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Study on laser cleaning technology of 2219 aluminum
alloy paint layer based on COMSOL

HU Shao-wu, WANG Tao, HUANG Xu-dong, YAO Tao,MIAO Run-peng, KANG Qing-chuan,ZHANG Yi-zhi
(College of Mechanical Engineering, Hebei University of Technology , Tianjin 300401, China)

Abstract : The finite element model of epoxy polyamide primer on 2219 aluminum alloy plate is established by using
COMSOL Multiphysics simulation software ,and the laser cleaning process is simulated by loading classical Gaussian
pulse heat source on the surface. The influence of the change of cleaning parameters on the temperature field, the
cleaning effect of different coating thickness and the ablation depth is explored. Through the analysis of the simulation
results, it was found that when the repetition frequency was 25 kHz and the power was 20 W, the epoxy polyamide
primer could be completely removed with the lap rate of 50 % and 60 % under the premise of not damaging the alu-
minum matrix. The CETC26thPELpulse fiber laser was used to clean the material ,and the ultra depth of field 3D mi-
croscope was used to observe the microstructure of the material surface. It was found that when the energy density was
22.94 J/cm® ,the aluminum alloy matrix would be damaged during the cleaning process,and the lap rate was 70 % ,
which would increase the roughness of the material surface and affect the coating performance. The results provide a
theoretical and experimental basis for laser cleaning of high strength aluminum alloy coatings.
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Tab. 1 Thermophysical parameters of epoxy polyamide

prime and 2219 aluminum alloy

Parameter types Paint Aluminum alloy
Thermal Conductivity A/(W +m™' +K~')| 0.3 170
Density p/ (kg + m %) 1.30 x 10° 2840
Specific Heat ¢/(J - kg™ «+ K1) 2528 864
Youngs Modulus ¥/Pa 1.0 x 10" 7 x10%
Poissons Ratio u 0.17 0.3
Thermal Expansion y/K ™' 6.0x107%| 6.93x107°
Melting point/K 403 ~410 | 813 ~873
Boiling point/K 425 ~435 2000
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Fig. 2 Surface temperature field distribution and effect

when spot overlap rate is 0%
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Fig. 3 Temperature distribution of paint surface at different

time when the lap rate is 50 %
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Fig. 4 Temperature field distribution of different lap rates
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Tab. 2 The main technical parameters of PFL laser

Parameter Value
Central wavelength/nm 1064 5
Output power/W <50
Adjustable range/ % 1 ~100
Repetition frequency/kHz 20 ~80

Beam quality M? <1.6
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