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Finite element modeling and seismic response analysis of wind turbine structures
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Abstract; In order to study the applicability of the finite element model of wind turbine structure with dif-
ferent degrees of fineness for different analysis purposes, based on the 2 MW three-blade horizontal axis
wind turbines, seven finite element models of wind power generation structures with different degrees of
fineness were established by using the finite element software ANSYS. The deformation, internal force,
stress and stress concentration of wind turbine structure were achieved to evaluate the efficiency of each
model. The results show that when calculating the deformation of wind power generation structure, nu-
merical model with low-order elements can get better simulation results due to the fact that the upper en-
gine room and blades have little influence on it. When calculating the shear force and bending moment of
the section at the bottom of the tower, the finite element model of the engine room and blades should be
considered to achieve more accurate results, so the high-order solid element should be used when selecting
the element. The stress of wind turbine tower will be discrete when the coupling effect of the blades, hub
and nacelle are not considered, and the shell element can better simulate the stress of wind turbine in this
situation. The superstructures such as blade and nacelle have a great influence on the stress concentration
of the wind turbine door opening, so it is suggested to use the multi-scale model of shell element for the
tower and solid element for the door opening.
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Fig.7 Finite element model of model 6
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Fig. 8 Finite element model of model 7
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Fig. 9 Acceleration time history of artificial earthquake wave
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Tab. 1 The first five frequencies of wind turbine structure

R B TR SR BT IR

R 0.3624 0.3624 2.5971 2.5994  7.3821
RIBI— 0.3603 0.3623 2.5850 2.5980 5.8916
RIB= 0.3460 0.3515 2.5020 2.5560 7.0558
RERIPY  0.3604 0.3728  0.5469  0.6168  2.104 1
FERIF 0.3632  0.3654  2.3889  2.4250 4.1299
RIS 0.3614 0.3658  2.3775  2.4284  4.1771
R 0.3588  0.3647 2.3767 2.4512  4.6425
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Fig. 11 Displacement envelope diagram of wind turbine
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Fig. 12 Top displacement time history of wind turbine
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