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Our AI-driven model optimizes tower design by integrating physics with AI, enabling the generation of new designs, faster simulations, and supporting 
efficient upscaling for more cost-effective wind energy systems.

Goal: Optimize the design of the tower for the 22 MW floating offshore wind turbine. 
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Offshore wind turbines capture stronger, more consistent 
winds, enabling larger energy production with reduced 
visual and noise disturbances. 

Offshore wind farms started with fixed 
foundations, then moved to floating for 
stronger winds and deeper waters.

Tower: Crucial in Upscaling

As turbines increase in size, towers need to 
support larger blades and higher loads, 
while reducing mass and costs. The 
optimization of tower design is critical to 
improving efficiency without compromising 
structural integrity or economic viability.

1. Dataset Generation 2. AI Model Development

3. Generative Design
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Original Design

• 30 Sections:
  - Outer Radius: 31 vars.
  - Height: 30 vars.
  - Thickness: 30 vars. 

• Tower: 30 sections
• Model Type: Shell  

• Element Size 
• Quadratic Quadrilateral 
Elements 
• Structured Mesh

• Isotropic Elasticity: 
  - Youngs's Modulus 
  - Poisson's Ratio
• Density
• Tensile Strength 
• Yield Strength 
• Compressive Strength
• Fatigue SN curve

• Stress Analysis
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• Modal Analysis
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• SIMP Method: 
  - Max Iterations Number
  - Min Normalized Density 
  - Convergence Accuracy
  - Penalty Factor
• Model Transferred
 to Design Validation

• Optimization Region
• Design Constraints
  - Symmetry Planes 
  - Max von Mises Stress
  - Mass Retention
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Topology Design

Geometry Definition

Material Definition

BCs Definition

• Top Edge: Aerodynamic 
and Gravitation Loads 
  - Force and Moment 
  - Gravitational 
Acceleration
• Bottom Edge: Fixed
• Rotor-Nacelle Mass 
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