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Research on surface gear topography of femtosecond laser
ablation based on energy coupling model
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Abstract ; Femtosecond laser micro-machining of face gear material 18Ci2Ni4 WA is an advanced manufacturing meth-
od for removing materials. In this paper,according to the relationship between the depth and width of ablation pits and
laser energy density,the ablation threshold of materials and the factors affecting the overlap ratio are obtained. Con-
sidering the inter-temperature induction effect between gear material components and the accumulation effect of multi-
pulse laser,the energy complex coupling model of the material is established. By changing the laser energy density
and the number of pulses,the change rule of femtosecond laser ablation pits and tooth surface topography is studied. It
is concluded that the number of pulses has little effect on the ablation effect, and the laser energy density is
1.730 J/cm® ,the laser power is 1.9 W, the pulse number N =3000,and the best ablation effect can be obtained, and
the optimal actual ablation surface depth is 17. 604 pm.
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Tab. 1 Physical parameters of face gear

material 18Cr2Ni4WA

Density Boiling point Melting point Material
p/(g+ cm -3) T/K T,./K absorptivity 8,
7.91 3134 1724 0.20
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Fig. 1 Femtosecond laser processing system diagram
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Tab. 2 Experimental parameters of femtosecond

laser ablation material 18 Cr2Ni4 WA

Wavelength | Frequency ud?;i diarlr)](;ter Power uml fir‘u
/ F./kH w P/W pulses
A/nm " ‘ T/fs wy/ pm N/pulses
1030 300 828 20 1.3~ -5.5[1~ -5000
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Fig. 2 Physical image of a digital 3D video microscope

3 BRkMTRRhELR I E R R M R R

PO ARk B ik 14 1 5 B 2 % R e ik
BIMEL, B f AR B R R R E 1, B KA O B
FLEAT B PR i B, R BOR Bk b 1Y A
e 8] 5 A REFR B A ] 3 B

B3 o o R A I 2 A 1

Fig. 3 Energy density distribution of gauss beam
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Fig. 5 Pulse energy accumulation effect
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Fig. 6 Plot of spot overlap rate
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Tab. 3 Simulation parameters

name numerical value
Electronic heat capacity C,/(J + K™+ m™%) 760. 4
Lattice heat capacity C;/(J - K™! - m™3) 3.5 x10°
Melting temperature T',,/K 1724
Evaporation temperature 7', /K 3023
Laser transmission speed ¢/(m + s 1) 3.8 x108
Laser wavelength A,/m 1.03x107°
Absorption factor o/ (m ") 7.1x107
Material conductivity oo/ ( Q ~ '/m) 1x107
Material density p/ (kg - m~*) 7.91 x 10
Pulsewidth 7/s 300 x10 7"
Thermal conductivity k& 78.4
Vacuum dielectric constant g/ (F + m - 8.85x 1012
Fermi temperature 7,,/K 1.28 x 10°
Reflectivity R 0.51
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Fig. 7 Electronic and lattice temperature changes

of face gear material 18Cr2Ni4WA
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Fig. 8 Pit simulation diagram of single pulse

under different energy density
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Fig. 9 Simulation of pits under different energy

density with pulse number N =30
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Fig. 11 Multi-pulse femtosecond laser ablation with different energy densities
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