ISSN 1738-3935

New & Renewable Energy 2019. 12 Vol. 15, No. 4 https://doi.org/10.7849/ksnre.2019.12.15.4.011
R [2019-12-WD-002]

Check for

updates

74 S8 Q] xirx 2300 TE
23 gl X SHM

o= X

Wonsuk Han" - Minu Jeon? - Soogab Lee””

Received 23 July 2019 Revised 10 September 2019 Accepted 4 October 2019

ABSTRACT A floating offshore wind turbine (FOWT) has six degrees of freedom (DOF) motion caused from stochastic wind and
wave loads. As each type of FOWT support platform has different characteristics of the 6-DOFs motion, it is important to understand
the effect of 6-DOFs motion on the aerodynamic performance and structural loads of FOWTs. In this study, two different types of
support platform, Spar-type OC3-Hywind and tension-leg platform (TLP)-type MIT/TLP, were investigated for a NREL 5-MW wind
turbine. The aerodynamic performance and structural loads were calculated from NREL’s FAST code where aerodynamics module is
replaced with an unsteady vortex lattice method (UVLM). Aerodynamic power performance and fatigue loads of the two different
support platforms were compared. The aerodynamic characteristics, power performance and root flapwise bending moment, showed
comparable results for both Spar and TLP. In the structural dynamics aspect, however, TLP showed 22% less damage equivalent load
(DEL) than Spar, according to the axial force. Furthermore, the TLP’s DEL of fore-aft bending moment showed 16% less than Spar. In
addition, the damage rate showed similar results to the DEL.

Key words Floating offshore wind turbine(3--5-21 2] ¥4 7|), Platform(Z21 ), Vortex lattice method(£}5F 2 A} ), Fatigue(] 2)

Nomenclature 1, :sectional moments of area to Y axis
) . M, : side-to-side bending moment
A : cross-sectional area e
I :sectional moments of area to X axis M, : fore-aft bending moment

m : Wohler exponent

1) M.S. Candidate, Department of Aerospace Engineering, Seoul N : number of cycles until failure

National University N, : axial force
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¢, :free-stream potential

o :axial stress

o"" : ultimate design stress

oM . fixed mean stress

o' : cycle’s stress range

Subscript
DEL : damage-equivalent load
DOF : degree of freedom
FAST : fatigue, aerodynamics, structures, and
turbulence
FOWT : floating offshore wind turbine

JONSWAP : joint north sea wave project
NVCM : nonlinear vortex correction method
TLP : tension-leg platform

UVLM : unsteady vortex lattice method
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Fig. 2. Spar and TLP configuration
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Table 1. Gross properties of the NREL 5—MW wind turbine

Rating 5 MW

Rotor orientation,

configuration Upwind, 3 blades

Control Variable speed, collective pitch

Rotor, hub diameter 126 m, 3m

Hub height 90 m

Cut=in, Rated, Cut—out
ciirs) Sace 3 m/s, 11.4 m/s, 25 m/s

Cut—in, Rated rotor speed 6.9 rpm, 12,1 rpm

Rated tip speed 80 m/s
Overhang, shaft tilt, precone 5m, 5°, 2.5°
Rotor mass 110,000 kg
Nacelle mass 240,000 kg
Tower mass 347,460 kg

Coordinate location of

overall center of mass (-0.2m, 0.0 m, 64.0 m)
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Fig. 4. Wind speed and blade pitch angle
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Table 2. Summary of properties for Spar and TLP

OC3—Hywind Spar | MIT/NREL TLP
Water depth 200 m 320 m
Diameter 18 m 6.5%9.4m
(tapered)
Water displacement 12,180 m’ 8,029 m’
Mass, including ballast 8,600,000 kg 7,466,000 kg
CM location of the
40.61 89.92
platform below SWL Lo m e m
571,600,600 4,229,000,000
Roll inertia about CM T, Uy
kg m’ kg'm’
1 4,22
Pitch inertia about CM o7 ’600’26 00 ’ 9’00%’ 000
kg m’ kg -m’
361,400,000 164,200,000
Yaw inertia about CM P, Ty
kg m’ kg -m’
Number .of mooring 8 (4 pairs) 3
lines
Depth to fairl
epth to fairleads, 47.89. 200 70, 320
anchors
Radius to fairlead:
us to fairieads, 27, 27 5.2, 853.9
anchors
Unstretched line length 151.7 m 902.2 m
Line diameter 0.127 m 0.09 m
Line mass density 116 kg/m 77.71 kg/m
Li tensional
ine exensiona 1,500,000,000 N' | 384,200,000 N
stiffness
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Table 3, Damage Equivalent Load

DEL Spar/Land TLP/Land
Axial Force 2.10 1.69
Fore—aft Bending Moment 4.55 3.86
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Table 4. Damage rate

Damage Rate OC3—Hywind MIT/TLP
Axial Force 2.07E-016 8.85E-017
Fore—aft Bending Moment 6.98E—-005 2.63E-008
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