e \ < 5 (% : : a3 g " . > = re
g . w ! 2 - N e ST : : : , ” . SR TR |
3 9 ._,J‘ 5 = e " p oo f -." ¢ ‘e 5 , o > ".’-‘ ES . <
K1, S -. R Y R i " FLOAWER
. 1 e r < : ) 40 i
o TRE . ol : ; b \ o B ) !
% 8 2 £ nt . d \ . .
% Canks £ . a8 = B & o P | 2 7 - FLOAting Wind Energy netwoRk
e e - : o o 4 2 -

Design Optimization of Floating Offshore Wind
Turbine Substructures using Frequency Domain
Dynamic Model and Genetic Algorithm

EERA DeepWind conference, 19t January 2023.

Victor Beniflal, Frank Adam?2

Victor.benifla@uni-rostock.de

ILehrstuhl fir Windenergietechnik, Universitat Rostock, Germany.

*GroRmann Ingenieur Consult GmbH, Dresden, Germany.

This p j' ct ha ved funding from the Eur p n Uni
Hor 2020 ch nnd innovati =

the M Skfdwk -Curie gra N350379
LEHRSTUHL WINDENERGIETECHNIK



F LO\(/ER

FLOAting Wind Energy netwoRk

Floating Offshore Wind
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Floating Offshore Wind

(JHigh potential Worldwide, particularly in Europe
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Floating Offshore Wind

(JHigh potential Worldwide, particularly in Europe

(Higher wind loads and extreme sea state
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Floating Offshore Wind

(JHigh potential Worldwide, particularly in Europe
(Higher wind loads and extreme sea state

Different type of substructures
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Floating Offshore Wind

(JHigh potential Worldwide, particularly in Europe
(Higher wind loads and extreme sea state
Different type of substructures

(JComplex manufacturing and low production rate
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Floating Offshore Wind

(JHigh potential Worldwide, particularly in Europe
(Higher wind loads and extreme sea state
Different type of substructures

(JComplex manufacturing and low production rate

High Levelized Cost of Energy
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The GICON-TLP

This project has received funding from the European Union’s
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The GICON-TLP

(ASteel and concrete Tension Leg Platform
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The GICON-TLP

(ASteel and concrete Tension Leg Platform

dSimple manufacturing and installation process

= 4 buoyancy bodies

= diagonal, vertical and horizontal pipes

the Marie Sktodowska-Curie grant agreement N° 860879.
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The GICON-TLP

(ASteel and concrete Tension Leg Platform

dSimple manufacturing and installation process
= 4 buoyancy bodies

= diagonal, vertical and horizontal pipes

SIS

(Numerical and experimental analysis
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The GICON-TLP

(ASteel and concrete Tension Leg Platform

dSimple manufacturing and installation process
= 4 buoyancy bodies

= diagonal, vertical and horizontal pipes
(Numerical and experimental analysis

JOptimization framework for the design of the

(3]
Universal Buoyancy Body (UBB)
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Desigh Optimization Framework
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Desigh Optimization Framework

(ANumerical model: frequency domain dynamic model

Numerical

model
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De5|gn Optimization Framework

(ANumerical model: frequency domain dynamic model

COptimizer: genetic algorithm Numerical
model

Optimizer
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Desigh Optimization Framework
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COptimizer: genetic algorithm Numerical
model

(ANumerical model: frequency domain dynamic model

(JDesign parameterization: geometrical
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4 Parameterization

COptimizer: genetic algorithm Numerical
model

De5|gn Optimization Framework

(ANumerical model: frequency domain dynamic model

(JDesign parameterization: geometrical

JObjective: minimize the substructure’s mass/cost

Optimizer
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4 Parameterization

COptimizer: genetic algorithm Numerical
model

Design Optimization Framework

(ANumerical model: frequency domain dynamic model |

(JDesign parameterization: geometrical
JObjective: minimize the substructure’s mass/cost

