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Task56 D E =

» Taskh HUEEE SRR
SHRL TR 2T

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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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

AB R EZEDMES IS
— Phase?2

21> RI7— ADEHE

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

74> RI7—LDiENIZIEAE
— Phase3
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Phasel #ht&5E4A N (Viscous Loading) JMU

»PhaselDHIE

=]:uF SFHIUFE LRNS-ES TSIy TA—L (FOWT) OMMERAEEDET)>JHRER L2815,
POE 3 FIREORE (mid-fidelity) E7U>JY—ILZ2ECHREL. —BBOIRKICOVWTEEAEE CFDLE .
HAR: 2024F1H~2025%3H

Table 1. Overall project timelines for OCT Phase L.

2024 2025
»PhaselAsS1-) W Tasks c
Phase la: Compaonent-level test campaign
BT BY— RS ERE LR, ERORIAHEEN I e —
° EEEHRD%H%(I‘]-D (Phase 1la. 1b, 1C, CFD) Phase le: FOCAL Campaign IV

o WINBEHOMBMICLOEMEINDBUBRRTIERE, — 12 Develop suggested modeling and tuning
EHIICRAESN B IR E R LEBIRETEL . ARAT proctices Lot pupfeation plamnee)
$5£®$3%E%§EE ., E:,:":,:::.-I,. Fontoon loads under forced

CFD Part II: Vortex-induced motion
iTentative)
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I WP1.1 Phasela Component-Level Test Campaign JMU

»Phasela f#ihse{¥

WRZE: ETESE (TIHIBDeepCwindBROMME + AAZE—TTL— 1)
BiY: FRMERIENR D OIRELREIRE (Low-frequency hydrodynamic excitation) (C5X2387Z0HE
SERR: A RFDKIEEER (T2 R—R> NEEAT)

List of load cases to be simulated.

Triangular i

Frame Load ~\\ tg:g Model Configuration Wave Condition
Cell
l N LC 1.1 C (1 x Upper Column at UC paosition) J1(Hs=7m,T, =119s)
r = A
! Port Rl LC 1.2 C (1= Upper Column at UC paosition) J2(H;=5m,T,=119s)
1 " Column ' ég ?
B , i j LC2.1 D (1= Upper Column and Heave Plate 1 at UC position) J1(H;=7m, T, =119s)

= e - o LC2.2 D (1= Upper Column and Heave Plate 1 at UC position) J2 (H; =5m, T, = 11.9s)
,L . . . Upstream LC 3.1 E (1 x Upper Column and Heave Plate 2 at UC position) J1(Hs;=7m, T, =119s)

Starboard Column -
< T— LC 3.2 E (1= Upper Column and Heave Plate 2 at UC position) J2 (H;=5m, T, =119s)

Column Wave Direction

LC 4.1 F (1= Upper Column and Heave Plate 1 at UC position) J1(Hs=7m, T, =11.9s)
Config. C Config. D Config. E LC4.2 F (1= Upper Column and Heave Plate 1 at UC position) J2 (H; =5m, T, = 11.98)
LC 5.1 G (1= Upper Column and Heave Plate 2 at UC position) J1(Hs=7m, T, =11.9s)
LC52 G (1= Upper Column and Heave Plate 2 at UC position) J2(Hs=5m, T, =11.9s)

Config. F Config. G
I I LC 6.1 K (3 x Upper Column and Heave Plate 2) J1(H=7m, T, =11.9 5)
LC 6.2 K (3 xUpper Column and Heave Plate 2) J2(H;=5m,T,=119s)
i B (m(: s Cndig OB LC 7.1 P (3xUpper Column and Heave Plate 1) J1(H;=7m, T, =119s)
SC sC LC7.2 P (3 xUpper Column and Heave Plate 1) J2 (H;=5m, T, =11.9s)
U uc LC 8.1  Q(3 x Upper Column and Heave Plate 1) JI(H;=7m, T, =119s)
LC 8.2 Q{3 x Upper Column and Heave Plate 1) J2(H;=5m,T,=1195s)
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I WP1.1 Phasela Component-Level Test Campaign

