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Abstract In order to explore the high-quality forming process of micro-holes, the picosecond laser combined with
helical drilling technology was used to carry out the basic experiments of micro-hole forming. The shape (taper and
size) of the micro-hole can be controlled by changing the deflection angle and translation of the wedge prism in the
optical path of the rotating optical system. Taking 1-mm 304 stainless steel as an example, the influence of
processing parameters such as laser pulse energy, defocusing amount, repetition frequency and laser helical drilling
speed on the quality of micro-hole processing was studied. According to the experimental results, laser pulse energy
is the key factor of micro-hole forming quality, defocusing amount can change the taper of the micro-hole to a certain
extent, and the repetition frequency and rotation speed of the laser determine the thermal influence of the micro-hole
and the thickness of the recasting layer. While laser pulse energy is 141 pJ, repetition frequency is 66.67 kHz,
defocusing amount is +0. 1 mm, and laser helical drilling speed is 8000 r/min, the high-quality micro-holes with
pore diameters ranging from 100 to 300 pum and controllable tapers can be obtained.
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Table 1 Basic performance parameters of laser

Laser parameter Value
Wavelength /nm 1064
Pulse duration /ps 10
Average power /W 0~50
Pulse energy /pJ 0~200
Repetitive rate /kHz 10~1000
Beam quality parameter M’ <1.2
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Fig. 2 Effect of deflection of wedge prism 1 on diameter

DAL ey 2 o 2 P A% S B ML, I 7 R
PEAT R, W 3 PR, YO R S R AR S B L
B0 B O L IR, BRIV AT A A A 3 T T R o L LB
fLEHESL. K 3, DA D, g3 5 o AL A AL B
TR L AR, 0 WO S b R e o
AR AR

P33 =F AL AL (a) B HESL ;s (b) BAL s (o) IEHEAL

Fig.3 Three micro-hole models. (a) Negative conical; (b) cylindrical drilling; (c) positive conical
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Table 2 Processing parameters of helical drilling system

Processing parameter Value
Wedge prism angle /(°) —25~25
Deflection mirror position /mm —5~5
Helical speed /(r-min™") 0~5000
Defocus amount /mm —0.5~0.5
Process gas /MPa 2.5
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