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ABSTRACT

In this study, the computational structural dynamic modeling of floating offshore wind turbine
system is presented using efficient equivalent modeling technique. Structural dynamic behaviors of
the offshore floating platform with 5MW wind turbine system have been analyzed using
computational multi-body dynamics based on the finite element method. The considered platform
configuration of the present offshore wind turbine model is the typical spar-buoy type. Equivalent
stiffness and damping properties of the floating platform were extracted from the results of the
baseline model. Dynamic responses for the floating wind turbine models are presented and
compared to investigate its structural dynamic characteristics. It is important shown that the results
of the present equivalent modeling technique show good and reasonable agreements with those by
the fully coupled analysis considering complex floating body dynamics.
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Table 1 Phase for NREL 5SMW baseline model

Phase Details
1 Rigid foundation
1 Monopile with flexible foundation
11 Tripod support
v Floating support(spar-buoy)
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Fig. 1 NREL 5MW baseline 3D Model

Table 2 Specifications for the phase IV

Details

Rating S5MW

Rotor Orientation Upwind, 3 blades

Control Variable Speed Collective Pitch
Cut-In, Rated, Cut-out
T R MO g s, 114 /s, 25 s
Wind Speed
Cut-In, Rated Rotor Speed| 6.9 rpm, 12.1 rpm
Rated Tip Speed 80 m/s
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Table 3 Geometric specification for the phase IV

Rotor radius(R) 63 m
Tower height(H) 87.6 m
Draft(D) 120 m
Diameter at the tower top 3.87 m
Diameter at the tower bottom 6 m
Diameter at the floating foundation 6.5-9.4 m
CM Location below SWL 66.7 m
Overhang 5m
Shaft Tilt, Precone 5°25°

Wind
direction

- — 2
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X_S
~ XSurge o

Roll

Fig. 2 Coordinate system of the floating offshore

wind-turbine.
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Fig. 3 Computational flexible multi-body
dynamic model based on equivalent modeling

Table 4 Mass for the phase IV

Blade mass 17,740 kg
Hub mass 56,780 kg
Nacelle 240,000 kg
Tower mass 347,460 kg
Spar mass, Including Ballast 7,466,330 kg
Platform Poll Inertia about CM 4,229,230,000 kgm®
Platform Pitch Inertia about CM | 4,229,230,000 kgm®
Platform Yaw Inertia about Platform 5
. 164,230,000 kgm
Centerline
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Table 5 Specification for the phase IV load-case
simulations
Load | Enabled Wind Wave .
.. . Analysis Type
case| DOFs |Conditions | Conditions
Platform,
Tower, | None: air ) . .
1.2 [ . ) ) Still water | Eigenanalysis
Drivetrain/Density = 0
, Blades
None: air . Free-decay test
1.4 | Platform . Still water . .
Density =0 time series
3. sjA{Aa Y HE
B AFo|x= NREL 5MW Baseline model

Phase IV 9] Load case % Table 59 ZAH i+

A=A A AEsA9 load case
L4 9 495 R8sl 98

[e]
2es

¢ 1.2 %

Phase IV

Load case 1.2 o w}&} SAMCEF Z=2 135 %"4‘1

slo] fotoardey 9 2k
19 /19 AFAER
GRS A A R

a3

o) &3

Ao

35l &=

mEE gelsn 7B B

EE e

sto]  Holth

Fig. 4 o Yehd AA 9 platform ¢ surge, heave,

i
REs 2

pitch A3} ko]l A9 a1, platform ¢ roll
¥} pitch Fgoll A 22 zpel7b SISt Platform
pitch o]9] HEoAx&= af3lEF7E A dX
s AL B 4 AT ARHES vaE S
H wdlo] BfA AdanE 1ee 7]F9 NREL
baseline model & A< A 2 Hrh=
AL gl 4= ) SMW + §F-f2 Z8ud7]
2do]  FAHAAEE Q"?JOPJ— 7] NREL
Baseline model ¥ H]u&}7] 93] load case 1.4 ol
we} sAASHAS FAsIATE 7] NREL 3
A Azt w2} surge, heave, pitch, yaw ¢ & 4
7HA Azl digk slAS WAL surge, heave,
pitch & 747t Agl e YAz F 712 AF9
AT A 2l skih 3k 7 FH AT
R 7l&E 9 W R Ejlste] F 18719 34
ANE ZRlstelnh

A A AL vl Eol o= Rl
o= 20 m 9] 27] =

H]—tﬂroi 5 m,/] 7\7] tﬂ-r]e T
T sHe We 2 UERE RIS A WA
21 10 deg o %7] pitch Z%Z F-ojsle] 3714
&3} s|BoA o] WS H solakn},
Ao 2= 6 deg & 27] yaw ZtEE Fol T4
A, dBoA e WY 7tEEE IEIT

A HA A< Fig. 59 AAHQ 2es &
A3l B, E Aol A surge ¢ heave Wate]

=
=

Hwg

le+l
N
z Lo LD
¢>; 1e+0 NREL FAST
jom POS FAST
g GH Bladed
T 1le-1 NREL ADAMS
9] LUH ADAMS
C Riso-DTU HAWC2
— IFE-UMB 3Dfloat
E 1e-2 MARINTEK Simo
> Acciona SESAM
T NTNU DeepC
zZ GNU SDCAE
le-3
e KY » N & L™ @ . Q > X R N2
%\)‘Q 6$’D Q*Q’A @Qp Q\\G (\\A(o ‘\Q’Y 1 \b 0"(9\0 Q/Q\/b' Q\\g “\[o& Q\&é\ <% “(ﬁ Q\\G Q;((\{b \Q’Y o'%\b
& & F F T & ¢F & ¢ & F&FF &
SN S R N I A I -
® T ¢ T TS o P F T E PO ¢
> & e S & © N 4 S
RO A AR AP AN
> ¢ &S & &S v
RN S R R
® & e e
N Nl S & AN
,& Q7 @’0 X b‘b t&
RNy FCASIC AR

Fig. 4 Comparison of natural frequencies for 5SMW floating offshore wind-turbine
(Phase IV Model, Full-system hydro-elastic natural frequencies).
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