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Structural formulation

• Structural core based on a multibody formulation
• Joints modeled by geometric constraints
• Arbitrary geometry, but so far limited to Timoshenko beam elements
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Aerodynamics
• Aerodynamic model: 

– BEM model 
• Based on Glauert theory
• Prandtl tip loss correction

– Dynamic inflow:
• Two first order filter approaches
• Near wake model (new) 

– Dynamic stall models:
• S.Ø. model
• Beddoes model
• Beddoes expanded for trailing edge flaps
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Wind
• Deterministic wind:

– Shears (log, power law, user defined)
– Gusts (acc. to IEC 61400-1 ed. 3)
– Tower shadow (potential flow, jet model)

• Stochastic wind:
– Build-in Mann turbulence generator (Fully coherent 3D-turbulence)
– Read module for FLEX turbulence
– Dynamic wake meander model for turbines in wake
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Hydrodynamics

SWL

Hydrodynamic kinematics:

• Regular and iregular Airy waves, directional spreading

• FFT feature to reproduce kinematics based on elevation

• Wheeler stretching used for shallow waters

Hydrodynamic loads:

• Morisons formula (assumption of slender 
elements)

• Axial damping term in end nodes

• Axial dynamic pressure inserted as concentrated 
force on end nodes and distributed forces over 
conical sections

Buoyancy loads from static 
pressure:

• Axial dynamic pressure inserted as 
concentrated force on end nodes and 
distributed forces over conical sections

• Distributed perpendicular force 
contribution on angled elements

• Restoring moments distribution on 
conical sections
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Hydrodynamic loading

• Morisons formula, distributed load perpendicular to element

Dm FFF +=

relRmm UVCUVF && ρρ +=

relrelDD UUDCF ρ
2
1

=

• Buoyancy, distributed load contributions

• Buoyancy and drag contributions at end nodes
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Mooring lines

• Single line characteristic calculated, 
e.g. using MIMOSA

• Line characteristics coupled in DLL 
taken number of lines, orientation, 
anchor/fairlead positions into 
account.

• Forces aplied to structure in specific 
node.
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Natural frequencies
• Boyancy, hydrodamic forces, mooring line forces and extra added forced 

in that matter is linearized and included as stiffness, damping 
contributions in the node where mooring line forces are attached. 

Full System Eigenmode

Natural 
Frequency 

(Hz)
Platform Surge 0.0077
Platform Sway 0.0077
Platform Heave 0.033
Platform Roll 0.065
Platform Pitch 0.065
Platform Yaw 0.118
1st Tower Fore-Aft 0.47
1st Tower Side-to-Side 0.48
1st Drivetrain Torsion 0.64
1st Blade Collective Flap 0.71
1st Blade Asymmetric Flapwise Pitch 0.67
1st Blade Asymmetric Flapwise Yaw 0.66
1st Blade Asymmetric Edgewise Pitch 1.076
1st Blade Asymmetric Edgewise Yaw 1.095
2nd Tower Fore-Aft
2nd Tower Side-to-Side
2nd Blade Collective Flap 1.961
2nd Blade Asymmetric Flapwise Pitch 1.859

2nd Blade Asymmetric Flapwise Yaw 1.711

Regarding static results:

Heave of 0.95 m upwards
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