOR HTTT R NY
M. W RGRY S5, 2010, 38(21): 57-62.
YAO Zhiqing, LIU Tao, ZHANG Ailing, et al. Research &
application on DC de-icing technology[J]. Power System
Protection and Control, 2010, 38(21): 57-62.

e, Hmei, FEEk. b= W A A Y
J5 T[], P EH T, 2015, 48(1): 15-20.

BAI Jianhua, YAN Xiaoqing, CHENG Lu. Research on
power flow and power source installation planning scheme
during the 13th Five-Year period[J]. Electric Power, 2015,
48(1): 15-20.

M, DA, W, & BT ARG R 5T
ZEIR[T]. WA B L%, 2013, 33(11): 140-147.
YUAN Yang, WEI Zhinong, LEI Xiao, et al. Survey of
commutation failures in DC transmission systems[J].
Electric Power Automation Equipment, 2013, 33(11):
140-147.

P, MR, XIAREL, 45 2B H R b
LM ELSR A RE DB SUALT]. HLD R G R S,
2016, 44(8): 142-148.

LI Zhaowei, ZHAI Haibao, LIU Fusuo, et al. DC access
capability study for multi-infeed HVDC power transmission
system[J]. Power System Protection and Control, 2016,
44(8): 142-148.

IRME, PR, TR, 5 “8.8”7 ZIIAFHEIAMN
I AR R IR 7 AT S RB B [CT /7 2013 S rp [ HUL T
PSRRI, AR, 2013: 1-7.

EAY], X5, IS (] RS SO0 12 3 5
W], EMECR, 2013, 37(4): 1052-1057.
WANG Chunming, LIU Bing. Affects of commutation
failure in multi-circuit HVDC transmission system
interconnecting regional power grids on AC power
system at sending end[J]. Power System Technology,
2013, 37(4): 1052-1057.

HEBE, oim, SB/NL, 5. 2015 SRR IR RURI HL R 42 L
HIHE AL M X 22 150N T UL R R 6 45 A R I 2 A ).



FobRE, A5 IR LI 2 IR IN S R FL O A

- 21 -

[11]

[12]

[13]

[14]

HLRHIA, 2011, 35(10): 9-15.

SHAO Yao, TANG Yong, GUO Xiaojiang, et al. Analysis
on commutation failures in multi-infeed HVDC transmission
systems in North China and East China power grids
planned for UHV power grids in 2015[J]. Power System
Technology, 2011, 35(10): 9-15.

ULz, T, BRom, A% s B A O RO
ACTRE H ORI IR R () B I AR 2 OB 25 R A1E 43
Bt SR AT B DR (RIS [T]. L R G LR B
2011, 39(24): 65-71.

LEI Hongyun, YU Zhanxun, ZHAO Qiang, et al. Study
on influence of HVDC commutation failure on AC line
protection, part two: analysis of fault transient response
characteristics and influence of HVDC commutation failure
on AC line protections[J]. Power System Protection and
Control, 2011, 39(24): 65-71.

FEEE, Wim, FNL, & 2 HRB AR 20 b 0 2
SRR HTI]. BIMECR, 2011, 35(12): 50-55.
SHAO Yao, TANG Yong, GUO Xiaojiang, et al. Transient
voltage stability analysis of East China receiving-end power
grid with multi-infeed HVDC transmission lines[J].
Power System Technology, 2011, 35(12): 50-55.

Ehh, BEEE, VIR, 5. 2N IR RN AR I %
B3 KAl D). D RGABIE, 2015, 39(4):
141-146.

WANG lJing, LIANG Zhifeng, JIANG Mu, et al. Case
analysis and simulation of commutation failure in multi-
infeed HVDC transmission systems[J]. Automation of
Electric Power Systems, 2015, 39(4): 141-146.

A, i, FOROR, 5. 8 MBI 2 0l H
it AN A R MO A (0], o RGO S, 2015,
43(9): 76-81.

XIA Chengjun, YANG Zhongchao, ZHOU Baorong, et al.

Analysis of commutation failure in multi-infeed HVDC
system under different load models[J]. Power System
Protection and Control, 2015, 43(9): 76-81.

[15]

[16]

[17]

(18]

Gak, M, WeSCug. A HLI G S LAV S UL AT
. I RGERY S58H, 2016, 44(10): 145-150.
LONG Zhi, YANG Liu, YAO Wenfeng. Guangdong
power grid DC placement optimization[J]. Power System
Protection and Control, 2016, 44(10): 145-150.

WHTT, T, b ZHNASEIR AR SR E
SESCRIR[T]. Hp B AL L FE 223, 2008, 28(31): 1-8.
LIN Weifang, TANG Yong, BU Guangquan. Definition
and application of short circuit ratio for multi-infeed AC/DC
power systems[J]. Proceedings of the CSEE, 2008,
28(31): 1-8.

JESEPT, skf, EEW, & KMBER TS HIKRAR S
5 S i 7 | R S B A P LEE ) AT 7], FRLRR,
2015, 35(21): 5492-5499.

TU lJingzhe, ZHANG Jian, WANG Jianming, et al.
Mechanism analysis on the sending-side instability caused
by the receiving-side contingencies of large-scale HVDC
asynchronous interconnected power systems[J]. Power
System Technology, 2015, 35(21): 5492-5499.

PR, RS, PESME, A5 BRE BB R
HRICTIT A A B RE D AL, I RGEA B
1k, 2015, 39(6): 134-140.

LI Xinnian, CHEN Shuyong, PANG Guangheng, et al.
Optimization of commutation failure prevention and
automatic recovery for East China multi-infeed high-
voltage direct current system[J]. Automation of Electric
Power Systems, 2015, 39(6): 134-140.

Yrfs HER: 2016-06-20;
1EE &N

{&El HHF: 2016-09-26

EUHE01992—), F, MEARE, AT AR F

%1547 54%%|; E-mail: wsh@whu.edu.cn

% (1982—), F, @R, g%k, LA ST,

R F @A) ZAGERE, BHEEE LN, Lo
W, 4. E-mail: tangfei@whu.edu.cn

(%t B Heir)



	DOI: 10.7667/PSPC160910 
	华东电网多直流同时换相失败仿真分析 
	Commutation failure simulation analysis of East China power grid multiple HVDC lines 
	LI Xinnian, CHEN Shuyong, PANG Guangheng, et al. Optimization of commutation failure prevention and automatic recovery for East China multi-infeed high- voltage direct current system[J]. Automation of Electric Power Systems, 2015, 39(6): 134-140. 



