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Research on influence of femtosecond laser processing
parameters of face gear based on complex coupling model
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(1. School of Mechanical Engineering, Hunan University of Technology ,Zhuzhou 412007 , China;
2. School of Mechanical Engineering, Hubei University of Arts and Science, Xiangyang 441053, China)

Abstract: In this paper,the mechanism of femtosecond laser micro-machining surface gear material 18Cr2Ni4WA is
analyzed. Based on the dual-temperature model of temperature transfer between photons and electrons, electrons and
lattices, the coupling dynamic thermodynamic parameters of photons and electrons, electrons and lattices are estab-
lished. Through the model simulation analysis, the temperature change process of the electron and the crystal lattice is
obtained , and the ablation morphology of materials removed above evaporation temperature is predicted. The femtosec-
ond laser scanning processing experiment on the face gear material shows that as the energy density increases,the pit
radius and depth will increase to a certain extent. When the energy density is 1. 98 J/cm’ , the ablation morphology is
better; when the energy density continues to increase to 2. 18 J/cm’,a small amount of melt accumulation begins to
occur inside the pit,resulting in a certain decrease in the depth of the pit;with the increase of the pulse width, the
morphology changes little,but the melt gradually decreases,and the pits tend to be flat;as the scanning speed increa-
ses, the depth of the groove gradually decreases and the width gradually increases. The ablation morphology is observed
by a three-dimensional ultra-depth-of-field instrument, and the experimental results are basically consistent with the
simulation results,which provides a basis for improving the quality of femtosecond laser micro-machined gears.
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Tab. 1 Material composition table

Element C Ti Si P Mn S Cr

Mass fraction/ %| 0.2 | 0.09 | 0.27 |0.015|0.91 |0.009| 1.10
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Tab. 2 Simulation parameter table

Parameter name Symbol/ Unit Value
Lattice heat capacity C/(J-m 3 -K") 3.5x10°
Electroacoustic coupling coefficient at room temperature G,/ (W-m™-K™) 1.3x10"
Electron specific heat coefficient B,/(J+m LK) 314
Thermal Conductivity E(W-m™' K" 78. 4
Fermi temperature I/K 1.28 x 10°
Latent heat of evaporation L/(])- gfl ) 6288
Evaporation temperature T,/K 3023
Spot radius ro/ um 20
Vacuum dielectric constant go/(F-m™") 8. 854187817 x 10 ~12
Temperature Coefficient of Resistance a 0. 00651
Density p/ (kg - m™?) 7800
Material constant of electron relaxation time A/(1-K2 571 1.22 x 107
Material constant of electron relaxation time B/(1-K 2.5 1.23 x 10
Boltzmann constant Ky/(J-K™h) 1.3806 x 10 =
Wavelength Ag/nm 1030
Conductivity s 9.71
Laser speed ¢/(m-s ") 3 x10%
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and ablation morphology
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