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Challenges In fatigue analysis

— Dynamic simulations
— Rigid floater connected to rigid/flexible tower
— Easy to extract loads at tower base
— Result: focus on tower base fatigue In literature
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[1] Rappe, Victor, et al. “Fatigue analysis of floating offshore wind substructures” in 2024 FEA Research Symposium, Abstracts (2024).
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What about the welded joints?

[1] Rappe, Victor, et al. “Fatigue analysis of floating offshore wind substructures” in 2024 FEA Research Symposium, Abstracts (2024).

4

yine oy1oads uanum Joud Jnoyum pasnpoidal 1o ‘pasn ‘pasojasip aq jouue)d

Jul Areyaudoud 1ueon — uonewlou| pabajiAld — TVILNIAIANOD

SSLIUNOD [[e 10} panlasal Ssybul IV - U8ON®



Challenges In fatigue analysis "
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Dynamic simulations

Rigid floater connected to rigid/flexible tower
Easy to extract loads at tower base =
Result: focus on tower base fatigue in literature

|

What about the welded joints?

Detailed fatigue analysis

Need knowledge of local stresses
Solution: development of multi-dimensional
modelling strategy

Reference turbine: OC4 DeepCWind

[1] Rappe, Victor, et al. “Fatigue analysis of floating offshore wind substructures” in 2024 FEA Research Symposium, Abstracts (2024).
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Multi-dimggnsional modelling strateqgy
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[} Global model
[ Submodels (8)

Global hydrodynamic Shell-based FE Solid-element
analysis analysis submodels

Ohs
’
N Hot spot stress
Local fatigue damage approach

[2] Rosario Dias, D., Extended abstract: “Analysis of the Structural Integrity of a Floating
Semisubmersible Foundation for Offshore Wind”, Universidade de Lisboa (2020).
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Multi-dimgnsional modelling strateqgy
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Global hydrodynamic Shell-based FE Solid-element

\ analysis analysis / submodels

Load mapping method
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r o
T N Hot spot stress
GHENT Local fatigue damage approach
UNIVERSITY [2] Rosario Dias, D., Extended abstract: “Analysis of the Structural Integrity of a Floating

Semisubmersible Foundation for Offshore Wind”, Universidade de Lisboa (2020).
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Load mapping method

l Centroids of wetted elements

[1]

Frequency domain pressure
at centroids

>»-| Time domain
— conversion Tlme domain pressure

> FFT at centroids

BEM solver

- Sea elevation
/ - Position of CoG

'—\ Pressure loads B P st /

- Tower base loads Inertial

- Mooring line loads / ’ ) oads
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- Accelerations of CoG Mooring line loads
| ) - Position of CoG Morison loads \
Global hydrodynamic - Orientation of floater Quasi-static FE solver
ﬁ analysis - Morison loads
GHENT
UNIVERSITY OpenFAST simulation without wind or Morison loads, wave height = 10m, wave period = 9s 8

Note: all loads in the local frame of reference
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Load maQng methOd Hydrodynamic loads

l Centroids of wetted elements
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at centroids

BEM solver > Time domain 13
—>!| conversion | | Time domain pressure %%
> : =
/ - Sea elevation FFT at centroids E
/ - Position of CoG 5 ”gé
( Pressure loads (et Pl 52
- Tower base loads « e e N Inertial 35
- Mooring line loads W / g i | loads § §é
- Accelerations of CoG Mooring line loads ’ %
i - Position of CoG Morison loads \ 3
Global hydrodynamic |- Orientation of floater | 1Ydrostatic oads Quasi-static FE solver
I anaIyS|s Morison loads
GHENT
UNIVERSITY OpenFAST simulation without wind or Morison loads, wave height = 10m, wave period = 9s 13

Note: all loads in the local frame of reference

SSLIUNOD [[e 10} panlasal Ssybul IV - U8ON®



Hydrostatic loads — Impact of modelling decision

Analytical
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Hydrostatic loads — Effect of
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Hydrostatic loads: openFAST - Abaqus

leb

o N o un
m ™~ ~ —
[N] @2.104

4.5
4.0
3

T
<
—

82

80

78

76

74

72

70

68

Time [s]

[bap] uoiejoy

=y

543210_
E_
[a

| N

\ )L

\\ =

©

\ .

