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method based on a novel scientific principle of controlling metal
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By performing short-pulse laser ablation during laser welding, the crystal
grains of 2024 aluminum alloy weld metal, which is generally considered to have a high
susceptibility to cracking, were refined and the progression of solidification cracking was
successfully suppressed. Vickers hardness test results confirmed that the hardness increased due to
the effect of grain refinement. Since the pressure wave generated by the short-pulse laser exceeded
the dendrite intensity in the high-temperature state, the increase in equiaxed crystal formation
sites due to dendrite crushing is considered to be one of the grain refinement mechanisms. From the
experimental results, it is concluded that grain refinement is based on two mechanisms: dendrite

crushing and dynamic nucleation.
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Short-pulsed Laser CW Laser for welding Table 1. Chemical composition of 2024-T3 (thickness:

Wavelength: 1064 nm Wavelength: 1070 nm 3.175 mm) (mass %).

Pulse width: 10 ns Power: 1 kW - -

Pulse energy: 430 m)J Si Fe Cu Mn Mg Cr Zn Ti Al

Spot diameter: 2mm 005 | 016 | 46 | 064 | 1.5 | 000 | 0.09 | 003 | Bal
Shield gas ///
Ar: 50 L/min /'

‘, 1. 66 mm Graln reflnement region
C:k:: ’
‘ - / ‘ 2.5mm
Welding speed: 16.6 mm/s
Fig. 1. Experimental setup for laser welding. 1.5mm
1 mm
Region for measurement of grain size

Fig. 3. Grain size measurement region.
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Coordinate (x,y) |
of spot center of short-pulsed laser Position Comment
(unit: mm) 1.66 mm

(1.5,0) Front Partially inside

(-2.5,0) Rear Completely outside

-1,1 Side Partially inside . . s

(D Y Fig. 4. Schematic of measured positions for the hardness
(-1,0) Boundary Mostly inside

test.
Fig. 2. Positions of laser irradiation.
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Fig. 5. High-speed photographs of 2024-T3 aluminum alloy irradiated at various positions. Yellow dashed circles
indicate short-pulsed laser irradiation area.
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Fig. 6. Polarized optical microscope image of 2024-T3 Fig. 9. The average grain size for each irradiation
aluminum alloy without short-pulsed laser irradiation. position.
135
&
& ..
2 s [:‘ : 5
$ s |m‘ . .[
=) B A
E ?‘?; '?ﬂm'!‘:
= . ‘et
“ LR I « > e )
5] o8 ~ » -
=< s 1.66 mm 1.66 mm
— . = [
@ Grain refinement region 1mm O Average
110 . . . .
0 1 2 3 4 5 6 7

Distance along the center line (mm)
Fig. 10. Hardness distribution of longitudinal direction on
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Fig. 7. Polarized optical microscope image of 2024-T3
irradiated by short-pulsed laser at boundary (x,y)=(-1,0).
Micrographs show the (a) front surface, (b) vertical cross-
section, and (c) magnified image of Region A in (b).
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Fig. 8. Polarized optical microscope image of 2024-T3 Fig. 11. Observation of crack end irradiated at boundary

alumit_mm alloy irradiated by short-pulsed laser at side (xy) = (-1,0).
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