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Fig.3 Simulated fluctuating wind speed Fig.4 Spectrum verification of

fluctuating wind speed
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Table 2 Modal analysis of wind turbine structure
1 2 3 4 5 6 7 8
/Hz 0. 3208 0. 3208 2.474 2.474 3.598 3.631 3.631 6. 047
3
Table 3 Model analysis of soil and participation factors with visco-elastic artificial boundary
! 2 4 5 6 683
/Hz 0. 1955 0.1955 0. 2549 0. 2560 0.2560 - 2. 1889
X-component 2. 8008 0. 8527 - —1.1x107% -1.8702 -0.5546 -+ 9.4x1077
Y-component 1.5x107* —1.7x107% - 1. 0279 -0.0100 0.0120 - 0.1014
Z-component  —0. 8527 2. 8007 -+ 2.3x1073  -0.5546 -1.870 - 5.1E-06
4
Table 4 Model analysis of soil and participation factors with fixed boundary
1 135 136 206 211 212 e 972
/Hz 0.81539 -+ 1.4225 1.481 - 1.605 - 1.6592 1.6592 - 3.527
X-component -7.0E-08 -+ 0.1575 -1.870 -+ -2E-06 - 0.2839 1.4244 - -0.255
Y-component -2.2E -09 -+ 2.1E -07 7.4E -08 -+ 1.6072 -+ 2.0E-054.5E-05 - 3E-05
Z-component 5.0E -07 -+ 1.481 -0.1575 «-- 2E-07 -+ 1.4244 -0.2839 -+ 2.387
4.1
1 8.8.10.4.12. Im/s
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Fig.6  Along-wind displacement response at tower tip of model with visco-elastic artificial boundary
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Characteristic Analysis on Wind-induced Response for
the System of Visco-elastic Artificial Boundary-soil-
foundation-wind Turbine Tower

YU Tongshun' > LIAN Jijian'  LIU Guohuan'  DONG Xiaofeng'

(1. State Key Laboratory Hydraulic Engineering Simulation and Safety Tianjin University Tianjin 300072 China;
2. College of Engineering Ocean University of China Qingdao 266100 China)

Abstract

Firstly the coupling models of soildfoundation-wind turbine tower with visco-elastic
artificial boundary and fixed boundary were established. Then Davenport spectrum which was
verified was composited to simulate the fluctuating wind load. At last the accuracy of numerical
model was verified by comparing with measured data and the analysis of the natural vibration
characteristics of wind turbine structure and soil with different boundaries was done. And wind—
induced vibration response in time domain and power spectrum in frequency domain was
analyzed. Different responses of the entire system between visco-elastic artificial boundary and
fixed boundary were further studied. Analysis results show that: (1) The physical meaning of the
spectral peaks of wind-induced response is clarified and explained; (2) The along-wind
vibration of soil inside bucket is almost the same as the vibration of soil outside and the vertical
vibration of soil inside of bucket is much smaller than the vibration outside because of the above
ballast and cyclo-hoop effect; (3) The response at tower tip has no difference between the model
using different boundaries and the vibration frequency of the soil is much smaller in the model
of visco-elastic artificial boundary than the model of fixed boundary. In addition the
recommendations for engineering application were proposed.

Keywords: visco-elastic artificial boundary; wind power; soildfoundation-wind turbine tower;

wind load ; power spectrum density



