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Abstract: In order to improve the continuous commutation failure suppression and recovery capability of a UHV DC
multi-feed system, this paper analyzes the two input methods of AC voltage and DC voltage of Voltage Dependent
Current Limit Order (VDCOL) in a DC control system module on the control effects for different system failures. Given
the advantages of VDCOL with two different input modes, an improved VDCOL module is proposed. By designing a
reasonable input signal conversion control strategy, the module effectively suppresses the continuous commutation failure
of a multi-infeed DC system and improves its coordinated recovery speed. Taking the UHV DC multi-feed system of an
actual power grid as an example, the simulation results in PSCAD/EMTDC show that the proposed method can
effectively reduce the number of consecutive commutation failures and shorten the system failure recovery time of the
inverter valve group.
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Fig. 1 UHVDC multi-infeed structure in Henan Power Grid
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Fig. 2 Diagram of inverter control of UHVDC
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Table 2 AC equivalent model of multi-infeed system
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Table 5 Number of continuous commutation failure and

recovery time in HVDC in the case of three-phase faults
b LIRS

AC/DC-VDCOL #4fi:

FHHUH ARG t/s AR t/s
0.04 5-6-5 0.493 2-12 0.134
0.06 4-4-2 0.359 2-1-2 0.133
0.08 3-2-1 0.363 1-2-2 0.143
0.1 3-2-1 0.291 1-2-2 0.137
0.15 2-3-3 0.257 1-1-1 0.129
0.2 2-3-3 0.323 1-1-1 0.127
0.25 2-2-3 0.239 2-1-1 0.142
0.3 2-2-3 0.23 1-1-1 0.109
0.35 2-3-4 0.366 1-2-1 0.106
04 1-1-1 0.08 1-1-1 0.066
045 1-1-1 0.081 1-1-1 0.064
0.5 1-1-1 0.084 1-1-1 0.065
0.7 1-1-1 0.0912 1-1-1 0.065
0.9 0-0-0 0.07 0-0-0 0.07
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Table 6 Number of continuous commutation failure and

recovery time in HVDC in the case of single-phase faults

et R E AC/DC-VDCOL #£4#3:
FHPUH ARk t/s A R I t/s
0.04 3-4-2 0.382 1-1-1 0.065
0.06 322 0.178 1222 0.136
0.08 2-1-1 0.061 1-1-1 0.061
0.1 3-1-1 0.267 2-1-1 0.131
0.15 2-1-2 0.083 1-1-1 0.081
0.2 2-3-3 0.212 1-1-1 0.084
0.25 1-2-1 0.093 1-1-1 0.087
03 1-1-1 0.094 1-1-1 0.093
0.35 1222 0.202 1-1-1 0.193
0.4 122 0.092 1-2-1 0.084 3
0.45 1-2-1 0.094 1-12 0.084
0.5 1-2-1 0.097 1-12 0.086
0.7 1-0-0 0.068 1-0-0 0.068
0.9 0-0-0 0.065 0-0-0 0.065
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Fig. 11 Comparison curve of commutation failure recovery time
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effect with different VDCOL control modes

K12 vk W 8 7 HE R R AE R S UL
AC/DC-VDCOL # il 5 % # DC-VDCOL ¥ 1l (1) 4

FHRIRBAH IR, ¥ 7 HEX 7R AC/DC-VDCOL
PRI H M DC-VDCOL 2 il iy A 2 e b,
J AC/DC-VDCOL #HIZCR L. a4,
AC/DC-VDCOL # il ] A 8 AR O F &
SR I KB, B AT BRI R G0 & AR A I
(IR

5 4£ig

AICAESHT T DC-VDCOL 45 AC-VDCOL WiFh
ENiFIEST AV WER il B2 i ki ==L D] OB
IR T BLy AR A il A FI4E (1) AC/DC-VDCOL
ezt ds, 2N 48

