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ABSTRACT

This paper presents an aero-hydro-elastic model of a semi-
submersible floating wind turbine. A specific attention iavan
to hydrodynamic modelling options and its effect on the dyioa
response of the platform.

The NREL 5MW reference wind turbine mounted on the his-
torical concept of semi-submersible platform Dutch Trafkr
is considered. A specific hydrodynamic model of loads on-semi
submersible platform is used within the wind turbine desigte
FAST from NREL. This hydrodynamic model includes non lin-
ear hydrostatic and Froude-Krylov forces, diffractiondiation
forces obtained from linear potential theory, and Morisorces
to take into account viscous effects on the braces and dampin
plates. The effect of the different hydrodynamic modekipg
tions is investigated. As one could have expected, it iscfttuat
the effect of viscous drag and non linear Froude-Krylov I®ad
becomes larger with increasing wave height. Simulatiores ar
run with directional wave spectrum, it is found that waveedir
tionality induces larger transverse motions.

INTRODUCTION
Numerous floating wind turbine concepts are currently be-
ing studied; they are mostly based on offshore O&G technolog

*Address all correspondence to this author.

Among them, semi-submersible platforms are gaining reicent
dustrial attention [1]. For this type of platform, wave |sadill

be significant due to the large floating area, and could induce
relatively large motions of the structure. Therefore, miizing
wave loads action on the structure will be in the center of the
conception process [2].

Numerical simulations of floating wind turbine response
should take into account aerodynamic loading and damping, h
drodynamic loading damping, and gyroscopic effect. Sdvera
merical models have been developed to combine these efffiects
a coupled simulation. Some of them resolve the motions in fre
guency domain [3]; in that case hydrodynamic loads are ealcu
lated with linear potential flow theory. In the case of timerdon
simulations, linear potential theory can also be used toutaile
hydrodynamic loads [4]. It allows to take into account foelar
hydrodynamic radiation and linear diffraction loads. Tlviear
approach is valid in the case of small motions regarding ttybo
length. Another approach is to use Morison equation to tatleu
the hydrodynamic loads [5]. But the Morison equation is only
relevant in the case of slender body. A combination of lirpear
tential theory forces and viscous drag forces can be useddeim
these different effects as done for instance by [6, 7], secoder
potential forces may also be taken into account [8]. Thealine
hydrodynamic theory is valid only when linearisation aspum
tions are respected. When these hypotheses are not rasjiecte



is possible to add some non linear formulations for certaéul$,

as viscous drag. This combination of linear loads and non lin
ear loads is not consistent with linearisation processjttws
been found that it improves the results in practice. Thisaggh

is commonly used in offshore O&G industry, in particular for
semi-submersible platforms.

This study aims at evaluating the effect of hydrodynamic
modelling options on the results of aero-hydro-elasticusam
tions of semi-submersible floating wind turbine. A focus has
been placed on the effect of viscous drag, on the effect of non
linear Froude-Krylov loads (calculated on instantaneoated
surface), and on the effect of wave directionality.

FAST design code [9] from National Renewable Energy
Laboratory (NREL) is used to model the NREL 5MW reference
wind turbine, which is mounted on the historical conceperhs
submersible platform Dutch Tri-floater [10]. A specific hgdy-
namic model of loads on semi-submersible platform has been d
veloped for FAST. It is based on the use of diffraction/rédia
theory, Morison loads, and non-linear hydrostatic and Eesu
Krylov loads. The effect of hydrodynamic modelling on the
motions of the structure is investigated. This model is used
compute the motions of the system in regular waves, with and
without viscous drag, and with and without non linear Freude
Krylov loads, in order to assess their effects. These effapt
studied with regards to the wave height. Motions of the fiaati
wind turbine in irregular waves are also computed. In paldic
the effect of a directional wave spectrum, on the motion$ef t
whole system and on the power production, is investigated.

MODEL DEVELOPMENT

Aero-hydro-elastic simulations are run with FAST design
code from NREL [9]. FAST includes a platform load model
named HydroDyn [6]; this model has not been used in the ptesen
study. Instead, a user-defined model for the hydrodynaraitdo
on the platform has been developed to allow us to model non
linear Froude-Krylov loads and viscous drag on the braces.

Incident wave modelling

In this paper incident wave is modelled according to linear
theory in infinite water depth, as the sum of a large number of
Airy waves. Free surface elevatignis computed as follow (eq.
1):

Ng Ny

nxyt) = Zl ZlA(m,Bi)sin[h (xsinB; +ysinB;) — wit + @j]
i=lj=

1)
where : A? = 25w, Bi)dy o with S(w,B) is the directional
wave spectrumg; represents the phase uniformly distributed as
an independent stochastic variable.

