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Table 1 Mechanical properties of typical aluminum alloy and steel sheets ¥.

Tensile 0.2% Proof Total Uniform Local
Materials strength stress elongation elongation elongation n-value r-value
MPa MPa % % %

1100-O0 94 32 433 333 10.0 0.29 0.85
1100-H24 143 140 10.0 - - - -
3004-O 175 62 26.5 22.0 45 0.28 0.71
3004-H24 220 181 9.0 78 1.3 0.12 0.70
5052-0 210 106 275 25.3 2.3 0.32 0.74
5052-H24 263 212 175 14.0 35 0.13 1.05
5182-0 261 121 29.8 27.0 2.8 0.32 0.61
5182-H24 337 255 138 125 1.3 0.13 0.75
6061-O 124 44 31.0 25.8 53 0.28 0.66
6061-T4 276 190 24.0 20.8 33 0.20 0.74
SPCE 306 185 44.8 22.3 225 0.21 2.00
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Fig. 2 LDR of typical aluminum alloy and steel sheets ?.

Fig. 3 Correlation between r-value and LDR 9,
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Table 2 Mechanical properties and LDR of asymmetric warm-rolled and conventional cold-rolled sheets ©.

. . . Tensile 0.2% Proof Total
Asymmetric ratio Tensile strength stress elongation n-value r-value LDR
warm / cold direction
MPa MPa % €:10%-15% e=15%
0° 236 115 29.0 0.28 0.66
250% 45° 230 112 321 0.28 1.07 218
warm 90° 234 114 29.2 0.26 0.81 ’
Ave. 232 113 30.6 0.27 0.90
0° 231 119 239 0.27 0.64
100% 45° 225 113 34.6 0.29 0.28
2.06
cold 90° 224 113 31.2 0.27 0.67
Ave. 226 115 32.3 0.28 047
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Fig. 4 Spherical stretch height of typical aluminum alloy
and steel sheets?.
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Table 3 Bendability (thickness=1.0 mm, 180° bending) ?.

Materials OR 0.5R 1R 1.5R 2R
1100-0 O/0
1100-H24 O/s0
3004-0 O/0
3004-H24 O/x - /X -/0
5052-0 O/0
5052-H24 X /% X /X x/O O/-
5182-0 O/0
5182-H24 X/ X X /X x/O X/ = O/-
6061-O O/0
6061-T4 X/ % X/ % X/ % O/0
SPCE O/0
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Fig. 17 Evolution of instability factor under square cup
forming process
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Fig. 18 Measured stress points comprising contours of
plastic work, compared with theoretical yield loci.
Each symbol corresponds to a contour of plastic
work for a particular value of ¢.2. The Y1d2000-2d
yield functions are determined using the uniaxial
and biaxial tensile stress data for &,°=0.002 (M=6
for HC) and 0.040 (M=12 for HC) .
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Fig. 19 Measured thicknesses strain along the meridian
lines of hydraulic bulge specimens, compared
with those calculated using finite element
analysis with selected yield functions %.
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Fig. 20 Cyclic stress-strain curves, experimental results and
simulations by IH and Y-U models for 5052-O 2.

Experiment
----- IH+von Mises
--------- IH+Hill 48
----- Y-U+Gotoh

Fig. 21 Comparison of final shapes after springback
between experimental and calculated results by
several constitutive models for 5052-0 %\
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Fig. 22 Sliding test results *.
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Fig. 23 Tickness strain distribution on each punch stroke, FEM-1; varied friction
coefficient, FEM-2; fixed friction coefficient .
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Fig. 25 Effect for dispersion of wear debris in the press
lubricant.
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Fig. 26 Effect for die polishing times on sheet forming
with the developed press lubricant.
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