1) % DC-VDCOL #il], FREek A Ft b
I T A7 208 AL s PR I B PR, ek D T AR TR A
ICDhisk, AT i iR k7% . KH AC-VDCOL
P, FRGER A EUR R IS AN RE BRI BRI BT
LV L AL 00 () e R AR B s AT IR, AR I
AWK TC Yy, AT s IR

2) W T AT R Gk, DC-VDCOL AJ i 3|
BRUCAIME, AR AL ) R GRS, Itk
TR, (HEX TAR ARG EAE R
i, AAPEHL L : AC-VDCOL 1] R B K14 it
RGWMSDIRAS, IR A A B, v S AR R
Th, ABREH T ER AR RER T, AR R %
WY, AU RE 2D BRAG, S R
Ak

3) ASGHEANF R B 7 R B, BAIE T A
kb y ARl R A5 R S RO UL . AN ]
F LR EE AT, A0 FA B PR d i
AT O] AN [ 71 R R A
S 30Hk
(1] 3KHR, KWE, 2. & s E i i R g T i

WAFFE0]. D B3k, 2015, 35(11): 95-102.

ZHANG Shuo, LI Yongli, LI Botong. Open line voltage

of HVDC transmission system[J]. Electric Power

Automation Equipment, 2015, 35(11): 95-102.

(2] HAd, DO, FEW, 55 AT E RIS b A A
FRE D IREEHIEOR SN[, B RGERY S,
2018, 46(18): 59-66.

DONG Xijian, LUO Jianbo, LI Xueming, et al. Research

and application of frequency emergency coordination and

control technology in hybrid AC/DC power grids[J].

Power System Protection and Control, 2018, 46(18):

59-66.



KRR, AF

BTt VDCOL 1) 215N FLUL A G A R K i P 52

- 71 -

(3]

(4]

(5]

(6]

[7]

(8]

[9]

[10]

TR, FEMEVE. R e s AT ELIA HL P PR R K IE AT Ry
PEZER[T]. B E ), 2018, 46(2): 87-92.
ZHANG Tian, GONG Yanfeng.
transmission technologies and operation performance of
UHV AC/DC power grid in China[J]. Smart Power, 2018,
46(2): 87-92.

JZEAE . TR A BRI BR S R R [T]. R,
1995, 19(2): 1-4.

ZHOU Xiaoxin. Current status and prospects of power

Research on

system technology in China[J]. Power System Technology,
1995, 19(2): 1-4.

Fw, XIRIK, FIMEZE, S5 IEEN HVDC RGUHAH
ORIGCRR) 5 LB S8 S A (D] b B L R 2
K, 2015, 35(19): 4888-4894.

WANG Feng, LIU Tianqi, ZHOU Shengjun, et al.
Mechanism and quantitative analysis method for HVDC
commutation failure
Proceedings of the CSEE, 2015, 35(19): 4888-4894.

AHi MG, KT, BRGESE. — ) I e S
FH R W 42460 J7 0 (0] b RLRL R 2R, 2018,
38(17): 5029-5042, 5300.

LI Ruipeng, LI Yongli, CHEN Xiaolong. A control
method for suppressing the continuous commutation failure
of HVDC transmission[J]. Proceedings of the CSEE,
2018, 38(17): 5029-5042, 5300.

RS, R, WA, A TR I SR o S K
TR R BT 52 [T]. B R, 2016, 40(12): 3840-3848.
ZHAO Shugiang, DONG Peiyi, PU Ying, et al. Research

on influence of inverter side control strategy on

resulting from harmonics[J].

commutation failure[J]. Power System Technology, 2016,
40(12): 3840-3848.

WROTfE, (LR, 5. L H 2R G Al R B 0T 5T
() HA RIS B R AT ()], D BBl B
%, 2003, 23(5): 5-8.

OU Kaijian, REN Zhen, JING Yong. Research on

commutation failure in HVDC transmission system part 1:

commutation failure factors analysis[J]. Electric Power
Automation Equipment, 2003, 23(5): 5-8.
RAHIMI E, GOLE A M, DAVIES J B,

Commutation failure analysis inmulti-infeed HVDC

et al.

systems[J]. IEEE Transactions on Power Delivery, 2011,
26(1): 378-384.