JConstraints: system’s dynamic response

Coneeve

Optimizer

This project has received funding from the European Union’s
Horizon 2020 research and innovation programme under
the Marie Sktodowska-Curie grant agreement N° 860879. \

LEHRSTURL WINDENERGIETECHNIK



F LO\(/ER

FLOAting Wind Energy netwoRk

Numerical model
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Numerical model

(4]

(Response Amplitude for Floating Turbine (RAFT)
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Numerical model

(4]

(Response Amplitude for Floating Turbine (RAFT)

= Open-source frequency domain code for FOWT
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Numerical model

(4]

(Response Amplitude for Floating Turbine (RAFT)

= Open-source frequency domain code for FOWT

= Verified against time domain OpenFAST simulations
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Numerical model

(4]

(Response Amplitude for Floating Turbine (RAFT)

= Open-source frequency domain code for FOWT
= Verified against time domain OpenFAST simulations

= Aerodynamics: steady-state Blade-Element-Momentum theory
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Numerical model

(4]

(Response Amplitude for Floating Turbine (RAFT)

= Open-source frequency domain code for FOWT
= Verified against time domain OpenFAST simulations
= Aerodynamics: steady-state Blade-Element-Momentum theory

= Hydrodynamics: strip-theory for all submerged members

This project has received funding from the European Union’s
Horizon 2020 research and innovation programme under
the Marie Sktodowska-Curie grant agreement N° 860879. \

LEHRSTURL WINDENERGIETECHNIK

F LO\(/ER

FLOAting Wind Energy netwoRk



Numerical model

(4]

(Response Amplitude for Floating Turbine (RAFT)

= Open-source frequency domain code for FOWT

= Verified against time domain OpenFAST simulations

= Aerodynamics: steady-state Blade-Element-Momentum theory
= Hydrodynamics: strip-theory for all submerged members

= Moorings: quasi-static model
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Numerical model

Inputs

Design

(JGICON-TLP with IEA 15-MW wind turbine Environmental

condition
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Numerical model

Inputs

Design

(JGICON-TLP with IEA 15-MW wind turbine Environmental

condition

= mass and hydrostatic properties
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Numerical model

(JGICON-TLP with IEA 15-MW wind turbine Environmental

condition

= mass and hydrostatic properties

= linear hydrodynamic coefficients and mean aerodynamic load
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Numerical model

Inputs

Design

(JGICON-TLP with IEA 15-MW wind turbine Environmental

condition

= mass and hydrostatic properties

" |linear hydrodynamic coefficients and mean aerodynamic load

= solve mean offset position  Cstruc €& = facro + fhyaro + Eroor (€)
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Numerical model |
Design ‘I"
GICON-TLP with IEA 15-MW wind turbine Envronmental /

= mass and hydrostatic properties

= linear hydrodynamic coefficients and mean aerodynamic load
. o . N

= solve mean offset position  Cstruc & = facro + frydro + Emoor(€)

= compute linearized viscous drag excitation and damping
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Numerical model

Inputs

Design

(JGICON-TLP with IEA 15-MW wind turbine Environmental

condition

mass and hydrostatic properties

linear hydrodynamic coefficients and mean aerodynamic load

s iz = N
solve mean offset position  Cstruc & = facro + frydro + fimoor(€)

compute linearized viscous drag excitation and damping

solve system’s dynamic response until convergence
. R
(_WQ[Mstruc + Asub(w) + Aaero(w)] + Z.U‘)[]3sub(‘*)) + Baero(w)] + Cstruc + Cmoor)é(w) = f(w)
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Numerical model

Inputs

Design

(JGICON-TLP with IEA 15-MW wind turbine Environmental

condition

= mass and hydrostatic properties SN
= linear hydrodynamic coefficients and mean aerodynamic load
. . - sz (4]
= solve mean offset position  Cstruc € = faero + frydro + fmoor (§)
= compute linearized viscous drag excitation and damping
= solve system’s dynamic response until convergence
. R -
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Design parameterization

