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Femtosecond Laser Ablation Characteristics of Gear Material 20CrMnTi
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(1 School of Mec hamcal Engineering , Hubei University of Arts and Science ,Xiangyang, Hubei 441053, China)
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Abstract: The ablation mechanism of spiral bevel gear material 20CrMnT1 and the ablation characteristics
of tooth surface by monopulse femtosecond laser at different energy densities are studied. Considering the
dynamic energy absorption effect of material and mutual coupling interaction of photon-electron-lattice
system, the energy coupling model is established. The simulation results show that the energy density of
ablated gear material is at least 67 mJ/cm?, and the material removal occurs in the area within the ablation
depth 40 nm. Experimental results show that when the tooth surface temperature exceeds the vaporization
temperature of gear material, a good ablative morphology of tooth surface can be maintained, and the
variation value of roughness is less than 0.021 pm, which verifies the effectiveness of theoretical
simulation. These results could provide a reference for improving the tooth surface quality of spiral bevel
gear with micro—precise machining of femtosecond laser.
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Table 1 Chemical composition of gear material 20CrMnTi
Element C Cr Mn Si p S Ti
Mass fraction/ % 0.20 1.10 0.91 0.27 0.015 0.009 0.09
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Fig. 1 Femtosecond laser ablation mechanism of gear material
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Table 2 Femtosecond laser simulation parameters

Parameter Value Parameter Value
Electron heat capacity C, /(J*K 'sm *) 706.4 Material conductivity o,/ (Q 'm ') 1X 107
Lattice heat capacity C./(J:K 'sm *) 3.5X10° Material density o/ (kg'm ) 7 800
Temperature coefficient of resistance A/K™' 6.51<107° Coupling coefficient G/(Wem *K ") 1.3X 10"
Melting temperature T,, /K 1724 Pulse width 7/s 300107
Evaporation temperature T, /K 3023 Thermal conductivity coefficient £ 78.4
Laser transmission speed ¢/(mes ") 3.8X10° Vacuum dielectric constant &,/ (Fem ") 8.85X10 "
Laser wavelength 1,/m 1.03X10°° Fermi temperature T;/K 1.28 X 10°
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Fig. 4 Three-dimensional distribution of temperature field in lattice system
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