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Numerical Simulation and Surface Morphology of Laser-Cleaned
Aluminum Alloy Paint Layer

Gao Liaoyuan, Zhou Jianzhong”, Sun Qi, Li Huating,

Zhu Ming, Guo Zhaoheng, Yang Jianian
School of Mechanical Engineering , Jiangsu University, Zhenjiang, Jiangsu 212013, China

Abstract The finite element model for an acrylic polyurethane paint layer cleaned by a nanosecond pulsed laser on a
2024 aluminum alloy surface was established using COMSOL Multiphysics. The effects of different parameters on
the laser cleaning temperature field and cleaning depth were analyzed, and the findings were verified by an
experimental study. The results show that the scanning speed affects the cleaning efficiency in the form of an
overlapping rate, where a low scanning speed corresponds to a reduced cleaning rate. A suitable cleaning efficiency
is achieved with an overlapping rate of 50%. As the laser energy density increases, the maximum surface
temperatures of the paint layer and the substrate increase linearly. When the laser energy density reaches 25 J/cm?,
the paint material in the laser irradiation region is completely removed and the ablation depth of the aluminum alloy
substrate is 50 um. For a laser energy density of 25 J/cm® and an overlapping ratio of 50%, the peak-to-valley
height of the substrate surface groove is 50. 234 pm. Thus, a suitable surface that meets the coating process
requirements can be obtained with these parameters. These results provide a reference for studying nanosecond pulse
laser cleaning and for selecting appropriate process parameters.

Key words laser technology; nanosecond pulsed laser; laser cleaning; 2024 aluminum alloy; finite element
simulation; surface morphology
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Table 1 Thermophysical parameters of acrylic
polyurethane and 2024 aluminum alloy
Acrylic 2024
Parameter
polyurethane aluminum alloy
Density /(kgem *) 1062 3900
Specific heat /(Jekg '+°C ') 2152.8 900
Heat conductivity /
0.192 27
(Wem 'eC™H
Melting point /°C 125 500-600
Boiling point /°C 141.5
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Fig. 3 Surface temperature field distributions of acrylic polyurethane paint layer at different scanning moments.

(a) t=0.002 s; (b) £=0.003 s; (¢) t=0.004 s; (d) t=0.048 s
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Table 2 Technical parameters of IPG-HP-100
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Parameter Value
Wavelength /nm 1064
Laser power /W 100
Pulse width /ns 100
Focused spot diameter /pm 50
Maximum scanning speed /(mmes ') 8000
Maximum repetition rate /kHz 100
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