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Large-disturbance instability patterns of grid-connected VSC
XING Guangzheng' ,MIN Yong',CHEN Lei',TANG Yong’,XU Shiyun’, WANG Jinhao’,ZHENG Huiping’
(1. State Key Laboratory of Control and Simulation of Power Systems and Generation Equipment,
Department of Electrical Engineering,Tsinghua University, Beijing 100084, China;
2. China Electric Power Research Institute,Beijing 100192, China;
3. State Grid Shanxi Electric Power Research Institute,Taiyuan 030001, China)

Abstract: The current research on the large-disturbance stability of grid-connected VSC(Voltage Source Con-
verter) mainly focuses on the problem of PLL(Phase Locked Loop) synchronization stability,and there is a
lack of systematic research on the large-disturbance instability patterns. Based on the detailed model of
VSC connected to infinite system,the definition and criterion of VSC control loop instability are proposed.
Both the outer loop control and PLL have large disturbance stability problems,and there are two types of
instability : monotonous instability and oscillatory instability. Considering the saturation of PWM (Pulse Width
Modulation) , the current loop may also be unstable. The system stability boundary of different instability
patterns consists of three main components, the unstable limit cycle, the stable manifold of UEP (Unstable
Equilibrium Point) and the nonlinearity boundary corresponding to the saturation. The unstable limit cycle
is mainly induced by Hopf bifurcation in the system. If the operating point of the system is close to the
Hopf bifurcation, the stability boundary consists of unstable limit cycle,and the system instability is mani-
fested as divergent oscillations. If the operating point is far from the Hopf bifurcation,the stability bounda-
ry consists of stable manifold of the UEP,and the system exhibits monotonous instability. The theoretical
analysis is verified through MATLAB time domain simulation.

Key words: large-disturbance stability; large-disturbance instability patterns; limit cycle; stability boundary;
PWM saturation; VSC
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Low frequency dynamic stability analysis model and mechanism research for
PLL-synchronized VSC connected to weak grid
LI Xialin',ZHANG Chen',GUO Li',ZHANG Ye*,GAO Fei’,
WANG Zhi',LI Pengfei', WANG Chengshan'
(1. Key Laboratory of Smart Grid of Ministry of Education,Tianjin University, Tianjin 300072, China;
2. State Key Laboratory of HVDC,Electric Power Research Institute,China Southern Power Grid,
Guangzhou 510663, China;3. Key Laboratory of Power Transmission and Power Conversion Control of
Ministry of Education,Shanghai Jiao Tong University,Shanghai 200240, China)

Abstract: The LFD(Low Frequency Dynamic) stability problem of WG-VSC(Weak Grid connected Voltage
Source Converter) based on PLL-synchronized is dominated by “outer loop-PLL-weak grid” interaction. To
reveal the influence mechanism of key loops and their interactions on LFD of WG-VSC,a PLL-equivalent
model is proposed. Firstly, the basic LFD analysis model suitable for many typical outer loop control
modes is put forward,which contains original PLL loop and “outer loop-weak grid” loop coupled with outer
loop, grid strength and information of VSC operation point. Secondly,the “outer loop-weak grid” loop is divi-
ded into two parallel paths,one of which shows the impact of active-side outer loop on PLL,and the other
shows the additional influence on PLL induced by reactive-side outer loop. Thirdly, the “outer loop-weak
grid” loop is simplified into a first-order loop based on dominant modes of LFD,and the second-order PLL-
equivalent model that can maintain sufficient accuracy for LFD analysis is derived combined with the PI
control loop of original PLL. Based on the above model, the influence mechanism of “outer loop-PLIL-weak
grid” interaction on LFD of WG-VSC is analyzed and revealed. Finally,the effectiveness of PLL-equivalent
model and the accuracy of analysis results are verified by the time-domain simulative results based on detail
switch model.

Key words: VSC;low-frequency dynamic;weak grid; PLL-equivalent model;interaction of control loops;mecha-

nism analysis
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Table A1 Parameters of VSC-IB system in Case 1
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Fig.A1 Input of Pl control loop with loss of equilibrium point
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Table B1 Parameters of VSC-IB system in Case 2
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Fig.B3 Time domain simulative results of input of PI control loops under stability and oscillation instability
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Fig.B5 Time domain simulative results of input of PI control loops under stability and monotonous instability
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Table C1 Parameters of VSC-IB system in Case 3
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