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Novel Floating Designs

Innovation has brought new, unique
floating wind designs — need to ensure we
can accurately model them and continue
innovation

Addresses Wind Grand Challenge* -
hydrodynamics of enlarged wind turbines
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Increased Turbine Size

Roter Dameter (m)
Rating [MW)

1980- 1990 1995- Future

1990 1995 2000

As we continue to grow turbine size to
decrease cost, support structure has become
more flexible = need to enable and validate
flexibility in our tools

Addresses Wind Grand Challenge* — structural
dynamics of enlarged wind turbines
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Floating Wind Farm Design

Wind systems don’t operate in isolation —
need to ensure we can accurately predict
loads throughout a wind farm, especially for
unique floating wake conditions

Addresses Wind Grand Challenge* — improved
understanding of plant flow physics
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Phase2 WP2.1 Substructure Flexibility JMU

>WP2.1 &

=[:1F SFARTCE RS CH T BEP AL AT EDOFRIEE 2 AREE - 54

i+ 1BEDOC3~OC6TIFEEMZMUAE L TIROTULEN, OC7 Phase IITIEZEME (GHE) #ZEF

MERiP4&: IEA 15MWEEE + VolturnUS-StH IR SyhIA—A (1: 7025 =)1)

S2hR: FOCALZO> 1/ hOEERT—4

SN : 11585 (BV, DNVARERIRIZAS. NREL, NTNU, CIMNEREAZE - FAZTA4RES, Principia, Sowento2E1>H)L)
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Case Components included Marine Conditions Initial Conditions Comparison Type
Platform pontoon (clamped at Fz=1.345<107TN
” s base”) and outer column Dose (downward) LRI
4 i
= RMA, tower (+ wire), platform, .
E,, 12 moorings, umbilical cable Siill water Prescribed surge Static response
L RNA, tower (+ wire), platform, - .
g 13 moorings, umbilical cable Still water Prescribed sway Static response
RNA, tower (+ wire), platform, .
14 moorings, umbilical cable Still water None Static response
Platform pontoon (clamped at Natural frequency
21" base") and outer column fone fore and damping
g PRIy = Iﬂse')uﬂul;uilmd e e and damping
direction - e — = RNA.m(dmw-t Natural frequency
Tower base 23 base) None None s
= fize 6 DoF load RNA, tower (with tower base Netursl
24 load cell T‘d dn&‘ None None and damping
undemeath), tower’
Outer Center Tuned mass 25 RNA tower (+ wire), platform, o . Natural frequency
column colurnn per {locke g e
, tower (+ wire), m, _ ime series
— - 5 24 moorings, umbilical cable il Surge =-6.10m (t=600s)
L~ [ P . .
~ : ontoon 3 RNA, tower (+ wire), platform, _ Time series
\\ ; e 00 6 DoF load cell E 32 moorings, umblical cable Still water Heave =-3.05m (t=2505)
c o33 RNA, tower (+ wire), platform, Sill water Pitch =-6.21 d Time series
I ‘l : moorings, umbilical cable =mamlda (t=350s)
RNA, tower (+ wire), platform, Regular waves: Time series
Pontoon g / \ ‘ 41 oorings, mbiical cable ~ #=10.85m, T= 1355 S {t=2,5685)
Irreqular waves:
leos \ 29 42 RNA, tower (+ wire), platform, JONSWAP Hens Time series
MOOI‘].Ilg ~ Umbilical : moorings, umbilical cable =31 m1'."é,0 89s, (t=9,2945)
5 =_—= & yY=1.
connection cable = '"W
43 RNA, tower (+ wire), platform, N Time series
- moorings, umbilical cable H,=81m, T, =128s, ({t=9754s)
y=275
H: regular wave height T, peak-spectral wave period “See Figure 6
. H,: significant wave height y: peak-enhancement factor
idly = - A=
i@Alli%;§t@t¢%E T: regular wave period t time
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tween models and measurements. Same legend as Figure 3. (middle) Mode shape provided by BVMO
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Figure 8. (top) Pontoon 3 loads during the regular wave condition: axial force, vertical shear force, and
Bergua, R. et al. (2026), OC7 Project Phase II: Code Comparison and Experimental vertical bending moment. (bottom) Corresponding first-harmonic amplitude. Comparison between
Validation of Hydroelastic Effects and Member-Level Loads in Floating Structures, Journal of models and measurements. Same legend as Figure 5.
Physics: Conference Series, Vol. 3224, 082024. Y- fRrELRER (H10.85m,T13.5s, #REIK)
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Phase2 WP2.2 Global to Local Load Mapping

