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Nonlinear resonance characteristics of offshore wind turbines with large
diameter monopile foundation

TIAN Shu-ping?, WANG Zhen-yu'?, ZHANG Chen-rong':?
(1. Department of Geotechnical Engineering, Tongji University, Shanghai 200092, China;
2. Key Laboratory of Geotechnical and Underground Engineering of Ministry of Education, Tongji University, Shanghai 200092, China)

Abstract: Resonance occurs when the natural frequency of an offshore wind turbine matches its rotational or blade passing
frequency, potentially causing severe structural damage. Existing research on the resonance frequency characteristics of offshore
wind turbines has mainly focused on elastic analysis, neglecting the nonlinear dynamic interaction between the foundation and soil.
Based on the dynamic Winkler foundation model, the hyperbolic soil resistance around the pile-lateral displacement (p-y) backbone
curve was used to consider the stiffness nonlinear of the pile-soil system. The shear strain-dependence of hysteretic damping was
considered for soil energy dissipation. A simplified nonlinear frequency domain analysis method for calculating the resonance
frequency of monopile-supported offshore wind turbines was proposed. The validity of the method was confirmed through
comparisons with model test results and field measurements from the Lely (A2) offshore wind turbine. A parametric study was
conducted to investigate the influence of sand density, pile length and pile diameter on the nonlinear resonance frequency of offshore
wind turbines. The results show that the resonance frequency of the offshore wind turbine system decreases with increasing loading
amplitude. Additionally, the influence of soil nonlinearity on the resonance frequency for systems is more obvious when the sand is
looser, the pile length is shorter, or the pile diameter is smaller.
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for pile-soil interaction
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Table 2 Parameters of wind turbines in the model test and the engineering example
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Table 5 Resonance frequency of the wind turbine varies
with pile diameter

. PR/ Hz
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2 0.517 0.477 0.446 0.414
3 0.597 0.582 0.557 0.541
4 0.629 0.613 0.597 0.581
5 0.637 0.629 0.613 0.605
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Fig.12 Variation curves of normalized resonance
frequencies with loading amplitude under different

pile diameters
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