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Research on damage effects of high-energy lasers on plastic skin
materials of small UAVs

LUO Xi, ZHANG Haochun, TANG Xinzhuo, TANG Qiuyu, WANG Haixiang
(School of Energy Science and Engineering, Harbin Institute of Technology, Harbin 150001, China)
Abstract: As a new type of directed-energy weapon, high-energy laser (HEL) systems demonstrate significant
advantages in counter-unmanned aerial vehicle (C-UAV) operations, including rapid response and high cost-
effectiveness. Taking the small quadcopter as a typical research subject to conduct modeling, simulation, and
quantitative analysis of HEL damage effects. Firstly, the research status of C-UAV technologies was
systematically reviewed. Subsequently, a damage assessment model was established, incorporating key
modules such as laser atmospheric transmission, irradiation response calculation, and damage degree
evaluation. Through vulnerability analysis of UAV systems, critical damage components were identified,
enabling the development of a thermo-mechanical coupled laser damage assessment model. Finally, numerical
simulations were performed to evaluate damage effectiveness under various operational parameters. The
simulation results demonstrate that the damage time exhibits strong correlations with both engagement distance
and laser power density. Specifically, the damage time increases with reduced operational range and increased

power density.

Key words: laser; drone; performance analysis; plastic skin; damage; vulnerability
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Fig. 1 Overall technical scheme of simulation system
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Table 1 DJI Air3 performance indicators

No. DIJI Air3 performance indicators Value
1 Max flight speed/km-h™' 72
2 Max flight altitude/m 500
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Table 2 Materials and composition of DJI Air3

No. Component Material type

1 Fuselage Carbon fiber, ABS+PC blend, 6061-T6
aluminum alloy
2 Propellers ~ PC, glass-fiber reinforced PC (PC+GF), carbon
fiber, 6061 aluminum alloy
3 Rotor guards Polypropylene (PP)

S

Support legs &  Carbon fiber, PC, GF-reinforced PA (Nylon)
landing gear

5  Motor casing Aluminum alloy (A380)
6 Battery housing Flame-retardant PC/ABS blend
5 Gimbal Silicone, rubber, 6061-T6 aluminum
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Table3 Material parameters of flame-retardant PC/ABS

engineering plastic

Parameter Value Parameter Value
Melting point/C 280 Density/(g/cm’) 1.2
Thermal 0.18 Specific heat 1.5
conductivity/(W/m-K) capacity/(J/g-°C)
Ratio 0.37 Yield strength/MPa 62
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Fig.4 Curves of 1.064 pm laser atmospheric transmittance
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