SR (TN R E S A DA AN R i
SRR P 1o 3 5 DX I PR VR D v 0], v L R
23], 2016, 36(7): 1781-1789.

XIAO Hao, LI Yinhong, YU Ruiji, et al. A rapid

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

identification method of weak areas in power grid based
on commutation failure analysis in multi-infeed HVDC
systems[J]. Proceedings of the CSEE, 2016, 36(7):
1781-1789.

W5, BRI, v I A FE AR GE AT SR B 7 AT
I, EHIERAR, 2008, 34(2): 247-250, 270.

YANG Xiu, CHEN Hongyu. Simulation study of
commutation failure of HVDC transmission system[J].
High Voltage Engineering, 2008, 34(2): 247-250, 270.
FRER, X, kiR, S5 v R T 4 i A
HOBE A IR A 1K) HVDC A0 R o A [0]. FD RS H3)
1k, 2018, 42(3): 56-63, 76.

LI Chenghao, LIU Chang, ZHANG Zhen’an, et al. Analysis
of commutation failure in HVDC power transmission
system considering prediction control of commutation
failure and fault angle[J].
Automation Equipment, 2018, 42(3): 56-63, 76.

NAYAK O B, GOLE A M, CHAPMAN D G, et al.

Dynamic performance

initial Electric Power

of static and synchronous
compensators at an HVDC inverter bus in a very weak
AC system[J]. IEEE Transactions on Power Systems,
1994, 9(3): 1350-1358.

OLIVEIRA M D, POLOUJADOFF M, DU A L, et al.
Supply of an entirely passive AC system through an
HVDC link[J]. International Journal of Electrical Power
& Energy Systems, 1994, 16(16): 111-116.

HANSEN A, HAVEMANN H. Decreasing the commutation
failure frequency in HVDC transmission systems[J].
IEEE Transactions on Power Delivery, 2000, 15(3):
1022-2026.

ZHANG L, DOFNAS L. A novel method to mitigate
commutation failures in HVDC systems[C] // 2002
International Conference on Power System Technology
(POWERCON), October 13-17, 2002, Kunming, China:
51-56.

FHEZE, BOCRE, FA 4. v R E U RSO SR O Y
SR 5 TN R BB Ze T (7], W) RGO S 5
i, 2014, 42(21): 124-131.

WANG Haijun, HUANG Yilong, ZHOU Quan. Analysis
of commutation failure response strategies and prediction
technology in HVDC[J].
Protection and Control, 2014, 42(21): 124-131.
ANEDERSEN B R, XU L. Hybrid HVDC system for
power IEEE
Transactions on Power Delivery, 2007, 19(4): 1884-1890.
WRBE D5, 20E, RZE, A5, LT IERGE S EALI I

control Power System

transmission to island networks[J].



-72 -

@A &R B R

[20]

[21]

[22]

[23]

FE U A W TRS AT, E L D RR AR,
2005, 25(14): 1-6.

CHEN Shuyong, LI Xinnian, YU Jun, et al. A method based
on the sin-cos component detection mitigates commutation
failure in HVDC[J]. Proceedings of the CSEE, 2005,
25(14): 1-6.

BRER, XS, A6, A5, HAH RIGCT 2 H  m
Js ELIIE AT 5 W0 73 B b b (7). 4 Bk RE U LI 1Y
2018, 1(5): 618-625.

LI Chenghao, LIU Zunyi, SHI Guang, et al. Analysis of
influence and improvement of commutation failure
prevention for UHVDC transmission systems[J]. Journal
of Global Energy Interconnection, 2018, 1(5): 618-625.
B R, IR SRR, 2 BN B R ST
A HNE[T]. 8 Ak, 2002, 22(11): 63-66.
YANG Weidong, XU Zheng, HAN Zhenxiang.
Coordinated recovery strategy for multi-infeed HVDC
systems[J]. Electric Power Automation Equipment, 2002,
22(11): 63-66.

