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Fig.1 Overall wind turbine model
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Fig. 2 Simplified model of wind turbine
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Tab.1 Specific parameters of the two offshore
wind turbine systems
HMIAZH Lely Irene Vorrink

RNA Jfitg Mgna/t 32 35.7
Bfam Lr/m 37.9 44.5
BEERMR AR Dy/m 3.2 3.5
BT AR D/m 1.9 1.7
PP BEJE 11/ mm 13 13
Bt iR E/GPa 210 210
PRI AR o/ kg e m ™3 7850 7850
HHBE Ls/m 7.1 9.5
B HAR Ds/m 3.2 3.2
HEHBREE tg/mm 35 35
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Tab.2 Determination of foundation stiffness of

the two offshore wind turbine

[N . Irene B
A S .
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B BEFENIEE Kr/GNemerad ' 20 15 CHRC16]
W IR E KL/GNem ™! 0.83 0.76
T WEHERDE Ke/GNemerad | 20,06 15.5 SCHK[12]
ORI EE KL/GNem ™! 0.52  0.58

= ARANIE Kir/GN
JEFE W& Kr/GNemerad ! 23.63

—2.74 —3.25
29.67 CHR[14]
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Tab. 3 Calculation of fundamental frequency and

relative error of two offshore wind turbine
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Fig. 4 Influence of rotational stiffness Kgr of foundation on

fundamental frequency of wind turbine
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Fig. 5 Influence of horizontal stiffness K of foundation on

fundamental frequency of wind turbine
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Fig. 6 Influence of coupling stiffness Kir of foundation on
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fundamental frequency of wind turbine
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Tab.4 Sensitivity analysis of stiffness of each

foundation in the model
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Fig. 7 Influence of Kir and Kg coupling effect on fundamental

frequency
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Fig. 8 Influence of Kir and K| coupling effect on fundamental
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First-order natural frequency of offshore wind turbines with large
diameter single pile on spring foundation

YU Yun-yan", XU Rong, KONG Jia-le
(School of Civil Engineering ,Lanzhou Jiaotong University,Lanzhou 730070, China)

Abstract: The fundamental {requency is one of the main difficulties in the preliminary dynamic design of
offshore wind turbines,and the calculation accuracy is extremely high, while the pile-soil interaction has a
significant impact on the fundamental frequency. At present,the simplified model of spring foundation is
generally used for pile-soil interaction. In order to compare and analyze the accuracy of the simplified
model of different spring foundations,this paper adopts the reverberation-ray matrix method to establish
four simplified models: fixed-end, single-spring, double-spring and three-spring foundations. Based on
Bernoulli-Euler beam theory and Timoshenko beam theory, the fundamental frequency of the wind
turbine system is determined and compared with the measured values of the wind turbine fundamental
frequency. The results show that: the pile-soil interaction is not negligible, and the three-spring
simplified foundation model has the highest accuracy in calculating the fundamental frequency of the
wind turbine system; the sensitivity of foundation stiffness to the fundamental frequency of the wind
turbine system is in the order of: foundation coupling stiffness > foundation rotational stiffness >
foundation horizontal stiffness; when the foundation rotational (horizontal) stiffness is small, the effect
of foundation coupling stiffness and foundation rotational (horizontal) stiffness has a greater influence on
the fundamental frequency of the wind turbine system. The effect of foundation coupling stiffness and
foundation rotational stiffness has a greater influence on the fundamental frequency of the wind turbine

system than the effect of foundation coupling stiffness and foundation horizontal stiffness.

Key words: offshore wind turbine; spring foundation; fundamental {requency; reverberation-ray matrix

method; monopile foundation
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