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Frequency integrated control of wind power systems considering wind speed changes
LIU Yifei', LI Tai’, MA Jiahao'

( 1. School of Automation, Nanjing University of Information Technology, Nanjing 210000, Jiangsu, China;
2. School of Automation, Wuxi University, Wuxi 214000, Jiangsu, China )

Abstract: Due to the randomness and fluctuation of natural wind speed, the output power of wind turbines is prone to severe fluctuations,
which not only reduces the efficiency of wind energy utilization but also significantly impacts the stability of grid frequency, posing great
risks to the safety of the power system. To address this issue, a frequency integrated control strategy considering wind speed variations is
proposed. This strategy first employs model predictive control( MPC) to optimize gust signals, accurately extracting effective wind speed
and generating optimal speed reference values, thereby effectively enhancing the wind energy capture efficiency and stability of maximum
power point tracking ( MPPT ). Furthermore, the extracted effective wind speed is used as a key input for fuzzy control to construct an
adaptive virtual inertia control module. By dynamically adjusting control parameters, the module enhances the response speed and regulation
capability of wind turbines to grid frequency variations, improving primary frequency regulation performance. To verify the effectiveness of
the proposed strategy, a simulation model is built on the MATLAB/Simulink simulation platform to simulate unstable wind speed conditions
for testing. The simulation results show that this integrated control strategy can effectively stabilize the fluctuations in wind turbine output
power and significantly suppress rapid changes in grid system frequency, providing reliable guarantees for the safe and stable operation of
wind power grid-connected systems under unstable wind speeds.

Keywords: model predictive control; fuzzy control; virtual inertial control; primary frequency modulation; wind power system; frequency
integrated control
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Fig. 1 Structural diagram of double-fed wind turbine system
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Fig.3  Structural diagram of frequency synthesis control
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