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Agenda 

• Introduction – Siemens Wind Power 

• Description of the MDO rotor design problem 

• Optimization framework at SWP 

• MDO success stories 

• Discussion of technical issues 

• Discussion of organizational issues 

• Questions 
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In t roduct ion – Siemens Wind Pow er  

• Formerly Bonus A/S, bought by Siemens AG in 2004 
• Headquartered in Brande Denmark / Hamburg Germany 
• Manufacturing facilities in Denmark, Spain, USA, China, & Canada  
• R&D facilities in Boulder USA, Den Haag NL, Sheffield UK, Keele UK, Brande DK, 

Copenhagen DK 
• ~9000 employees worldwide 
• To date – 17,900 MW installed capacity 

Market leader in of fshore… 



2nd NREL Wind Energy Systems Engineering Workshop 
Industry Panel: Systems Engineering Application to Wind Turbine Design Copyright © 2013 Siemens Energy, Inc. 4 of 12 

Minimize Total Cost-of-Energy – how? Accurate cost modelling. 
• Many disciplines, complex, coupled system, many aspects are unpredictable. 

 
 
 
 
 
 
 

• Simplify - concentrate on component material cost only 
• turbine system ‘material-only’ cost model is still challenging! 

• Simplify further – focus on rotor only.  
• Cost model that combines various sub-discipline objectives may not be desirable – 

  many ‘costs’ cannot be estimated up-front i.e. organizational cost, market ‘fit ’ etc.  
• Solve the problem using a multi-objective approach –  

  give decision-makers the data necessary to make trade-off choices directly including 
  ‘non-quantifiable’ costs 
     

 

M ul t i -Discipl inary Rotor Design Opt im izat ion 

• engineering  

• admin 

• BOM 

• manufacturing 

• t ransport & construct ion 

• service  

• balance of stat ion 

• f inancing 
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M ul t i -Discipl inary Rotor Design Opt im izat ion 

• Design space exploration vs. exploitation – combine model fidelity and optimization 
algorithm to suit overall objective for each specific stage of design optimization. 

• Genetic algorithms = best for exploration – “global” 

• Gradient based algorithms =  best for exploitation – “local” 

 

 

• Regardless of  which method chosen – cycle t ime is key!  

•For best results, keep human in the loop – not too fast nor too slow 

•More engineering iterations are always better – builds confidence/experience  

•Aim for ‘human’ scale cycle time ~ 1 day.  

GA/EA Methods 
 
Advantages 
– Does not require objectives or constraints to be 

continuous, differentiable or single valued 
– Model robustness threshold much lower 
– Relatively insensitive to noisy functions 
– Random e lement helps avoid local minima, also 

discovers new parts of the design space 
– Well suited to multi-objective optimization and 

design for robustness 
 

Disadvantages 
– High number of fn evaluations- requires fast 

models, or many processors, preferably both. 
– Large population needed for many DOFs or 

Objectives.  
– Non-deterministic- slightly different results each 

time* 
– Does not give exact optimum. 
 
 
  

 

Gradient Based Methods 
 
Advantages  
– Lower number of number of fn evaluations  
– Deterministic- exact optima 
– Advanced methods for finding gradients >> even 

lower comp. cost 
– Greater experience 
– For feasible problems: guaranteed convergence. 

 
 

Disadvantages  
– Requires continuous and differentiable constraints 

and objectives 
– Model robustness threshold is higher 
– No guarantee of global optimum 
– Not well suited to multi-objective optimization 
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Technology Front  /  M ul t i -Object ive Pareto Fronts 

 

Objective 1 

Objective 2 
dominated 

non dominated 

A 

Objective 1 

Objective 2 

A 

New technologies can be evaluated by 
their full coupled impact on design 
space, by comparing fronts. 

Technology fronts not 
always continuous 

A Pareto front gives the possible trade-offs between objectives 

Example: 3 Objective Front 
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M ul t i -Discipl inary Rotor Design Opt im izat ion 

• Performance 
• AEP 
• Capacity factor (some markets) 
• Robustness / soiling insensitivity 

• Acoustics 
• … complicated! 

