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We engineered a 3D-printed, bio-inspired artificial wing with adjustable stiffness. We assessed how changes in feather

shaft bending stiffness, torsional spring stiffness, and membrane extensibility influence lift generation and efficiency.

Our results indicate that by keeping the exponent parameter of the hummingbird model's bending stiffness function con-

stant while increasing the bending stiffness of the feather shaft, reducing the torsional stiffness of the torsional spring,

and enhancing the extensibility of the membrane, both lift and lift efficiency can be improved.
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Figure 1 Design and structure of our wing. (a) Top and (b) oblique
viewpoints.



Table 1 Young’s modulus and 3-D printing setting of each material

Table 3 Design parameters and materials of wing shafts
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Figure 2 (a) Feathering limiter and (b) experimental setup
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Figure 3 Comparison of (a) lift and (b) lift efficacy of each wing
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