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Current limiting and capacitor commutated hybrid DC circuit breaker
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Abstract: With MMC-HVDC technology gradually expanding to overhead line transmission occasions, the rapid
identification and isolation of fault lines is particularly important. Compared with the cable line, the overhead line
transmission is prone to happening short circuit, flashover and other transient faults, and corresponding measures must be
taken to isolate the fault line to avoid system outage immediately. DC circuit breaker has captured great attention from the
community at home and abroad as the core equipment of isolating fault circuit. A new type of hybrid DC circuit breaker
topology is proposed based on the existing DC circuit breaker technical scheme. The circuit breaker can effectively
restrain the amplitude of short circuit current through the current limiting inductance, and avoid the synchronous driving
and voltage sharing of large orders of IGBT series by means of capacitive buffer action. A model of four-terminal double
bipolar HVDC grid is built on the PSCAD/EMTDC, and the simulation results show that the DC circuit breaker can meet
the demand of fast resection of the fault line.
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“Study on AC Power Grid Protection Influenced by %500 kV Flexible DC Power Grid”.
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Fig. 1 A novel topology of hybrid DC breaker
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Fig. 2 Working principle of the DC breaker
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Fig. 3 Equivalent circuit diagram of the second step
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Fig. 4 Equivalent circuit diagram of the third step
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Fig. 6 Dynamic performance of the assembly HVDC breaker

T LR M P R, M AL AE 1.003 s
1R el O S W E & ) 1 T == P i
B pi AL ZE 1,005 s BRI 2 e o b AN Sof 3 L8 S
% L) IGBT Jiti il G W (55, T 1y & ) 5 B
TRk N T DC BT o

W RO AL 2 ) R R 4l TGS B, 1ok R
WLy G BT, AEPRVR IR E R R, s e
FrRV R SR P, SEILRIIRE . 2 5 HR
For EIE, AH TR N R . I Al
RIS 5 FEe, (H Il B s, Rl FH
Je K, B ETHRE, BB sV G nl 205
I

t=1.007 s i, WFEHGT I TP TR HRREE
MR R C Pk e, R T
R K R B RO B, ks
TUIE LB B8 R . [N, Y Ly 98N BN URTT
*K K1, K2 (TR, WiF K1 K2, SE
Wi 242 1% 110) 1 A B 29

T B 28 R PR B e B KA 75 kV A2
fi, HAEAEBNG, BN s G 4R 7E-100 kV
fiti. WAEHERD EIHRGYERRAE 750 kV At
AP i e 3 4 S

B 7 B 0 ) IR R Gesh &M N €] 7(a)
NS R R R, B 7(0) A e i A
HIhIhE, B 7(c) it A MIiist —AH e
HE. MWE 7@ rr L, ERTES s,
ARG HM BRI R, o AB Sl 25
BT, KRS, (B T ey Wi
PRIRI R IER . RIR(E N 557 kV Zi47; W
B 25 e, AR 40 H s RO 52 21 1 7K

FH 1% ELU HL R OO 24, Wb i V)
BRI, Hmubakaliadr, 1k E M 2 i R g
W&, C ol N & H i R, A 4ERE R AR e,
AR, R = EA K, 7E MR R
i TV T 2 4 A R L P

B 7(c) M AE I e Al AR PR AR Ak R 2K



EILR, 5§

S HUA U ) PR S T i

- 185 -

PSS (AR R L AR W R . TR XS 4 MMIC B
AR, 1 MMC #eiigs S ik T 2 f540
SE IR, MMC 8. thab A SEEBHET A 4
kA, /NT 2 58 R, Rt o B, PR
UE T A M 2R B 1) IE 18T -

560
540 [

520} Mo A

500 == | |

4801 |I| L\. /J
W &

460}
440} ‘
4201 !
400

LRERHLIR/kA

0.9 1.0 1.1 1.2 1.3 1.4 1.5
t/s

(a) HHiftul B BRI

2 000 T T T T T T
1500 N .
— ANi
1 000 c Bt
500 o N i %JE'I}.V "
(g ’ ~_. N
~500F— =~ N ]
-1000 S
-1500F =" o N
-2 000

