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Abstract: To address the limited endurance of current unmanned aerial vehicles (UAVs), an
optimized design of bionic wings considering dynamic soaring performance is proposed based on
the dynamic soaring mechanism of albatrosses, aiming to enhance the dynamic soaring
performance and environmental adaptability of UAVs. Based on the structural characteristics of
albatross wings, a parametric model of a three-segment bionic wing is established, with
wingspan, chord length, dihedral angle, and sweep angle selected as design variables. Building
on existing research, an optimized model for bionic wings is constructed with the maximum lift-
to-drag ratio as the optimization objective, incorporating the dynamic model of dynamic soaring.
To enhance optimization efficiency, a surrogate model for the lift and drag coefficients of the
bionic wing is developed using neural network fitting functions, and the optimized model is solved

using a genetic algorithm. Simulation results show that compared to a straight bionic wing based
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on image measurement, the optimized wing achieves significant improvements in multiple key

performance indicators: the maximum lift-to-drag ratio increases by 13. 73% , the minimum wind

gradient decreases by 16.23% , the maximum angle of attack increases by 60% , the maximum lift

coefficient increases by 5. 9%, and the maximum total energy increases by 33.61%. The results

demonstrate that the optimized bionic wing exhibits better dynamic soaring performance, stronger

environmental adaptability, and enhanced energy acquisition and utilization capabilities. This

study provides new methods and insights for the design and optimization of long-endurance bionic

UAVs with high dynamic soaring capabilities.
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Fig. 1 Dynamic soaring four-stage model
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Table 1 Relative dimensions extracted from images (measured
values) and calibrated actual dimensions under the total

wingspan constraint (actual values)
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Fig. 2 Bionic wing shape parameters
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Table 2 Comparison of adult albatross parameters
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Table 3 Design constraints for bio-inspired wing optimization
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genetic algorithm
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Table 5 Comparison of baseline and optimized design

variables of the bio-inspired wing
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