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Welding Characteristics of Laser-Arc Double-Sided Welding for
Aluminum Alloy
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Abstract Welding characteristics of laser-arc double-sided welding (LADSW) for aluminum alloy are studied. Arc
physical characteristics are investigated by spectroscopic diagnosis, arc voltage measurement and estimation of
electron density by Stark broadening method. With the preheating of tungsten inert gas (TIG) arc, the results show
that the weld appearance of laser welding in LADSW is improved, and porosity in weld can be drastically reduced and
even eliminated. The shape of weld cross-section can be controlled. Due to the symmetrical weld cross-section and
less weld defect inside, the joint of the symmetrical "X" cross-section has the best mechanical properties. The tensile
strength is more than 90% of the base metal. Compared with conventional TIG arc, the typical arc shape of LADSW
is compressed. There are more metal atoms and less Ar atoms in LADSW arc than those of conventional TIG arc, and
the arc voltage is decreased and more stable. The electron density of LADSW is higher than that of conventional TIG
arc. The plasma area of laser welding is increased in LADSW compared with conventional laser welding under the
same condition.

Key words laser technique; welding characteristics; laser-arc double-sided welding; physical characteristics of arc;
laser welding plasma
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Table 1 Chemical components of 5A06 aluminum alloy (mass fraction, %)
Mg Mn Si Fe Zn Cu Ti Al
5.8~6.8 0.5~0.8 0.4 0.4 0.2 0. 10 0.02~0.10 balance
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Fig. 1 Schematic diagram of LADSW experiment and signal picking system
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Fig. 2 Experimental system of spectroscopic diagnosis
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Fig. 3 Weld appearance by laser welding and LADSW
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Fig. 4 Weld cross-sections of different heat inputs (v=1 m/min). (a) dissymmetrical "X" cross-section (P, =1.0 kW,
P,=0.8 kW), (b) symmetrical "X" cross-section (P;=1.2 kW, P,=1.2 kW), (c) consistent "H" cross-section
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Table 2 X-ray inspection and image analysis of weld beads porosity content

Heat input Weld cross—section X-ray inspection and image processing Volume fraction /%
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Fig. 5 Fracture morphologies of tensile samples by SEM. (a) dissymmetrical "X" cross-section,

(b) symmetrical "X" cross-section, (c¢) consistent "H" cross-section
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