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Blade Structure Design Based on Topology Optimization and
Shape Optimization
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Abstract: The blade cross-section design of the helicopter rotor is the basis for studying the rotor dynamics de-
sign. A two-stage optimization design method combining joint topology optimization and shape optimization is
proposed, which can be used for the design of blade cross-section. The first-level optimization uses SIMP as the
material interpolation method for topology optimization. The blade volume minimization is the design goal, the
displacement and stress of the blade joint are constrained, and the topology optimization model of the blade is
established. The second-level optimization uses the reconstructed blade model to optimize the shape, reduce lo-
cal stress concentrations, and find reasonable boundary node locations. The finite element analysis of the opti-
mized model shows that the topology optimization and shape optimization can achieve the structural layout that
meets the requirements of strength and stability, and provide a guiding plan for the structural design and optimi-
zation of the blade.
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Fig.2 Geometric model of the blade
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B4 BB /NG RSN 100 mm B B3 FMIE A 2

Fig. 4 Topology optimized configuration with a

minimum member size of 1.0 mm
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Fig. 5 Objective function iteration curve
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Fig. 7 Blade section reconstruction diagram
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Fig. 10 Stress distribution of free shape optimized structure
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