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A stability analysis method and optimal control of a photovoltaic energy storage-virtual synchronous
generator based on a harmonic state space model in a weak grid
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(1. College of Electrical Engineering, Sichuan University, Chengdu 610065, China; 2. Electric Power Research

Institute of State Grid Gansu Electric Power Company, Lanzhou 730050, China)

Abstract: Virtual synchronous generator (VSG) technology is widely used in the control of new energy grid-connected

inverters because it provides damping and inertia. It is easy to cause frequency coupling when photovoltaic energy storage

systems are connected to a weak grid, so analyzing the grid-connected stability of a VSG becomes more complicated. For

photovoltaic energy storage systems connected to a weak grid, a multi-time scale VSG model based on harmonic state

space (HSS) theory is established in the dg domain considering frequency coupling. The normalized parameter sensitivity

analysis method is used to reveal the characteristics of root locus of key control parameters such as virtual inertia J, virtual

damping D,, droop coefficient K, proportional coefficient k,, and cut-off frequency . in power loop, voltage loop and

low-pass filter, and the influence of power grid strength on system stability. The control parameters are adjusted and

optimized to enhance system stability. Finally, the accuracy of the harmonic state space model and the root trajectory

characteristics of the key parameters are verified on the Matlab/Simulink simulation platform.
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