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Challenge, objective and method
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Challenge: Rotor diamater continues to increase in size ->

increased mass and loads

Objective: Reduced mass of blade:

- Reduced cost of materials

- Lighter rotor (benefits to many parts in drive train & tower) 

Method: Structural optimization techniques – gradient based optimization
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Basic idea
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Paper: Structural gradient based sizing 
optimization of wind turbine blades with fixed 
outer geometry, Composite Structures, 2018

Basic idea
• Take offset in existing production method
• Keep it simple (number of design variables)
• Use full-scale 3D solid-shell FE model

• No inherent restrictions (unlike beam models)!

Minimize mass of 73.5 m offshore wind turbine blade
• State-of-the-art in-house research code
• Re-use mold (outer geometry fixed)
• Constant loads – 12 load cases considered
• Find weight-optimal layup

• Tip displacement constraint
• Strain constraints
• Buckling constraints
• Manufacturing constraints
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Basic idea:
• Divide blade into patches
• Change the thickness of ...

.. in each patch

     

       
     

       

     
        

      

       

(Takes offset in production method)
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Basic idea

LE: Leading Edge
MA: Main laminate
TE: Trailing Edge
SW: Shear Web
UD: Uni-Directional GFRP
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Design variables
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Design variables
• Thickness of UD ply-group or

core-material in each patch
• Total number: 406
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LE: Leading Edge
MA: Main laminate
TE: Trailing Edge
SW: Shear Web
UD: Uni-Directional GFRP
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Manufacturing constraints
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Manufacturing constraint:
• Limit on thickness change       

from patch to patch

Example:
• Min. ply-drop distance: 200 mm
• Patch length: 2 m (coarse model)
• Max. thickness change between 

patches: 10 plies
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Optimization problem

7

Objective:
• Minimize mass

Subject to:
• Buckling load factors (12 load cases)
• Max. strain failure indices  (12 load cases, reduced using p-norm functions)
• Tip displacement (flapwise load case only)

...  = 25 structural constraints

...  + 678 ply-drop constraints
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Solution approach
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Solution approach (SLP – Sequential Linear Programming):
• Finite element analysis
• Gradients: Design Sensitivity Analysis

• Efficient method (not by 406*25 analyses...)
• ABAQUS also supports this from 2018 version

• Linear programming
• Accept solution?
• Repeat...
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Post-processing
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Manufacturable layup:
• Whole number of plies
• Avoid local valleys
• Interpolate between 2 m sections
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24556 kg

18.5 m
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Convergence - buckling
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Buckling modes
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Buckling load factors very close (limit is 1.96).
Mode 6 spans most of blade. Well distributed stiffness!

LC 1, Mode 6
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Convergence – failure indices
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Results
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Results:
• 10 plots like below
• See paper in Composite Structures for all plots and in-depth discussion.

Root UD:
• Heavy ply-group (”all-over”)
• Better to increase individual regions
• Small increase from 8-10 m needed to prevent buckling
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TE UD UW (UD material in trailing edge upwind side):
• Local valleys filled
• UW side much lighter than DW side
• Buckling critical

Termination of 3rd shear web. Important for buckling
Coincides with buckling mode 2 in LC12
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Termination of 3rd shear web. Important for buckling

TE Core Balsa (DW) similar
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Results
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Potential – concluding remarks

• Gradient based optimization of composite structures is a mature technology

• Commercial FE tools (e.g. Abaqus) provide sensitivities of laminate thicknesses and angles ->
can be integrated in existing design process

• Demonstrated with success for mass minimization of 73.5 m offshore wind turbine blade

• Parameterization involving multi-material topology and thickness optimization also developed 
(in in-house code)

Questions?