The directional wave spectruBiw, 3) is simply defined as
S(w,B) = S(w)G(B). With S(w) is the frequency wave spec-
trum. In our platform model the JONSWAP spectrum is used.
G(pB) is the direction spreading functio®(f) is defined classi-
cally as defined by [11] :

G(B) :C1(s)cosz3¥; n>B-B<m 2)

with B the mean wave directionCy(s) is a normalization co-
efficient. A value ofs=10 represents wind waves25 is sulit-
able for small wavelength waves, asd/5 is suitable for long
waves [12]. An example of directional wave spectrum is platt
on figure 1 fors=40.

2

=

o
O=NWRTIDN

(SR NYAN NG T RN

FIGURE 1: Directional wave spectrum foy=1 (Pierson-
Moskowitz) ands=40

Platform load modelling
FAST solves the equation of motion of the wind turbine sys-
tem in time domain. This equation can be written as eq. (3).

Msyé< =F +Fpttm (3

In this equatiorFym is the vector of the loads on the plat-
form andF is the vector for other loads. In this study the focus is
on the calculation oFp; iy, vector. Loads on the platforffytm
are calculated, according to eq. (4), as the sum of the fatlgpw
contribution :

radiation load$4q,

diffraction loadsFis,

Froude-Krylov load$+,

hydrostatic load§hs;o

a contribution from Morison equatidfigri,
mooring loadd=anc.



Calculation of the different terms is detailed below.

Fottm = Frad + Faif + Frk + Fhstct Fmori + Fanc (4)

Radiation loads are calculated according to linear potential
flow theory (eq. 5). [l jj is the added mass matrix, a ad

is the matrix of the memory terms of the radiation force. Ehes
matrices can be calculated with a diffraction/radiatiodesuch
as WAMIT.

()

. t .
I = =i — [ K= D%(0)dn

Diffraction loads Fgjs are also calculated with linear hydrody-
namic theory, using diffraction impulse responkgsaccording

to eq. (6). Ny is the wave elevation associated to the incident
wave directiong;.

Ng 400

Far=3 | Kelt=T.B)ng' ()cr

(6)

Froude-Krylovloads Fgk can be calculated on the mean free
surface according to linear theory (eq. 7). Alternativéhgse
loads may also be calculated on the instantaneous wettiatsur
according to eq. (8). These loads are named non linear Froude
Krylov when they are integrated on the instantaneous wetied
face. Contribution of these loads in non linear behavioures:

sels has been studied in [13], and comparisons of numeimal s
ulations and experiments for large amplitude motions ofevav
energy converters have shown satisfying agreement [14].

Ng 400

Fre0)= 3 [ Kelt—rpnfmdr ()

FFK —/SpdeS ®)

wherepy is the dynamic pressure force associated with incident
wave potential, such gg = —p%—‘ﬂ. @ is the 1st order potential
associated with incident wave, aBds the instantaneous wetted
surface N is the generalized normal vector.

Hydrostatic loads can also be calculated either on the mean
free surface (eq. 9) or on the instantaneous wetted suréage (
10).

fSte= —KpX 9)
Kpn is the hydrostatic stiffness matrix as defined in [4].
fhste_ _ / N dS (10)
S

ps is the static pressure suchas= pg— pgz.

Morison loads permit to take into account some loads which
are not modelled in the previous terms, namely drag loadsi-Mo
son equation gives the loads on a cylindrical body placedin a
oscillatory flow [15]. For a slice of cylinder located in (X(Y(t))
and for a flow (U(t),V(t)) in the plane of the slice, Morisoralis
can be written as eq. (11).

(o5

1
EPCD

(‘\J/:i(() VU =X)2+ (v —V)2dL (11)
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+ p(l—i—Cm)ITZ (v) —pCrTt—-

In eq. (11), term 1 represents the drag loads and term 2
represents the inertia load€p andCy, coefficients can be de-
termined experimentally. To calculate the Morison loadsten
floater, the structure is partitioned into elements of @gdin The
total load is integrated along the cylinders composing thecs
ture. Inertia loads are only calculated for the elementshef t
structure which are not modelled with potential theory aedi
pressure integration. Drag loads are calculated for thédl sliha
ameter elements.