N :

/ o

/ / m~

,\ 1®

n o 1n 9 1 o n

1100011__

[w] uone|suel

Time [s]



Design challenges for the OC4 DeepCWIind

— Hydrostatic pressure Is enough to ensure yielding!
— Floater is only designed to be used as rigid body
— Hollow cylinders + ballast

— Redesigned the OC4 DeepCWind

— Added stiffeners and changed wall thicknesses
— Based on work of Vasconcelos et al. [2]
— Value as reference turbine is lost

NN

GHENT
UNIVERSITY [2] Vasconcelos, et. al. “Structural Evaluation of the DeepCWind

Offshore Wind Foundation”, Frattura ed Integrita Strutturale, 51 (2020) 2444.
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Load maQng methOd Hydrodynamic loads

~
l Centroids of wetted elements \

Frequency domain pressure
at centroids

>»-| Time domain
— conversion Tlme domain pressure
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""‘" Pressure loads &P s /V

- Tower base loads Inertial

- Mooring line loads / ’ T D bads
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- Accelerations of CoG Mooring line loads
| - Position of CoG Morison loads \
Global hydrodynamic - Orientation of floater Quasi-static FE solver
ﬁ analysis - Morison loads
GHENT
UNIVERSITY OpenFAST simulation without wind loads, wave height = 10m, wave period = 9s 17

Note: all loads in the local frame of reference
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Hydrodynamic loads — Diffraction and Froude-Krylov

le7 Fx

1.5 1
1.0 A
0.5 -

0.0 -

Force [N]

—0.5 -

—1.0 -

—1.5-

—— OpenFAST
- Abaqus

GHENT
UNIVERSITY

Force [N]

Diffraction and Froude-Krylov loads

le7 Fy

—— OpenFAST

1.5 1
—— Abaqus

1.0 A
0.5 -

0.0 -

—0.5 -

—1.0 -

—1.5-

Force [N]

le7 F>

—— OpenFAST

1.5 1
- Abaqus

1.0
0.5 -
0.0 -
—0.5 -
—1.0 -

—1.5-

18

uonewJoyul Areyaudoid JuaHn — uonewloju] pabajinld — TVILNIAIANOD
89N Jo uonezioyine aioads usnum Joud Inoynm paonpoldal 1o ‘pasn ‘pasolasIp ag Jouue)

SSLIUNOD [[e 10} panlasal Ssybul IV - U8ON®



@UGent - All rights reserved for all countries
Cannot be disclosed, used, or reproduced without prior written specific authorization of UGent
CONFIDENTIAL - Privileged Information — UGent proprietary information

T
2 v
L 3 o
n -
O o ©
Q o
0O <
| | o
M ]
F |~ w
£
T
-
M~
?
v
1 I | I | | | | I
L O Ty’ o Mg o Tip] o
N o a4 S &N B» ~ O
°c 2 ° ° 9 9 9 7
[N] ®2.104
T
(- 2 v
L 3 o
n -
o 2 & ®
Q o
H D A
)
S o || o
o U,
N — (] - L UM Q
O L P~
O B :
c =
(© S
4
Y ©
O
3 2
_ ~
v
1 T T T T T T T T
S L o Ty’ o Mg o Tip] (-]
N o d © N B» K~ O
@) °c ° e 2 9 9 9 7
a [N] @240
o -
| ] %
L
— Lo
O g [®
(o
H D
- ||| =
by | Uy @
M~
© - =
- =
(e E
M~
@ -
S .
d Ty ] o Ty (- Ty o LM o
~ w4 S N ©n N 9
°c 2 ° ° 9 9 9 7
H [N] @210 QM

19

UNIVERSITY

GHENT



Load mapping method — All together

l Centroids of wetted elements

Frequency domain pressure
at centroids

>»-| Time domain
— conversion Tlme domain pressure
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BEM solver

- Sea elevation
/ - Position of CoG

- Tower base loads Inertial

- Mooring line loads / ’ I JEERE
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- Accelerations of CoG Mooring line loads
| - Position of CoG Morison loads \
Global hydrodynamic - Orientation of floater Quasi-static FE solver
ﬁ analysis - Morison loads
GHENT
UNIVERSITY OpenFAST simulation without wind loads, wave height = 10m, wave period = 9s 20

Note: all loads in the local frame of reference
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Sum of all forces

Sum of all forces
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Summary

— Load mapping method J i
— Part of a multi-dimensional modelling L — AE — T
strate gy Globalahny;;zciisynamic Sheelll:;T;Sei: FE szgg;sfdtint

— Impact of hydrostatic modelling
— Distributed hydrodynamic loads <i

_ OC4 DeepCWind oot e damas s -
— Updated version no longer useful as

“reference turbine”

— Use modelling strategy to strengthen

substructure without changing
hydrodynamical parameters
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