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Experimental study on deep laser drilling by the superposed pulsed lasers

HE Yajing, WANG Wei, XU Benzhi, ZHU Xiao, QI Lijun, ZHU Changhong
(National Engineering Research Center for Laser Processing, School of Optical and Electronic Information, Huazhong University

of Science and Technology, Wuhan 430074, China)

Abstract: To further improve the velocity of deep laser drilling in thick metal plate, aiming at Smm thick stainless steel
plate, laser drilling method of long pulse laser with high pulse energy superposed by short pulse laser with high peak power was
put forward. The theoretical model of laser drilling by superposed pulsed lasers was established. The function of long pulse laser
with high pulse energy was to melt metals, while the removal of metal melted things relied mainly on short pulse laser of high peak
power. The drilling effects under different laser parameters ( pulse energy, pulse width and drilling method) were studied. The
results show that, compared with laser drilling by single long pulse, laser drilling by the superposed pulse can substantially
reduce the drilling time. For long pulse of 2ms pulse width and 2. 9] pulse energy, the drilling velocity of superposed pulsed
lasers increases by 2.3 times while the energy cost reduces 20% . And the larger the pulse energy is, the narrower the pulse

width is, the faster the drilling velocity becomes. The study provides a basis for laser selection in laser drilling by the superposed

pulsed lasers.
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Fig. 1 Experimental setup for laser drilling
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Fig.2 Synchronized shape of the superposed pulse
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Fig.3 Longitudinal section of the superposed pulsed laser drilling hole in

Smm stainless steel
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Fig.4 Time to drill through 304 stainless steel vs. ms pulse energy by ms
laser drilling and by ms laser drilling superposed by ns laser
a—vpulse width of 2ms & 3ms b—pulse width of 4ms & 5ms
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Fig.5 Schematic of molten liquid removal in laser drilling
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Table 1 ~ Physical parameters of 304 stainless steel
sterial density p/  melting point T, / boiling point thermal conductivity thermal diffusivity latent heat
materia (kg - m~) K T,/K K/ (W-m™l K1) o/(m? - s71) of vaporization L /(J - K™)
304 stainless steel 7900 1700 3273 30.4 4.9x107° 6.1x10°
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Fig. 6  Relationship between temperature rising of stainless steel surface vs.

ms laser pulse energy for different pulse widths
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Fig.7  Drilling velocity vs. laser single pulse energy for different pulse
widths

a—ms laser drilling b—ms laser drilling superposed by ns laser
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