Mooring loads F4nc are calculated with an equivalent linear
stiffness matrix and a constant vertical pretenskne = Fao —
KaX.

MODEL PROPERTIES
Floating wind turbine properties

The floating platform used in this study is the historical-con
cept known as the Dutch Tri-floater. It is a column stabilized
platform composed of 3 columns of 8 m diameter separated by
68 m. These 3 columns are connected with braces which also
support the wind turbine. Heave plates are placed at therott
of each column in order to reduce amplitude of motions. Table
summarizes some properties of the floater. All propertieshea
found in [10].



The wind turbine mounted on this platform is the reference exerted on it. This theory is used in the present study. Fer th
5 MW turbine from NREL [16]. This wind turbine is designed braces, as the diameters are relatively small, wave damyilhg
to have a hub height of 90 m. The tower of the turbine has been be negligible compared to viscous drag. Order of magnitidde o
adapted in order to fit this value and to connect with the Dutch Keulegan-Karpenter numb&g is 3 to 7 for 1m waves. There-
Tri-floater. The length of the new tower is 62.6 m, the base di- fore Morison drag will be applied to the braces. Inertialdsa
ameter is 8m and the mass is 328 t. can be calculated with linear potential theory for the bsaco
they are not taken into account in the Morison calculatiart, b
they are taken into account in the potential flow calculation

Figure 3c represents the mesh used for the calculation of
linear hydrodynamic properties (added mass, wave damppidg a
excitation force). This calculation has been performecdhwit
Aquaplus [17]; the floater has been considered in steady jstat
sition (position due to a constant wind and without wavesje T
mesh used for the calculation of non linear Froude-Krylad®
is represented on figure 3d. Figure 3b shows the mesh used for
the calculation of Morison viscous drag on the braces. Aotisc
drag coefficienCq of 0.7 was chosen.

FIGURE 2: Representation of the system

Floater mass 1148,0 te

Ballast mass 4352 te 0)
Turbine mass 678,3 te

Mooring pretension 183,5te

System center of mass 19,0 m

Buoyancy center -7,1m

Displacement 2545,0 te

TABLE 1: Summary of system properties
(c) (d)

FIGURE 3: 3a: view of the platform - 3b: Mesh of the braces for
Morison drag loads calculation - 3c: Mesh of Dutch Tri-floate
Hydrodynamic loads calculation platform used with Aquaplus for potential flow calculatioBd:

The Dutch Tri-floater platform is composed of different Mesh used for non linear Froude-Krylov loads calculation
parts:

the 3 columns, .
the braces Heave plates of the platform have a diameter of 18 m. Such

the 3 heave plates. heave plates have been used by O&G industry, in particutar fo

) ) _ spar platforms. They are thought to reduce the platformansti
Each of these parts have different dimensions and therefore These plates have 2 simultaneous effects :

should be considered differently for the hydrodynamic load

culation. they create viscous damping due to flow separation at edges,
As the dimension of the 3 columns is relatively large, linear they increase the heave added mass; it may shift the natural
potential theory is adapted to compute the hydrodynamiddoa periods out of wave range period.



In case of a semi-submersible platform, draft is reduced tae 16:10 0 0 0 1910

plates are located near the free surface (with comparisan to 0 166105 159105 71‘%’ 10° 8

o
[eNeNoNeNa]

spar). In that case the plates also increase wave excifatioes Ka= 0 -19.1¢ 0 11.1¢ 0O (15)
[18]. This effect is balanced by the increase of damping. The 1916 0 0 0 11.1¢°
main effect remains the shift of natural frequency. Ishitral. 0 0 0 0 0 17-10°

[19] studied the influence of heave plates in the case of semi-
submersible floating wind turbine through water tank testeyr
found that these plates increase heave natural period dodee
motions at extreme sea states.

In this paper the effect of the plates on the platform motions
is modelled with an in line (in plate axis) Morison force. Bra
and inertia coefficient€q andCy, have to be determined for the
geometry of the plates. According to Bearman et al. [20]gdra
coefficient for a rectangular planar plate iswé/ 3 (with K¢ the
Keulegan Carpenter number). It gives an order of 6 - 10 for our
geometry; &4 value of 8 has been chosen. Regarding the added
mass coefficienty, the added mass of an oscillating cylindrical
plate is the mass of the equivalent hemisphere [21]. IntBe ca  FIGURE 4: Picture of the mooring system modelling with Or-
of a plate and a cylinder, the contribution of cylinder is deigd caFlex [23]
and added mass becomes eq. (12) [22].

