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Dynamic response analysis of a 6 MW spar-type floating offshore wind turbine
under second-order wave forces
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Abstract: To realize the scale application of floating wind turbines in medium depth sea areas and solve the
problem of energy shortages, viability of the new 6 MW spar-type floating offshore wind turbine ( FOWT) was
discussed by using Sesam software and aero-hydro-servo-elastic simulation code-FAST software. The wamit files of
second-order wave force were calculated by the former and the dynamic response coupling analysis in time domain
was carried out by the latter. The motion response of each DOF under different incident angles of wave and the
effect of the second-order mean wave force and the second-order slow wave drift force on the motion response of the
platform, mooring tension force and nacelle acceleration were researched respectively. The results showed that the
yaw motion of the platform became more obvious when the incident angle of wave increased, while the other DOF's
motion were affected little. The second-order slow drift wave force had a significant effect on the heave motion, and
could stimulate a larger pitch motion response and induce larger mooring force. Moreover, the delta-line mooring
system could avoid excessive yaw response and the maximum mooring force was below the breaking tension. Finally,
the whole FOWT system had an excellent survivability in the harsh sea conditions.
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Fig.1 Specifications of the 6 MW floating wind turbine
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Fig.2 The coordinate system and platform DOF
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Tab.1  Overall parameters of the 6 MW wind turbine
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Fig.6  HydroD model for 2nd wave force
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Tab.5 Natural periods of the 6 MW spar-type FOWT
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Tab.7 Extreme motion response values of each DOF in different wave direction
WA R/ (°) 3%/ m 5%/ m T/ m FEFE/ () W/ (°) HHE/(°)
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Tab.8 Extreme motion response of each DOF under second order wave force
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Fig.16  Frequency response of tension force
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Tab.10 Nacelle acceleration of each wave direction in extreme wave conditions (m-s?)
PRI/ JEPE(-) NcAxs-min NcAys-min NcAzs-min NcAxs-max NcAys-max NeAzs-max Overall-max
0°/— B iR 1 -6.885 -0.005 -1.314 7.313 0.005 0.381 7.354
0°/ W F-BJ3R 1 -6.884 -0.005 -1.315 7.308 0.005 0.382 7.350
0°/ Z W IR 1 -7.020 -0.008 -1.310 7.420 0.007 0.455 7.543
30°/— Wi IR A1 -5.952 -3.507 -1.317 6.280 3.580 0.348 7.300
60°/—Bir ik iR 771 -3.435 -6.100 -1.299 3.680 6.137 0.282 7.274
90°/— i IR 71 -0.230 -6.913 -1.235 0.376 7.184 0.246 7.292
90°/ — KPR J) -0.229 -6.916 -1.238 0.376 7.182 0.246 7.293
90°/ Z 1B ISR J) -0.266 -7.046 -1.223 0.394 7.271 0.295 7.466
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