»Phasela fi#thri&RE

ID  Spectrum Significant Wave Spectral Peak Peak Shape Factor, Duration
P Height, Hg [m] Period, T, [s] yI- [s]
J1 JONSWAP 69 11.9 33 11.030
o LC81 - Config. ) - Wave J1 0% LC#1 - Config. Q) - Wave J1
101 10"
- 0
=u -
o 104 =10
Z z
[ . DuUTI _-_: T
T DUt f4 = 10 D2 |
= EDF = EDF
ﬁ NREL2 = NREL2
= NREL & . T NREL
o 10 s |1 E 10 fad il
& s a PRI
TUB 1 ?1:.11;
104 vee |4 1012 -
UTYO 3 l‘:fi'g’o E
woop woop
]0]” 1 1 1 1 1 1 1 19 o
- _ . - 10 | i ! | ] ! I
002 004 006 008 0l 012 0.4 002 D04 006 0.08 0.1 012 014
Frequency [Hz| Frequency [Hz
2L — LesL- Confie. Q- Wave L ol gl LC81 - Config, Q - Wave J1- ) ) 5
__________ Slow drift | = Wave freq. _
____________ = _ 12

Low-Freq. Standard Deviation of Total F,
[N]
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Low-Freg. Standard Deviation of Total M,

i =
T

of Total M,

Wave-Freq. Standard Deviation

« 23FEMNLEEEER(CSI  (BANSIRKERS)

o RN DRI AR NL(PSD) DfFtia Rz R EHAR D
RREIHARR (DT KIERERFEREDB S 2 LR

« FEATFRIACERTAREL ORERIT R

Models that agree with the experiment in total low- and wave-frequency
pitch moment on all three columns

LC 6.1 LCe.2 LC7.1 Lc7.2 Lcal LC 8.2

[Nim]

EDF

NREL2
NTNU2
TUB

ucc



I WP1.1 Phaselb WINDMOOR Campaign JMU

» Phaselb f#trs&{F

¥HRZ4E: INO WINDMOOR (At + =AFICELESINIZEEE A Y —> DOt H T Z4K)
B9 BREMN CEE-BRR) [CLB3RENDEHROZT (b RAT
SERR: SINTEF Oceani2f®OWINDMOORZ=EERT —4 (G +7N)

Irregular-wave (JONSWAP) load cases for model tuning.
o | Load Case  H, [m] Ty [s] v I Wave Dir. [deg]  Duration [s] Degree of
5.1 3.74 7.0 4.90 0 TBD freedom

RS

Quantity Description

/Y

5.2 6.19 9.0 4.90 0 TBD Psg Mean drift in surge
‘ 53 11.0 12 4.90 0 TBD Surge ey Standard deviation of surge resonance motion
5.4 3.74 12 1.00 0 TBD Dy Standard deviation of wave-frequency surge motion
I ; 5.5 6.19 9.0 4.90 90 TBD Heave Dy Standard deviation of heave resonance motion
/ Irregular-wave (JONSWAP) load cases for validation. Drw Standard deviation of wave-frequency heave motion
Case

load Hy[m] T,[s] y[] WaveDir Duration Notes . cﬁpr Standard deviation of pitch resonance motion

Pitch o .
61 374 90 120 gdeg] 'II'SE!D Do Standard deviation of wave-frequency pitch motion

LC 5.2 with alternative wave

J 1 6.2 6.19 9.0 490 0 TBD -
o realization
0 LC 5.3 with alternative wave
I 6.3 11.0 12 490 0 TBD realization
%l 6.4 6.19 12 123 0 TBD
E 6.5 1497 14 490 0 TBD
= 66 619 12 123 90 TBD
Figure 8. The INO WINDMOOR 12-MW floati wind turbine platform. The section in red is With a constant body-fixed
below the still water level. All dimensions at full scale in meters and dcgnos 6.7 6.19 12 123 0 TBD thrust of 1.57x10° N at the
tower top

» Phaselb fi#triESR

Percentages of successful predication, defined as within +/-15% of experiment.