1 m
o —3e0i- | 000508 2)
RESULTS

2
mp i
+ 24 (Dd _ /Dg _ D§> <2Dd + /Dg _ Dg)] Properties of the 4 models compared

In this paper the results of the 4 following platform load
models are compared:

with D the diameter of the cylinder aridy the diameter of the M1 is the most complete model. Radiation and diffrac-

plate. Eq. (12) has been used to calculate the added mass valu  tjon loads are calculated with linear theory. Hydrostatid a

used in the Morison equation. Froude-Krylov loads are calculated on instantaneous dette
surface. Drag loads of the Morison equation are also in-

cluded.

M2 is the same as M1 except that hydrostatic and Froude-
Krylov loads are calculated with linear theory.

M3 is the same as M1 except that Morison loads are not
taken into account.

M4 is the simplest model. Radiation, diffraction, Froude-
Krylov and hydrostatic loads are calculated accordingdine
theory, and viscous drag is not calculated. The only non lin-
ear hydrodynamic terms come from the damping plate mod-

Mooring loads modelling

Mooring loads are calculated as a linear restoring force and
a constant vertical load. The stiffness matrix is calculatéth
OrcaFlex [23]. The same mooring system as the one proposed
in [10] has been used. This is a 6 lines mooring system, eaeh li
is composed of 190 m of cable and 225 m of chain (chain length
is slightly reduced by comparison to [10]). Figure 4 showsca p
ture of mooring system modelling. By perturbing each platfo
degree of freedom (DOF), the stiffness matrix has been €alcu

lated, and the following representation for the mooringesys elling.
has been obtained: Properties of these 4 models are summarized in table 2 below.
Fa = Fao—KaX (13) Simulation cases description

Time domain simulations with the 4 models M1, M2, M3
and M4 have been run. For all simulations presented here, the
water depth is considered as infinite; wind and wave are sup-

(14) posed to be aligned; wind speed is constant at 11.2 m/s; tha wi
turbine model is a FAST fully flexible model. Three different
types of simulation have been run :



Radiation  Diffraction  Froude Hydrostatic = Morison drag

Krylov on braces 25
M1 Lin Lin NL NL Cd=0.7 Mé ——
M2 Lin Lin Lin Lin Cd=0.7 ’ u\ M s ]
M3 Lin Lin NL NL no £ o) \
M4 Lin Lin Lin Lin no RN AN
o %
TABLE 2: Properties of the 4 hydrodynamic load models (Lin: 05 || L\é\f"y .
linear, NL: non linear) . é VT s
0 02 04 06 08 1 12 14 16 18 2
frequency [rad/s]
First simulations, E1, are time series of 2000s. Wave am- (a) surge
plitude is 1m and wave frequency varies from 0.05 to 2.05 12 —
rad/s ; waves are regular. The system reaches a permanent ; Mz & |
state after a transient state. "Effective Response Angsitu = M4
Operators” (RAO) are deduced from the permanent oscilla- R %
tions around a mean position. The results obtained with the % 0.6
4 platform loads models M1, M2, M3 and M4 are compared. E oa \\\3‘
Second kind of simulations E2 are also ran with regular ' \\
waves. 2 wave frequency 0.6 rad/s and 1 rad/s have been 02 s S
chosen, and varied the wave amplitude from 0.1 mto 6 m, to 0 R, S
identify the influence of wave height. Again the results for o 020 O‘GfreZﬁenly [::(1/31].4 e te 2
the 4 platform models are compared. (b) heave
Finally irregular waves simulations have been run with-plat 6 .
form model M4. Incident waves characteristics are Hs=6m, 1'4 ¢ M=
Tp=10s with a Pierson Moskovitz spectrum. The results of 1'2 i M3 o
uni-directional wave are compared with the results fordire E '1 §
tional wave with a spreading parameter s=40. g 08
Characteristics of these simulations are summarized Ie &b % 0.6
0.4t /‘Eﬁ\m
1V ;. N
Effect of non linear Froude-Krylov loads and viscous O'z il R
drag 0 02040608 1 12 14 16 1.8 2
Effective Response Amplitude Operators. Results frequency rads]
of E1 simulations are shown on figures 5 and 6. Figure 5 shows (c) pitch
the RAOs of the platform surge, heave, pitch and yaw motions. 0.6 7 Vi
For the surge motion, the results of the 4 models are in good 05 : Vs —o |
agreement, except around the resonant response aroud G2 r T oal : Md
Around 0.2 rad/s, non linear Froude-Krylov loads slightty i 5 ?
crease the response, the difference is not large. For pitch m % 0313
tion, the differences between models are also small. Model M T o2
and M3 (with non linear Froude-Krylov) give the largest nooti :
0.1 L4
around 0.6 rad/s. \- N
H H H t“.” P o s s i s
_For yaw motion the effect of non linear Froud_e—Kronv is 0 02 04 06 08 1 g a e,
noticeable for low frequency. But the order of magnitudeaivy frequency [rad/s]
remains small in all simulations, The permanent state forsty (d) yaw
verse motions is not perfectly reached, so is is difficultdo-c
clude on this effect. FIGURE 5: Effective RAOs of the platform surge, heave, pitch

