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Effect of current mode on microstructure and mechanical properties of 5356-TIG

additive manufacturing
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Abstract The multi-layer single-pass 5356 aluminum alloy thin-wall parts were formed by alternating current tungsten inert gas
welding (AC-TIG). Effect of current mode on the microstructure and mechanical properties of the formed parts during the
surfacing process was studied. The results show that under the no-pulse current mode, dendrites and lots of defects such as pores
and shrinkage holes of 50-100 wm appear in the combined layer, and larger equiaxed grains of 100-150 pwm are formed in the
deposited layer. Under the pulse current mode, fine dendrites with obvious preferential orientation and the smaller size of pores
appear in the combined layer, and smaller equiaxed grains of 50-100 pm are formed in the deposited layer. The hardness of the
samples formed by two kinds of current mode is similar, that is, the hardness value of the deposited layer is stable while that of
the combined layer fluctuates violently. The strength and plasticity of pulse current specimen are higher than those of no-pulse
current specimen. Both tensile specimens are mainly ductile fracture along tangential direction, and the fracture is typical equal-
axial dimple. The results show that the optimum welding structure can be obtained by adopting low-frequency AC pulse welding
process parameters, which will also provide theoretical basis and technical support for practical engineering application.
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Table1 Chemical composition of welding wire and base material

(mass fraction/%)

D% 5356 5052 D% 5356 5052
Si 0.25 0.25 Cr 0.10 0.30
Fe 0.40 0.40 Zn 0.10 0.10
Cu 0.10 0.10 Ti 0.15 0.05
Mn 0.10 0.10 Al R R
Mg 5.00 2.50

x2 RWIZSH
Table 2 Experimental process parameters

S8 ol S8 Bl
SR 1A 170 JK L/mm 3
JEFEJE o/ (m-h!) 19.2 AR o/s 0.4
K2 o' (m-h™) 204.0 JRIRAER ¢/s 0.2
AR ¢/(Lemin™) 15 R EE T/°C 40~80
1.2 7 ik
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Fig.1 Microstructures of sample formed by no-pulse current
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Fig.2 Microstructures of sample formed by pulse current
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Fig.3 Microhardness of sample formed by no-pulse current
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Fig.4 Microhardness of sample formed by pulse current
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Table 3 Strength and plasticity for two heat inputs
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Fig.5 Fracture of sample formed by no-pulse current
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Fig.6 Fracture of sample formed by pulse current
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