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Table 1  Chemical composition of 5083 aluminum alloy and 

welding wire (ω/%) 

Component Si Fe Mn Mg Cr Zn Ti Al 

Base metal 0.12 0.22 0.6 4.50 0.09 0.02 0.056 Bal. 

Welding wire 0.03 0.25 0.75 4.95 0.11 0.025 0.15 Bal. 
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Table 2  Welding process parameters 

Positive and 

negative current, 

I/A 

Welding 

speed, 

v/mm·min

-1

 

Wire feeding 

speed, v/ 

mm·min

-1

 

Gas flow 

rate, q/ 

L·min

-1

 

135, –165 100 130 3.5 
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Table 3  Tensile strengths of welded joint and base metal 

Material 

Tensile 

strength, 

R

m

/MPa 

Yield 

strength, 

R

P0.2

/MPa 

Section 

shrinkage, 

Z/% 

Elongation, 

A/% 

Base metal 350 215 - 12 

Welded joint 295 149 18 10 
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Fig.1  Fracture location of tensile specimen 
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Fig.2  Micro hardness profile of the welded joint 
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Fig.3  Microstructure of joint transverse section 
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Fig.4  Microstructures of base metal zone (a) and heat- 

affected zone (b) 
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Fig.5  Microstructure of the weld near the fusion line: (a) near 

the weld toe and (b) near the middle of the slab thickness 
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Fig.6  Microstructures of the weld: (a) primary cellular dendrites, (b) middle of cellular dendrites, and (c) weld center 
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Fig.7  Microstructure of fracture: (a) the side of weld metal 

and (b) the side of base metal 
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Fig.8  EPMA analysis near the fusion line: (a) secondary electron 

image and (b) spectral intensity distribution of Mg 

elements  
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Microstructure and Mechanical Properties of Variable Polarity Plasma Arc 

Welded Joints of 5083 Aluminum Alloy for Shipbuilding 
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Abstract: A5000 series (Al-Mg) aluminum alloy with a thickness of 5 mm for shipbuilding was successfully welded by a variable polarity 

plasma welding process in a vertical-up position. The microstructure and mechanical properties of the joint were investigated. The ultimate 

tensile strength of the joint is 295 MPa, the elongation is 10%, and the location of fracture is near the fusion line. The micro hardness of 

the weld zone and heat affected zone is lower than that of the base metal, and the lowest hardness appears at the center of the weld. The 

optical micrographs of the joint show that the weld microstructure near the fusion line is a coarse equiaxed grain structure, and most of the 

weld region is a cellular dendritic structure growing from the two sides to the center, while the microstructure of the heat affected zone is a 

typical recrystallized structure. The composition around the tensile fracture was analyzed by EPMA, and the results reveal that the content 

of Mg is low and heterogeneously distributed. The lack and segregation of Mg and non-homogeneous microstructure decrease solution 

strengthening, resulting in weak areas of the joint. 

Key words: 5083 aluminum alloy; variable polarity plasma welding; microstructure; mechanical property 
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