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Material Properties and Sheet Metal Forming of Aluminum Alloys
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Abstract: The 3000-series (Al-Mn), 5000-series (Al-Mg), and 6000-series (Al-Mg-Si) aluminum
alloys are applied to can stocks and automotive body sheets. The material properties of these alu-
minum alloy sheets and the present situations of sheet metal forming will be presented in this
paper. In the drawing process of can body stocks for which Al-Mn alloys are used, the textures
are controlled in order to suppress earing. And, in the ironing process, Mn-based intermetallic
compounds prevent the built-up of aluminum flakes on the ironing die, avoiding the galling on can
body surfaces. In the can ends in which Al-Mg alloys are used, various countermeasures are
implemented to prevent cracking at the countersink part which is strongly deformed, and also to
suppress cracks at buckling.

In the hemming process of automotive body outer panels in which Al-Mg-Si alloys are used,
cracks on the surface of the hemming ridgelines are suppressed by reducing the number of
coarse-sized second-phase particles. And in large stretch forming, crystal orientation is controlled
in order to prevent ridging (i.e., surface defects).

To improve the deep drawability of aluminum alloy sheets, texture control by asymmetric warm
rolling has been studied. Also, the high temperature blow forming technology using high ductility
that appears at elevated temperatures has been put into practical use. Additionally, helped by the
application of servo press and lubricant coating to die faces, the usage of aluminum alloy sheets
to complex deep-drawn components is expected to increase.
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Table 1 Mechanical properties and forming properties of various aluminum alloy sheets.

5 R ERE TR BRE
asme W) | CIEEE | BRES g, 2RO TUTEE | RRR K
s o 0v/0g & nfé riE Erv LDR
MPa MPa %

1100-0 98.9 32.3 0.33 37.0 0.25 0.87 11.0 2.30
1200-H14 134.0 125.0 0.93 6.3 - - 7.9 2.10
3003-0 115.0 40.2 0.35 30.0 0.24 - 10.7 2.16
3004-0 166.0 67.6 0.41 20.0 0.20 - 9.1 2.19
3003-H14 170.0 157.0 0.92 5.0 0.07 0.50 6.1 2.10
3004-H19 290.0 271.0 0.94 4.2 0.03 0.46 25 2.07
5005-H16 257.0 253.0 0.98 2.0 - - 4.9 1.94
5052-0 202.0 91.1 0.45 26.0 0.21 0.71 9.9 2.06
5052-H251 276.0 235.0 0.85 7.3 0.04 0.32 6.0 2.13
5154-0 235.0 137.0 0.58 26.0 - - - 208k
5082-0 289.0 147.0 0.51 24.0 0.23 0.63 9.5 214
5082-H38 362.0 289.0 0.80 9.9 0.04 0.42 4.2 1.82
5083-0 314.0 145.0 0.46 24.2 0.21 0.58 8.3 2.07
6061-T4 229.0 112.0 0.49 18.0 0.21 0.74 9.2 212
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Fig.1 Schematic diagram and problems of the forming
process for can body.
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Fig.2 Cross-sectional shapes of can end.
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Fig.3 Effects of Si and Fe content on the appearance of
hemming ridgelines in 6000-series alloys.
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Fig.4 Asymmetric warm rolling.
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Honda Legend.
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