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Abstract

CO;, laser cutting is widely used for polymer processing applications because it provides high
precision and flexibility. However, the difference in kerf width between the top and bottom surfaces
remains an important factor affecting the quality of the workpiece. This research focuses on investigating
the effects of laser power, cutting speed, and focal distance in cutting PMMA with a CO, laser, which
affect the kerf width, in order to determine the most suitable cutting conditions. The experimental
design in this research employed the Box-Behnken Design (BBD) and Response Surface Methodology
(RSM), and the results were analyzed using statistical techniques. The experimental results showed that
laser power and cutting speed were the main factors that affected kerf width. The kerf widths of the
top kerf (TK) and bottom kerf (BK) tended to decrease as cutting speed increased, while higher laser
power caused the kerf widths of TK and BK to increase. In addition, a high focal distance resulted in
higher kerf widths of TK and BK. The response surface modeling indicated a clear interaction between
laser power and cutting speed, which significantly affected kerf width. The findings of this research can
serve as a guideline for selecting appropriate cutting parameters to improve the cutting quality of PMMA

workpieces, and they can be further applied at the industrial level in the future.
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3. Nan1snnaad (Results)
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Tusuidedl4n1509nUUUNITNAAB ILUY
Box-Behnken Design 1a pldnsmaaeit 1y
$1U2U 15 Run N&IN157AT UURI8LAS DR A
Lawwes CO, Gz‘?yumquﬂa'wEmem”’wﬂa”aﬂ
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Run Order Laser Power | Cutting Speed Focus Top Kerf Bottom Kerf

(%) (mm/s) (mm) (mm) (mm)
1 60 7.5 14 1.287 0.326
2 60 7.5 14 1.129 0.337
3 50 10.0 14 1.248 0.189
il 60 5.0 12 1.471 0.381
5 50 7.5 12 0.878 0.330
6 70 7.5 16 1.040 0.515
7 60 5.0 16 1.629 0.350
8 70 7.5 12 1.089 0.350
9 60 10.0 16 1.447 0.190
10 50 5.0 14 1.351 0.205
11 50 7.5 16 1.020 0.292
12 60 10.0 12 1.209 0.242
13 70 5.0 14 1.439 0.255
14 70 10.0 14 1.286 0.234
15 60 7.5 14 0.890 0.324
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AN5199 4 NAaN1SIATIEH ANOVA dmsuAuNINesaefnau TK

Source DF Adj SS Adj MS F-Value P-Value

Model 7 0.522196 0.074599 26.83 0.000
Linear 3 0.107116 0.035705 12.84 0.003
Laser power 1 0.015913 0.015913 572 0.048
Speed 1 0.061215 0.061215 22.02 0.002
focus distance 1 0.029988 0.029988 10.79 0.013
Square 3 0.405997 0.135332 48.68 0.000
Laser power*Laser power 1 0.135735 0.135735 48.83 0.000
Speed*Speed 1 0.213416 0.213416 76.77 0.000
focus distance*focus distance 1 0.025919 0.025919 9.32 0.018
2-Way Interaction 1 0.009082 0.009082 3.27 0.114
Laser power*focus distance 1 0.009082 0.009082 3.27 0.114
Error 7 0.019460 0.002780

Lack-of-Fit 5 0.019421 0.003884 200.08 0.005
Pure Error 2 0.000039 0.000019

Total 14 0.541655

S =0.0527251 R-sq = 96.41% R-sq (adj) = 92.81%
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A15199 5 NaN153LASIEH ANOVA dmSuAunINesaefnau BK

Source DF Adj SS Adj MS F-Value P-Value
Model 7 0.087400 0.012486 5.13 0.023
Linear 3 0.028452 0.009484 3.90 0.063
Laser power 1 0.014179 0.014179 5.83 0.046
Speed 1 0.014028 0.014028 577 0.047
focus distance 1 0.000244 0.000244 0.10 0.761
Square 3 0.048687 0.016229 6.67 0.018
Laser power*Laser power 1 0.000678 0.000678 0.28 0.614
Speed*Speed 1 0.033183 0.033183 13.64 0.008
focus distance*focus distance| 1 0.011745 0.011745 4.83 0.064
2-Way Interaction 1 0.010262 0.010262 4.22 0.079
Laser power*focus distance 1 0.010262 0.010262 4.22 0.079
Error 7 0.017028 0.002433
Lack-of-Fit 5 0.016930 0.003386 69.10 0.014
Pure Error 2 0.000098 0.000049
Total 14 | 0.104428
S =0.0493206 R-sq = 83.69% R-sq (adj) = 67.39%
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