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GPR surrogate-based parameter optimization of energy harvesting
VTMD for offshore wind turbine vibration control

Dong Liye®, Wang Qi E, Qiao Guandong(®, Zhao Tao(®, Zhou Zhi
(School of Civil Engineering and Architecture, Hainan University, Haikou, Hainan 570228)

Abstract: To address the prominent wind induced vibration of ultra-large deep-sea wind turbines and the
limited energy supply for active control, this study proposes a parameter optimization method for a virtual
tuned mass damper (VTMD) that integrates vibration mitigation and energy harvesting. A Gaussian process
regression (GPR) surrogate model is introduced to improve the computational efficiency of the optimization
process. First, an electromechanically coupled VTMD model is established for the IEA 15 MW wind turbine,
and the relationship between the control force and battery power is formulated. Second, the virtual mass ratio,
tuning frequency, and damping ratio are selected as design variables, while the root-mean-square tower-top
acceleration, peak acceleration, and average battery power are adopted as evaluation indicators. Based on 500

training samples, a GPR surrogate model is constructed to perform parameter optimization. Finally, closed-loop
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simulation verification is performed under turbulent wind conditions with a mean wind speed of 16 m + s at

the hub height. The results show that the established GPR surrogate model achieves high prediction accuracy
and enables rapid parameter optimization. The optimized VTMD exhibits superior vibration mitigation
performance compared to a passive tuned mass damper. Furthermore, the energy-harvesting-oriented parameter
combination achieves effective energy recovery while maintaining satisfactory vibration control capability.

Keywords: offshore wind turbine; virtual tuned mass damper; energy recovery; Gaussian process regression
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