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Fig.1 Grid-forming energy storage system main circuit topology based on VSG control
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equivalent model for integration
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Fig.6  Grid-forming energy storage simulation results of
various parameters with 30% voltage drop in the grid
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Improvement method for grid-forming energy storage power angle stabilization in
transient state based on power angle deviation feedback

SUN Yaning', REN Yongfeng', WANG Huan’, LI Chao’, GUO Xiao’>, CHEN Lei’
(1. School of Energy and Power Engineering Inner Mongolia University of Technology, Hohhot 010051, China;

2. China Three Gorges New Energy (Group) Co., Ltd. Construction Management Branch, Beijing 101100, China)
Abstract: For grid-forming energy storage integrated into power systems dominated by new energy, voltage drops in the grid
are caused by the instability of new energy generation. Leading to transient power angle instability and overcurrent issues in
grid-forming energy storage. A transient power angle stability control strategy based on power angle deviation feedback is
proposed in the article. Firstly, grid-forming energy storage adopts virtual synchronous generator (VSG) control, and a
corresponding model is established based on VSG control. Secondly, the relationship between active power, power angle
stability, and output current is analyzed based on VSG power angle characteristics, and the causes of power angle instability are
further analyzed using phase portrait theory. Based on this, an adaptive adjustment strategy for the power angle deviation
feedback coefficient is designed, considering the power angle stability range and active power deviation. The active power
deviation is controlled through power angle deviation feedback, thereby suppressing power angle amplification, maintaining
power angle stability, and effectively mitigating overcurrent. Finally, time-domain simulations verify the correctness of the
theoretical analysis and the effectiveness of the proposed control method.

Keywords: grid-forming energy storage; virtual synchronous generator (VSG); transient power angle stability; power angle

deviation feedback; voltage dips; power angle instability
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