HIIHEMW

095 1.00 1.05 1.10 115 120 125 130 135

tls
(b) BT uAZ AL A Ly DA

2 T T
. —Im
0 ~-i
A || r'. '|| ||| e I-,|-|'1q |'-|T
[ i | Fllljl 0 III i \'|"]l”| I.I| |'. \
AR '|"1 ( .) }‘ 'l|,||'||' | ‘1. |'
I'i"'."l“‘J 'U'n'w |||"'I i H"N'Ill'u”"l
:IU_I\MJ' ,|L_ ||'. J',“ | |{J' H' i R T
'||| R ST ]
J
3_
740.90 O.A9S l.bO 1.65 1.‘10 l.I15 l.IZO 1.125 1.30

t/s

(c) MY it
1 BERARS SR
Fig. 7 Dynamic response of the the DC system
4 Lig

A SCAEIRAT TR T LT B 28 At il 7
— P R B A FE A L TR TR v s L T i
(RS ﬁ,ﬁﬁﬁﬁ%%fﬁﬁﬁﬁTﬁﬁ%ﬁ

WL e,  HURAHIE W I 4 A, i
SIFERD Tﬂﬁ%ﬁT,Lﬁ%@W%ﬁ@%
LT, BRIRME, Al KRIETT BRI AR 1)

RMTHL . JHI A HR LR AT IR 5 ELIA
Wit s R [ S ORI A . KORERAR T A, I
i T L A SR IR G B e kR, A
AT

I T B VR - AT 2 LU BT s A A G

LR A T WIS e S T TR, RS T AR PR LR
LY 7, FE7E PSCAD/EMTDC Hr44 78 7 Ui B

RURK B L P ABERY o B UE T 12 LA T I A ) B e
WITWrRE S o

WIFTRW], ZE TS a7 ZLBERE N, TT
Wi ok, R rshArERe, @S TS, R
%H&E?}nﬁﬁu FHLAY; \fj o
3k

(1] BeRonk, Tz, LUK, &5 FE TR BRI HE

T AR SR i KR X R GRS e A8 AT BT (R AIT 5T
D] ARG 51, 2014, 42(4): 1-7.
RAO Chengcheng, WANG Haiyun, WANG Weiqing, et al.
Enhancement of the stable operation ability of large-scale
wind power system based on the VSC-HVDC embedded
in energy storage apparatus[J]. Power System Protection
and Control, 2014, 42(4): 1-7.

(2] GRRG, R4, EHK, & Ak ER MR EE
AAH. b E P TTRE 2 HR, 2014, 34(34):
6007-6020.

YAO Liangzhong, WU Jing, WANG Zhibing, et al.
Pattern analysis of future HVDC grid development[J].
Proceedings of the CSEE, 2014, 34(34): 6007-6020.

[3] WK, RBi, 2245, & B P E R st
SrpT0]. P LT RESER, 2012, 32(13): 7-12.
WEN lJialiang, WU Rui, PENG Chang, et al. Analysis of
DC grid prospects in China[J]. Proceedings of the CSEE,
2012, 32(13): 7-12.

[4] YAO Z, ZHANG Q, CHEN P, et al. Research on fault
diagnosis for MMC-HVDC systems[J]. Protection and
Control of Modern Power Systems, 2016, 1(1): 71-77.
DOI: 10.1186/s41601-016-0022-0.

(6] ZRLLEE, T, X, & BRERI -5 R RC R A K

FEAREWN]. B RGERY 5#E], 2016, 44(20):
17-23.
QIN Hongxia, WANG Chengshan, LIU Shu, et al.
Discussion on the technology of intelligent micro-grid
and flexible distribution system[J]. Power System
Protection and Control, 2016, 42(20): 17-23.

(6] VikJE, 241, ZE R A 7 & H R
WEFCERIR ). W RGRY S A, 2017, 45(5):
139-146.

XU Huoju, MIAO Xiren. A review of AC/DC hybrid
distribution and fault protection[J]. Power System
Protection and Control, 2017, 45(5): 139-146.

(7] Zoci, skid, b4, fF hE A 2Rt E
L RN (R AT RER 1) £ b EL AN A2 7
E[J]. A RGHRY EEEH, 2017, 45(23): 130-135.



- 186 -

® LRGP B R

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

LI Wenfeng, ZHANG Jian, BU Guangquan, et al. A
coordinate complementary optimization control scheme
between pumped storage station and large-scale new
renewable integrated through VSC-MTDC[J].
System Protection and Control, 2017, 45(23): 130-135.

