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Study on Kerf Roughness Differences between Line and Arc
Analysis and Elimination of Laser Precision Cutting
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Abstract In this paper, arcs on the 0.5 mm pure thick aluminum (1060) sheet is cut precisely by Nd:YAG pulse
laser, to eliminate roughness differences of laser cutting stencil, the microstructure of kerf results is obtained
through microscope, which provides the basis to set up the simplified mathematical model. Formulas to estimate
the kerf surface roughnesses of these arcs are presented, and the effect laws of radius size on the kerf surface
roughnesses differences with the same cutting parameters are analyzed particularly. The results show that, with
decreasing the radii of outside arc and inside arc, the kerf roughnesses are improved; when the radius R<7 mm,
the roughnesses of these two arcs are different significantly; when the radius R>7 mm, the differences of these
roughnesses almost disappear. At last, optimizing the kerf roughnesses of all shapes by response surface method
(RSM) minimize optimization and target optimization respectively to obtain the cutting parameters, the roughnesses
of all shapes cut by above cutting parameters are almost same, therefore this method eliminates the linear and
circular roughness differences, which is feasible and effective.
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Fig.1 Micrograph of cut kerf after processing in pulse model Fig.2 Schematic diagram of circular kerf processing
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14 1 2.50 25.00 2.50 4.896 4.601 4.749
12 2 2.50 35.00 4.00 5.324 5.012 5.176
9 3 2.50 15.00 1.00 5.105 4.823 4.964
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Table 1 Model fitting analysis

Source Value Inside—arc (h)) Outside—arc (h.)
F value 24.62 31.35
Model P-value <0.0001 <0.0001
Significance Significant Significant Significant
F value 3.89 1.72
Lack of fit P-value 0.1113 0.3008
Significance No significant No significant No significant
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Table 2 Results of the response by minimize optimization

Response Speed /(mm-s™") Frequency /Hz Pulse /ms Prediction / pm Confidence level
Inside-arc (h)) 2.76 28.68 1.94 4.84187 0.95
Outside—arc (hs) 2.77 27.71 1.83 4.56136 0.95
Line (/) 2.76 27.99 1.92 4.70958 0.95
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Table 3 Result of the response by target optimization

Response Speed /(mm-s™") Frequency /Hz Pulse /ms Prediction / pm Confidence level
Inside—arc (h)) 2.75 28.55 1.91 4.842 0.95
Outside~arc (h,) 3.26 24.96 3.55 4.842 0.95

Line () 2.44 20.13 2.80 4.842 0.95
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Fig.6 Result of roughness almost same. (a) Line kerf; (b) outside arc kerf; (c) inside arc kerf
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