Improved Lumping method for fatigue
damage estimation of offshore wind
Turbines
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What is Lumping of Sea states?

~ Definition

~Topic ™ Marine Structures - Coastal perturbation

& Random Wave - Wind in various directions

- ‘Procedure: - -

. = |Longterm response of coast | P N

~ Inputdata

= Fatigue damage of Wind turbine m . /f‘ -

~ Calculations . . , e 3
= Dynamically sensitive structure ﬁ

 Results ¥ |

— =7 = Full sea state T %
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What is Lumping of Sea states

- Definition

~ Topic ™ Grouping of Random wave and wind (Hs,Tp,Ws)
oo m Ayerage sea state
- Proggdure:

... = Several Scatter Diagrams, Joint distribution
- Inputdata

H Tz

= Define Design Scenarios

IJmuiden Munitie Stortplaats
Vhub Hs Tz occ

~ Calculations

state (m/s) (m) (s) (%)
= Correct Response? PR ouE Eoan
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. - . . - 5 6,98 0,75 421 16,19
. Results = _ S oy L 7wk o se e
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10 12,98 2,25 5,36 8,03
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05-10 Ex = 100,00
O p u a 73 22 03 | =
( : : T 73 5o it
0.0-0.5 25 0.8 36 1.4 0.2 6.0
0 T I = Y = E-
3 19/04/2018 ~

\_VUlvidulvil



~ Definition

o Tople
rocedre
e
Calculations

. Results

What is Copula?

" Joint dependence of X & Y fully and uniquely charachterized
Fyy(x.3) = C(F (x). F5 ()

" Probability distribution of joints on [0,1]> Domain

= Application

o Known Copula and the marginal, no need for joint data

o Missing data

o How good is it in determining the response for dynamic sensi
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- Definition

 Topic

~ Procedure
npurdata
- Calculations

. Results

What is under investigation

" Find a Copula for North Sea

" Lump Wind and wave based on Copula to:
o Reduce number of simulations

o correct fatigue damage estimation

o Example:
wind speed range = 37

* wind & wave direction = 144

scatter diagram = 5328
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How to do that?

SEHETHETHEE A
 Topic | Find Copula for North seall
RN et Joint distribution

- Definition

~ Procedure

Coming up with improved

T
lumping method

~ Calculations

 Results
- Simulation of dynamic
response and fatigue damage
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Input data

- Definition
~Topic ™ 4locations at North sea
procedure | O Eklima.no oo

o Wave climate

J 8

. Inputdata L SLEIPNER A[76926]‘

o 15725 Years

CaICU|at|OnS ‘Wave climate 2

\Wave climate

~ Results
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Long term measurements

o

- Definition

Norway Norway

 Topic

Ws[m/s]
Ws[m/s]

~ Procedure

_Inputdata

Hs[m]

Center NS Center NS

40

ZZZZZZZZZZ_IZZZZZZ 40
~Calculations

Ws[m/s]

 Results

8 10 12

6 8 10 12
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- Definition

 Topic

~ Procedure

~ Calculations

. Results

Ws

Wind speed [m/s]

35
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One site example; raw data

0 2 4 6 8 10 12 14
Wave height[m]
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Fit Marginals Weibull

4 x10% Marginala Density functionWs

 Definition

[ IData

Normal
Weibull
Kernel
GEV

Rayleh
Pareto

Topic

//\ ]

- Procedure

nputdata

~ Calculations

 Results
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~ Definition

Fit Marginals Weibull

Probability plot for Normal distribution

Probability plot for Weibull distribution

e x % %
Topic 9@%93
o 0. r
% % Pob |
e g g b ¢
& & Pk f
.+ ‘Procedure. 00007 |
: Co ; 0 5 10 15 20 25 30 35 40 1072 107" 10° 107 102
~ Inputdata
Probability plot for Rayleigh distribution Probability paper for various distributionsWs
a1 a2 P R L ,_"—/’. 0<% w
- Calculations s o
_ 0.0999 . 025 [
%q’%: %0%15;/
o g%% %"(%HSZ
L Results £ 0% 2 o Hf
o I 0.75 0.0001
0.5
0.25 %
0.01 T . . . . . ]
0 5 10 15 20 25 30 35 40
Data Data
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Sort data Rank vs Rank

- Definition

Emprical Copula
T

o 1F ]
TOpIC . 0.9 -

% 0.8 —
e crcc 0.7+ ~
~ Procedure T ool ]
8_>0.5— -
—_— m 0.4 - —
~Inputdata 2 s :
SELELEECRUREE . S ol }
0.1 r .
Calculations o . ‘ ‘ . . . . i :

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

* Wave height Rank

~ Results
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~ Normalized Rank (Copula
- Definition

TOIC Emprical Copula CDF
Procedure

Inputdata

‘Calculations

~ Results
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Apphcatlon Copula based on Marginal

- Definition

scatter diagram of CDF of Marginals
| ] I I I

1F 1
Topic: ook ]
%0.8— -

~ Procedure %o.s— -
%0.5— —

—— %0-4‘ -
- Inputdata £osr -
2o02r _
0.1+ -
Calculations o ¢ | | | , , , | l l '

o Kn Own Copu Ia 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

e ] Weighted Ranked Wind speed
. Results * Known Marginal

\ 4

 Joint Parameters
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~ Dynamic response simulation

~ Definition _ ,
= Time history response

Topic " Integrated Time domain analysis using FEDEM or Frequency domain

0o Phase of Study, Preliminary
- Procedure = o Type of structure
e " Consider aerodynamic damping CeaslacraivamjunnafE ol e tAE R T
|nputdata . . :AG‘NHY“M rémb S d BN S T A3 i SR l:—;“:;"\‘
S = Generate wind field and sea state
- Calculations
~ Results

15 19/04/2018

~
ascCovievi



Questions?

- Definition

 Procedure
~ Inputdata

~ Calculations

~ Results

What kind of music
/ do you like?
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~ Definition

Fit Marginal Weibull

Probability plot for Normal distribution

Probability plot for Weibull distribution

. . . . . B . . % * “
Topic "
%‘ % Pob |
g S & ¢
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:Procedure 0.0007 |
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~‘Input'data Data Data
Probability plot for Rayleigh distribution Probability paper for various distributionsWs
L. .o S L ’—"—/’. —— O S
- Calculations s o
0.9999 r 055 [
S 2 GBS ¢ z &
S 8 O | S Ofs
~ Results £ 0% 2 o of
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Marginal; Fit Distribution

4 x10% Marginala Density functionWs

~ Definition

[ Data

Normal
Weibull

- Topic =
— — Kernel
S GEV

Rayleh
Pareto

//\ ]

- Procedure
nputdata
- Calculations

 Results
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~ Definition

Fit Marginal Distribution

Topic
 Procedure
nputdata
Calculations

 Results
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Probability

Probability

&=
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Probability plot for Normal distribution

Data

Probability plot for Rayleigh distribution
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Marginal; Fit Distribution

Definition
Probability plot for Normal distribution Probability plot for Weibull distribution
- X -
i 0888 - i
Topic @% -
T 0P I
2 2 0k | o
e _(g“ _‘g“(?f.[lHSZ //’,f I.
-Procedure: owrt !
SRR ;
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e e Data pata
o Probability plot for Rayleigh distribution Probability paper for various distributionsHs
- Calculations @ o X
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