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Table 1

purity aluminium (mass fraction, %)

Chemical compositions of 1060 commercial

Al Mn Si Mg Zn Ti
Bal. 0.03 0.25 0.03 0.06 0.03

2 T2 EHNIMEE RS,
Table 2

fraction, %)

Chemical compositions of T2 copper (mass

CutAg Bi Zn S As Fe
Bal. 0.001 0.2 0.002 0.002 0.005
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Fig. 1 Schematic diagram of double-sided friction stir welding(a) and tool offset(b)
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Fig. 2 Schematic diagram showing dimension details of Al/Cu tensile sample
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Fig.3 Schematic diagram depicting micro-hardness measured positions on cross-section of joints
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Fig. 4 Surface appearances of Al/Cu welds at different welding speeds
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Fig. 5 Macroscopic appearances of Al/Cu welds along transverse cross-section at different welding speeds: (a) v=30 mm/
min; (b) v=40 mm/min; (¢) v=50 mm/min; (d) v=60 mm/min; (¢) v=70 mm/min
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min and welding speed of 50 mm/min
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Fig. 7 Distribution appearances of copper particles in nugget area of welded joints: (a) Low magnification morphology; (b)

High magnification morphology
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Fig. 8 Typical morphologies of Al/Cu laminar composite structure with different forms in nugget area of joint: (a) Curved
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shape; (b) Straight strip shape; (c) Wave shape
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Fig. 9 Line scanning analysis of copper lamination in welded joint: (a) Scan position; (b) Scan results
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Fig. 10 Microhardness curves of Al/Cu FSW welded

joint: (a) v=50 mm/min; (b) v=70 mm/min
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Fig. 13 Tensile fracture morphologies of Al/Cu welded joint((a), (b)) and high magnification of regiions in Figures ((c),

(d)): (a), (c) 60 mm/min; (b), (d) 70 mm/min
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Aluminum/copper dissimilar metal double-sided friction stir
welding formation and mechanical properties of joint

TANG Jiu-xing', WU Ming-xiao®, SHI Lei', WU Chuan-song', YANG Wei*, GAO Song®

(1. Key Laboratory for Liquid-Solid Structural Evolution and Processing of Materials (MOE),
Shandong University, Jinan 250061, China;
2. Electric Power Research Institute of State Grid Henan Electric Power Company, Zhengzhou 450052, China;
3. School of Mechanical & Automotive Engineering, Qilu University of Technology
(Shandong Academy of Sciences), Jinan 250353, China)

Abstract: 12 mm medium-thick pure aluminum and T2 copper were welded by double-side friction stir welding,
and the effects of welding speeds on weld formation and mechanical properties of the joint were studied. The
results show that the welding speed has little effect on the mechanical properties of the joints when the tool
rotational speed is fixed at 600 r/min and the welding speed is 30-50 mm/min, all the joints are fractured on the
base material of aluminum. The defect-free welded joints are obtained at the welding speed of 30 mm/min. While
the welding speed is 40 — 50 mm/min, some flat small void defects appear in the joints. However, the joint
properties are still higher than that of the pure aluminum due to the copper mixed with the aluminum in the weld
which forms a composite structure and enhances the joint properties. When the welding speed is higher than
60 mm/min, the heat input is decreased, which causes the insufficient material flow and forms a void defect
through the weld, reduces the load-bearing area of the joint and decreases the tensile strength of joint. The
hardness is highest in the middle of the stirring zone, which is twice thermally stirred by the tool. Furthermore, due
to the welding distortion caused by the first-pass welding, the second-pass weld has a slightly lower downforce
and less heat input than the first-pass weld at the same plunge depth, making the hardness at the bottom of the
weld (i.e. the second-pass weld) is less than that at the top of the weld (i.e. the first-pass weld), and the second-
pass weld is more likely to form void defects. Considering both the welding efficiency and joint properties, the
optimum welding speed is 50 mm/min. The joint performance is comparable to the base metal of aluminum, the
optimum tensile strength of 75.6 MPa and elongation of 26% are achieved at the welding speed of 50 mm/min.

Key words: Al/Cu dissimilar welding; double-side friction stir welding; weld formation; mechanical property;

welding speed
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