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Abstract: With the increasing penetration of new energy in the power grid, the parallel operation of grid-forming energy
storage (GFS) devices has become crucial for ensuring power system stability. However, the parallel operation of
traditional GFS devices mainly relies on the droop control characteristics of controllers, and droop control alone is
insufficient to ensure system stability when the system experiences disturbances. Therefore, a small-signal modeling
method based on dynamic phasors was proposed, combined with eigenvalue analysis to identify key factors affecting the
interactions among parallel GF'S devices. Compared with traditional single frequency-domain or time-domain methods, this
method could more precisely characterize the high-frequency dynamic response characteristics of inverters and quantify the
coupling effects of control and network parameters on system stability, thereby expanding the stable operation region of the
system without introducing additional damping. Moreover, the modular design of this method facilitated adaptation to
different system topologies, significantly improving the adaptability of the model and the accuracy of stability prediction.
Simulation verification using Matlab/Simulink showed that the proposed method could effectively evaluate system stability
under various operating conditions, offering higher accuracy and flexibility compared with traditional methods.
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