FFEN, FRE, PP, 5 RS R
TSGR R A R AU FL BEL P VA B 4 o D vk ).
HLL T FE24R, 2016, 36(18): 4930-4937.

GUO Chunyi, LI Chunhua, LIU Yuchao, et al. A DC
current limitation control method based on virtual
resistance to mitigate the continuous commutation failure
for conventional HVDCJJ]. Proceedings of the CSEE,
2016, 36(18): 4930-4937.

T, B TIR, FBEA, % AATEZHBAERGHER
e KL VDCOL I S 5[I]. VL5 L L

&, 2007, 26(1): 1-4.

WANG Ke, YANG Weidong, FANG Yongjie, et al. Study
of VDCOL control strategies for coordinated recovery of
multi-feed-in  HVDC  system[J]. Jiangsu Electrical
Engineering, 2007, 26(1): 1-4.

[24] E¥, R, RRE, & 2B ERH L RGHAH K
WA 9 £RIR[T]. H L HLBEBT R, 2017, 36(8): 56-65.
WANG Ling, WEN Jun, CUI Kangsheng, et al. Research
survey of commutation failure in MIDC transmission
systems[J]. Advanced Technology of Electrical Engineering
and Energy, 2017, 36(8): 56-65.

(25] o pkum, XUPEHL, PR, S5, — Rl S o 5 b

(KjAEZeE VDCOL #HI5Ng (1], ) R G Ry i,
2019, 47(7): 119-127.
MENG Qinggiang, LIU Zehong, HONG Lerong, et al. A
suppression method based on nonlinear VDCOL to
mitigate the continuous commutation failure[J]. Power
System Protection and Control, 2019, 47(7): 119-127.

s E#A: 2019-07-25; f£= HHj: 2019-09-18
EZE RN
RARR (1993—), 55, MEARLA, B @AM &/E
R ARBRIE A HALE AT, E-mail: m201771316@hust.edu.cn
BKAT(1994—), H, HEHRAL, HRAFTEHLER
IR B WAL E 545 4); E-mail: yongxin_xiong@foxmail.com
FER (1988—), 7, W, FAIERM, LT @A
HoRs A4 B AL R W, PE AT B, B-mail: lichenghao_cn@
foxmail.com

