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Effect of spherical electrode radius on crack in
resistance spot welding of aluminum alloy 2A12
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Abstract: Selecting 100, 75, 50 and 25 mm as the radius of spherical electrode, spot welding experiment of the aluminum
alloy 2A12 sheet with thickness of 1 mm was performed on the three-phase secondary rectification welding machine.
Using optical microscopy and scanning electron microscopy, the microstructure and crack characteristics of the nugget
were observed. The low-magnification measuring microscope and the tensile test machine were used to test the nugget
diameter and the tensile-shear strength of the weld, and then the effect of spherical electrode radius on the crack
distribution, formation mechanism, nugget diameter, and the tensile-shear strength of spot welding joint of the aluminum
alloy 2A12 were investigated. The results show that as the spherical electrode radius increases, more likely the cracks
occur in the nuggets, and nugget diameters present decreasing tendency. When the spherical electrode radii are 75 and
100 mm, respectively, the intergranular longitudinal solidification crack locates in the middle of the nugget, which almost
transverse across the whole weld nugget, and liquation crack is visible in the heat-affected zone (HAZ), but there is no
transverse crack in the nugget.
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Table 2 Spot welding parameters

#1212 maefA oy
Table 1 Chemical composition of 2A12 aluminum alloy

(mass fraction, %)

Si Cu Mg Mn Fe Ti Zn Al

0.16 4.63 163 0.69 025 <010 <020 Bal

e 4 i =
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Fig. 1 Metallograph of 2A12-T4 aluminum alloy
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Preheating Preheating ) Welding Down-slope Down-slope
) Welding current/% ) )
current/% time/cycle time/cycle current/% time/cycle
45 2 50 5 45 11
Down-slope Down-slope .
) Forge time/cycle Weld pressure/kN  Forge pressure/kN
current/% time/cycle
39 15 1 2 14

Icycle represents 20 ms; Current value is percentage of spot welding machine’s maximum current.
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Fig. 2 Schematic diagrams of metallographic sample and
specimen for measurement of mechanical properties (Unit:
mm): (a) Metallographic sample; (b) Specimen with welding

spot for measurement of mechanical properties
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Fig. 3 Macrophotographs of spot welding nugget at different

spherical electrode radii: (a) R=100 mm, 1—Heat-affected zone;

2—Corona bond; 3—Columnar zone; 4—Equiaxed zone;
(b) R=75 mm; (¢) R=50 mm; (d) R=25 mm
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Fig. 4 Force diagram of spot welding nugget
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Fig. 5 High magnification of microstructures of local cracks:
(a), (b) Region 4 shown in Fig. 3(a); (c) Region B shown in Fig.
3(b)
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Fig. 6 SEM image and EDS results of grain boundary in
2A12 aluminum alloy: (a) SEM image of grain boundary;
(b) EDS results of spectrum 2; (¢) EDS results of spectrum 3
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Fig. 7 Influence of electrode radius on nugget size and tensile
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