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Fig.1 Simplified model of CSCC topology
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Fig.2 Single-phase circuit of controlled series capacitor
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Fig.3 Comparison of steady-state security region between

CSCC-HVDC system and LCC-HVDC system
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Description and analysis of steady-state security region of AC/DC system with
controlled series capacitor converter
CHEN Zhong"* ,CHEN Hui'"*,ZHU Zhengguang'*,ZHU Yingkai’

(1. School of Electrical Engineering, Southeast University , Nanjing 210096, China ;2. Jiangsu Key Laboratory of Intelligent Power Grid
Technology and Equipment, Nanjing 210096, China;3. State Grid Nanjing Power Supply Company, Nanjing 210019, China)
Abstract : The traditional HVDC( High Voltage Direct Current) transmission suffers from a high risk of commutation
failure and requires considerable reactive power compensation. These problems can be solved by the CSCC ( Con-
trolled Series Capacitor Converter) based on forced commutation principle. From the perspective of steady-state
security region,the cross-section description method of steady-state security region and the analysis of boundary sur-
face evolution of the AC/DC system for CSCC-HVDC are presented. The geometric intuitive performance of the secu-
rity region can facilitate the system operator and planner to consider the factors including the reactive power demand
of converter,commutation failure probability, peak limit of valve voltage , investment cost of controllable capacitor and
converter valve,and select the appropriate operating point in this region. The security region can also contribute to
adopting appropriate security control actions in advance to minimize the possibility of commutation failure for CSCC-
HVDC,the occurrence of which may be more severe than conventional LCC-HVDC ( Line Commutated Converter

based HVDC).
Key words : controlled capacitor; DC power transmission ; controlled series capacitor converter ; commutation failure ;
valve voltage peak ;steady-state security region
S S S S S
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Switching-off overvoltage of offshore wind farm considering

reignition characteristics of vacuum circuit breaker
GUO Yaxun'?,LIU Gang' ,JIANG Xiaofeng' ,CHEN Jianning' ,XIN Yanli' ,ZHENG Ming’
(1. School of Electric Power,South China University of Technology , Guangzhou 510640, China
2. Xingtai Power Supply Branch,State Grid Hebei Electric Power Supply Co.,Ltd., Xingtai 054000, China;

3. Guangdong Electric Power Design Institute Co.,Ltd. of China Energy Engineering Group, Guangzhou 510663, China)
Abstract ; In order to study the influences of the vacuum circuit breakers’ operation on the characteristics of high
frequency transient overvoltage in the high-voltage side of generator terminal transformer in the offshore wind farm,a
simplified experimental platform for the medium voltage cable electrical collector test system is established. The reig-
nition model of vacuum circuit breaker, the high-frequency model of transformer and the frequency dependent model
of metal Zinc Oxide arrester are established according to the experimental results. Based on the self-defined high-fre-
quency model, the medium voltage collection system of offshore wind farm is set up using the PSCAD/EMTDC simu-
lation software. The influences of normal switching-off and fault tripping of the circuit breakers on the amplitude and
steepness of the transient overvoltage and the total number of reignitions are studied. An overvoltage protection
device is proposed,which adds a choke coil in series and a small capacitor in parallel at the joint of the tower bottom
vacuum circuit breaker and the 80 m cable. Simulative results show that the overvoltage and the total number of reig-
nitions caused by the fault tripping of vacuum circuit breakers located at the bottom of a tower are the most serious,
and the maximum overvoltage amplitude is 2.95 p.u.,the maximum steepness is 268.67 kV/us and the total number
of reignitions is up to 161. The amplitude and steepness of the transient overvoltage and the total number of reigni-
tions are significantly suppressed with the installation of the overvoltage protection device.

Key words : offshore wind farm;vacuum circuit breakers ;reignition characteristics ; high-frequency transient overvol-

tage ; switching-off overvoltage ; choke coils;models
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Table A1 Partial parameters of DC system

Wit 4 AH P 2.5H
HIRHLE 40.05Q
HET SRR e BB L 230kV/460kV
TEAR AR PR AR AR LG 230k V/345kV
Hi AR s A AUE 2 1500MVA
REM N e 400kV
LI A 3kA
HIRhHRAUE H 1200MW

RA2 BRARFHL. TR
Table A2 Upper and lower bounds of partial constraints

AR BR [
CIEGER 225 15 0.05
SIBRAR IS 90° 7°
] L s 0 3.0 0
B R 11 09
AEURE AT 22 20° -20°
ER/ NI 115 06

N

NER/ NG ENY 1.25 0.1
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