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Abstract

Joining Al/Fe dissimilar metals is becoming a subject of special interest in the assembly of automotive parts
as a trade-off between the weight lightening and the cost reduction. Although various studies have been introduced
to join Al alloy with the steel sheet by fusion welding, weak joint strength and galvanic corrosion still remained as
problems to be solved. As a solid state welding, friction stir welding has been preferred to fusion welding processes
in the dissimilar metal joints.

This study investigated friction stir spot welding (FSSW) of Al alloy to the thin steel sheet with a thickness of
0.65 mm. The conventional FSSW is a stationary spot welding process but new approach adopted an additional circumferential
movement in company with high speed tool rotation. A full factorial experimental design was implemented,
and the main and interaction effects of parameters were analysed on the failure load in the tensile shear test. The
direction and radius of rotation were statistically significant parameters and these two parameters affected the
joint width and the shape of the hook.
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Table 1 Chemical composition and mechanical properties
of Al 5083-0 alloy used

Si Fe Cu Mn Mg Cr
Chemical | 0.083 | 0.297 | 0.02 | 0.655 | 4.402 | 0.096
composition
(wt. %) Zn Ti Al
0.002 | 0.01 | Bal
) Ultimate Yield strength| Elongation
Mechanical | strength(N/mm?)|  (N/mm?) (%)
property
316 143 23.15

Table 2 Chemical composition and mechanical properties
of steel sheet used

Chemical C Si | Mn P S Al | Fe
composition
(wt. %) [0.0011]0.003 | 0.078 | 0.009 | 0.005 | 0.051 | Bal.
Ultimate Yield strength| Elongation
Mechanical |strength (N/mm?)|  (N/mm?) (%)
property
284 136 50
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Fig. 1 Schematic diagram of FSSW
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Fig. 2 Tool path and joining area
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Fig. 3 Tool design

Table 3 Control factors and their levels

Level
Factor
1 2 3
A. Rotation Direction CW CCW -
B. Rotation Radius (mm) 2 4 -
C. Rotation Speed (rpm) 300 450 600
D. Travel Speed (mm/min) 60 120 180
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Table 4 ANOVA results for the full factorial experi-
ments with Table 3

souree | S om | squanes | 0 | T
A 1 7.11 16.93 0.001
B 1 5.44 12.93 0.002
C 2 2.17 2.58 0.107
D 2 0.17 0.2 0.822

A*B 1 1.00 2.38 0.142

A*C 2 1.06 1.26 0.311

A*D 2 2.39 2.84 0.088

B*C 2 0.06 0.07 0.936

B*D 2 2.72 3.24 0.066

C*D 4 1.17 0.69 0.607

Error 16 6.72

Total 35 30.0
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Main effects plot (data means) for failure load (N)
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Fig. 4 Main effects of control parameters on failure load

Interaction plot(data means) for failure load (N)
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Fig. 5 Interaction effects of control parameters on failure
load
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Fig. 6 Relationship between failure mode and failure
load in the tensile shear test
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Fig. 7 The comparison of hook location according to the
rotation direction

Rotation direction: CW, Rotation speed: 300rpm, Rotation radius: 4mm, Travel speed: 60mm/min

Fig. 8 The hook formation according to the rotation di-
rection
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Fig. 9 Cross-sections of cases with a rotation radius of
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Fig. 10 Cross-sections of cases with a rotation radius of
4mm
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