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Friction stir spot welding (FSSW) and resistance spot welding (RSW) were applied to join a noncombustible AMX602
magnesium alloy, and the microstructures and mechanical properties of the joints at various welding parameters were
investigated in detail. In the FSSW at a tool rotating speed of 1750 rpm, the defect free joints were obtained at welding time of 3
to 14 s, and the tensile shear load of the joint increased with the welding time. The Vickers hardness in the SZ was higher than
that in the base metal because of the formation of fine-grained microstructures in the SZ, which resulted from dynamic
recrystallization. In the RSW, the defect free joint was not obtained at all welding conditions in the present study; however, the
tensile shear load of the joint increased with the welding time and/or welding current. The Vickers hardness in the nugget was
higher than that in the base metal because of the formation of net-like intermetallic compound of Al,Ca along the sub—grain
boundaries of dendritic microstructures in the nugget. For both the FSSW and RSW, the tensile shear load of the joint increased
with joining area. It was found that the tensile shear strength of the joints of FSSW and RSW was almost identical, and the tensile
shear load of the joint was dependent on the joining area, irrespective of whether FSSW or RSW was employed in the present

study.
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Table 1 Chemical composition of Mg alloy.

Chemical compositions (mass%)

Alloy
Al Zn Zr Mn Fe Si Cu Ni Ca Cr C Mg
AMX602 6.16 <0.01 <0.001 0.228 0.006 0.003 0.004 <0.001 2.02 0.001 0.018 Bal.
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Fig. 1 Shape and dimensions of specimen for RSW and FSSW
as well as tensile shear test.
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Table 2 Dimensions of FSSW tool.
Diameter of shoulder (mm) 15
Diameter of probe (mm) 5
Length of probe (mm) 3.9 14s

Table 3 FSSW conditions.

Tool rotating speed (rpm) 1750
Welding time (s) 3~14
Down force (kN) 9.8
Angle of tool (°) 0

Table 4 RSW conditions.

Electrode Dome type (100R-16¢) Cu-Cr alloy
Welding current (kA) 22~31
Welding time (cycle) 6~24
Welding force (kN) 6.86
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Fig. 2 General appearances and macrostructures of FSSW
joints at various welding time.
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Fig. 3 Microstructures of FSSW joint at welding time of 10 s:
(a) joining area, (b) BM and (c) SZ.
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Fig. 4 Hardness and grain size distributions in FSSW joint at
welding time of 10 s.
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Fig. 5 Effect of welding time on tensile shear load of FSSW
joint.
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Fig. 6 Surface appearances and cross sections of fractured
FSSW joints after tensile shear test.
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Fig. 7 Tensile shear load vs. joining area (FSSW joints).
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Fig. 8 General appearances and macrostructures of RSW
joints at various welding current.
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Fig. 9 Microstructures of RSW joint at welding current of 31
kA and welding time of 12 cycles: (a) joint area, (b) BM, (c)
HAZ and (d) Nugget.

Fig. 10 SEM micrographs of nugget at welding current of 31
kA and welding time of 12 cycles: (a) SEM image, (b) distribu-
tion of Al and (c) distribution of Ca.
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Fig. 11 TEM micrographs (welding current=31 kA, welding
time =12 cycle): (a) bright field image, (b) bright image of
intermetallic compound indicated by black arrow in (a), and
(c) SAD pattern.
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Fig. 12 Hardness distribution in RSW joint at welding current
of 31 kA and welding time of 12 cycles.
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Fig. 13 Effect of welding current on tensile shear load of
RSW joint (welding time =12 cycles).
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Fig. 14 Effect of welding time on tensile shear load of RSW
joint (welding current=31kA).
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Fig. 15 Surface appearances and cross sections of fractured
RSW joints after tensile shear test.
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Fig. 16 Surface appearances and cross sections of fractured
RSW joints after tensile shear test.
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Fig. 17 Tensile shear load vs. joining area (RSW joints).
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Fig. 18 Tensile shear load vs. joining area (both FSSW and
RSW joints).
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