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 Tradition 

  Ulrich Hütter: pioneer work on wind turbine design and GRP use (IFB) 

  F.X. Wortmann: airfoil design, LWT (IAG) 

  Test site Schnittlingen: UNIWEX (ICA) 

  Endowed chair of wind energy (SWE, since 2004) 

Current Research Fields  ÅOperational behaviour 

ÅStructural dynamics and design of  

offshore wind turbines 

ÅLoad monitoring and control 

Å Aeroelasticity (IAG & SWE) 

Automated fibre  

composite  

manufacturing techniques 

 

Å Aerodynamics and  

  aeroacoustics 

Å Airfoil design, wind tunnel tests 

IFB 
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Wind Energy Research at University of Stuttgart 

 
 



 
 

WindForS  
 

The Southern German  
Wind Energy Research Alliance 
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WindForS 
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Endowed Chair of Wind Energy (SWE) 

at the Institute of Aircraft Design 

www.uni-stuttgart.de/windenergie 

Institute of Aerodynamics and Gas Dynamics (IAG) 

www.iag.uni-stuttgart.de 

Institute of Systems Theory and Automatic Control (IST) 

www.ist.uni-stuttgart.de 

Institute for Lightweight Structures and Conceptual Design (ILEK) 

www.uni-stuttgart.de/ilek/ 

Institute of Power Transmission and High Voltage Technology (IEH)  

www.ieh.uni-stuttgart.de 

Institute of Engineering and Computational Mechanics (ITM) 

www.itm.uni-stuttgart.de 

 

 

 
 



Center for Applied Geoscience (ZAG) 

www.ifg.uni-tuebingen.de/departments/zag/ 
 

 

 

 

Institute of Soil Mechanics and Rock Mechanics (IBF) 

www.ibf.uni-karlsruhe.de/ 

Versuchsanstalt für Stahl, Holz und Steine ï 

Dpt. of Steel and Light Alloy Construction (VAKA) 

http://stahl.vaka.kit.edu/ 

Institute for Meteorology and Climate Research (IMK) 

www.imk.kit.edu 



Institute for Carbon Composites (LCC) 

www.lcc.mw.tum.de/ 

Center for Building Materials cbm 

Non-destructive Testing Laboratory, TU München 

www.zfp.tum.de/ 
 

 

 

Aalen University - Dept. Mechanical Engineering 

www.htw-aalen.de/studium/m/ 

 

 

 

 

Zentrum für Sonnenenergie- und Wasserstoff-Forschung  

Baden-Württemberg(ZSW) 

www.zsw-bw.de 
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Aeroelastic Simulation of Wind Turbines 

Using Coupled Multi-Body and  

Aerodynamic Approaches 

 

Stefan Hauptmann 



SIMPACK Wind Turbine Aerodynamics 
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v1 

v2 
v3 

S 

  BEM    Lifting Line-Method   Computational  

  Fluid Dynamics 

Wind Turbine Model 

 
Rotor Aerodynamics 

ü 3 different aerodynamic 

approaches available 

üĂSimple but fastñ 

ü Airfoil table required 

ü Industry standard 

ü Commercially 

available within 

SIMPACK 

ü First interface: 2006 

 

üĂMore advanced, 

medium simul. timeñ 

ü Airfoil table required 

ü Soon available in 

SIMPACK (ECN) 

 

üĂVery advanced,   

very high comp timeñ 

ü Direct calculation  

ü Limited industrial 

application so far 

ü Use for calculation of 

airfoil tables possible 
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Fluid-Structure Coupling (e.g. MBS/CFD) 
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Fluid 

Structure 

Qn+1 

Qn+1 Qn+2 Qn 

Qn+2 Qn 

tn tn+1 tn+2 

1 

2 

Blade 
structure 

SIMPACK  
beam model 

SIMPACK blade model  
with deformation 

CFD 

solver 

FLOWer 

Loads  calculation  Loads on element nodes 
(principle of virtual disp.) 

load projection on 
beam elements 

Conversion of  
deformations 

 to quarter chord line 
Calculation of deformation Grid  deformation  

SIMPACK  
WT model 
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Pitch Error Simulated Using a CFD Solver 
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Aerodynamic simulation (CFD URANS):  

(no structural dynamics) 

 

ÁPitch angle of Blade 1 
ü Constant misalignment of 8º towards feather 
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Flow field: equally pitched blades Flow field: pitch angle blade 1 = 8º  



Pitch Error Simulated Using Lifting-Line Method 
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Aeroelastic simulation: 

(flexible rotor blades considered) 

 

ÁPitch angle runaway Blade 1 
ü +7.3°  for 10 seconds 

 

ÁComparison of Lifting-Line              

against BEM method 
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[Figs. SWE - Universität Stuttgart]                                              
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Design of a Wind Turbine Bedplate 

using Permas and advanced  

Drive Train Modeling  

 

Thomas Hecquet 



Derivation of local Loads for Bedplate 

Optimisation 

Á Creation of a basic model under SIMPACK (Flex5 alike): Ăstage 1ñ 

Á Load simulations (at different design load cases) 

Á Derivation of global loads to component loads (e.g. assuming stiff 

components) used for the topology optimisation of the nacelle 

bedplate 
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Connection points in the drive train  

for derivation of  the components loads 
Fixation of the drive train to  

the turbine bedplate 

Main drive train components and design 

space for the bedplate (grey) 

Flex5-alike SIMPACK wind turbine model 

[Figs. SWE - Universität Stuttgart]                                              

[Fig. E.Hau - Windkraftanlagen]                                              



Optimised Component Design with FEM and 

Integration in MBS 

Cooperation with Intes 

(FEM Software Permas) 

www.intes.de 

Á Topology Optimisation of the bedplate and design of mechanical parts  

Á FEM modeling of the designed part  

Á Integration of the modal reduced FEM model into SIMPACK 

Á Load simulation considering the flexible bedplate 
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From bedplate 

optimisation to the 

consideration of its 

flexibility in the overall 

wind turbine 
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Detailed modeling of drive train with SIMPACK 

Á Influence of the modelling is being assessed both 

ü In the frequency domain (modal analysis) 

ü In the time domain (comparison of loads or displacements for different 

design load cases) 

Horizontal Displacement of the main bearing under 

horizontal loading (thrust force as step excitation): 

Ăstage 1ñ with rigid and flexible bedplate 
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Comparison of the horizontal forces between the tower 

top and the nacelle at the rigid and flexible models, 

turbine being loaded by a wind at constant speed  
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Modelling of Wind Turbine Drive Train 

Comparison of rigid and flexible models 



Multi-torsional gearbox model and further 

improvements  
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3D View of the Nacelle Model with Flexible bedplate and the advanced 

gearbox model  [Fig. SWE ï Universität Stuttgart] 

More detailed modeling of the gearbox  

Á Multi-torsional 

Á Consideration of gear tooth stiffnesses (with FE14) 

Á Consideration of shaft stiffnesses  (with FE12) 

Á The advanced multi-torsional Gearbox model is mounted on the flexible 

bedplate 


