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Fig.1 Equivalent circuit model of VSC and AC system
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Fig.3 Schematic diagram of multi-terminal DC grid
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Fig.4 Topology of AC/DC interconnected system
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Critical node identification of power grid considering voltage level
LIU Meijun',LIU Jilong’, LI Huaqiang' ,ZHANG Hongli’ ,CHEN Yuging*, LUO Yide’
(1. School of Electrical Engineering and Information,Sichuan University , Chengdu 610065, China

2. State Grid Binzhou Electric Power Supply Company, Binzhou 256600, China;

3. State Grid Xuzhou Electric Power Supply Company , Xuzhou 221005, China;

4. State Grid Chengdu Electric Power Supply Company, Chengdu 610041, China;

5. State Grid Jiangsu Electric Power Maintenance Branch Company, Nanjing 211100, China)
Abstract ; Based on the basic principle of Theil’ s entropy measure and system voltage level ,a critical node identifi-
cation method is proposed for power grid , which comprehensively considers the node static voltage stability and distri-
bution equilibrium of branch transfer power flow. According to the influence mechanism of load variation on system
voltage amplitude growth and transmission power flow variation ,the Theil’s entropy model of voltage growth rate and
the Theil’s entropy model of weighted flow impact rate are built to describe the equilibrium of system voltage growth
and power flow variation. The weight analysis method combined with binary feature analysis method and entropy
weight method is adopted to integrate the indexes,and thus the comprehensive evaluation index with the consideration
of both the subjective preferences and the objective data is obtained to accurately identify the critical node. The simu-
lative results of IEEE 30-bus system and a real regional southwest power system verify the validity of the proposed model.
Key words : voltage growth rate; weighted flow impact rate ; voltage level; Thiel’s entropy ; difference within group;
difference between groups
S S S S S S T S S S S
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Low-frequency oscillation suppression using flexible DC grid based on
state feedback supplementary damping control
NI Binye , XIANG Wang, LU Xiaojun, WEN Jinyu
(State Key Laboratory of Advanced Electromagnetic Engineering and Technology , School of Electrical and
Electronic Engineering, Huazhong University of Science and Technology , Wuhan 430074 , China)

Abstract; To improve the dynamic stability of AC/DC interconnected system, an approach that uses VSC-MTDC
(Voltage Source Converter based Multi-Terminal Direct Current) to damp low-frequency oscillations is proposed.
The oscillation mode of AC/DC system is analyzed,and the influences of DC grids on the stability of AC grids are
studied. Based on the modal analysis, supplementary damping controller of VSC-MTDC is designed. This controller
can output supplementary control signals and regulate the active power of each converter during oscillation to sup-
press the system oscillation. Simulations are carried on New England 10-machine power system with four-terminal DC
grid. Test results indicate that the proposed controller damps the low-frequency oscillation and improves the system
dynamic performance.
Key words: DC grid ; low-frequency oscillation; AC/DC interconnected system ; small-signal analysis ; supplementary

damping control
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Table A1 Modal analysis results of AC/DC system
ELE] FHLJE Eb I i T2 54
1 0.0753 1.5713 G1l, G8
2 0.0522 1.4955 G4, G6, G7
3 0.0429 1.4656 G4, G6, G7
4 0.0407 1.3327 Gl, G8
5 0.0584 1.3525 G2, G3
6 0.0415 1.1746 G2, G3, G6, G7
7 0.0343 1.0980 G3, G5, G6, G9
8 0.0392 1.0208 G5, G9
9 0.0334 0.7041 G5, G10

xA2 BERRRAFRROIHES D
Table A2 Modal analysis results of primary AC system

EL) FHLJE b G IF LRS54
1 0.0699 1.5696 G1, G8

2 0.0523 1.4949 G4, G6, G7
3 0.0433 1.4607 G4, G6, G7
4 0.0398 1.3266 G1, G8, G9
5 0.0576 1.3511 G2, G3

6 0.0408 1.1627 G2, G3, G6, G7
7 0.0281 1.0907 G6, G9

8 0.0260 0.9916 G5, G9

9 0.0175 0.6619 G5, G10
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Fig. A1 Response of the DC system after short circuit
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