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Table 1. Chemical composition of 2024-T3 (thickness: 3.175
mm) (mass %).

Si Fe Cu Mn | Mg Cr Zn Ti Al
005 | 016 | 46 | 064 | 1.5 | 000 | 0.09 [ 0.03 | Bal

CW Laser for welding
Wavelength: 1070 nm
Power: 1 kW

Short-pulsed Laser
Wavelength: 1064 nm
Pulse width: 10 ns
Pulse energy: 430 mJ
Spot diameter: 2mm

Shield gas ///
Ar: 50 L/min P
,l

C::ﬂ::: ﬁ\
D J

Welding speed: 16.6 mm/s

Fig. 1. Experimental setup for laser welding.

&) Position of CW laser irradiation
@ Shape of molten pool of A2024-T3 welded at 16.6 mm/s
{ Area of short-pulsed laser irradiation

X Spot center of short-pulsed laser

Coordinate (X,y)
of spot center of short-pulsed laser Position Comment
(unit: mm)
(1.5,0) Front Partially inside
(-2.5,0) Rear Completely outside
(-1,1) Side Partially inside
(-1,0) Boundary Mostly inside

Fig. 2. Positions of laser irradiation.
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Fig. 3. Grain size measurement region.
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Fig. 4. Schematic of measured positions for the hardness test.



Time 4-0000 00.000 Base metal Beam spot
o *The whole surface is of CW laser
covered with an oxide film
No Solidified region Molten pool
irradiation
Oxide film-removed region
Before 0.1 ms After 0.1 ms After 0.5 ms
Boundary
(-1,0)
Side
(-L1)

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. 7. Polarized optical microscope image of 2024-T3
irradiated by short-pulsed laser at boundary (x,y)=(-1,0).
Fig. 6. Polarized optical microscope image of 2024-T3 Micrographs show the (a) front surface, (b) vertical
aluminum alloy without short-pulsed laser irradiation. cross-section, and (c) magnified image of Region A in (b).
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Fig. 8. Polarized optical microscope image of 2024-T3
aluminum alloy irradiated by short-pulsed laser at side (x,y) =
(-1,1).
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Fig. 9. The average grain size for each irradiation position.
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Fig. 10. Hardness distribution of longitudinal direction on
surface irradiated at boundary (x,y)=(-1,0).
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Fig. 11. Observation of crack end irradiated at boundary (x,y)
=(-1,0).
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Fig. 12. Schematic of the process and mechanism of grain
refining.
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