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Fiber Laser-Variable Polarity TIG Hybrid Welding of ATN(O1 Aluminum
Alloy with Filler Wire
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Institute of Laser Engineering, Beijing University of Technology, Beijing 100124, China

Abstract A7NO1 aluminum alloy with the thickness of 4 mm is welded by using fiber laser-variable polarity TIG
hybrid welding with filler wire. The effects of both welding current and welding speed on weld formation and
porisities are discussed. The microstructure and mechanical properties of the joint obtained at optimal welding
parameters are investigated. Experimental results show that the top weld width increases and the bottom weld width
is unchanged with the increase of the welding current. With the welding speed decreasing, both the top and the
bottom width increase, and the internal porosities decreases. Under the condition of laser power of 6 kW, welding
current of 180 A, welding speed of 4 m/min and wire feeding rate of 4 m/min, the joint with good formation and
few welding defects is obtained. Weld cross section is characterized by the wide top weld width and narrow bottom
weld width. The microstructure of the joint is composed of equiaxed grain zone, columnar zone and equiaxed
dendrite zone from the fusion line to the center of weld. The sizes of the grains and equiaxed dendrites from the top
to the bottom are gradually reduced along the weld centerline. The fusion zone hardness is lower than that of the
base metal, which indicates that the soften zone is occurred in the joint. The average tensile strength of joints is
369.8 MPa, which is approximately 83% of the base metal. And the extension rate is about 4% . The tensile
fracture occurs in the weld zone, and the fracture morphology is distinctly ductile characteristics.
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Table 1 Chemical composition of A7NO1 aluminum alloy and ER5356 filler wire (mass fraction, %)

Zn Mg Si Mn Fe Cu Cr Ti A% Zr Al
A7NO1 4.0~5.0 1.0~2.0 <0.3 0.2~0.7 <0.35 <0.2 <0.3 <0.2 <0.1 <0.1 bal
ER5356 <<0.1 4.5~5.5 <0.25 0.05~0.2 <0.4 <<0.1  0.05~0.20.06~0.20 — — bal
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B (2% Ce, O, MK EZ 3~5 mm, B AR TR EFE 294 2.5 mm. O FIH SR B ] B 29
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Fig. 1 Schematic diagram of hybrid welding
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Fig. 2 Size of the tensile sample
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Fig. 3 Influence of (a) welding current and (b) welding speed on weld width
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Fig. 4 Weld porosity. (a) Macro feature; (b) internal morphology
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Table 2 Influence of welding speed on weld porosity

Welding speed /(m/min) X-ray inspection and vertical section of bead Average porosity rate /%

V=V.=6 1.86
V=V=5 1.44
V=V.=4 0.34
V=V.=3 0
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Fig. 5 Weld morphology with optimized parameters. (a) Face of weld; (b) back of weld;

(c) X-ray inspection; (d) cross section
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Fig. 6 Microstructure of the hybrid welding joint. (a) Near the fusion line; (b) weld center
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Fig. 7 Microstructure around the weld centerline. (a) Top zone; (b) center zone; (c) bottom zone
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Fig. 8 Micro-hardness profile of welding joint
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Fig. 9 Fracture of hybrid welding joint. (a) Cross section; (b) fracture morphology
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