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Study on Machining of High-Quality Micro-Holes by Laser Trepan Drilling
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(1. School of Mechanical Engineering, Xi’an Jiaotong University, Xi’an 710049, China;
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Abstract: The influences of two key factors, geometrical morphology and recast layer, on hole quality in
micro-hole laser drilling are investigated by using high power Nd: YAG millisecond pulsed laser on two
different materials — 304 stainless steel and directionally crystalized nickel-based alloy DZ445. Trepan
drilling technique is specially studied, and three related key factors are analyzed for their influences on hole
quality, including trepanning path, trepanning velocity and trepanning times. The results show that the
edge-started laser path will lead to a notch on the hole edge, but this can be avoided when the center-
started laser path is employed; trepanning velocity and orbiting times both have important influences on
the thickness of recast layer, and lower velocity and more trepanning times will produce holes with thinner
recast layer. The mechanism lies in that the recast layer on the hole wall may remelt under subsequent
radiation of laser in the trepanning process, resulting in melt migration by overcoming the viscous force
under combined force of the vaporization pressure and the assistant gas pressure, and finally the melt is
ejected from the hole exit end. The thickness of recast layer is inversely proportional to the time duration
of melt migration when other experimental conditions remain unchanged.
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