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Transient Global Stability Analysis and Damping Tuning Method of Virtual
Synchronous Generator
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(1. Electric Power Dispatching and Control Center of Guangdong Power Grid Corporation, Guangzhou 510600, China;
2. School of Electrical Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: Unlike traditional synchronous generators, the damping of virtual synchronous generators(VSG) can be flexibly
adjusted to enhance the dynamic performance of the system. In order to reveal the stabilization mechanism of VSG sys-
tem, the global stability mechanism of VSG system considering the damping effect is analyzed. First, the dynamic model
of VSG system is established, and the stable domain of the system is derived based on the Lyapunov theory. Accordingly,
based on the law of conservation of energy, it is interesting to find that the energy dissipated by the damping is equal to
the damping factor multiplied by the area surrounded by the system trajectory and x-axis in the phase plane. The research
results show that when the dissipated energy induced by damping over one period is larger than potential energy change,
the system kinetic energy will be gradually decreased until to zero, and the global stabilization can be ensured. Then, a
damping tuning method to ensure the global stability of the system is further proposed. Finally, simulation studies based
on PSCAD/EMTDC have validated the correctness of the proposed global stability condition and the effectiveness of the
damping tuning method of VSG.

Key words: virtual synchronous generator; Lyapunov theory; energy function; dissipated energy induced by damping;

global stability; damping tuning rule
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