Surge Heave Pitch

¢.\'d ¢.\"r ‘pxw rffv’h.v' qr)hw (abp?' ¢pw
Model calibration LC5.X 58.6% 87.1% 957% 77.1% 986% 68.6% 857%

AR R ARATE KB BRD L BHE SR
- BUVESM . Surge-HeavelKkEHAEHIE
RUVESH © SurgeEBRER. EvFE—IahiE

Model validation LC6X 645% 77.4% 946% 73.1% 946% 61.3% 67.7%

All cases - 62.0% 81.6% 951% 748% 963% 64.4% 755%
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I WP1.1 Phaselc FOCAL Campaign IV

» Phaselc fi#trs&{F

MWRIZIE: VolturnUS-S (F4FE + YEBRIROY—> O ZH T TZ4K)
BiY: [a: IbCEPSNIERIARIZREET VDT 51> R&EE
2R FOCALZO> 1/ hMDEERT —4

Table 30. Irregular-wave (JONSWAP) load cases for blind validation.

Load Case H, [m] T, [s] ¥ [-] Duration [3]
31 an 8.96 1.80 92946
3.2 8.1 12.8 275 89,7544
» Phaselc &R
[E#RDCy,, 2 b\t4ﬁ’1ﬂ.‘ﬁ%ﬁb“tb$§9’9$<5u rgeREIRAENFEZFEIR
« FUOTHAUCHUTIE, HBORANDREET N 2 EATEZ 08N %D
W . o L . . . L e . LC32
CRAFTS __Slow drift - | Wave freq.
10° E}:il ] B ] Y g» !
E: 1o .I'. —l-;“’l ? 08 1 (I.HE 5
E"' . T %E é;E f 0.6
; wl _E‘ 0.6 u.hE é
% '; nal " g 2 0.4
0 EE 0.2 lI.EE 0.2r
o e A 0 el "Ta o 2z a2 2 B o
A2 0.0 06 0. X A2 0.1 A6 . .2 5] o = 2 &4 = 4
y LIXI} [ARAE] Lh.IN ] 1I|;:w|u(|.ll“lr.‘. :Illlx]] (.14 .16 .15 1] I = 2 E 5 5’ E r._‘ 5
Surge motlon std Mean drlft
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B
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I WP1.2 Develop suggested modeling and tuning practices JMU

»Phasela~1cODLEBHREEESZ (T T

- EEAREIDFER. KEEHeave Force. {EELEPitch MomDIEEAGE (CERRE
- RF2IYILETINZRVSH5E. Suction-side-only drag model MEEFERE DM _E(CBR)

« AMNWTE (BEVWV2IEK) ZRVSBEEAETHD.
«  NRELNHULzVelocity Filtering(c&h. HEEFREN B _EI30]EEEN DS,

Suction-side-only drag model

FDAx = E CDAprlvr,n|maX(vr,n» O)

Japan Marine United Corporation [~ Offshore & Engineering Sector

Split drag force into two parts with

FD = CIFDU

+

(1- a)FDf

/

Based on the unfiltered velocity, v,

\

1
Fpo = = CppAl|v,,| max(vyy, 0)

2

U>=u=1
a = 0 drag based on filtered velocity only
a = 1 drag based on unfiltered velocity only

Based on the high-pass-filtered velocity, 7,

1
Fpr = ECDpAlﬁrnl max(¥yy, 0) ‘F



WP1.3 CFD Pontoon Loads under Forced Oscillation JMU

»WP1.3 CFD fi#thrs&ft

+  CFDZAVVASERAEEDNSIREET ) )BT, THEEETLORER L2857, o o
o BTERRO Y-, E=TTL— N PSSR T B R E ORRAT AV R, 25D simulations SO EinkGonS
« Keulegan-Carpenter (KC) #ICEDICRANDFZREOELZRAE.

