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Ultra-low-frequency oscillation suppression method in high-proportion hydro
power systems with wind-storage integration
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(College of Electrical Engineering, Sichuan University, Chengdu 610065, China)

Abstract: To address the issue of ultra-low-frequency oscillation (ULFO) in high-proportion hydropower systems
integrated with wind-storage, a suppression method based on coupled robust control on the wind-storage side is proposed
to enhance system damping without compromising the primary frequency regulation capabilities of hydropower units.
First, the impact of integrating wind and energy storage into hydropower systems on damping characteristics is analyzed
using the complex torque coefficient method, demonstrating the feasibility of wind turbines and energy storage systems in
suppressing ULFO. Next, a ULFO source localization method is introduced, one which calculates oscillation energy based
on oscillation mode decomposition. The accelerating power of the oscillation source unit is then used as the feedback
signal for additional control on the wind-storage side, and the least squares-rotation invariant technique is employed to
identify the transfer function matrix of the multi-input multi-output system. Finally, based on hybrid H,/H_, robust control
theory, a multi-objective function that considers both damping ratio and control performance is established, and iterative
solutions are applied to determine the optimal parameters of the coupled robust controller for the wind-storage side.
Simulation results indicate that the additional robust control of the wind-storage system enables rapid adjustment of
unbalanced power and enhances damping in the ultra-low-frequency range, effectively suppressing ULFOs.
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