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Application of magnetorheological TMD in vibration control of
offshore wind turbine
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Abstract: In order to solve the vibration problems of offshore wind turbines (OWTs) under the excitation
of wind, wave and earthquake, a semi-active control method based on magnetorheological elastomer
(MRE) tuned mass damper ( TMD) was proposed. Firstly, the variable stiffness filed-induced
characteristics of MRE and the design principle of MRE-TMD were introduced. Then, a dynamic model of
OWT-TMD was established, and the excitation loads of wind, wave and earthquake were calculated. Next,
the semi-active control algorithm was applied to track and identify the frequency of responses at the tower
top of OWT, and the stiffness of MRE-TMD was adjusted in real time and then the vibration of OWT was
controlled. By analyzing the dynamic response of the jacket supported OWT under the multiple loads, the
results show that the MRE-TMD can effectively attenuate the vibration of the OWT. Compared with
passive TMD, MRE-TMD presents better vibration reduction effects, which provides a new solution

control of OWT.,
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Table 1 First two natural frequencies of jacket supported offshore wind turbine

(%Y 3% /Hz
—Br 0.315 3
Y 1.109 0
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Table 1 Parameters of NERL 5SMW jacket supported offshore wind turbine

eyl 25
By S 5 MW

BT 50 5T

Upwind,3 Blades

e REHe 126 m,3 m
R 90.55 m

VI VEUE YT H X 3m/s.11.4 m/s,25 m/s
DI BUE e 1 6.9 r/min,12.1 r/min
¥ B ht/kg 110 000
HLAE 5 & / kg 240 000
P e/ kg 260 000
HLAE R 18 mX6mX6 m
I He RN 4 mX9.6 mx9.6 m
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Fig. 2 Schematic diagram of jacket supported Fig. 3 Finite element model of jacket supported

offshore wind turbine offshore wind turbine
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Fig. 4 Acceleration time history of Kobe earthquake Fig. 5 Acceleration response spectra of Kobe earthquake
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Fig. 6 Schematic diagram of MRE-TMD in the nacelle
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Fig. 7 Flowchart of semi-active control
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Fig. 8 Tower top displacement time history Fig. 9 Tower top displacement time history under wind
under wind loading and wave loadings
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Fig. 10 Displacement time history under earthquake
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Fig. 11 Acceleration time history under earthquake
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Table 6 Amplitude of acceleration

& FEHPRAES — A AR/ % RS WARE/ %
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