Figure 6 represents the RAOs of tower top deflection and out and yaw motions
of plane tip deflection. As the difference between hydrodyica
model were not large for platform motion, the differencesind



Description

Wave conditions

Models used

E1l
E21
E22
E3.1
E3.2

Time-series-generated "effective RAOs”
Periodic time series - Effect of wave amplitude
Periodic time series - Effect of wave amplitude
Time series statistics, Power spectra - Effect of wavectdaeality

Time series statistics, Power spectra - Effect of wavectizeality

Regular Airy=14n w =0.05, 0.015, ...2.05 rad/s M1,M2,M3,M4
RegulayAiA=0.1m ...6m -w =0.6 rad/s M1,M2,M3,M4
RegulayAiA=0.1m ...6m -w =1.0 rad/s M1,M2,M3,M4
Irregular Airy -y =1- Hs=6m - Tp=10s M1

Irregular directional Airy ¥ =1 - s=40 - Hs=6m - Tp=10s M1

TABLE 3: Simulation cases specifications

turbine motion are also small. The larger yaw observed omdigu
5d has no effect on blade motion, probably because yaw motion 6 m amplitude because the simulations became unstablewitho

remains small.
0.03 T .
M2 —=—
0.025 M3 —e— |
M4
= 002 f
£ . f
E al
S 0.015 / F— A
2 s N W
@ 001 /\4 V %E_ﬁ
0.005 pr
0
0 02 04 06 08 1 12 14 16 18 2

frequency [rad/s]

(a) tower top deflection

0.46
o M1 ——
2 M2 —=— |
0.44 AN Ms —o
0.42 o % M4 i

3|

E o4 f, }! . %
E 0.38 ,5 : Eg E
g‘ 0.36 % L “ | \\ 2
[ ° | %
0.34 [ “ o
032
s d |
0 02 04 06 08 1 12 14 16 18 2

frequency [rad/s]
(b) out of plane blade tip deflection

FIGURE 6: Effective RAOs of the tower top deflection and out
of plane blade tip deflection,

Wave height sensitivity. For 1 m amplitude incident
wave, results between the 4 models were not very differemt. F

0.6 rad/s and 1 rad/s waves, the influence of wave height teas be

studied. Figure 7 represents the results for pitch and téoger
deflection, in the case of 1 rad/s incident wave. The diffeesn
between the models become more significant when wave heighttween models become larger with increasing wave height, but
increases, but orders of magnitude remain the same. Forlmode orders of magnitude remain the same.

M3 and M4 (without Morison drag), there is no result plotted f

Morison drag.

0.9
M1 ——
0.8 || M2 —=—
M3 —e—
., 07 M4
o s
3 o6
© 05 <
© £
ER <
g o3 4[]
o >
o /%J
0.1 m/(,/ﬁl -
0 .
0 1 2 3 4 5 6
amplitude [m]
(a) pitch
0.12
MT ——
M2 —&5—
01 M3 ——
M4 / gis
E 008 -
- / . g
S oos "
E— el !
5 o004 A
0.02 /gf@'}
0 A~ :
0 1 2 3 4 5 6
amplitude [m]

(b) tower top deflection

FIGURE 7: Amplitude of pitch motion and tower top deflection
around a mean position with regards to wave amplitude for an
incident wave of pulsatiow = 1rad.s*

For 0.6 rad/s incident wave, results are shown on figure 8.