TAHATA K, OUKAILI S E, KAMEI K, et al. HVDC
circuit breakers for HVDC grid applications[C] // 11th
IET International Conference on AC and DC Power

Power

Transmission, February 10-12, 2015, Birmingham, UK:
1-7.

TR, R, WA, ELUR A S ik A 40 S
5 FT ). R EE P TR AR, 2010, 30(18):
109-114.

MU lJianguo, WANG Li, HU Jie. Analysis and design of
topological structure for DC solid-state circuit breaker[J].
Proceedings of the CSEE, 2010, 30(18): 109-114.
CALLAVIK M, BLOMBERG A, HAFNER J, et al.
Breakthrough! ABB’s hybrid HVDC breaker, an
innovation breakthrough enabling HVDC
grids[J]. ABB Review, 2013(2): 7-13.

LIN W, JOVCIC D, NGUEFEU 8§, et al. Modelling of
high-power hybrid DC circuit breaker for grid-level
studies[J]. IET Power Electronics, 2016, 9(2): 237-246.
TLIESY, sKot, AR, & — MR RS E ik 2
TR IR B, 2014, 38(4): 65-71.

JIANG Daozhuo, ZHANG Chi, ZHENG Huan, et al. A
scheme for current-limiting hybrid DC circuit breaker[J].
Automation of Electric Power Systems, 2014, 38(4):
65-71.

SN, e3P, MREA, . AR B T e A
JAEE R M N AT, P E AL TR 4R, 2017,
37(4): 1045-1052.

ZHOU Meng, ZUO Wenping, LIN Weixing, et al.
Capacitor commutated DC circuit breaker and Its
application in DC grid[J]. Proceedings of the CSEE, 2017,
37(4): 1045-1052.

Bweot, wmr, BN, A PR R R A
T R RS U T [T ) R4 A B, 2013,
37(15): 95-102.

WEI Xiaoguang, GAO Chong, LUO Xiang, et al. A novel
design of high-voltage DC circuit breaker in HVDC
flexible transmission grid[J].
Power Systems, 2013, 37(15): 95-102.

WANG X, PENG C, YAO G, et al. Simulation and test
research for DC breakers of UHVDC transmission

reliable

Automation of Electric

system[C] // 2012 Second International Conference on
IEEE Intelligent
Application (ISDEA), January 6-7, 2012, Sanya, China:

System Design and Engineering

[16]

[17]

[18]

[19]

[20]

[21]

1480-1485.

ZHOU W, WEI X, ZHANG 8, et al. Development and
test of a 200 kV full-bridge based hybrid HVDC
breaker[C] // 2015 17th European Conference on IEEE
Power Electronics and Applications (EPE’ 15 ECCE-
Europe), September 8-10, 2015, Geneva, Switzerland:
1-7.

BEERTEN J, D'ARCO S, SUUL J A. Identification and
small-signal analysis of interaction modes in VSC
MTDC systems[J]. IEEE Transactions on Power Delivery,
2016, 31(2): 888-897.

VR, B, BRZUH, A BT AU L 0 LA AR R R
P17 R[] P E L TR, 2016, 36(14):
3726-3734.

WU Yanan, LU Zheng, HE Zhiyuan, et al. Study on the
protection strategies of HVDC grid for overhead line
application[J]. Proceedings of the CSEE, 2016, 36(14):
3726-3734.

GMIE, ATEIL, Rk, 5. RNk B Rk e fR
P ZWFEE[T]. EMER, 2017, 41(6): 1710-1718.
YAO Weizheng, XING Dengjiang, WU Jinlong, et al.
Study on ultra-high-speed protection method of flexible
HVDC grid[J]. Power System Technology, 2017, 41(6):
1710-1718.

VR, 2R, BEA, & BIHULZ WP gt s
BT IEWF R SRR 7). b E AL TR 2R, 2015,
35(13): 3381-3392.

XU Jianzhong, LI Chengyu, XIONG Yan, et al. A review
of efficient modeling methods for modular multilevel
converters[J]. Proceedings of the CSEE, 2015, 35(13):
3381-3392.

R, I Ha, B, A& IR MMC I 2
PRV AR SRt N T SR D). o [ L A
224, 2014, 34(3): 397-404.

