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Abstract; Offshore wind is a safe,clean, and stable source of renewable energy, which is a strate-
gic option for overcoming the problems of energy shortage and environment contamination. Be-
cause of their high,slender,and flexible nature,accompanied with mass and stiffness distribution,
offshore wind turbines are dynamically sensitive structures in which their dynamic behavior is
strongly affected by environmental loading and the stiffness of their foundations. The first natural
frequencies of these structures are very close to the forcing frequencies imposed by the environ-
ment and the onboard machinery.Changes in the foundation stiffness under cyclic loading will ul-
timately result in changes to the natural frequency of the structure. However,little is known about
the long-term dynamic behavior of the entire offshore wind turbine structure. Therefore, the de-
sign of foundations and prediction of long term performance remain challenging. In the design

work of offshore wind turbines, the soft-stiff type is usually chosen under general circumstances
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in which the natural frequency is between 1P and 3P bands. This study establishes a simplified
wind turbine model based on the dynamic model test platform at the University of Surrey. The
model system includes a foundation,tower,and top mass.On the basis of the novel cyclic loading
provide system,four groups of tests were conducted to study the long-term dynamic behavior of a
wind turbine model supported on a pile foundation. This investigation focused on changes of the
model turbine’s first natural frequency and studied the influence from the amplitude of cyclic
loading.For the observed tests results,detailed analysis was performed on the basis of soil behav-
ior and its migration pattern.The test results and a series of similitude relationships reveal the dy-
namic behavior of an wind turbine structure. Moreover, suggestions for foundation and structure
selection for a prototype wind turbine are given.

Key words: offshore wind turbine; model test; similitude; long-term dynamic behavior; cyclic
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Fig.2 Sketch of the circular motion of a mass point
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Table 3 Basic physical and mechanics parameters of the sand

used in tests
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Table 5 Comparison of the non-dimensional values between model and prototype
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