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Abstract 

Light-weight alloys have been applied in automotive, aerospace, rail transit, and shipbuilding industries to 

reduce structure weight for energy conservation and emission reduction. As one of the most widely used light-

weight alloys, aluminium alloy has been designed to replace steel and/or copper in many structures. So, joining 

aluminium alloy to steel and/or copper is inevitable for weight reduction and combining the advantages of high 

specific strength and good resistance to corrosion. However, joining aluminium to steel and/or copper is still a 

great challenge because of the large differences in thermo-physical properties between the two materials and 

especially because of the easy formation of brittle intermetallic compounds at elevated temperatures. Dissimilar 

materials lap joining of aluminium alloy to steel sheets was investigated with refilled friction stir spot welding 

in this work. The microstructure, mechanical properties, and fracture mode of Al/steel joints were analysed. 

The maximum tensile/shear fracture load of joints between aluminium alloy and uncoated steel reached around 

3800 N. While with galvanized steel, the maximum tensile/shear fracture load of joints reached 4500 N. The 

maximum tensile/shear fracture load of Al/uncoated steel and Al/galvanized steel joints occurred when the 

sleeve plunging depth was larger than the thickness of the aluminium alloy sheet. Zinc and oxygen rich layers 

were observed in the interface on Al side, and ZnO phase was detected on the fractured surface of both 

aluminium alloy and steel sides. The samples during tensile/shear test failed mainly through shear brittle 

fracture with features of cleavage and intergranular fracture feature. The spot weld can be distinguished as pin-

refilled zone and sleeve-plunging zone from the distribution of zinc. When the sleeve plunged into the steel 

substrate, metallurgical bonding and mechanical bonding occurred at the interface, which could substantially 

improve the mechanical properties of spot weld. Rotary friction welding of commercial pure aluminium to pure 

copper was also investigated. The mechanical properties and electric conductivity of the welded joint were 
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 improved with post-weld heat treatment. The resistivity of Al/Cu friction welded joint after heat treatment at 

100oC/2h was the lowest, and its mechanical properties were also the best. Heat treatment at lower temperatures 

can release the residual stress of Al/Cu friction welded joint, and reduce the resistivity. The resistivity gradually 

increased from the center to the edge of joint. When the heat treatment temperature rose, the interface thickened, 

and the resistivity of joint increased. When the heat treatment temperature reached 400oC, the thickness of 

intermetallic compounds layer of joint sharply increased. Micro cracks occur in the center, which enhances the 

resistivity remarkably. 
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