YAN Fayou, TANG Guangfu, HE Zhiyuan, et al. An
improved droop control strategy for MMC-based VSC-
MTDC systems|[J]. Proceedings of the CSEE, 2014, 34(3):
397-404.

ris HHEA: 2017-12-18;

i&[E B H7: 2018-01-12

EEEN:

FILR(1993—), B, MEAHRL, MRFTEAHEHZ

%R 545 4|; E-mail: hdwangjiangtian@163.com

IXE09817), F, AL, BRI ACLSE

Sk AR Y R A F % . E-mail: wangxingguo@epri.sgec.

com.cn

(4t BHewr)



	DOI: 10.7667/PSPC171834 
	基于电容换流的限流式直流断路器 
	Current limiting and capacitor commutated hybrid DC circuit breaker 
	1.1 基本拓扑结构 
	2   混合式直流断路器工作原理 
	3   仿真算例分析 
	4   结论 
	[1] 饶成诚, 王海云, 王维庆, 等. 基于储能装置的柔性直流输电技术提高大规模风电系统稳定运行能力的研究[J]. 电力系统保护与控制, 2014, 42(4): 1-7. 
	RAO Chengcheng, WANG Haiyun, WANG Weiqing, et al. Enhancement of the stable operation ability of large-scale wind power system based on the VSC-HVDC embedded in energy storage apparatus[J]. Power System Protection and Control, 2014, 42(4): 1-7. 
	[2] 姚良忠, 吴婧, 王志冰, 等. 未来高压直流电网发展形态分析[J]. 中国电机工程学报, 2014, 34(34): 6007-6020. 
	YAO Liangzhong, WU Jing, WANG Zhibing, et al. Pattern analysis of future HVDC grid development[J]. Proceedings of the CSEE, 2014, 34(34): 6007-6020.  
	[3] 温家良, 吴锐, 彭畅, 等. 直流电网在中国的应用前景分析[J]. 中国电机工程学报, 2012, 32(13): 7-12. 
	WEN Jialiang, WU Rui, PENG Chang, et al. Analysis of DC grid prospects in China[J]. Proceedings of the CSEE, 2012, 32(13): 7-12.  
	[4] YAO Z, ZHANG Q, CHEN P, et al. Research on fault diagnosis for MMC-HVDC systems[J]. Protection and Control of Modern Power Systems, 2016, 1(1): 71-77. DOI: 10.1186/s41601-016-0022-0. 
	[5] 秦红霞, 王成山, 刘树, 等. 智能微网与柔性配网相关技术探讨[J]. 电力系统保护与控制, 2016, 44(20): 17-23.   
	QIN Hongxia, WANG Chengshan, LIU Shu, et al. Discussion on the technology of intelligent micro-grid and flexible distribution system[J]. Power System Protection and Control, 2016, 42(20): 17-23. 
	[6] 许火炬, 缪希仁. 交直流混合配电方式及其故障保护研究综述[J]. 电力系统保护与控制, 2017, 45(5): 139-146.  
	XU Huoju, MIAO Xiren. A review of AC/DC hybrid distribution and fault protection[J]. Power System Protection and Control, 2017, 45(5): 139-146. 
	[7] 李文锋, 张健, 卜广全, 等. 抽蓄电站和经多端柔性直流电网接入的大规模新能源间的协调互补优化控制方案[J]. 电力系统保护与控制, 2017, 45(23): 130-135.  
	LI Wenfeng, ZHANG Jian, BU Guangquan, et al. A coordinate complementary optimization control scheme between pumped storage station and large-scale new renewable integrated through VSC-MTDC[J]. Power System Protection and Control, 2017, 45(23): 130-135.  
	 [8] TAHATA K, OUKAILI S E, KAMEI K, et al. HVDC circuit breakers for HVDC grid applications[C] // 11th IET International Conference on AC and DC Power Transmission, February 10-12, 2015, Birmingham, UK: 1-7.  
	[9] 穆建国, 王莉, 胡杰. 直流固态断路器拓扑结构的设计与分析[J]. 中国电机工程学报, 2010, 30(18): 109-114. 
	MU Jianguo, WANG Li, HU Jie. Analysis and design of topological structure for DC solid-state circuit breaker[J]. Proceedings of the CSEE, 2010, 30(18): 109-114. 
