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Abstract

Porosity formation in partial penetration welds by high power lasers is a serious problem in
industry. There are two main causes that induce porosity formation. One form of porosity is due to
gases (e.g. hydrogen, oxygen) dissolving into the weld pool because of the high temperature and
then the rapid solidification traps gases as a bubble in the weld metal. The second problem is voids
formed by the keyhole collapsing due to unstable keyhole fluid dynamics. The voids that form at
the bottom of the keyhole are relatively large and irregular in shape compared to the gas bubbles;
this void formation is the primary concern in this paper.

The reduction of voids formed by keyhole collapse is achieved by improving the stability of
keyhole. Two methods to improve keyhole stability are discussed in this paper: pulse modulation
and beam incident angle. Pulse modulation of the laser beam was performed between 100 Hz and
500 Hz to find out the optimum frequency for the keyhole dynamics. The incident beam angle
changed the impact angle of the laser beam to the work surface in a range of 0 to 25 degrees.
Glycerin in a semi-solidified state is used as a medium for performing the welding because its

transparency allows of visualization of the keyhole.
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Fig.2 Schematic of experiment apparatus for
measurement of laser beam power shape
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Fig.3 Pulse shape and pulse width ratio of laser
beam power by rotating chopper
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Table 1 Physical properties of glycerin used in

experiment
‘L Heat of Fusion 196d/g
' Specific gravity (20°C) 1.26 g/cm?®
" Boiling point (760 mmHg) 290°C

Melting point i 18°C

——

4
Surface tension(150 ° C) 0.052N/m :
; " g . . i
i Viseosi 152mPa.s(50°C) |
'1 Iscosity 15mPa.s(100 ° C)
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