(hig e



	DOI: 10.19783/j.cnki.pspc.190895 
	基于改进VDCOL的多馈入直流系统连续换相 
	失败抑制及协调恢复 
	Continuous commutation failure suppression and coordinated recovery of multi-infeed DC  
	system based on improved VDCOL 
	[1]  张烁, 李永丽, 李博通. 高压直流输电系统开路电压的研究[J]. 电力自动化设备, 2015, 35(11): 95-102. 
	ZHANG Shuo, LI Yongli, LI Botong. Open line voltage of HVDC transmission system[J]. Electric Power Automation Equipment, 2015, 35(11): 95-102. 
	[2]  董希建, 罗剑波, 李雪明, 等. 交直流混联受端电网频率紧急协调控制技术及应用[J]. 电力系统保护与控制, 2018, 46(18): 59-66. 
	DONG Xijian, LUO Jianbo, LI Xueming, et al. Research and application of frequency emergency coordination and control technology in hybrid AC/DC power grids[J]. Power System Protection and Control, 2018, 46(18): 59-66. 
	[3]  张天, 龚雁峰. 特高压交直流电网输电技术及运行特性综述[J]. 智慧电力, 2018, 46(2): 87-92. 
	ZHANG Tian, GONG Yanfeng. Research on transmission technologies and operation performance of UHV AC/DC power grid in China[J]. Smart Power, 2018, 46(2): 87-92. 
	[4]  周孝信. 我国电网技术的现状与未来[J]. 电网技术, 1995, 19(2): 1-4. 
	ZHOU Xiaoxin. Current status and prospects of power system technology in China[J]. Power System Technology, 1995, 19(2): 1-4. 
	[5]  王峰, 刘天琪, 周胜军, 等. 谐波对HVDC 系统换相失败的影响机理及定量分析方法[J]. 中国电机工程学报, 2015, 35(19): 4888-4894. 
	WANG Feng, LIU Tianqi, ZHOU Shengjun, et a1. Mechanism and quantitative analysis method for HVDC commutation failure resulting from harmonics[J]. Proceedings of the CSEE, 2015, 35(19): 4888-4894. 
	[6]  李瑞鹏, 李永丽, 陈晓龙. 一种抑制直流输电连续换相失败的控制方法[J]. 中国电机工程学报, 2018, 38(17): 5029-5042, 5300. 
	LI Ruipeng, LI Yongli, CHEN Xiaolong. A control method for suppressing the continuous commutation failure of HVDC transmission[J]. Proceedings of the CSEE, 2018, 38(17): 5029-5042, 5300. 
	[7]  赵书强, 董沛毅, 蒲莹, 等. 逆变侧控制策略对换相失败影响的研究[J]. 电网技术, 2016, 40(12): 3840-3848. 
	ZHAO Shuqiang, DONG Peiyi, PU Ying, et al. Research on influence of inverter side control strategy on commutation failure[J]. Power System Technology, 2016, 40(12): 3840-3848. 
	[8]  欧开健, 任震, 荆勇. 直流输电系统换相失败的研究(一)——换相失败的影响因素分析[J]. 电力自动化设备, 2003, 23(5): 5-8. 
	OU Kaijian, REN Zhen, JING Yong. Research on commutation failure in HVDC transmission system part 1: commutation failure factors analysis[J]. Electric Power Automation Equipment, 2003, 23(5): 5-8. 
	[9]  RAHIMI E, GOLE A M, DAVIES J B, et al. Commutation failure analysis inmulti-infeed HVDC systems[J]. IEEE Transactions on Power Delivery, 2011, 26(1): 378-384. 
	[10]  肖浩, 李银红, 于芮技, 等. 影响多馈入直流系统换相失败的电网薄弱区域快速识别方法[J]. 中国电机工程学报, 2016, 36(7): 1781-1789. 
	XIAO Hao, LI Yinhong, YU Ruiji, et al. A rapid identification method of weak areas in power grid based on commutation failure analysis in multi-infeed HVDC systems[J]. Proceedings of the CSEE, 2016, 36(7): 1781-1789. 
	[11]  杨秀, 陈鸿煜. 高压直流输电系统换相失败的仿真研究[J]. 高电压技术, 2008, 34(2): 247-250, 270. 
	YANG Xiu, CHEN Hongyu. Simulation study of commutation failure of HVDC transmission system[J]. High Voltage Engineering, 2008, 34(2): 247-250, 270. 
	[12]  李程昊, 刘畅, 张振安, 等. 计及换相失败预测控制和故障合闸角的HVDC换相失败分析[J]. 电力系统自动化, 2018, 42(3): 56-63, 76. 
	LI Chenghao, LIU Chang, ZHANG Zhen’an, et al. Analysis of commutation failure in HVDC power transmission system considering prediction control of commutation failure and initial fault angle[J]. Electric Power Automation Equipment, 2018, 42(3): 56-63, 76. 
