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Optimization of laser drilling processing parameters for
SUS304 based on orthogonal experiments
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Abstract: In order to optimize the parameters and improve the quality of laser drilling, the experiment and theoretical
analysis of laser drilling on SUS304 stainless steel with Smm thickness was conducted based on the orthogonal experiment method.
The inlet aperture, outlet aperture and hole taper of laser drilling were measured and calculated respectively. The effect degree of
the parameters, such as pulse width, pulse energy, repetition frequency, defocusing amount and pulse number, on the hole taper
was gotten. And the optimal parameters combination of laser drilling on SUS304 were obtained. The results show that defocusing
amount, pulse width and pulse number have a great effect on hole taper, while repetition rate and pulse energy have a little effect
on hole taper. The optimized laser parameters are pulse width of 0. Sms, pulse energy of 2. 5], repetition frequency of 40Hz,

defocusing amount of Omm and pulse number of 200. The smallest taper can be obtained with the optimized laser parameters.
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Table 1 ~ Chemical composition (mass fraction) of SUS304 stainless steel

C Mn Si Cr Ni S P
<0.0008 <0.02 <0.010.18~0.20 0.08 ~0.11 =<0.0003 <0.0035

S b SR F K 58 R 2 AP i ik il Nd: YAG 0%
i, WO 1064nm BB H A2 A 0. 3mm ~ Imm, ik
FEEEA 0. Ims ~20ms, JJk #pA5i % 4 0. 1Hz ~ 500Hz,
BT 5k 300W, 5 K bk g 5 50T, fi K
{HD) 2 20kW, HOGHT LR BRI WEl 1 s,
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Fig. 1 Schematic diagram of laser drilling
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Table 2 Factors and levels of orthogonal experiments

level pulse pulse repetition defocusing pulse
width/ms  energy/J frequency/Hz amount/mm  number
1 0.5 2.0 30 -2 150
2 1.0 2.5 35 -1 175
3 1.5 3.0 40 0 200
4 2.0 3.5 45 1 225
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Table 3 Results of orthogonal experiments
levels pulse pulse repetition defocusing pulse average average average
width /ms  energy /] frequency /Hz  amount /mm number d,/pm dy/pm @
1 0.5 2.0 30 -2 150 506.520 313.605 0.041309422
2 0.5 2.5 35 -1 175 408. 105 430.775 -0.00485439
3 0.5 3.0 40 0 200 379.905 553.775 —-0.037231263
4 0.5 3.5 45 1.0 225 579.075 658.950 -0.017103854
5 1.0 2.0 35 0 225 354.060 332.165 0.004688437
6 1.0 2.5 30 1.0 200 450. 685 446.530 0.000889722
7 1.0 3.0 45 -2 175 535.130 340.305 0.041718415
8 1.0 3.5 40 -1 150 553.655 444.300 0.023416488
9 1.5 2.0 40 1.0 175 340.990 276.518 0.014993372
10 1.5 2.5 45 0 150 352.940 358.510 —-0.001295349
11 1.5 3.0 30 -1 225 559.920 362.320 0.045953488
12 1.5 3.5 35 -2 200 522.405 357.845 0.038269767
13 2.0 2.0 45 -1 200 315.215 248.345 0.015551163
14 2.0 2.5 40 -2 225 437.430 299.920 0.031979077
15 2.0 3.0 35 1.0 150 433.863 331.514 0.023802267
16 2.0 3.5 30 0 175 411.787 379.525 0.007502907
Table 4 The range of taper in different factors and levels
A B C D E
levels
pulse width/ms pulse energy/J repetition frequency/Hz defocusing amount/mm pulse number
1 —-0.004470021 0.019135598 0.023913885 0.038319169 0.021808207
2 0.017678266 0.006679763 0.015476520 0.020016687 0.014840076
3 0.024480320 0.018560727 0.008289417 —-0.006583817 0.004369847
4 0.019708852 0.013021327 0.009717594 0.005645377 0.016379285
range 0.028950341 0.012455835 0.015624468 0.044902986 0.017438367
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Fig.2 Before optimization

a—inlet hole b—outlet hole
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Fig.3  After optimization
b—outlet hole

a—inlet hole
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