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Tab. 1 Scale ratios of essential parameters of

offshore wind turbine test model
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Fig.1 The joint simulation system of wave, current,

seismic and wind loads
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Tab. 2 Basic parameters of the reference wind turbine
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Tab. 3 Basic parameters of the pentapod substructure
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Fig. 2 Model test of OWT under seismic, wind,

wave and current loads
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Tab. 4 Dynamic model test cases
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Tab.5 Scaled environmental parameters of the model test
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Fig.3 Test sensors arrangement
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Tab. 6 Statistics of tower acceleration and stress

Amax/ Aaga/

T4 Siax/kPa ASqa/kPa
(me*s™ %) (m=*s™ %)

LC1 1.061 0.217 234 39.00

LC2 2.110 0.433 466 77.00

LC5 0.532 0.163 373 53.00

LC6 0.083 0. 044 —112 7.66
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Fig. 4
stress under seismic, wind, wave and
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Fig. 5 Coupled analysis model of OWT under earthquakes
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Fig. 20 Reductions of bending moment of basic structures

under combined seismic cases
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Dynamic model test and coupled numerical analysis
of bottom fixed offshore wind turbines under earthquakes

WANG Wenhua'?, LI Xin"*, KONG Xianjing"'*

( 1. State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology. Dalian 116024, China;
2. Institute of Earthquake Engineering, Faculty of Infrastructure Engineering, Dalian University of Technology
Dalian 116024, China )

Abstract: As a multi-degree-of-freedom system under complex environmental conditions, the effects
of the interactions among the environmental loads, rotor-nacelle-assembly (RNA) and support system
should be studied for the motion responses of the offshore wind turbine (OWT). The hydro-elastic
similarity is suggested for the dynamic model test of an integrated OWT which can ensure the
similarities of the hydrodynamic loads and dynamic characteristics of the structure. Meanwhile, the
Newton similarity is applied to scale the aerodynamic loads of the OWT. Then, the influence of wind
and wave loads on the seismic responses of the pentapod OWT is disclosed. The fully coupled
numerical model of OWT under seismic, wind and wave loads is derived and established in FAST v8,
and the coupling characteristics of the structural responses under such cases are discovered.
Meanwhile, the limitations of the mechanical shutdown procedures on the mitigation of seismic
responses of OWT are proved. Further, the effectiveness of the tuned mass damper (TMD) is

evaluated based on the control of the motion of OWT under combined seismic cases.

Key words: offshore wind turbine; coupled analysis; model test; seismic cases; vibration control



