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Simulation model of laser cleaning based on

thermally-induced ablation effects (invited)

Guo Jiawei, Cai He, Han Juhong, Luo Qing, Yang Jiao, An Guofei, Song Di, Wang Jiaqi, Wang You"
(Southwest Institute of Technical Physics, Chengdu 610041, China)

Abstract: In order to study the influence of laser parameters on the performance of laser cleaning based on
thermal ablation effects, considering the working mechanism of thermally-induced ablation, Fourier heat
conduction equation, and energy conservation theorem, a finite element analysis (FEA) software is used to
establish a two-dimensional laser cleaning simulation model of dynamic energy conservation during the thermal
ablation. In the simulation model, there is a mathematical relationship between the laser ablation intensity of the
thin layer-base system and the normal velocity of the paint layer boundary, by using the virtual Robin boundary
condition in the Fourier heat conduction equation. The simulation reflects the dynamic conservation of energy
between the laser ablation energy and the latent heat consumption inside paint layers, which confirms the
mathematical relationship between the mass loss and the energy consumption, and the simulation results become

more precise and reliable. Such a simulation model is used to analyze the effects of the laser power, spot diameter,

WS B EA:2022-11-03; &7 B#A:2022-12-18

€W H: HEE SO LI (2017YFB0405100)

{EZ BN Fhmh, I, TR, 1, R OGBSO ARN 7 Y 5T
BIREE: Tl 53, D50t [, 2 Aot B AR R ROt 25 77 T R 5E

20220779-1



ISk A2

%248

www.irla.cn

% 52 %

scanning speed, and scanning energy density on the cleaning performance. The simulation results show that the

average residual thickness of a paint layer decreases with the increase of the laser power and scanning energy

density, and the decrease tendency gradually slows down. When the laser power becomes too large, the metal

base will be damaged. The average residual thickness of the paint layer increases with the spot diameter and

scanning speed. However, reducing the spot diameter and scanning speed is harmful to enhance the cleaning

efficiency. According to the relationship between the physical parameters of the paint layer and the scanning

energy density, the optimization protocol of laser cleaning parameters has been proposed by considering both the

cleaning performance and the cleaning efficiency. The simulation model is also used to analyze the cleaning

performance of each scanning of an uneven surface paint layer by the uninterrupted multiple scanning. The study

in this paper could be helpful for the design of laser cleaning devices as well as the optimization of laser

parameters.
Key words: laser cleaning;
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Fig.l Schematic diagram of two-dimensional thin layer-base system
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Fig.2 Working mechanism of a two-dimensional laser cleaning simulation model of dynamic energy conservation during the thermal ablation
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Tab.1 Physical parameters of materials in a two-
dimensional laser cleaning simulation model of
dynamic

energy conservation during the

thermal ablation

plkgm™ KW-m™ K" ¢/kI'kg "K' To/°C Hp/kJ kg

Acrylic paint 1450 0.30 2.5 300 1150

Al6061 2690 170 1.1 650 10870

The performance of laser cleaning by thermal
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