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Abstract: Wind energy output often shows randomness and fluctuation, making it difficult to
adjust the frequency of the power grid. In this study, wind energy is smoothed by flywheel
energy storage to reduce its power fluctuation and improve its grid-connection ability. First, a
power coordinated control method is proposed to ensure that the power value allocated to
each unit does not exceed its rated power and that the state of charge (SOC) of each unit
converges to the same value. Simultaneously, the layered and grouped control method for the
energy storage array is adopted to ensure the accuracy of power regulation and the energy
storage system's response speed. Then, we develop a power-following control model for the
flywheel energy storage unit and a power-following control model for the flywheel energy
storage array. The feasibility and superiority of the proposed coordinated control technique are
verified through charge and discharge simulations of a group of flywheel energy storage units.
Finally, a flywheel energy storage array is used to compensate for the high frequency
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components of wind energy in real time, thereby smoothing out wind energy output power
fluctuations. The 2 MW flywheel energy storage array is used to supplement 10 MW wind
energy. The 2 MW flywheel energy storage array is composed of eight 250 kW/50 kW-h
flywheel energy storage units, whereas the 10 MW wind energy system is composed of five
2 MW wind turbines. Finally, the flywheel energy storage is used to compensate for the high
frequency components of wind energy in real time, thereby smoothing out the fluctuation in
wind energy output power. The 2 MW flywheel energy storage array is used to supplement the
wind farm's 10 MW capacity. The 2 MW flywheel energy storage array is composed of eight
250 kW/50 (kW-h) flywheel energy storage units, whereas the 10 MW wind energy system is
composed of five 2 MW wind turbines. The flywheel energy storage array is modeled using
simulation software, and the simulation data for 200 min of wind generation is used. The
simulations verify the feasibility of the proposed control strategy and hierarchical grouping
control method, as well as the fact that flywheel energy storage matched to wind energy can
significantly reduce the fluctuation of wind power and satisfy the requirements of the national
standards (GB/T 19963—2011).
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Fig.1 The overall power control strategy of the flywheel energy storage array
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Fig. 2 Improved equal time power allocation strategy
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Fig. 3 Flywheel energy storage array power coordinated control strategy
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