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Abstract; To investigate the mechanism of ultrasonic compound laser etching, this paper used COMSOL
software to simulate ultrasonic vibration-assisted laser ablation of metallic aluminum surfaces. The effect
of ultrasonic vibration on the laser alteration mechanism and process was studied in comparison. It was
found that the beginning of the laser ablation phase material was removed mainly by high temperature
vaporization. As the ablation time increased, the mode of etching changed mainly to melt splash etching,
which played a major role in the formation of ablation craters. The speed of laser etching of the material
at different frequencies was also investigated. It was found that the introduction of ultrasonic vibration
reduced the etching rate by 26. 2% —39. 43%.
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Fig.2 Schematic diagram of ultrasonic vibration assisted laser ablation
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Tab.1 Simulation conditions and thermo-physical properties of sample materials(pure aluminum)

Parameters Numerical values Parameters Numerical values
Ultrasonic vibration amplitude/pm 6. - Laser spot radius/mm 0.015
Ultrasonic vibration frequency/kHz 15 Laser pulse frequency/kHz 20 25 30
Laser power/W 10 Laser pulse interval/ps 5
Solid/liquid/gas density/(kg/m®) 2700/2385/30 Ambient temperature/K 273.15
Thermal conductivity of solid/liquid/gas/(W/(m « K)) 238/100/- Evaporation point/K 2793
Solid/liquid/gas specific heat capacity/(J/(kg « K))  917/1081/- Darcy's law coefficient 1X107*/1X107°
Solid/liquid/gas dynamic viscosity/(Pa * s) 100/107°/10°° Absorption rate 0. 25
Latent heat of melting/(J/kg) 3.98X10° Standard Atmospheric Pressure/Pa 101325
Latent heat of evaporation/(J/kg) 1.09 X107 Gas constants/(J/(K « mol)) 8.314
Liquid phase line temperature/K 943 Boltzmann's constant/(J/K) 1.38x10%
Solid phase line temperature/K 923 Coefficient of thermal expansion/(1/K) 8.4X10 ¢

Melting point/K 933

Aluminum molecular weight/(kg/mol) 0.027
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Tab.2 Boundary conditions of the ultrasonic-assisted single-pulse laser thermal-fluid coupling simulation model

Model boundaries

Boundary conditions

Equations
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Fig. 3 The effect of surface forces in the melting zone
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Fig. 4 Single-pulse laser ablation material ablation and crater formation process (laser pulse frequency 20 kHz)
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Fig. 5 Ultrasound-assisted pulse laser ablation crater formation process (laser pulse frequency 20 kHz)
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