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Theoretical Analysis on Improving the Quality of Laser Drilling
and Technique Optimization

BIAN Fei, XIAO Ze-xin
(Guilin University of Electronic Technology, Guilin, Guangxi 541004, China)

Abstract The experiments for Q235-A steel using the Tianjin JG-2016 numerical control YAG laser processing machine
showed that the laser working voltage, laser pulse frequency, laser pulse width and assistant gas pressure influence the round
degree mostly among all the laser drilling parameters. Based on the mode of Grey relevant analysis in grey system theory, the
rule relation among the laser drilling parameters which effected the round degree and conical degree was found, and a
building up mixed mathematical models using grey system GM (1,N) model and neural network model was also proposed
which can reflect the nonlinear and multi-coupling relationship of the laser drilling surface round degree, conical degree and
laser drilling parameter. Thus the processing technology of the laser drilling can be optimized, so as to improve the qualities
and reduce the round degree and axial conical degree error as well.
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Table 1 Laser drilling test samples
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Working Voltage Pulse frequency Pulse width  Gas pressure Up-surface round Up-surface round

N ¥z fms /Mpa degree /mm e g .~ S g

650 35 2.0 0.15 0.4738 0.2050 0.2688

580 40 2.0 0.30 0.4763 0.2125 0.2638

625 40 15 0.30 0.4550 0.2250 0.2300

602 40 2.0 0.30 0.4600 0.2325 0.2275

604 50 15 0.30 0.5488 0.2350 0.3138
*2 XBREFER A4 BB, Sy AR BTRIY l RB A

Table 2 Grey relevant analysis

Up-surface Down-surface Conical
round degree round degree degree

Working voltage  0.8868 0.7874 0.8426
Pulse frequency  0.7226 0.6860 0.6198
Pulse width 0.8418 0.7682 0.8154
Gas pressure 0.4788 0.4799 0.4557
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Table 3 Compare actual value of laser drilling with the predicting value of ANN-GM(J,N) model

Working B Pulse Gas Up-surface ound /mm Down-surface round /mm Conical degree
voltage frequency width pressure
N /Hz /ms /Mpa Actual Predicting Relative Actual Predicting Relative Actual Predicting Relative
value value error %%  value value error %  value value  error /%
650 35 2.0 0.15 0.4738 0.4365 7.87 0.2050 0.1952 4.78 0.2688 0.2398 10.78
613 40 1.5 0.30 0.4638 0.4832 -4.18 0.2451 0.2564 -4.60 0.2187 0.2268 -3.70
576 40 15 0.30 0.4350 0.4664 -7.22 0.2105 0.2299 -9.23 0.2245 0.2365 -.5.35
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Table 4 Result of laser drilling processing optimization

Working voltage  Pulse frequency Pulse width Gas pressure Conical degree
N Mz /ms /Mpa Optimization value  Actual value
604 35 2.0 0.20 0.2100 0.2143
604 40 1.5 0.20 0.2097 0.2141
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