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Research on Ultrasonic Vibration Assisted MIG Welding Process
of 5083 Aluminum Alloy
XIE Zehao', ZHANG Congyi, XU Ning’, LI Xichen', WANG Pengyun'?

(1. Luoyang Ship Material Research Ingtitute, Luoyang 471023, China; 2. State Key Laboratory for Marine Corrosion and
Protection, Luoyang 471023, China)

Abstract; Using ultrasonic vibration assisted MIG welding method, the simulation calculation and process research on
5083 auminum alloy plate with the thickness of 4 mm were carried out. For this process, the finite element analyss software
ANSY S Workbench was used to build a model of ultrasonic welding and vibration analysis, simulated the flow of the welding
molten pool and the resonant response of the base material under the action of ultrasonic vibration. The smulation results
show that the solidification interface of the molten pool after the vibration is smoother and flatter, and the larger liquid surface
areais also beneficial for gas escape. An investigation was also conducted into the ultrasonic vibration assisted MIG welding
process, with the macroscopic shape, microstructure, and tensile properties of the joint analyzed. The results show that the
porosity and central grain size of the joint with ultrasonic vibration are significantly lower than those of the joint without
ultrasonic vibration, and the tensile strength can be basically stabilized at 290 MPa or above, which is 15 MPa higher than the
required standard; the fracture surface consists of fine and dense ductile pits, with good plastic characteristics; the reason why
the ultrasonic vibration-assisted weld seam can be strengthened is mainly due to the refinement of grains and the reduction of
porosity.

Key words: ultrasonic vibration; the finite element simulation; droplet transition; welding porosity; grain refinement
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Fig.1 Schematic diagram of ultrasonic vibration
assisted MIG welding
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Tab.1 Chemical composition of 5083 base metal
and ER5183 welding wire (wt%o)

#M¥ | S | Fe | Cu| Mn Mg Cr Zn | Ti

5083 | 0.099|0.325|0.049 0.502 | 4.25 0.075 |0.025|0.023

ER5183|<0.25/ <0.4/<0.1/0.5~1.0/4.3~5.2|0.05~0.25| <0.1|<0.15
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Fig.2 Ultrasonic vibration assisted welding equipment
for auminum alloys
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Fig.3 A horseshoe-shaped ultrasonic vibration head
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Fig.6 Drop morphologies comparison before and after applying ultrasonic vibration
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Fig.8 Comparison of the calculated integral liquid fraction
in the molten pool during welding process
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Fig.9 Simulation of liquid droplet injection into the pool
and pool flow during welding process
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Tab.2 Influence of downward pressure of amplitude
transformer on the weld bead shape
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Fig.10 Changes in cross-section dimensions of welds
under different pressure of amplitude transformer
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Tab.3 Influence of welding current on weld bead shape
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Fig.11 Changes in cross-section dimensions of weld seam
at different welding current
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Tab.4 Effect of welding speed on weld bead shape
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Fig.12 Changes in cross-section dimensions of weld seam
at different welding speeds
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Tab.5 Tensile properties of joints
under different parameters
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Fig.17 Microstructural texture of welded joint cross-section
without ultrasonic vibration
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