	[13]  NAYAK O B, GOLE A M, CHAPMAN D G, et al. Dynamic performance of static and synchronous compensators at an HVDC inverter bus in a very weak AC system[J]. IEEE Transactions on Power Systems, 1994, 9(3): 1350-1358. 
	[14]  OLIVEIRA M D, POLOUJADOFF M, DU A L, et al. Supply of an entirely passive AC system through an HVDC link[J]. International Journal of Electrical Power & Energy Systems, 1994, 16(16): 111-116. 
	[15]  HANSEN A, HAVEMANN H. Decreasing the commutation failure frequency in HVDC transmission systems[J]. IEEE Transactions on Power Delivery, 2000, 15(3): 1022-2026. 
	[16]  ZHANG L, DOFNAS L. A novel method to mitigate commutation failures in HVDC systems[C] // 2002 International Conference on Power System Technology (POWERCON), October 13-17, 2002, Kunming, China: 51-56. 
	[17]  王海军, 黄义隆, 周全. 高压直流输电换相失败响应策略与预测控制技术路线分析[J]. 电力系统保护与控制, 2014, 42(21): 124-131. 
	WANG Haijun, HUANG Yilong, ZHOU Quan. Analysis of commutation failure response strategies and prediction control technology in HVDC[J]. Power System Protection and Control, 2014, 42(21): 124-131. 
	[18]  ANEDERSEN B R, XU L. Hybrid HVDC system for power transmission to island networks[J]. IEEE Transactions on Power Delivery, 2007, 19(4): 1884-1890. 
	[19]  陈树勇, 李新年, 余军, 等. 基于正余弦分量检测的高压直流换相失败预防方法[J]. 中国电机工程学报, 2005, 25(14): 1-6. 
	CHEN Shuyong, LI Xinnian, YU Jun, et al. A method based on the sin-cos component detection mitigates commutation failure in HVDC[J]. Proceedings of the CSEE, 2005, 25(14): 1-6. 
	[20]  李程昊, 刘遵义, 石光, 等. 换相失败预测控制对特高压直流运行影响分析及改进[J]. 全球能源互联网, 2018, 1(5): 618-625. 
	LI Chenghao, LIU Zunyi, SHI Guang, et al. Analysis of influence and improvement of commutation failure prevention for UHVDC transmission systems[J]. Journal of Global Energy Interconnection, 2018, 1(5): 618-625. 
	[21]  杨卫东, 徐政, 韩祯祥. 多馈入直流输电系统的协调恢复策略[J]. 电力自动化设备, 2002, 22(11): 63-66. 
	YANG Weidong, XU Zheng, HAN Zhenxiang. Coordinated recovery strategy for multi-infeed HVDC systems[J]. Electric Power Automation Equipment, 2002, 22(11): 63-66. 
	[22]  郭春义, 李春华, 刘羽超, 等. 一种抑制传统直流输电连续换相失败的虚拟电阻电流限制控制方法[J]. 中国电机工程学报, 2016, 36(18): 4930-4937. 
	GUO Chunyi, LI Chunhua, LIU Yuchao, et al. A DC current limitation control method based on virtual resistance to mitigate the continuous commutation failure for conventional HVDC[J]. Proceedings of the CSEE, 2016, 36(18): 4930-4937. 
	[23]  王珂, 杨卫东, 方勇杰, 等. 有利于多馈入直流输电系统协调恢复的VDCOL控制策略研究[J]. 江苏电机工 程, 2007, 26(1): 1-4. 
	WANG Ke, YANG Weidong, FANG Yongjie, et al. Study of VDCOL control strategies for coordinated recovery of multi-feed-in HVDC system[J]. Jiangsu Electrical Engineering, 2007, 26(1): 1-4. 
	[24]  王玲, 文俊, 崔康生, 等. 多馈入直流输电系统换相失败研究综述[J]. 电工电能新技术, 2017, 36(8): 56-65. 
	WANG Ling, WEN Jun, CUI Kangsheng, et al. Research survey of commutation failure in MIDC transmission systems[J]. Advanced Technology of Electrical Engineering and Energy, 2017, 36(8): 56-65. 
	[25]  孟庆强, 刘泽洪, 洪乐荣, 等. 一种抑制连续换相失败的非线性VDCOL控制策略[J]. 电力系统保护与控制, 2019, 47(7): 119-127. 
	MENG Qingqiang, LIU Zehong, HONG Lerong, et al. A suppression method based on nonlinear VDCOL to mitigate the continuous commutation failure[J]. Power System Protection and Control, 2019, 47(7): 119-127. 



