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Fig.2 Flexible lattice unit cells fabricated by 3D printing and their mechanical properties
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Fig.3 Scheme design and conceptual prototype of variable-thickness wing
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Structural Design and Multi-Scenario Validation of Assembled Lattice Material

WANG Huitian, MA Chao, YIN Sha
(Beihang University, Beijing 100191, China)

[ABSTRACT]
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Lattice materials are a class of engineered materials with artificially designable microstructures, with
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excellent multi-physics field manipulation capabilities in mechanics, acoustics, and thermodynamics, and exhibit broad
application prospects in the field of smart structures. Although the development of additive manufacturing technology has
significantly enhanced the shape complexity of lattice materials, its limitations in build size and manufacturing efficiency
still impede the integrated fabrication of large-scale complex structures, which has become a key technical bottleneck for
their engineering application. To address this, this paper proposes a prefabricated assembly construction method using
standard unit cells, which enables configuration flexibility and manufacturing feasibility for large-scale lattice materials
in complex structures via modular construction and spatial assembly. In terms of structural configuration, octahedral
lattice unit cells serve as the basic components, with two connection strategies developed: Bolt joints for flexible material
systems and bionic plug-in joints for rigid ones, enabling modular assembly for diverse application requirements. For
flexible structures, linear actuators are integrated to construct an actively deformable wing structure, which achieves local
deformation control with a maximum thickness adjustment range of 25 mm and a maximum surface inclination angle of
12°. For rigid structures, a lattice sandwich cockpit prototype is constructed, and a homogenized finite element model
is established for static mechanical analysis, resulting in a bending stiffness of 2564.1 N/mm and a torsional stiffness of
1409 N - m/deg. The research results indicate that this assembled lattice structural system, while maintaining lightweight
properties and high performance, possesses good assembly flexibility and cross-scale adaptability, thereby offering an
effective configuration and manufacturing solution for the engineering application of smart structures and lightweight
aircraft components.

Keywords: Lattice materials; Prefabricated assembled structures; Modular design; Additive manufacturing; Smart structures
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Preparation and Performance Study of Flexible Bionic Wings for Hovering
Flapping Wing Micro Air Vehicles

SHENG Shijie, WU Jianghao, ZHANG Yanlai, WANG Yichao, WU Huiyi
(Beihang University, Beijing 100191, China)

[ABSTRACT] This paper proposes a novel preparation process utilizing composite materials for the flexible bionic
wings of hovering flapping wing micro air vehicles (FWMAVs), addressing issues such as excessive mass and inertia,
low flapping efficiency, and limited service life. The process employs lightweight, tear-resistant Cuben fabric as the wing
membrane, combined with carbon fiber prepreg curing to form the wing veins. It also incorporates laser cutting, self-
bonding technology, and a standardized thermal curing process, significantly enhancing the performance of the bionic
wings. Experimental results demonstrate that, compared to traditional processes, the bionic wing prepared using this process
reduces mass by 53.6%, increases flapping efficiency by 1-2 gf/W (approximately 40%), and exhibits no significant damage
during high-frequency, long-duration flapping, thereby substantially extending service life. Meanwhile, comparative
experiments reveal no significant difference in aerodynamic performance between flexible bionic wings with simplified
wing veins and those with insect-like veins, offering a new perspective for the optimal design of bionic wings. Furthermore,
flight experiments validate the practicality of the proposed bionic wing fabrication process, laying a foundation for
performance enhancement and practical application of hovering FWMAVs.
Keywords: Flexible wings; Hovering flapping wing micro air vehicles; Preparation process; Bionics;
Aerodynamic performance
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