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Abstract In this paper, a three-temperature heat transfer model was developed based on the temperature transfer process
in the femtosecond laser scanning processing of the face gear material 18Cr2NidWA, and a multi-pulse energy
accumulation model in the scanning process was established. The simulation analyzed the changes of electron lattice
temperature when changing the laser energy density on the ablated material, the changes of maximum temperature of
electron, lattice and material surface under multi-pulse loading, and the changes of loading energy when changing the
scanning speed and scanning interval, and concluded that with the increase of energy density, the maximum temperature of
electron increased from 37000 K to 44000 K, and the final equilibrium temperature increased from 17000 K to 22000 K.
Under multi-pulse loading, with the increase of energy density, the maximum temperature of electrons also increases to a
certain extent, and the equilibrium temperature of the highest temperature of the material surface also increases, from 2600 K
to 3250 K. With the increase of scanning speed and scanning interval, the accumulated energy of multi-pulse has a certain
decrease, and the energy distribution scale is increasing. The experiments analyzed the effects of different energy
densities, scanning speeds, and scanning intervals on the femtosecond laser ablated surface gear material, and the
roughness analysis of the ablated morphology was carried out, and it was concluded that the quality of the ablated
morphology was better when the energy density was 4. 34 J/cm®, the scanning speed was 300 mm/s, and the scanning
interval was 18 um. These provide a research basis for improving the surface morphology quality of the surface gear
materials processed by femtosecond laser scanning.
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Table 1 Simulation parameters

Parameter Value
Lattice heat capacity C, /(J-m *+K™") 2.44X10°
Electroacoustic coupling coefficient "
N 1.3%10
at room temperature G, /(W-m *+K ')
Electron specific heat coefficient
o 706. 4
B./(Jom "+K *?)
Material constants for electron relaxation time ,
o 1.22%10
A /(1K s
Material constants for electron relaxation time .
- 1.23X10
B /(1K s )
Thermal conductivity £ /(W-m™"-K™") 78.4
Lattice-to-lattice coupling coefficient -
s 3X 10"
g/(Wem %K)
Reflectance R 0. 64
Fermi temperature T /K 1.28X10°
Latent heat of evaporation L, /(J-g™") 6288
Melting temperature T,, /K 1724
Evaporation temperature T, /K 3023
Spot radius r, /pm 20
Density o /(kg-m *) 7800
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Fig. 12 Schematic diagram of ablation morphology at different scanning speeds. (a) High scanning speed; (b) low scanning speed
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Fig. 13 Ablation morphologies at different scanning speeds. (a) 110 mm/s; (b) 150 mm/s; (c) 200 mm/s; (d) 300 mm/s
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Fig. 14 Ablation morphologies at different scanning speeds.
(a) 100 mm/s; (b) 120 mm/s
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