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Abstract Herein, laser milling of Al;O; ceramics is conducted using nanosecond pulsed laser. The relationship
among milling process parameters, surface roughness, and milling depth is investigated using response surface
second-order regression model. In addition, the key process parameters affecting surface roughness and milling
depth are identified using sensitivity analysis. A genetic algorithm is used to determine the optimal process
parameters that minimize the surface roughness and maximize the milling depth. These parameters are then
experimentally verified. Results indicate a strong predictive ability of the mathematical model based on the response
surface method. The number of milling times and overlap rate have the most significant effect on the surface
roughness and milling depth. Under optimized parameters, the predicted surface roughness and milling depth are
found to be 10.471 pm and 120.526 pm, respectively, while their corresponding experimental values are 10.835 pm
and 131.277 pm, respectively. Therefore, the relative errors in case of surface roughness and milling depth are only
3.36% and 8.19%, respectively.
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Fig. 1 Experimental system of laser milling and principle of laser milling. (a) Experimental system;

(b) milling schematic
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Table 1 Process parameters and their value ranges

) ) Level
Parameter Notation Unit
—2 —1 0 1 2
Overlap rate O % 70 75 80 85 90
Laser power P w 20 25 30 35 40
Times N - 1 2 3 4 5
Repetition frequency F kHz 30 35 40 45 50
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Table 2 Experimental design matrix and results

No. O/% P /W N F /kHz R./pm M /pm
1 85 35 2 35 15.208 46.515
2 80 30 3 40 9.890 47.879
3 80 30 3 30 8.325 41.299
4 80 30 3 40 9.890 47.879
5 85 35 1 35 13.537 80.920
6 80 30 1 40 8.115 26.826
7 80 20 3 40 6.265 25.588
8 80 30 3 40 9.890 47.879
9 85 25 2 45 10.025 45.272
10 80 30 3 50 10.297 61.911
11 80 30 5 40 12.984 77.373
12 85 25 1 45 9.782 75.285
13 75 25 4 35 6.726 26.160
14 85 25 2 35 10.006 44.521
15 80 30 3 40 9.890 47.879
16 75 25 2 45 7.828 27.382
17 90 30 3 40 15.198 72.113
18 75 25 4 45 8.625 50.697
19 80 30 3 40 9.890 47.879
20 85 35 2 45 13.171 48.069
21 80 40 3 40 11.582 58.944
22 85 35 4 45 12.632 88.637
23 85 25 4 35 9.425 59.550
24 75 35 2 45 9.032 33.958
25 70 30 3 40 7.361 23.022
26 75 35 4 45 10.482 62.510
27 75 35 4 35 10.125 49.719
28 75 35 2 35 6.871 28.622
29 75 25 2 35 5.987 22.584
30 80 30 3 40 9.890 47.879
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Fig. 2 Interactive effects of process parameters on milling quality. (a) Effect on surface roughness;

(b) effect on milling depth
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Table 3 Statistical evaluation of response surface model
Parameter Number of data points Fitting degree Adequate precision p-value
Model of surface roughness 30 0.9404 16.855 <C0.0001
Model of milling depth 30 0.9905 41.265 <C0.0001
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