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Lightweight design of wind turbine blade based on topology
and size optimization

ZHU Jie"?, MA Dongfang', ZHANG Jialiang', DU Yongfei', ZHANG Ling'
( 1.School of Civil Engineering and Architecture, College of Science & Technology Ningbo University, Ningbo 315300, China;
2.College of Civil Engineering and Architecture, Jiaxing University, Jiaxing 314001, China )

Abstract: In order to reduce the mass of wind turbine blade effectively, and to further decrease cost and improve
efficiency, topology optimization and size optimization design are conducted for the internal structure of the
blade. Firstly, the topology optimization for the internal solid structure of the blade is carried out by using
ANSYS with consideration of three ultimate load conditions, while employing the blade internal element
densities as design variables, setting the minimum blade compliance as the objective, and taking the structure
volume as the constraints. Then, a shell model of the blade is established according to the topology optimization
result and the actual internal material lay-up. The size optimization for the internal structure of the blade is
carried out by using both MATLAB and ANSYS to minimize the blade mass. The key structural parameters are
used as the design variables, and strength, rigidity, vibration performance and stability are considered as the
constraints. The topology optimization result shows that the blade structural performances can be effectively
improved by modifying the conventional structure form of the blade appropriately. The size optimization result
indicates that the optimization scheme of modified structure can reduce the mass by 12.4% when compared with
the original scheme, and can further decrease the mass by 2.6% when compared with the conventional structure
optimization result, which realizes the lightweight target of the blade well.

Key words: wind turbine blade; topology optimization; size optimization; blade mass; lightweight design
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