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Fig.1 Main connection modes of hybrid HVDC system
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Table 1 Merits and demerits comparison among four modes
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Fig.3 Topology schematic diagram of hybrid-HVDC
system based on full-bridge sub-module
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Fig.4 Topology schematic diagram of hybrid-HVDC
system based on symmetrical structure

BT TGRS R AEXS FRELE A B MMC BA
2 FhRS, AU T S MMC 19 6 MHRE T 3 A B
BEFRER A TR, 3 A T AR 2R TR A 15
Be, e 5 fros, o8 s O b 3, KA T
MMC /9 6 MV i 3 A EHFE B R B TR
3 IHVE BRI TR, K 6 B, 6
E SN 4,

gi b, BT HAA E K RS B ) VSC T
3, TRAAA 2 Fh2ERY 4 FhipFhah b b T4 o
WL ER BSOS RS B R RS, AL T IR 2
Buiias 5 vsC AR, TR 2 Fhnfhaity
T LR O RS B R R R, Horp
— AN 7 i ) 3 L A + HB-MMC #Y
TRA B RS, IR HE SO b 5, 55 —F o
QL 8 B/ B2 T i R4 [ + HB-MMC TR & ELIL
g ARG, I8 HE SO T 6, BUE T4 5 AL
IER/ N S/ SRERENERTIR DR I iR B S
FATAT B LA, T TR0 K AN A P 1 28 5 1 G 5 T )
X 6 PR R HEA TS LE AT

LB S IR A i i R G R TR
VAR O NN S Sl SR (92 o4 N < 95

BAT, TR A U R AR SR AT AR R
LCC, 1 LCC ™ A= B ELU HEL IR 45 BT i 52 T R SE A0 He
FERGIE LY, 76 BT 7 328 Ui 7 48 HE 0 ) AT g 5 3
LCC-HVDC i s i) 0 Fi s ) R F, B R al LA

B 5 EFIExER [ 8 MMC IV RER
Fig.5 Topology schematic diagram of MMC
based on asymmetrical type [

6 ETFIEXFR 1B MMC HRIPVREE
Fig.6 Topology schematic diagram of MMC

based on asymmetrical type I



Fi90) & 0 8 % w it %

EIRLE

[
i : LD+
E J 3 i
@_ i T J 2 i —@
| AR |
i : D
wec /) Vsc
.[ -

B7 %EEN_RENRESERAERSEHINTE
Fig.7 Topology schematic diagram of hybrid HVDC
system with blocking diode
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Fig.8 Topology schematic diagram of hybrid HVDC

system with thyristor valve
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Table 2 Merits and demerits comparison among six topologies
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Research on circuit topology of hybrid HVDC system suitable for
refurbishing existing LCC-HVDC
ZHAO Wenqiang' ,XUAN Jiazhuo®, LU Yi*,LI Jihong®, WANG Yongping' , WANG Nannan' LU Yu'
(1. Nanjing NR Electric Co.,Ltd.,Nanjing 211106, China;2. Electric Power Research Institute of State Grid Zhejiang
Electric Power Co.,Ltd.,Hangzhou 310014, China;3. State Grid Zhejiang Electric Power Co., Ltd.,Hangzhou 310000, China)

Abstract : The advantages and disadvantages of two main connection schemes designed for hybrid HVDC ( High Vol-
tage Direct Current) system are analyzed and compared. According to the features of refurbishing the existing LCC-
HVDC( Line Commutated Converter based HVDC) to hybrid HVDC, it is concluded that the bipolar connection
scheme is more suitable. Considering the problem of the overhead line fault isolation in VSC-HVDC( Voltage Source
Converter based HVDC) system,four feasible methods are analyzed and compared, the applicable occasions, merits
and demerits of each method are analyzed, and the suitable methods for refurbishing LCC-HVDC to hybrid HVDC
are pointed out. Combined with the above mentioned overhead line fault isolation method, four feasible topologies
suitable for refurbishing LCC-HVDC to hybrid-HVDC are summarized ,and two topologies of asymmetrical cell-hybrid
MMC ( Modular Multilevel Converter) are proposed. The applicable occasions of each topology are summarized by
comparison in terms of technology and economy.
Key words: VSC-HVDC ; modular multilevel converter;hybrid HVDC power transmission ;circuit topology
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Design of double closed-loops control system of VSC used in SMES device

XIN Zheng' ,WEI Li',SHI Xiaohan®
(1. School of Information and Electrical Engineering,Shandong Jianzhu University , Jinan 250101, China;
2. Key Laboratory of Power System Intelligent Dispatch and Control of Ministry of Education,

Shandong University, Jinan 250061, China)
Abstract ; The double closed-loops control system based on PI controller is simple and reliable ,but has the problems
such as unsatisfactory control effect of the theoretical PI parameters and lack of systematic methods for further pa-
rameter adjustment. In order to solve these problems,the VSC( Voltage Source Converter) often used in the SMES
(Superconducting Magnetic Energy Storage) devices is taken as the object to study the design method of double
closed-loops control system of VSC. Firstly, the mathematical model and the control system structure of VSC in SMES
system are given, and the formulas of PI parameters are induced based on the two-order best adjustment
methodology. Secondly,the impact of PI parameters on the dynamic performance of each control loop is analyzed
with the transfer function and root locus as the tools,and then the systematic steps of PI parameters adjustment are
summarized. Finally,the case simulation verifies the rationality of theoretical analysis and the effectiveness of the pa-
rameters adjustment steps.

Key words : SMES ; VSC ;double closed-loops ;power control ; parameter adjustment of PI controller;root locus analysis
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