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Study on Pulse Laser Drilling Based on Improved
Parameter Control Method
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Abstract Via-hole processing was carried out in the 2 mm thick nickel-base superalloy GH4037 by the millisecond
pulse laser precision drilling system. In order to solve the problem that the overflow of the set number of via-hole
machining laser pulses in the traditional control variable method might cause many adverse effects, the mathematical
model of the threshold number of laser pulses was established by the penetration detection technology. The influence
of the defocusing amount, the beam expanding ratio and the pulse repetition {requency of the laser on the inlet and
outlet aperture, the taper and the drilling efficiency was studied by the improved control variable method based on
the mathematical model. The results indicated that when the defocusing amount was —2 mm to 0 mm, the beam
expanding ratio was 2 to 4, the repetition frequency was 45 Hz to 85 Hz, and the auxiliary gas was oxygen, the
drilling efficiency could be improved by 89.09% compared with the traditional control variable method.
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Table 1  Chemical composition of nickel-based superalloy GH4037

Composition C Cr Ni W Mo Al Ti \
Mass fraction /% 0.03-0.1 13-16 Allowance 5-7 2-4 1.7-2.3 1.8-2.3 0.1-0.5
Composition Fe B Ce Mn Si P S Cu
Mass fraction /% <5 <0.02 <0. 02 <0.5 <0.4 <0.015  =0.01 <0.07
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Fig. 2 Calculation of via-hole taper
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Fig. 3 Schematic of penetration detection principle. (a) Schematic of detection device; (b) schematic of pulse signal
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Table 2 Improved control variable method
Defocusing amount /mm —2.8 —1.8 —0.8 0 0.8 1.8 2.8
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end diameters of via-hole
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Fig. 6 Cross sections and taper a change of via-hole drilled under different defocusing amounts. (a) —2.8 mm;
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and end diameters of via-hole
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Fig. 10 Cross sections and taper change of via-hole drilled under different beam expanding ratios.
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Table 3 Comparison of drilling efficiency between improved control variable method and

traditional control variable method under different defocusing amounts

Defocusing amount /mm

Item
—2.8 —1.8 —0.8 0 0.8 1.8 2.8
N, 15 8 7 6 18 30 40
N, 50 50 50 50 50 50 50
R /% 70 84 36 88 64 40 20
4 4E i BN —2~0 mm J R ILH 2~ 4 HEHEN
A

45~85 Hz i B AR R A A BE S A5 3 48 i i 4T
AR, SfEg bl A m gL, ORI & Al ik E)
89.09% .

ol T g 3R TR 4 R AR FE X 2 mm BRI A A
GH4037 Hr ZFb Bk vh#OCFTFL. WFoR 4 R R, Y
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Table 4 Comparison of drilling efficiency between improved control variable method and

traditional control variable method under different beam expanding ratios

Beam expanding ratio

Item
1 1.8 2.8 3.8 4.8 5.8
N, 21 15 9 6 10 25
N, 30 30 30 30 30 30
R /% 30. 00 50. 00 70.00 80. 00 66.67 16. 67

5 K o 5 AR AR e A A o 7 kA5 e A R R AT AL BOR R L

Table 5 Comparison of drilling efficiency between improved control variable method and

traditional control variable method under different pulse repetition frequencies

Pulse repetition frequency /Hz

Item
15 28 35 45 65 85 100
N, 41 30 15 9 6 9 11
N, 55 55 55 55 55 55 55
R /% 25.45 45. 45 72.73 83. 64 89.09 83. 64 80. 00
) coated superalloys [ J]. International Journal of
5 % x .
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