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A numerical study on laser cleaning of epoxy resin paint
layers from 7075 Aluminum Alloy surfaces
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Abstract: In order to enhance the efficiency of laser cleaning epoxy resin paint layers from 7075 aluminum alloy surfaces and
reduce material loss, In this study, a numerical model was developed using the COMSOL Multiphysics simulation platform. The
Gaussian laser beam irradiation process was investigated based on the principles of Fourier heat transfer theory and finite element
analysis. By adjusting the influences of key parameters—including energy density, pulse duration, and spot overlap ratio—on the
transient temperature field and the resultant cleaning efficacy were systematically examined , and the sensitivity parameter was in-
troduced for the first time for quantitative analysis. The results demonstrate that both the surface temperature and the cleaning
depthincrease monotonically with pulse duration and mean power density , whereas they exhibit an inverse relationship with the la-
ser spot overlap ratio. Specifically, when the laser has an average power of 40 W, a pulse length of 20 ns, and laser overlap rate of
70% , the temperature of the aluminum alloy substrate exceeds its molten temperature, resulting in sustained. In contrast, under
conditions of 25W power, 20 ns pulse length, and 80% laser overlap rate, the coating can be completely eliminated with no dam-
age to the substrate. This study clarifies the quantitative impact of laser parameters on cleaning efficiency and provides guidance
for optimizing the process parameters for efficient and eco-friendly cleaning of paint layers from 7075 aluminum alloy surfaces.
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