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Effects of Microstructures on Work Hardenability of 6000-series Aluminum
Alloys for Automotive Body Panels
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Abstract

To clarify the effect of microstructures on work hardenability, the relationship between alloy compositions, heat
treatment and the mechanical properties were investigated. Dislocation structures during tensile deformation
were also evaluated. It has been revealed that solute Mg and Si have a great effect on the work hardenability,
leading to the conclusion that lowering the Mg/Si ratio of the alloy compositions is an effective means of

improving the press formability of 6000 series aluminum alloys for automotive body panels.
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Table 1 Chemical composition of the investigated alloys

Concentration (mass%)
Chapter Alloy series Alloy
Al Mg Si Cu
3M Bal. 0.32 0.00
6M Bal. 0.63 0.00
Al-Mg
10M Bal. 1.10 0.00
16M Bal. 1.50 0.00
2
EN Bal. 0.00 0.28
6S Bal. 0.00 0.60
Al-Si
10S Bal. 0.00 1.03
16S Bal. 0.00 1.63
6016 Bal. 0.40 0.99 0.18
3 Al-Mg-Si
6014 Bal. 0.63 0.61 0.12
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Table 2 Tensile properties of the Al-Mg and Al-Si alloys

Yield Tensile Uniform
Series Alloy stress strength elongation
(MPa) (MPa) (%)
3M 33 95 23.4
6M 36 105 21.3
Al-Mg
10M 42 124 19.7
16M 51 144 19.9
3S 29 83 25.1
i 6S 30 93 27.4
Al-Si
10S 36 112 29.0
16S 40 132 31.1
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Fig.1 Stress-strain curves of the (a) Al-Mg and (b) Al-Si alloys
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Table 3 Tensile property of 6016 and 6014 aluminum alloys

Yield Tensile Uniform
Alloy stress strength elongation

(Mpa) (MPa) (%)
6016 98 220 24.9
6014 97 211 20.5
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Fig.8 n-value variation during the tensile deformation in 6016 and
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Fig.9 TEM bright field images of the 6016 aluminum alloys at the true strain of 0.02, 0.05, 0.10 and 0.15 ((a) Low and (b) high magnification)
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