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Femtosecond Laser Ablation Kinetic Energy Thermal Model and
Tooth Surface Topography of Face Gear Materials
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Abstract Femtosecond laser microcorrection technology is a new type of processing method that uses a laser with
ultrashort pulse-width and high energy density to micromachine the gear tooth surface. Considering the mutual
temperature induction between the components of the gear material, a kinetic energy thermal model of the
femtosecond laser-ablated surface gear material was established, and the evolution of the temperature field of the
tooth surface of the femtosecond laser-modified surface gear was simulated and analyzed. The temperature of
electrons rises sharply and is much greater than the lattice temperature and the depth and diameter of ablation pits
increase. The tooth surface morphology of the ablated pits was experimentally observed, confirming the correctness
of the kinetic energy thermal model, and providing theoretical guidance for the study of femtosecond laser-ablated
surface gears.
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Table 1  Chemical composition of gear material 18Cr2NidW A

Element C Cr Ni

Mass fraction /% 0.18 1.5 4.25

Absorption rate 0.833 0.361 0.284
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Table 2 Material characteristics

Parameter Value Parameter Value
Thermal conductivity of electrons 4, /(Wem *K ") 78. 4 Density p /(kgem™*) 7800
Electron heat capacity C, /(Jem™ *K™") 706. 4 Fermi temperature Ty /K 1.28X10°
Lattice heat capacity C, /(Jem *K™") 3.6X10° Melting temperature T, /K 1724
Coupling coefficient g /(Wem *K ') 130<10" Heat of evaporation (., /(J.g ") 6288
Absorption coefficient a;, /m ™" 4.97X 107 Vaporization temperature T, /K 3023
Reflectivity R 0.64

#3 WS

Table 3 Laser parameters

Parameter Value Parameter Value

Laser spot radius 7, /pm 20 Peak laser power Py, /W 4107
Laser fluence I, /(Jecm %) 1.04~5.25 Pulse width 7, /fs 800
Average power P, /W 7 Wavelength A /nm 1030
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Table 4

Predicted and experimental values of different parameters for gear material 18Cr2NidWA

Laser power Laser energy  Laser fluence

Ablation diameter D /pm

Ablation depth H /pm

P /W F/pd I, /(Jeem ?)  Predictive value  Experimental value  Predictive value ~Experimental value
1.3 13 1. 04 46. 52 44,581 3.28 3. 147
2.2 22 1.75 51.08 50. 027 3.98 4.461
4.9 49 3.90 63. 86 63. 001 4.98 4.228
5.8 58 4.62 67.1 67. 564 5.12 5. 306
6.6 66 5.25 68. 02 69. 041 5. 17 6.425
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