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Motivation
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• Fast response methods  are developed using Hill's method: two Fourier-based 

approaches and a single one is Laplace-based.  

• Floating wind turbine model includes floater pitch motion, blade deflection, and 

dynamic stall consideration. 

• Forcing exerted on the structure is influenced by the coherent turbulence velocity 

and sheared inflow velocity, as well as by a stochastic or harmonic floater pitch 

moment excitation representing the hydrodynamic moment. 

• We determine the response contribution in accuracy with higher order harmonics 

consideration and investigate the CPU reduction benefit of fast response methods. 
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Period:

Blade azimuthlal angle:

Blade deformation:

Moment arm distance:

Model implementation 



DTU Wind Energy14. januar 2025 DTU Wind Energy

Complete EOM assembly for the Time Domain Model (TDM)
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EOM for the TDM:
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Aerodynamic load characterization :
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Geometric identities:

Airfoil velocity triangle : Lift force:

Inflow 
velocity:

Normal velocity 

component:

Tangential velocity 

component:
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Dynamic Stall model linearization 
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Dynamic lift for Stig Øye model :

Separation function ODE linearization for Stig Øye model :

Aerodynamic load linearization for Linear Model (LM): 

Airfoil FFA-W3-241 :
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State-Space formulation for Linear Model (LM):
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State-Space general form:

EOM for the LM:
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Fourier Transform based Fast Response methodology
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State-Space ODE general form:

Forcing input is expressed 

in the frequency domain:

The State-Space ODE is written 

in the frequency domain:

Solve response in frequency domain given 

the transfer function and forcing input:

Solve response in time domain through the 

inverse Fast Fourier Transform algorithm:

Windowing function:

×
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Perturbation theory
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Fourier double sided truncated series (Hill’s decomposition) :

Perturbation method applied 

to variables:
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Double Perturbation method
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System of equations: Harmonics to solve:
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Single Perturbation
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System of equations:

Additional derivations are not covered in 

this presentation.

Difference in perturbation applied to A𝐿 𝑡 :

Same as Double Perturbation:
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Laplace Transform and Single Perturbation approach combined

The inverse of the Laplace Transform of the equation defined in the s-domain  

determines the solution in time domain:

Additional derivations are not covered in 

this presentation.
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Stochastic hydrodynamic moment computed for the 

floater pitch moment characterization  
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Load cases distinction
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Stochastic hydrodynamic moment:

Harmonic hydrodynamic moment:

Load cases analysed:
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Load Case C:
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Load Case D:
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Load Case E:
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Standard Deviation Relative Error (STDRE):
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Fast Response methods 

CPU time analysis:
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Concluding remarks

21

• Single and Double Perturbation methods with the Fourier Transform both give the 

same accuracy when going to up to the same harmonic order consideration. The 

Laplace based Single Perturbation method gives a different accuracy compared to 

the Fourier based methods.

• For a simulation run time of 4096 seconds, the Single Perturbation method requires 

only 5 seconds execution time and outperforms the linear model which takes 

instead 40 seconds as well as the time domain model which needs 90 seconds. 

The Single Perturbation method usually is faster than the Double Perturbation 

method. The Laplace Transform based Single Perturbation approach is slower than 

the other methods by requiring roughly a similar execution time as the Linear 

Model. 

• The overhead computational costs have been reduced, and time loops have been 

avoided where possible to improve execution time efficiency of Fast Response 

methods. 
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