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Vibration control of FOWT-TMDI system under joint wind-wave loads
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Abstract: The parameters design and vibration control of the system of Spar-floating offshore wind turbine (SSTFOWT) coupled
tuned mass damper-inerter (TMDI) under the joint wind-wave loads are studied in this paper. The theoretical model of 15-DOF
Spar-FOW T with high fidelity is established based on multi-body dynamics modeling method and compared with FAST from both
cases of damped free vibration and forced vibration. The damping efficiency of the FOWT-TMDI system under wind and wave
loads is analyzed. In order to obtain the global optimal system parameters, the surrogate model method is used to optimize the
time-varying and fully-coupled system. An example analysis shows that the model of 15-DOF Spar-FOWT has high fidelity which
accurately secures the global dynamical characteristics of the wind turbine system. Meanwhile, the TMDI optimized by the pro-
posed method has the expected control effect and the desired objective of “reduction in mass and stroke” is achieved. Compared
with TMD, in addition, the TMDI has anticipative efficiency of the vibration reduction while reducing 75% of the mass and reduc-
ing about 80% of the damper stroke.
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Fig.2 Schematic diagram of the simple model
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Fig.3 The block diagram of servo system
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Tab.1 TMDI parameters obtained by different

optimization methods

ZEE Jm B w, ¢ H, o/mm g¢/mm
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Tab.2 Comparison of different control measures

BWEW FE B w4 M, 7 WRR/%

WiE  — — — — 1145 —

xE g — — — — 486 —
TMDI  #iJ§ 0.668 10.757 1.923 1 101.9 —11.0
(u=0.005) Ml 1 10.752 1.502 1 29.1 —40.1
TMDI  #iJ5 0.668 6.860 1.456 1 102.5 —10.5
(«=0.01) MF 1  7.067 1.406 1 29.2 —39.9
TMDI  #iJ5 0.667 4.871 1.892 1 1042  —9.0
(«=0.02) flFm 1  5.195 0.880 1 29.5 —39.3
TMD i/ —  1.050 0.040 — 113.7 —0.7
(u=0.005) ] —  1.040 0.030 — 43.0 —11.5
TMD ®i/5 — 1.050 0.050 — 1134  —1.0
(«=0.01) Ml —  1.040 0.040 — 425 —12.6
TMD §ifs —  1.050 0.070 — 1134  —1.0
(u=0.02) Ml —  1.040 0.060 — 42.1 —13.4

HBAE 10 s .

®3 FTEEH RN TMD $72
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Fig. 10 Time-history of damper stroke in different directions
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