Motion Analysis of 5-MW Floating Offshore Wind Turbine
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ABSTRACT: The motion responses of a 5-MW floating offshore wind turbine were simulated in reqular and irregular waves and its RAOs and
significant motion responses were calculated, respectively. The floating offshore wind turbine employed in this simulation was the OC3-Hywind
designed by the National Renewable Research Laboratory, USA. The numerical simulation was carried out using MOSES (Multi-Operational
Structural Engineering Simulator), which is widely used to analyze and design floating offshore structures in the gas and oil industry.
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man, 2009; Jonkman et al.,, 2009; Kooijman et al., 2003).

Table 1. Floating wind turbine properties

Water depth 320m
Turbine power 5MW
Rotor mass 110,000kg
Rotor diameter 126m
Hub mass 56,780kg
Hub diameter 3m
Blade mass 17,740kg
Nacelle mass 240,000kg
Tower height 77.6m
Tower mass 249,718kg
Tower top dia 3.87m
Tower base dia 6.5m
Platform height 130m
Platform top diameter 6.5m
Platform base diameter 9.4m
Platform mass including ballast 7,466,330kg
(ithout moorng 1mes) 8,066, 048kg
Draft (fl;(r)lrsz) :i)ﬁg()f;e ;;mludmg 120m
I_/oca‘ﬂo(rflr Oor; csgttte; Hgf mass 41.9987m
Roll inertia (about water level) |6.8025977471E+10 kg*m2
Pitch inertia (about water level) |6.8025977471E+10 kg*rn2
Yaw inertia (about platform center)|1.9157300092E+10 kg*m2

Table 2. Mooring system properties

Number of mooring lines 3
Angle between adjacent lines 120 °
Mooring force on the platform 163,900N
Mooring line length 902.20m
Mooring line pretension 911,000N
Mooring line diameter 0.09m
Bquivalent g‘e‘fs?;g fine 77.7066kg/m
Equivalent mooring line weight in water |  698.094N/m
Mooring point (from bottom) 50m
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[é+Cé+Kq:s 1)
I = Inertia tensor of the body

C = Tangent damping matrices

K = Stiffness matrices

g = Displacement

s = Generalized force
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n(w) : motion response amplitude

(w) : wave amplitude
(w) :motion response spectrum
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Su,(w) s wave spectrum
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@ : Rotational motion response amplitude

k : Wave number

A : Wave amplitude
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o[ = the variance of system motion in mode i
i

Sc(w) = the spectral density of the ambient waves
in the given sea state

w = wave frequency
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R=the radius (RAOZ 22931517 Y5 /\]_g)

ISSC (International ship structures committee)9} ITTC (Inter
national towing tank conference)= & 3’3ol X9 Spect-
ral densityE T3} 2o] AA8AtHWayman et al., 2006).
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H, = significant wave height ()]

T, = mean period in given sea state

3.4 X AlZE[0|M

MOSESS AgA171EH dolXE DAT=YH CIFo+Y 27}
Ao} o] H a3tk DATHY A= 2713t A4 AFAS
ALJe F2E] TdyS 33t} CIF Jdol e AlFA
g, SAzA Bo, dal= 2gs 7=t Zagk ALk

mee s}
Fig. 1

o

t g AAS

R E]
@t F Agson Tag
:I:IL

wago] By F Algeol4
s A B oA g

olir] glalA ) @
%, Q1 Ampelq 7z

l-lj r[o

0]
5

9]

Fo 2

o,

el

=
[e]
T

o

Fig. 1 Floating wind turbine in MOSES
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Fig. 3 RAO at nacelle (Regular wave, H=1m, No wind, Heading 0)
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Table 4. Sea states (Heading angle’ 0 )

state 1(s) Hs(m) Wind speed (m/s)
1 20 0.09 25
2 48 0.67 6.0
3 6.5 1.40 8.125
4 81 243 10
5 9.7 3.66 12.125
6 113 5.49 14
7 13.6 9.14 17
8 17.0 15.24 21.25

Hs (m) = Significant wave height
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Fig. 6 Significant surge amplitude (Heading = 0 )
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