VolturnUS-S WINDMOOR VolturnUS-S
1 },_ — CZl\

1l g A

x
2 B S
orced sway v@
oscillation " N
125 L4 123 2 1
Forced heave oscillation

« il

-
/ 9

»WP1.3 f#tiTaR
+  2.5D3TIL—3aYCBNT. KCEECAEDRERINHERREN T,

~ -~ ~ ~ o\ ~ 17 —_ }— 1 i | i f illati fi , fi
© 3DSIIL—SDORR, KY-SOCHFAOPRICAIIDNTREGS e menioss St e M S
4@@73‘%3@3“7& simulations without free surface. with outputting detailed loads on sub-
components.
VolturnUS-S pontoon heave T=20s 8o ['l
u P ve I= 0.0 077 154 23 307
15.01 i 124+ & . : !
i '
1251 10 o\
! * CENER2 NN | 5
10.0- ®  NREL 1 6 | M b4 w
: Modified formula * me c, 81 . [’ + ; * >
v 1 ¢ v
Cy 5 UDE2 ’ d 44 + L
»  MARIN 6 - 4
®  SINTEF
e OUCI 27
DUT ] +
s UTYO 4 . -'».
* {} T T T T ]
0.0 | ! - pm - - . 0.0 0.2 0.4 0.6 0.8 1.0
0 2 4 0.00 0.25 (,).-‘)(): 0.75 1.00 Normalized distance r/L [_]
KC [] —FRPR r/L -] YRR — —FRRR TR —
2.5D : Heavelc&sCd 3D : Pitchlc&3Cd 3D : Heavelc&Cd
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Phase2 WP2.1 Substructure Flexibility JMU

>WP2.1 RIS

=[:1F SFAARTCE RSN ORIV ORI EZAREE - ST

i+ BEDOC3~OC6TIFEEMZMUAL L TIROTLEN, OC7 Phase IITIEZEME (GH[E) #ZEF
MERiP4&: IEA 15MWEEE + VolturnUS-StHJBISSyhIA—A (1:7025=)1)

SEER: FOCALZO> 1/ hMDEERT —4

ET-A—8

CLC ad Components included Marine Conditions Initial Conditions Comparison Type
Platform pontoon (clamped at Fz=1.345<107TN

” " base") and outer column 43 (downward) SIS
4 )

= RMA, tower (+ wire), platform, .

E,, 12 rings, umbilical cable Siill water Prescribed surge Stafic response
L RNA, tower (+ wire), platform, - .

g 13 rings, 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
3 - Platform pontoon (clamped at Natural frequency
e St d . . 22" pase?) and outer column S e and damping
direction < — : RNA tover (clamped at Natural frequency
g . Tower base 23 base) None None s
-2 faze I 6 DoF load RNA, tower (with tower base Netursl
24 load cell T‘d dn;;h None None and damping
underneath), tower
Tuned mass
Outer Center $ 25 RNA tower (+ wire), platform, . N Natural frequency
moorings, umbilical cable = and damping
column column damper (locked) =y - e
- | P TRERLEMED e wmeoen W
e~ [ P ) .
— : ontoon 3 RNA, tower (+ wire), platform, _ Time series
\\ ; ez 6 DoF L E E R vl pors Still water Heave =-3.05m Pl
oI load ce & 33 RNA tower (+wire), platform, Sl wat Pitch =-6.21 dex Time series
[ ‘l - moorings, umbilical cable <! e < (t=350s)
RNA, tower (+ wire), platform, Regular waves: Time series
Pontoon g /, i : . 41 oorings, mbiical cable ~ #=10.85m, T= 1355 S {t=2,5685)
le°s SN I Irreqular waves:
i 42 RNA, tower (+ wire), platform, JONSWAP None Time series
Moorin Umbilical moorings, umbilical cable =31m,7,=89s, (t=9,294s)
'g == cable =180
connection = '"W
43 RNA, tower (+ wire), platform, N Time series
- moorings, umbilical cable H,=81m, T, =128s, (t=9.754s)
y=275
H: regular wave height T, peak-spectral wave period “See Figure 6
H,: significant wave height y: peak-enhancement factor

