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Abstract

To address the stability control challenges in electrolytic water hydrogen production systems under strong stochastic wind-solar
disturbances, this study systematically investigates adaptive robust control and stability analysis. By analyzing the spatiotemporal
characteristics of wind-solar power fluctuations, we establish a coupled dynamic model integrating electrolytic cell and auxiliary
equipment across electrical, thermal, and mass time scales. The research elucidates uncertainty quantification mechanisms and
propagation patterns under severe stochastic disturbances, while delineating stability boundaries and instability modes for coupled
systems. An adaptive robust controller incorporating hybrid sensitivity analysis and real-time disturbance identification is designed
to achieve coordinated suppression of multi-source disturbances and optimized power allocation. Based on robust stability criteria
and transient stability analysis, the stability domain estimation for control strategies is completed. Simulation results demonstrate
that the proposed approach exhibits superior dynamic response performance and robustness characteristics under typical disturbance
scenarios.
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