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Topology optimization of unmanned aerial vehicles for lightweight and additive manufacturing
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Abstract : To reduce the weight of a certain type of unmanned aerial vehicle, a lightweight design of the frame was carried out
with sub-regional topology optimization by using 3D printing additive manufacturing process. Firstly, based on the shear force state
of the cantilever beam, the lattice cell configuration was obtained by using the solid isotropic material with penalization (SIMP)
topology optimization method, and the lightweight scheme of the wing cantilever region was obtained by using the lattice filling
method. Secondly, the strength and modal multi-objective performance topology optimization of the base area were carried out to
obtain the complete lightweight design scheme for the frame. Then, through the verification of the lightweight model, it is known
that the frame volume is reduced from 62.45 cm® to 22.34 cm?, and the volume is also reduced by 22.73% compared with the light-
weight structure of the unmanned aerial vehicle optimized by the traditional SIMP topology. Finally, the stereo lithography appear-
ance process was adopted, with photosensitive resin as the raw material, and the physical model of the unmanned aerial vehicle was
fabricated using the HALOT-SKY 2022 printer, reducing the structural weight by 64.23%. The above research results indicate that,
compared with the traditional SIMP topology optimization technology, the sub-regional topology optimization method based on the
interdisciplinary integration of SIMP topology optimization technology, lattice structure design, and additive manufacturing process-
es can provide a new approach and idea for the lightweight design of unmanned aerial vehicles, and also offer reference and inspira-
tion for the lightweight research of plastic structures.
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HR4E GB 425902023 #L5E , T AMLL &R E
DR T 133 FEFIr % B A A S A g A B R i 2
T RANWIA R VA Z A0 2.5, fIE 2 AT, Bl



116 AR

2025 4E, %5 53 4,45 8 1

Contour plot
Element stresses(2D&3D)(VonMises)
Global system

Simple average

3.856E+00
3.427E+00
2.999E+00
2.570E+00
2.142E+00
1.714E+00
1.285E+00
8.568E-01
4.285E-01
7.092E-05
No result

Max=3.856E+00
Grids 46 710
Min=7.092E-05
Grids 101 543

X

(a) Static stress cloud diagram of unmanned aerial vehicle
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(b) Static displacement cloud diagram of unmanned aerial vehicle
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Fig. 2 Static analysis results of unmanned aerial vehicle
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Fig.3 First-order free mode vibration pattern of unmanned aerial vehicle
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Tab.1 Low-order frequencies in free mode of unmanned aerial

vehicles
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Fig. 4 Schematic diagram of force analysis of wing cantilever beam
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Fig. 6 Topology optimization results of lattice cell
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Fig. 7 Lightweight scheme of cantilever beam and its strain energy
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Fig. 8 Topology optimization results of lattice cell
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Fig. 9 Lightweight design results of the cantilever area
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Fig. 11 Lightweight design result of base area
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Fig. 12 Stress of lightweight structure for unmanned aerial vehicles
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Fig. 13 First-order free mode vibration pattern of lightweight structure
for unmanned aerial vehicles
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Tab.5 Comparison of lightweighting effects of unmanned aerial

vehicles
Original structure Lightweight structure
Items This Reference This Reference

article [6] article [6]

Volume/cm® 62.45 62.41 22.34 28.91
Maximum stress/MPa 3.86 3.08 13.14 17.28
Safety factor 11.67 14.60 342 2.60
First-order

556.30 284.20

frequency/Hz
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Fig. 14 Printing status and initial printing model of unmanned aerial

vehicle

15 JCABL3IDFTEIER

Fig. 15 Unmanned aerial vehicle 3D printing model
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