EE M ZIFBIABE T regular wave perod Y time
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Phase2 WP2.2 Global to Local Load Mapping JMU

>WP2.2 RIS

=[:uF SFATCE RS (FOWT) OERERTE AV EYYE > ICLBEE - S EA&ETE - 5
XERiZ4E: IEA 15SMWEEE + VolturnUS-StE=HJBI Sy RIA— A

AET-A—8

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
Coupled Analysis/ILA - Structural Analysis 2.4 Static Freely Floating Check
Frequency Analysis [3.1 Natrual Frequency Analysis - unconstrained - Floater only
- Representation of aero-servo-hydro-elastic + Reconstruction of wave pressures Analysis of stress levels in FE model for 32 Natrual-Frequency-Analysis—constrained—FHoateronly
coupled FOWT model incl.: subsequent: 2 c
WTG, Substructure, Mooring to compute - Correct physics (e.g. tank loads, « ULS/ALS analysis (yield, buckling) 3.3 Natrual Frequency Analysis - unconstrained - Floater and WTG
global motion response: 2 order wave loads, drag loads) + FLS analysis (fatigue hotspots) 3.4 Matrual |:'.El:I|u|E|.":,!Ir Analysis - constrained - Floater and WTG
+ Several tools available (OpenFAST, -
OrcaFlex, Bladed, HAWC, DeeplLines, etc.) + Industry has developed variety of methods to 3.5 Natrual Frequency Analysis - floating in water
Significant effort of verification/validation cope with local load mapping challenges " .
over the years (e.g. OC projects) 3.6 MNatrual Frequency Analysis - floating in water
+ Many methods almost no
verification/validation 3.7 Free Decay Surge
3.8 Free Decay Heave
Ansys 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

{
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o BEREHBROIHACID. BDHEEN TOSLEEERFTICSNN. #&RZ Task(TiR.

- HERBERZSUEMISERICHE. MG ICFEERZ7E-

» Phasel1 ADHHH
« RREKZFE (RodolfofkE)(CHWT. mIARNDEEfZ RV IEE TaskiCizH .
o E2MBEEHSHILEP T, REBFTHENTZR X 4BBICSIRERRN
s BURITHTHDICFERERT .
o RREKZFE (FEWEE)CHBVT. CFDEEfZEREVZIZE TaskicizH .
. SHEAFORY TSV CFDRRITEENM. TasktEHRITE A,

» Phase2ADHHH»
- ClassNK SEOI#ICE VT, SERARITE ML\ S TasklC ISR,
o SR . KIRKE BRETE
. IMUDHEERRIT A =ML Task(T G,
. BIIRETT ; #E IR RRFRR s

> oERHE
+ In-Person MeetingzSOE TO=ZECAHANSHE.
- 2024F6H13H @> MR-
- 2025%1H17H @/)ID1—-
- 2025%6H26H @hF4
(FE]2025%10H27H @I5>X
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DuTi
ouT2
EDF
MERAL
NRELZ
NTHU
NTHU2
ouc?
PRI
SITU
Lt

Pass

0.28)
0.25]

Rate

‘Wertical bending mode [Hz]

VolturnUS-S pontoon heave T=20s

15.09;

12.54

10.0 1

CENER
& (ENER2
®  NHEL

Modified formula * HC

* UDEl
UDE2

®  MARIN

®  SINTEF

[ ] o
DT
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