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Research on Control Strategy Optimization of Wind Turbine and Its Application in Improving
Wind Farm Power Generation Efficiency
Guanglu Sun  Fei Tong'
Beijing Energy International Holding Co., Ltd. Northern Branch

[Abstract] To address the issues of insufficient power generation efficiency and excessive load fluctuations of
wind turbines under complex wind conditions, as well as the overall performance degradation caused by wind
farm wake coupling, this paper conducts research on the cooperative control strategy optimization of both
individual wind turbines and wind farms. At the individual turbine control level, an improved particle swarm
optimization (IPSO) MPPT algorithm is designed for low wind speed ranges, a fuzzy PID pitch control strategy
is proposed for above—rated wind speeds, and a weighted smoothing switching mechanism is established for
transitional zones. At the wind farm level, wake modeling is optimized based on LiDAR measurement data, and
a multi—turbine cooperative control model with a two—level control architecture is established. Through
MATLAB/Simulink and GHBladed simulations, combined with empirical testing at a 150MW wind farm, the
results show that: the wind energy capture efficiency in low wind speed ranges is improved by 5.2%, power
fluctuation above rated wind speed is controlled within £2%; wake impact in the wind farm is reduced by 11.4%,
overall power generation efficiency is improved by 8.7%, and load failure rate decreases by 9.2%, providing
technical support for efficient and stable operation of wind farms.
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