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Abstract: In this study, we perform the structural analysis of a floating offshore wind turbine tower by considering the
dynamic response of the floating platform. A multibody system consisting of three blades, a hub, a nacelle, the platform,
and the tower is used to model the floating wind turbine. The blades and the tower are modeled as flexible bodies using
three-dimensional beam elements. The aerodynamic force on the blades is calculated by the Blade Element Momentum
(BEM) theory with hub rotation. The hydrostatic, hydrodynamic, and mooring forces are considered for the platform.
The structural dynamic responses of the tower are simulated by numerically solving the equations of motion. From the
simulation results, the time history of the internal forces at the nodes, such as the bending moment and stress, are
obtained. In conclusion, the internal forces are compared with those obtained from static analysis to assess the effects of
wave loads on the structural stability of the tower.
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Fig. 1 Wind turbine platform types for different water depths
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Fig. 2 Configuration of a floating wind turbine
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Fig. 3 (a) Beam element model, (b) rigid body motion,
and (c) deformation of the floating wind turbine
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Fig. 5 External forces considered for the floating wind
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Table 1 Properties of the floating offshore wind turbine
for dynamic structural analysis.

Blade Mass 17.7 Mg
Mass Moment of Inertia 11,776 Mg
Hub Mss 56.7 Mg
Mass Moment of Inertia 116 Mg - m?
Angular Velocity 1.257 rad/sec
Nacelle | Mass 240 Mg
Mass Moment of Inertia | 2,608 Mg - m’
Tower | Mass 347 Mg
Sectional Area 0.483 m’
Area Moment of Inertia 5716 m*
Young’s Modulus 210 KN/mm?
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= 50m / [ |876m
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Fig. 6 Principal dimension of the floating offshore wind
turbine for dynamics structural analysis

Stress at the top point
250

200

5 150 This paper (Flexible Multibody Dynamics)

Yield Stress of Normal Strength Steel (Mild Steel, 235MPa)

MPa

& 100

Stress|

0 50 100 150 200 250 300 350 400
-50

Time[s]

Stress at the bottom point

~
&
S

N
S
5]

This paper (Flexible Multibody Dynamics)
Yield Stress of Normal Strength Steel (Mild Steel, 235MPa)

iy
o]
3

Stress[MPa]
"
2
8

I
o &
T—

=

0 50 100 150 200 250 300 350 400

Timels]

Fig. 7 Simulation result : the stress at the top and bottom
of the tower
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Fig. 9 Translational and rotational deformation at the top
of the tower
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Fig. 10 Longitudinal deformation at the top of the tower

Fig. 11 Horizontal deformation at the top of the tower
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Fig. 12 Vertical deformation at the top of the tower
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Fig. 13 Torsional deformation at the top of the tower
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Fig. 14 Horizontal bending deformation at the top of the tower
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Fig. 15 Vertical bending deformation at the top of the tower
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