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Abstract

As a crucial carrier of China’s new-quality productive forces, the low-altitude economy’s core equipment, drones, has its endurance
constrained by airframe weight. UAV structural design, as a key factor determining UAV performance, stability, and application
scope. Reasonable structural design can not only improve the flight performance of UAVs but also enable them to better adapt to
various complex application scenarios, thereby promoting the widespread application of UAV technology in military and civilian
fields. Aiming at the limitations of traditional single-scale topology optimization design, this paper proposes a UAV structural
lightweight design method based on the multi-scale finite element method. By constructing a macro-meso collaborative optimization
model, it is possible to reduce the weight of structural components while maintaining stability and strength, improve the overall
structural performance, and reduce costs. Multi-scale structural topology optimization can provide a new development path for
improving UAV endurance.
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