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Abstract: Refill friction stir spot welding (RFSSW) has demonstrated broad application prospects in the field of
lightweight, high-strength aluminium alloys because of its advantages of high efficiency and superior quality. However,
studies on RFSSW for dissimilar materials have not been sufficiently conducted, and a comprehensive evaluation system for
joint quality is still lacking. This study focused on the dissimilar combination of 2B06/7B04 high-strength aluminium alloys.
Through systematic RFSSW process experiments, relationships between the welding parameters and joint morphology
characteristics, microhardness distribution, and tensile-shear properties were established, ultimately achieving process
optimization. The optimal process parameters obtained by fitting the regression equation are as follows: rotational
speed, 1 600 r/min; press volume, 1.47 mm; press rate, 60 mm/min; and refill rate, 60 mm/min. The corresponding joint
tensile-shear failure load is 5.22 kN. The analysis of tensile-shear fracture morphology reveals that the joints exhibit two
fracture modes, plug-type fracture and mixed-mode fracture, whereby the failure load of plug-type fracture was lower than
that of mixed-mode fracture.
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Tab.1 Chemical composition of the aluminium alloy
(mass fraction/%)
Base metal Al Zn Cu Mn Fe Si Others
2B06-T42 Bal. - 3.8~4.3 1.7~2.3 0.4~0.9 <0.3 <0.2 <0.1
7B04-T74 Bal. 5.0~6.5 1.4~2.0 5.0~6.5 1.8~2.8 0.2~0.6 0.05~0.25 <0.1
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Tab.2 Welding process parameters of RFSSW
o
Rotational ~ Plunge Pressing Reftilling
1.2 Process
speed depth speed speed
parameters
’ /(r-min™) /mm /(mm-min”) /(mm-min”)
(w). ®). (r) 1000
(r2) . 1300
, 4 , 2, Experiment 1 1 600 1.6 60 60
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b
2200
2B06-T42 , 1.5 mm 7B04-T74
1.2
, s 25 mmx 14
25 mm, Experiment2 1600 1.6 60 60
1.8
) 2a , 2.0
2b , 3 20
40
Experiment 3 1600 1.6 60 60
N o 80
2 ’ 3 100
, . 20
,3 , 6,9 40
18 mm, Experiment 4 1 600 1.6 60 60
80
’ ] ’
100
b O b
o b ’
N N o
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1

Fig.1 Structure, size and joint form of the RFSSW samples

2 :(a) :(b) 3(0)
Fig.2 Gantry CNC refill friction stir spot welding machine: (a) overall structure of the machine; (b) enlarged view of the work area;
(c) welding tools
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Fig.3 Structures and sizes of the RFSSW and backing plates in the tensile-shear tests
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Fig.4 Macrostructure and morphology of the joint: (a) cross-sectional morphology; (b) EBSD morphology at position B
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Fig.6 Cross-sectional morphology of RFSSW joints under different rotational speeds and corresponding L, H,, and H, data:
(a~e) cross-sectional morphology of joints; (f) variation in L, H,, and H, with rotational speed
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Fig.7 Cross-sectional morphology of RFSSW joints at different plunge depths and corresponding L, H,, and H, data:
(a~e) cross-sectional morphology of joints; (f) EBSD morphology at lap interface A; (g) variation in L, H,, and H, with plunge depth
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Fig.8 Cross-sectional morphology of RFSSW joints under different plunge rates and corresponding L, H,, and H, data:
(a-e) cross-sectional morphology of joints; (f) variation in L, H,, and H, with pressing speed
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Fig.9 Schematic of microhardness test locations in RESSW joints
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Fig.10 Mechanical properties of joints under different rotational speeds: (a) microhardness of joints with a 0.2 mm upwards offset at

the lap interface; (b) microhardness of joints with a 0.2 mm downwards offset at the lap interface; (c) tensile-shear failure load of joints;
(d) fracture morphology and displacement-load curve
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Fig.11 Microscopic fracture morphology of plug-type fractures: (a) positions of points A~C; (b) point A; (¢) point B; (d) point C
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Fig.12 Microscopic fracture morphology of mixed-mode fractures: (a) positions of points A~C; (b) point A; (c) point B; (d) point C
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Fig.13 Mechanical properties of joints under different plunge depths: (a) microhardness of joints with 0.2 mm upwards offset at the lap
interface; (b) microhardness of joints with 0.2 mm downwards offset at the lap interface; (c) tensile-shear failure load of joints;
(d) fracture morphology and displacement-load curve
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Fig.14 Mechanical properties of joints under different plunge rates: (a) microhardness of joints with 0.2 mm upwards offset at the lap
interface; (b) microhardness of joints with 0.2 mm downwards offset at the lap interface; (c) tensile-shear failure load of joints;
(d) fracture morphology and displacement-load curve
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