ShnEm : 9% (BV, DNV. NREL, CIMNE. CENER, Principia, Ramboll, Akselos, JMU)

Coupled Analysis/ILA

+ Representation of aero-servo-hydro-elastic

coupled FOWT model incl.:

WTG, Substructure, Mooring to compute

global motion response:
Several tools available (OpenFAST,
OrcaFlex, Bladed, HAWC, Deeplines, etc,)
Significant effort of verification/validation
over the years (e.g. OC projects)

{

Japan Marine United Corporation

Structural Analysis

+ Reconstruction of wave pressures

Analysis of stress levels in FE model for
subsequent:
« ULS/ALS analysis (yield, buckling)
+ FLS analysis (fatigue hotspots)

« Correct physics (e.q. tank loads,
2" grder wave loads, drag loads)

« Industry has developed variety of methods to
cope with local load mapping challenges

+ Many methods almost no
verification/validation
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Focus Area DLCID Description

Mass/Interia Check |1.1 Mass/Inertia Check
Static Load Checks |2.1 Static Hub Load Check
2.2 Static Gravity Load Check
2.3 Static Freely Floating Check
2.4 Static Freely Floating Check
Frequency Analysis [3.1 Natrual Frequency Analysis - unconstrained - Floater only
3.3 Matrual Frequency Analysis - unconstrained - Floater and WTG
3.4 Matrual Frequency Analysis - constrained - Floater and WTG
3.5 Matrual Frequency Analysis - floating in water
3.6 MNatrual Frequency Analysis - floating in water
3.7 Free Decay Surge
3.8 Free Decay Heave
3.9 Free Decay Pitch
RNA loads 4.1 Time Varying RNA Load
Regular Waves 5.1 Regular Waves - Constrained
5.2 Regular Waves - Freely Floating
Irregular Waves 6.1 Irregular Waves - Waves Only - Constrained
6.2 Irregular Waves - Waves Only - Freely Floating
6.3 Irregular Waves - Waves + RNA Load - Freely Floating




Phase2 WP2.2 Global to Local Load Mapping UL\
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Source: Karch et al. (2026), OC7 Phase II WP2.2 Global-to-Local Load Transfer
Benchmark (WES-2026-78).
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I WP3.1 Floating Wind Farm Aerodynamics JMU

~
e » LLEIEE
SFAREENH - a1 2 De 2% 5T . o
BB AEEFI N Wake - FifA\BERIENS X 25 ot i . bhEERS
SFANEE) (Surge/Sway/Pitch®lEl) HO—5#EH - MLy -J

PR > ERES W phife el ot

- PoliMiC&ZNETTUNO . Surge

-1/335 DTU 19MW$§§2 . Surge + Sway .  Wakelit

'J:»uELEU)é’#J{EE}J - Surge + Blade Pitch#l Wakex®E X8, HED. ELAsEE. Wake Recovery# s,

- R R EE R EE E T

— - TFREE4RE-EE

» AEERITFIE BROZAN T REEOH DB LUEEICE X 2524 7% 5T,
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Figure 13: Turbine placement durir ts. Motion 1

misalignment corresponds to rotation of mof

Figure 14: Sketch of position of monitor lines for output. Lines are parallel to y-axis and located at hub height.

g direction shown in orange. Positive % 9 J— 7/{ Ea%
tion vector around z1 axis. /
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I WP3.2 Wake Recovery of a Surging Rotor
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Figure 2.2. — Schematic of the set up used. (a) side view. (b) front view pointing downstream. Not to scale
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I WP1.5 Vortex-Induced Motions (VIM) A

»WP1.5 £
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ShNHE®E . == A, MARIN, blueOASIS, NREL, Convergent Science, IFP Energies Nouvelles (FiE)
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