For model M4, the simulations were not stable for amplitude

greater than 3m, that is why there are no results plotted.eSam
conclusions are obtained as for 1 rad/s waves, the diffecine-
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Influence of wave directionality

Results of simulations with irregular unidirectional wave
(E3-1) and simulations with irregular directional waves/éna
been compared. Simulations run-time is 600 s. On these 600
s the 300 first are not taken into account for statistics irepto
avoid transient computational effects. It remains 300 sttier
statistics. Wave elevation for these 300 seconds is shovig-on 350 400 450 500 550 600
ure 9 for the two simulations. One should note the duration of time [s]
simulation is short (5 min) for the statistics, and the 300smm- (b) yaw
ulation before statistics may be not enough to ensure a pema

state, in particular for the transverse motions. Neveetglthe FIGURE 10: Comparison of pitch an yaw motions in irregular
trends observed seem significant. directional waves and uni-directional waves

displacement [deg]
= w n - o - n w e

w
=3 ”
S |nm

An increase of transverse motions (sway, roll and yaw) of
the platform is observed. Comparison of yaw motions has been
plotted on figure 10b. This increase of yaw motion could lead

to an increase of structural loads, which should be takendot the power spectral density of the generated power obtaimed f
count for design. Regarding axial motions (surge, heateh)pi the two simulations. Regarding the tower top fore-aft deflec
a reduction of amplitude is observed (see figure 10a for the re  tion a relative reduction of amplitude is noted. This rechret
resentation of pitch motion). Statistics for surge, pitcld gaw is probably due to the reduction of axial motion of the platio
motions are presented in table 4. Concerning the blades out of plane deflection, no signifizant

Concerning the generated power, wave directionality seems fluence is observed. Statistics for these displacementprare
to have little influence on mean generated power and standardsented in table 4. Figure 12 shows the power spectral deofsity
deviation. Table 4 presents these statistics and figure ddissh  the tower fore-aft deflection.



GenPwr [kw] TTDspFA [m] OOPDelf1 [m]
Mean  StdDev Mean StdDev Mean StdDev
E3-1: Unidir 4664,2  388,7 0,10 0,04 5,45 0,36
E3-2: Multidir  4668,0  342,5 0,10 0,02 5,48 0,30
Surge [m] Pitch [deg] Yaw [deg]
Mean StdDev Mean StdDev Mean  StdDev
E3-1: Unidir 3,67 1,20 4,28 1,23 -0,10 0,18
E3-2 : Multidir 3,58 0,99 4,43 0,68 -0,10 1,60

TABLE 4: Statistics for generated power, tower deflection, blade
deflection, surge, pitch and yaw, in case of irregular dioect
waves and uni-directional waves

E3-1 : unidir ——
1e+08 l E3-2 : multidi i
1e+06 ’
N
[a)] A~
2 10000 |- N
o e~
100 e
’ i r':i-
0.01
0.01 0.1 1

frequency [Hz]

FIGURE 11: Power spectral density of generated power, in case
of irregular directional waves and uni-directional waves

0.1 o :
E3-1 : unidir =—
0.01 & /'\L E3-2 : multidir 1
0.001 O B
// -j_ 4
0.0001 ﬁi
1e-05 | by
A i
2 1e-06 13
& 1e07 L
o N
e-| 2
1e-10 : ML
1e-11 i
1e-12
0.01 0.1 1 10
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FIGURE 12: Tower fore-aft deflection power spectral density, in
case of irregular directional waves and uni-directionales&

CONCLUSION

In this paper the results of time domain simulations of a
semi-submersible floating wind turbine have been compared f
4 different models of hydrodynamic loads on the floater. Then
the effect of wave directionality on the system in irregulaves
has been studied.

The 4 platform load models gave similar results for small
amplitude waves. Viscous drag and non linear Froude-Krylov
have little influence for small waves.

With increasing wave height, the differences become larger
Non linear Froude-Krylov loads and Morison drag permit to
simulate larger motion without instabilities. In some cgbe
most complete model (with Morison drag and non linear Freude
Krylov loads) brings out the larger motions, however order o
magnitude remains the same. It highlights the importantakef
ing into account non linear hydrodynamic loads for the sanul
tion of large motions of floating wind turbine. These reshlsge
to be confirmed with wave tank test.

Concerning the effect of wave directionality, an increake o
transverse motions, sway, roll, yaw, and a reduction oflaxia
surge, pitch and yaw motions, have been observed. No signif-
icant influence on the generated power has been observed.

In the present study extreme waves have not been consid-
ered. In the case of extreme conditions, floater dimensiens b
come small regarding to wave amplitude. The use of Mori-
son equation could be considered to calculate the hydrody-
namic loads on the entire floater. Further investigatiores ar
needed to see the influence of hydrodynamic modelling of-semi
submersible floating wind turbine in case of extreme waves.
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