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Abstract

As critical equipment in medium-low head hydropower stations, mixed-flow hydro-turbine generators directly impact hydropower
utilization efficiency and grid frequency regulation performance through operational stability. Under variable operating conditions,
complex variations in head and flow rate challenge traditional fixed-parameter regulators to balance dynamic response and steady-
state accuracy, often leading to unit oscillations and efficiency losses. Based on the nonlinear dynamic characteristics of mixed-
flow units, this study establishes a mathematical model of the unit-regulator system, analyzes parameter variations’ effects on
system stability, and introduces adaptive control and intelligent optimization algorithms to achieve real-time parameter tuning and
dynamic compensation. The research demonstrates that multi-parameter collaborative optimization effectively reduces response time,
minimizes overshoot, suppresses oscillations, and significantly enhances system robustness and regulation precision. These findings
provide theoretical foundations and technical pathways for intelligent, digitalized, and efficient operation of mixed-flow hydro-turbine
speed regulation systems.
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