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Experimental study about micro hole processing by picosecond laser

SUN Shufeng'”, LIAO Huipeng®, WU Xuhao® , ZHANG Bin’
(1. School of Mechanical Engineering, Qingdao University of Technology, Qingdao 266520, China; 2. School of Mechanical and
Electrical Engineering, Wenzhou University, Wenzhou 325035, China; 3. High laser Opto-Electronic Technology Co. Ltd. ,
Wenzhou 325035, China)

Abstract: In order to solve the problem of low quality of micro hole processed by micro/nanosecond laser, using pulse laser
with pulse width of 200ps and high speed rotary cutting method, a micropore process test with a diameter of 200pum was
conducted on SUS 304 stainless steel sheet with thickness of 0. 2mm. The morphologies of the micro holes were observed by laser
scanning confocal microscope. The effects of cutting speed, laser power and defocusing distance on machining quality of aperture ,
taper and heat affected zone were investigated. The results show that, the cutting speed has the direct influence on the quality of
micro porous wall. By increasing the rotating speed, the overlap rate of laser pulse and the heat affected zone of the inner wall of
micro hole can be reduced. At the same time, the machining quality of micro incision by rotary cutting method can be improved
by increasing laser power. The taper of micro hole can be reduced to a certain extent by adopting positive defocusing machining.
The study shows that, the optimized technological parameters can be used to process small taper pores with small heat affected
zone and good edge quality.
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Fig. 1 Schematic diagram of micro hole machining equipment by picosec-

ond laser
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Table 1  Chemical composition( mass fraction) of SUS 304 stainless steel

chemical

Cr Ni Mn Si C P S
element
mass
. 0.698 0.180 0.090 0.020 0.010 0.0007 0.00035 0.0003
fraction
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Fig.2 Schematic diagram of pore diameter by laser rotary cutting
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Fig.3 High speed rotary cutting met
a—trajectory of laser spot scanning by high speed rotary cutting method

b—effect picture by high speed rotary cutting method
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Fig.4 Relationship between rotary cutting speed and machining diameter
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Fig.5 Morphology of micro hole wall with different rotating speeds

a—rolating speed :300r/min  b—rotating speed ; 14001/ min
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Fig.6 Relationship between laser power and micro pore diameter
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Table 2 Pore diameter and taper of different laser powers

laser power/ entry diameter exit diameter taper
% den/ pm o/ pm o/ (%)
60 176.8 161.6 12.36
70 181.8 167.8 12.31
80 183.0 169.4 12.29
90 186.8 177.3 12.04
100 187.1 177.2 12.07

T AET O BV I B A R R O e
PALRI I F A2, RO R AR B i A
AP RER AR LI . BT, B RALAY 2 oK
KIE, T HEN X R AL A R P . AT Ta il LU
R EEOETI R Ty 60% i, 25 W4 A i O BE =
GRS, MG R R AN S 4, BB
DD DSk , BEE OLRE & A5, BO'E R D Zx A1

Fig.7 Morphology of micro holes with different laser powers
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Fig.8 Schematic diagram of positive and negative defocus

TEA ) B fa i 25 F N AT e DI A4T AL, B it f
RIS 0. 2mm, A = 1. Omm 3K F] + 1. 0mm, fff5
AISSRINIET 9 B, 24 f <Omm B, BRGABG R A5 1F T
I B B e A e R 38, FLAY A AR R, T
B AR ) B A 7 8 ) 1 I T /), 36 ol T B A
RFAPEHEEE 0. 2mm 2 J5 O AR ST RAL i H

160+ e entry diameter

/=0mm

A exit diameter
IR S P Ly
A
Y

L 1 1 1 100 1 1 1 1 J
-08 -04 00 04 0.8
defocus/mm

r/jim

amete

!

Fig.9 Relationship between defocus and micro pore diameter
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Fig. 10  Propagation cross section of Gaussian beam
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