• Loads & Controls 
• Normal operation, emergency stop, fault 

conditions, 
• Blade loads-  fatigue and extreme  
• Component loads- fatigue and extreme 

• Blade Structure 
• Blade mass/cost 
• Fatigue strain / extreme loads, tip 

deflection constraint  
• Panel buckling, edge buckling 
• Manufacturing constraints 

• Drive Train 
• Generator torque limit 
• Power & Freq converter limits, other EE 

considerations 
 

Simplify to ~3 object ive 
problem, with the rest 
being constraints- for 
example, f ind Pareto front 
in terms of: 
 

1. AEP 
2. Loads Analog 
3. Blade Mass 

Many ways to setup the 
problem, nesting etc. 

More objectives possible, but for 
every additional objective, 
computational cost x10. 

Mult i-object ive rotor design problem w/ non-linear constraints: 
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M ul t i -Discipl inary Rotor Design Opt im izat ion 

Mult i-object ive design problem DOFs: 
• Platform Characteristics (sometimes fixed, sometimes not…) 

• Blade length, rated power, max RPM, tower height, wind class, coning, shaft tilt, 
generator torque etc., allowable acoustic emission 

• Blade Planform 
• Chord, relative thickness, twist, sweep shape, pre-deflection 

• Airfoil Selection 
• Design lift, soiling insensitivity, Re performance, vortex generator placement etc… 

• Blade Structure 
• Structural layup, web placement, aero-elastic tailoring etc… 

 
 

Considering all disciplines, 1000+ DOFs are easily possible… Overly complicated. 
• Simplify; smart parameterization  
• Use nested optimization  
• Remove weak system couplings where possible. 
• Explore design space using low cost models, 

before using hi-fidelity solvers. 

 

actual green card process 
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Opt im izat ion Framew ork  

Siemens Blade Opt imizat ion Tool (SBOpT) 

• Evaluates 100,000+ blades in an evening within GA setup and HPC cluster, produces N-
dimensional Pareto front between various design objectives. 

BHawC  

• High fidelity FEM code for aero-elastic simulation of entire turbine system. 

 

 
SBOpT 

Product  
Specification Candidate Selection 

BHawC 

Hi-Fi Structural  
Modelling 

Feedback/tuning 

Feedback/tuning 

Technology Front 

structural  
iteration 

Final product 
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M DO Success Stor ies 

• SWT-6.0-154 
World’s largest operational turbine  

• SWT-2.3-108  
• SWT-3.0-108 
• SWT-4.0-130 
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Technical  Chal lenges 

• Cross sectional modelling. Accurate prediction of shear center and torsional 
stiffness & other coupling terms in 6x6 stiffness matrix. 

 

• Speed vs. Fidelity trade-off.  - OR -  cycle time vs. confidence level.  

 

• Accurate load analogs – full IEC load calculations are too expensive, how can we 
get 90% of this information for 10% of the computation time? 

 

• IT infrastructure – global development team, licensing  

 

• Software architecture – working with legacy codes that were not designed with 
optimization in mind. 

 

 

 

garbage in, garbage out. 
model fidelity 

comp. cost 

useful for optimization 
mixed/medium fidelity doesn’t always exist 

analytical solutions 
? 

most legacy codes; 
most experienced people 
design by analysis 
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Organizat ional  Chal lenges 

• ‘Silo thinking’ - disciplines operating in isolation with limited contact. 

• Manual / design by analysis works, why change? 

• Unease / lack of knowledge of optimization methods in general, especially those 
not exposed to it during their education. 

• ‘Are you going to script me out of a job?’… more interesting analysis, less 
repetitive work and if anything doing MDO properly may require more staff.  

• Over selling optimization – its not a push-button solution, just a more powerful 
technique. Success/reliable optimization can difficult, optimizers are excellent at 
breaking models… 

• Unusual results are common– expect the unexpected. 

• Trust is hard to gain – easy to lose. Communication and expectations must be 
managed carefully. 

• IT/software challenges often are not fully appreciated. The higher the fidelity 
used, the more this issue is magnified. 
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Thank s for your at tent ion - Quest ions? 

MDO can be challenging, 
but worth the ef fort… 
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