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Study on the optimum matching parameters of the combined laser drilling
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(1. School of Optical and Electronic Information, Huazhong University of Science and Technology, Wuhan 430074, China; 2.
National Engineering Research Center for Laser Processing, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: In order to improve laser drilling velocity and the utilization of laser energy, the optimal matching parameters of
the combined laser drilling were studied by means of space superposition drilling by long-pulse laser and short-pulse laser. The
optimal matching model of the combined laser drilling was established. Based on the balance of generation and expulsion of the
melted metal, the optimal parameters of long-pulse laser and short-pulse laser, and the combined laser drilling velocity at the
optimum matching point were obtained theoretically. The combined laser drilling of stainless steel with the thickness of Smm was
performed with ms and ns pulse Nd: YAG lasers. The experimental results show that in the case of the optimum matching, the

combined laser drilling velocity is 3.3 times higher than that of the ms pulse laser alone. Both theory and experiments indicate

that the maximum drilling velocity can be obtained at the optimum matching point, and laser energy is fully utilized.
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Fig. 1 Schematic diagram of drilling by the combined laser
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Table 1 Physical properties of stainless steel [!!"1:15-17]

v

physical properties stainless steel

M 55.8g/mol
p 7800kg/m’
T, 1811K
T 3135K
¢ 418J/ (kg + K)
L, 2.72 x10°J/kg
L, 6.33 x10°J/kg
K 41.84W/(m - K)
a 4.9x10°m?/s
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Fig.2 Relationship between drilling velocity and pulse energy of long-pulse

laser
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Fig.3 Relationship between the melting velocity and pulse energy of long-

pulse laser
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Fig.4 Relationship between surface temperature, liquid discharge velocity
and irradiation time of short-pulse laser

a—surface temperature b— liquid discharge velocity
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Fig.5 Relationship between liquid discharge time and peak power density

of short-pulse laser
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Fig. 6 Optimal matching parameters for long-pulse laser and short-pulse la-

ser with different pulse widths
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Fig.7 Experimental setup of drilling by the combined laser

Table 2 The parameters of the ms pulsed laser and the ns pulsed laser

pulse width frequency pulse energy radius
ms laser 3ms ~5ms 30Hz 2] ~5] 0.5mm
ns laser 20ns 10kHz 0.9mJ ~1.92mJ  0.5mm
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Fig. 8 Relationship between drilling time and peak power density with di-

fferent parameters of the combined laser
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