	[10] CALLAVIK M, BLOMBERG A, HAFNER J, et al. Breakthrough! ABB’s hybrid HVDC breaker, an innovation breakthrough enabling reliable HVDC grids[J]. ABB Review, 2013(2): 7-13.  
	[11] LIN W, JOVCIC D, NGUEFEU S, et al. Modelling of high-power hybrid DC circuit breaker for grid-level studies[J]. IET Power Electronics, 2016, 9(2): 237-246.  
	[12] 江道灼, 张弛, 郑欢, 等. 一种限流式混合直流断路器方案[J]. 电力系统自动化, 2014, 38(4): 65-71.  
	JIANG Daozhuo, ZHANG Chi, ZHENG Huan, et al. A scheme for current-limiting hybrid DC circuit breaker[J]. Automation of Electric Power Systems, 2014, 38(4): 65-71. 
	[13] 周猛, 左文平, 林卫星, 等. 电容换流型直流断路器及其在直流电网的应用[J]. 中国电机工程学报, 2017, 37(4): 1045-1052.  
	ZHOU Meng, ZUO Wenping, LIN Weixing, et al. Capacitor commutated DC circuit breaker and Its application in DC grid[J]. Proceedings of the CSEE, 2017, 37(4): 1045-1052.  
	[14] 魏晓光, 高冲, 罗湘, 等. 柔性直流输电网用新型高压直流断路器设计方案[J]. 电力系统自动化, 2013, 37(15): 95-102.  
	WEI Xiaoguang, GAO Chong, LUO Xiang, et al. A novel design of high-voltage DC circuit breaker in HVDC flexible transmission grid[J]. Automation of Electric Power Systems, 2013, 37(15): 95-102. 
	[15] WANG X, PENG C, YAO G, et al. Simulation and test research for DC breakers of UHVDC transmission system[C] // 2012 Second International Conference on IEEE Intelligent System Design and Engineering Application (ISDEA), January 6-7, 2012, Sanya, China: 1480-1485.  
	[16] ZHOU W, WEI X, ZHANG S, et al. Development and test of a 200 kV full-bridge based hybrid HVDC breaker[C] // 2015 17th European Conference on IEEE Power Electronics and Applications (EPE’ 15 ECCE- Europe), September 8-10, 2015, Geneva, Switzerland: 1-7.  
	[17] BEERTEN J, D'ARCO S, SUUL J A. Identification and small-signal analysis of interaction modes in VSC MTDC systems[J]. IEEE Transactions on Power Delivery, 2016, 31(2): 888-897. 
	[18] 吴亚楠, 吕铮, 贺之渊, 等. 基于架空线的直流电网保护方案研究[J]. 中国电机工程学报, 2016, 36(14): 3726-3734. 
	WU Yanan, LÜ Zheng, HE Zhiyuan, et al. Study on the protection strategies of HVDC grid for overhead line application[J]. Proceedings of the CSEE, 2016, 36(14): 3726-3734. 
	[19] 姚为正, 行登江, 吴金龙, 等. 柔性直流电网超高速保护方案研究[J]. 电网技术, 2017, 41(6): 1710-1718. 
	YAO Weizheng, XING Dengjiang, WU Jinlong, et al. Study on ultra-high-speed protection method of flexible HVDC grid[J]. Power System Technology, 2017, 41(6): 1710-1718. 
	[20] 许建中, 李承昱, 熊岩, 等. 模块化多电平换流器高效建模方法研究综述[J]. 中国电机工程学报, 2015, 35(13): 3381-3392.  
	XU Jianzhong, LI Chengyu, XIONG Yan, et al. A review of efficient modeling methods for modular multilevel converters[J]. Proceedings of the CSEE, 2015, 35(13): 3381-3392.  
	[21] 阎发友, 汤广福, 贺之渊, 等. 基于 MMC 的多端柔性直流输电系统改进下垂控制策略[J]. 中国电机工程学报, 2014, 34(3): 397-404.  
	YAN Fayou, TANG Guangfu, HE Zhiyuan, et al. An improved droop control strategy for MMC-based VSC- MTDC systems[J]. Proceedings of the CSEE, 2014, 34(3): 397-404. 
	王江天(1993—)，男，硕士研究生，研究方向为电力系统保护与控制；E-mail: hdwangjiangtian@163.com 



