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Abstract

In this study, experimental and numerical study of the dynamic response of spar type floating platform
with a 10 MW wind turbine is performed. Firstly, the water tank tests are conducted and the floater motion are
measured. The irregular wave tests show that the floater motions in the wind and wave conditions are smaller
than those in the wave only case due to the aerodynamic damping effect. The dynamic analysis is then
performed to investigate the mechanism of floater motion. It is found that the eccentricity of the ballast in the
floater has a significant impact on the floater motion in the yaw direction. The predicted floater motion in the
yaw direction considering the eccentricity of the ballast show favorable agreement with the experiment, while
those without considering the eccentricity underestimates the floater motion in the yaw direction. This
indicates that considering the initial imbalance is significantly important for the floater design. The nonlinear
hydrodynamic force model for the spar floater is proposed based on the force oscillation experiment as the
function of Reynolds number. The predicted floater motion in the surge direction and the mooring force using
the proposed hydrodynamic force model shows good agreement with the experiment, while those by the
conventional hydrodynamic force model underestimates the measurement data. Finally, the lift force on the
disk modelling the rotor is considered. The predicted floater motion considering the lift force matches well
with the floater motion in the wind and wave conditions, while the predicted yaw motion without considering

the negative damping due to lift force is underestimated at the resonance frequency.
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Table 1 Principal dimensions and mass properties
Item Unit Value
Mass of turbine and floater ke 156.14
Diameter of floater m 0.132
Displacement m* 0.159
KG (From the water plane area) m -1.25
Draft m 2.00
Roll and pitch inertia moment I 1yy kg - w’ 151
Yaw inertia moment .. kg - m? 2.34
Table 2 Mooring system properties
Item Unit Designations
Weight per length (wet) keglf/m 0.182
Anchor radius m 15.16
Anchor depth m 4.50
Fairlead depth m 0.44
Unstreched line length m 16.30
Bridle length m 0.44
Rotor disk
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Fig. 4 Overview of water tank test
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Table 3 Measured initial position of floater
ltem Unit Exp.
Surge m 0.006
Sway m 0.032
Heave m -0.001

Roll deg. 0.668
Pitch deg. -0.340
Yaw deg. -1.085
Mooring force N 12.2

Table 4 Measured natural period with and without wire

Item w/o wire w/ wire  Difference
Surge 24.66 s 23.83s 3%
Heave 2.90s 2.90s =0
Pitch 445s 4.58 s +3 %
Yaw 4455 3.83s -14 %
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Fig. 6 Measured power spectrum density of wave, floater

Table 5 Maximum value of floater motion and mooring force

Wave Frequency (Hz)

() Mooring force

motions and mooring force

Item Unit Wave Rated Extreme
only wind wind

Surge m 0.077 0.420 0.306
Heave m 0.024 0.025 0.024
Pitch deg. 2.381 7.075 4.824
Yaw deg. 2:325 4.837 3.807
Mooring

- 13.454 24.004 19.206
force
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Table 6 Measured and predicted initial position of floater

Item Unit Exp. Cal.

Surge m 0.006 0.006
Sway m 0.032 0.033
Heave m -0.001 0.000
Roll deg. 0.668 0.649
Pitch deg. -0.340 -0.350
Yaw deg. -1.085 -1.070
Mooring force N 12.2 12.5

Table 7 Measured and predicted natural periods (sec)

ltem Exp. Cal.
Surge 23.83 s 24.08 s
(168.5 s) (20.5s)
— 2.90s 2.93s
(20.5 5) (20.7 s)
. 4.58s 4.53s
Pitch (32.45) (32.0'5)
Vo 3.83s 3.83s
(27.1 5) (27.1 5)

*Full scale values are shown in parentheses
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Table 8 Evaluated Cd in this study

Case Floater Mooring line
Normal Axial Normal  Axial

Free decay 0.6 1.0

Regular wave 2.0 1.0 24 0.08

Irregular wave 0.45 2.47
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