5]
JIEA 15MW wind turbine:

= D, . ~240m, RNA, .. ~ 1000 t

" Hhub ~ 150 m, Ltower ~ 120 m
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Design parameterization

5]
JIEA 15MW wind turbine:

= D, . ~240m, RNA, .. ~ 1000 t

" Hhub ~ 150 m, Ltower ~ 120 m

(AMooring lines:
=d~0.15m,p~120kg.m™!
=FE,~2.10°N,L ~150m
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Design parameterization
(5]
JIEA 15MW wind turbine:
= Dyop ~ 240 m, RNA,qes ~ 1000 t

" Hhub ~ 150 m, Ltower ~ 120 m

(AMooring lines:
=d~0.15m,p~120kg.m™!
=FE,~2.10°N,L ~150m

Design variables:
" length Lypp and diameter Dygp

= center Zygp

This project has received funding from the European Union’s
Horizon 2020 research and innovation programme under
the Marie Sktodowska-Curie grant agreement N° 860879.
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Optimizer: Genetic Algorithm

This project has received funding from the European Union’s
Horizon 2020 research and innovation programme under

the Marie Sktodowska-Curie grant agreement N° 860879.
\ LEHRSTUHL WINDENERGIETECHNIK




F LO\(/ER

FLOAting Wind Energy netwoRk

Optimizer: Genetic Algorithm

(JOften used for FOWT optimization studies
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Optimizer: Genetic Algorithm

(JOften used for FOWT optimization studies

(6]
(dCumulative: population extends
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Optimizer: Genetic Algorithm

(JOften used for FOWT optimization studies

(6]
(dCumulative: population extends

JFitness: -1 * M

substructure
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Optimizer: Genetic Algorithm

(JOften used for FOWT optimization studies
(6]
(dCumulative: population extends

dFitness: -1 * M_

dConstraint handling technic: efficient penalty function
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Optimizer: Genetic Algorithm

(JOften used for FOWT optimization studies

(6]
(dCumulative: population extends

JFitness: -1 * M

substructure

dConstraint handling technic: efficient penalty function

[6)
Fitness scaling and addition operation:

= global and Local optima

= fewer fithess function evaluation

This project has received funding from the European Union’s
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Design space

Optimizer: Genetic Algorithm
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Design space

Optimizer: Genetic Algorithm | indiviudal e

Latin Hypercube
Initial population —_— )
Sampling
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Optimizer: Genetic Algorithm

High fitness @
Low fithess
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Initial population .
Sampling

scale fitness to
population optima

Fitness scaling

Selection

normal genetic
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operations

Crossover

Addition ? add new individuals?
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Optimizer: Genetic Algorithm

High fithess @ Distance criteria: O
Low fitness

. . Latin Hypercube
Initial population .
Sampling

scale fithess to @

population optima

Fitness scaling

Selection

normal genetic

Crossover )
operations

Crossover

Addition ? add new individuals?
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Genetic Algorithm

High fithess @ Distance criteria: O

Low fitness
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normal genetic
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operations

Crossover
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Optimizer: Genetic Algorithm
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Optimizer: Genetic Algorithm

High fithess @ Distance criteria: O
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Optimization Framework
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Optimization Framework

RAFT pool

(JObject Oriented (python)

Input file

Initial population

Fitness scaling

Algorithm parameters

Design space

Constraints values

Genetic
operation

Addition ?
New population

) , Results
Final population
Global optimum and local optima
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Optimization Framework

RAFT pool

(JObject Oriented (python)

Input file
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Conclusion & Outlook

v"Model of the GICON-TLP with IEA 15 MW
v'Asses its dynamic in the frequency domain using RAFT
v'Design optimization framework coupling a genetic algorithm with RAFT

v'Preliminary results with minimized material cost and verified constraints

»Enhance hydrodynamic model
» Compare numerical model with time domain model and experimental data

» Consider other design variables and constraints
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