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Abstract

A new semi-submersible floating structure is proposed on which three wind turbine towers are installed. At first, this paper

presents a basic characteristic of the wave-induced motion of this semi-submersible floating structure via. numerical

computations and 1/150 scaled rigid model experiments in a wave tank. In the numerical computations, non-linear damping

effect due to drag forces modeled by the Morison’s formula is considered in the equation of motion, where the linear

hydrodynamic forces are obtained from the Green’s function model. As a result, the response characteristics around the resonant

frequency region were successfully improved. Next, in addition to such basic examination, structural stability for severe wave

conditions are presented for a realistic situation. At last, the present study attempts a structural optimization of the draft depth of

the connecting beams by a cumulative fatigue damage analysis. Although the wave induced motion was varied according to the

draft depth, it does not interfere the operation of wind turbines, however, fatigue damage was much more influenced by the

draft depth. The optimum depth of 30 m has been obtained from the viewpoints of structural safety.
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Fig. 1 A Semi-submerged floating structure for offshore wind
energy production system.
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Fig. 2 Comparison of response characteristics between the
numerical and experimental results by Takayama et al. ®
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Fig. 3 Flowchart of calculation of wave induced motion.
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Table 1. Specifications of the experimental model.

1/150 scaled Experimental
Note
prototype floater Model
Displacement (t) 0.486 % 107 0.554x 107 |Diameter of WBF
1/150 scaled prototype
Moment of inertia model : ¢/15=0.0867m
0.77X10° 0.862 %107 . |
[ |yy(tm2) Experimental
model: ¢=0.0900m
Center of gravit Depth from hydrostatic
graviy 0.060 0.048 P Y
(m) surface
Height of
0.171 0.171
meta-center (m)
Waterplane area
) 0.377% 107 0.377% 107
(m%)
Spring constant
0.196% 10" 0.147x 10"
(kN/m)
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Fig. 4 Measuring of responses.
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Fig. 7 Comparison of mooring forces.

Fig. 6 Comparison of acceleration responses.
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Table 2. Oceanographic conditions

HI/3(m)

Operational wind speed | Extreme wind speed
Hi;s(m 39 12.0
Wave 13(m)
Ty5(m) 7.4 134
Wind speed (m/s) 14.0 50.0
Current speed (m/s) 2.0
10° 10°
I
10° {h~~ Incident wave 1102
10' Ssao 110"
@ Sway  ~~ o~
«Z 10" | 100 2
£ 2
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0 005 0.1 0.15 02 025
f (Hz)

Fig.9 Spectra of incident wave and responses of the prototype

floating structure.

Table 3. Response to each oceanographic condition.

Operational wind speed| Extreme wind speed

Wave Direction 30° 60° 90° 30° 60° 90°
Surge(m) 0.27| 0.21 0 203 1.13 0
Response Sway(m) 0.16] 0.37| 0.31] 1.82| 2.68| 3.46
Amplitude Heave(m) 0.17| 0.22| 0.16] 1.88] 1.83 1.97
(Significant | Roll(deg.) 0.12| 0.22] 0.22| 143| 2.28| 2.69
value) Pitch(deg.) 021 022 0] 249 184 0
Yaw(deg.) 0.01| 0.18 0| 0.08 1.19 0
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Fig. 10 Wave parameters. (a)Relation between wind speed and
significant wave height, (b)Relation between significant wave
height and wave period.

Fig. 11 Wind and wave climate. (a)Wind direction, (b)Wave
direction and (c)Current direction.
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Fig. 12 Structural elements of fatigue damage estimation.
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Fig. 13 Flowchart of fatigue damage analysis.

Table.4 Discritization in analytical models.

Draft Number of surface Number of beam
panels in Green’s elements in stress
depth(m) . .
function model analysis

10 1870 495

20 2032 507

30 2176 519

50 2464 543
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