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Experimental study on stainless steel micro-hole trepanned
by femtosecond laser

FAN Nan-nan'”,XIA Zhen-dong'*,SUN Xiao-yan' ,HU You-wang'"
(1. College of Mechanical and Electrical Engineering, Central South University , Changsha 410083, China;
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2. State Key Laboratory of High Performance Complex Manufacturing, Changsha 410083, China)

Abstract : In order to solve the problems of microcracks in high pulse energy femtosecond laser drilling,a trepanning
method with femtosecond laser was proposed. The femtosecond laser with pulse width of 120 fs was used to trepan 304
stainless steel with 0. 5 mm thickness. The effect of defocusing amount and relative deflection angle of double wedge
on the micro-hole diameter and the effect of defocusing amount on the micro-hole conicity are studied by the experi-
ments. The results show that the diameters of micro-holes increases with the increasing of the defocusing amount, but
the conicity first decreases and then increases. When the defocusing amount is zero, the minimum conicity is 3. 5°
. Micro-hole diameter increases with relative deflection angle increase of double wedge. Nanometer periodic stripes are
found on the sidewalls of micro-holes trepanned by femtosecond laser,while there are microcracks on the sidewalls of
micro-holes through percussion drilling.
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Fig. 1 Femtosecond laser processing system
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Fig. 2 Schematic diagram of the defocusing amount
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Fig. 3 Graph showing the influence of defocusing amount

on the hole diameter
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Fig 4 Graph showing the influence of defocusing amount on the conicity
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Fig. 5 Graph showing the influence of relative deflection angle

of double wedge on the micro-hole diameter
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Fig. 6 SEM images of sidewalls of micro-holes

processing by femtosecond laser percussion drilling
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Fig. 7 SEM image and EDS analysis comparison between the sidewall

of the micro-hole( position A) and the stainless steel ( position B)
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Tab.1 Element composition ( wt% )
between the sidewall of the micro-hole( position A)

and the stainless steel (position B) shown in Fig. 7

JLE Fe Cr Ni [0}
&7 A s 74.18 17.32 5.80 2.70
&7 ¥ B & 73.73 17. 64 7.07 1.56
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Fig. 8 SEM micrographs of micro-holes drilled with different single pulse energy.
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