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Experimental study on the optimization of process parameters
for femtosecond laser finishing of face gears
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Abstract; The surface morphology of the ablation region of femtosecond laser finishing surface gear material
18Cr2Ni4WA is directly related to the laser process parameters. In order to obtain a better surface topography of the
ablation region, a three-factor, three-level orthogonal test is designed,and the effects of laser repetition frequency, en-
ergy density and scanning speed on the depth of the ablation region and surface roughness are analyzed by signal-to-
noise ratio,and the optimal combination of process parameters is obtained with a single response target. Combining the
grey correlation method to optimize the two response targets,the optimal process parameter combinations are obtained
as 200 kHz repetition frequency,3.5 J/cm” energy density,and 110 mm/s scanning speed, and the optimal process
parameter validation test shows that the optimized surface topography has a better overall quality , which proves the re-

liability of the grey correlation method of multi-response optimization,and provides a method to improve the quality of
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surface topography for the femtosecond laser micromachined face gears. This proves the reliability of the grey correla-

tion method and provides an effective method to improve the surface topography of femtosecond laser micromachined

gears.

Keywords : femtosecond laser; face gear material; ablative morphology; grey relational method; optimization of

process parameters
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Fig. 1 Schematic diagram of femtosecond laser micromachining system
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Tab. 1 Orthogonal test factor level table e = - 101g(# z y,z) (2)

Level =l
Process parameters Symbol | ) 3 it;:fj , M SNR-Lj‘j%j(q%:‘ll\i /f%‘ ﬂ%”% 54 i M SNR-S%]%/J\#%Ti
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Fig. 3 Morphology of the ablation region of the orthogonal test
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Tab. 3 Single response target value and

corresponding SNR

No. Depth/ pum TMNSNR-L Roughness/ pum MNSNR-S
1 2.20 6. 848454 0.429 7.350854
2 3.49 10. 856509 0.213 13. 432408
3 3.04 9. 657472 0.523 5. 629966
4 5.11 14. 168418 0. 468 6. 595083
5 4.31 12. 689545 0.539 5.368225
6 9.61 19. 654468 0. 365 8.754143
7 6.05 15. 635107 0.273 11. 276747
8 10. 85 20. 708595 0. 549 5.208553
9 9.48 19. 536167 0.544 5. 288022
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Fig. 4 Main effect plot of signal-to-noise ratio
at depth in the ablation region
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Fig. 5 Main effect plot of signal-to-noise ratio

of surface roughness in the ablation region
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Tab. 4 Normalized processing results

and correspondence bias

Normalized Normalized
No. results of the | misalignment | results of the |misalignment
depth SNR roughness SNR
1 0. 000000 1. 000000 0. 260498 0. 739502
2 0. 289179 0.710821 1. 000000 0. 000000
3 0. 202669 0.797331 0.051243 0. 948757
4 0. 528131 0. 471869 0. 168599 0. 831401
5 0. 421431 0. 578569 0.019416 0. 980584
6 0. 923945 0. 076055 0.431135 0. 568865
7 0. 633951 0. 366049 0. 737877 0.262123
8 1. 000000 0. 000000 0. 000000 1. 000000
9 0.915410 0. 084590 0. 009663 0. 990337
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Tab.5 Grey relational coefficient and grey relational

grade calculation results

Grey relational | Grey relational Grey
No. coefficient of | coefficient of the relational Order
the depth SNR | roughness SNR grade
1 0.333333 0.403388 0. 368361 8
2 0.412943 1. 000000 0. 706471 1
3 0. 385407 0.345123 0. 365265 9
4 0.514472 0. 375544 0. 445008 6
5 0. 463577 0. 337705 0. 400641 7
6 0. 867973 0. 467786 0. 667880 2
7 0. 577335 0. 656062 0. 616698 4
8 1. 000000 0. 333333 0. 666667 3
9 0. 855300 0. 335495 0. 595398 5
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Tab. 6 Response for means of grey relational grade

Pulse frequency Energy density Scanning speed
Level 1 0. 480032 0. 476689 0. 567636
Level 2 0.504510 0. 591260 0. 582292
Level 3 0. 626254 0. 542847 0. 460868
Delta 0. 146222 0. 114571 0. 121424
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Fig. 6 Effect of different process parameters on surface roughness
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Fig. 7 Ablation area detection map
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Tab.7 Results of confirmation experiment

Initial Optimal parameters
pe:':z::rs pa::tr:lii:rs Prediction Experiment
F,D,V, F;D,V, F;D,V,
Depth/ pm 3.49 — 8.63
Roughness/ pum 0.213 — 0.244
Grey relational grade 0. 706471 0. 725942 0.777019
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