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Optimization of multi-stage rolling process metal lurgy by
thermal-crystal plasticity multi-scale coupling analysis
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In this study, the asymmetric rolling process was applied to aluminum alloy sheet meta
generation, because the <111>//ND texture acts the high-formability. Microscopic texture
evolution during macroscopic plastic deformation in multi-stage warm rolling processes of the
aluminum alloy sheet and was analyzed and optimized by using crystallographic homogenized
thermal-elasto/viscoplastic multi-scale finite element method. It was confirmed that 1.6 times
higher Lankford value of the optimized sheet improved by 2-stage asymmetric rolling process
compared with the commercial A6022-T43 sheet metal.
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Fig. 1 Macro-continuum and micro-polycrystal
structure for two-scale finite element analysis.
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Fig. 2 Stress-strain curves of the initial A6022
6mm sheet metal for parameters identification.

Table 1 Crystal plasticity parameters of nth
power equation for micro analysis.
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Room
temperature  67.3 287 026 6.0 0.044
250°C 26.9 6.5 0.26 6.0 0.044
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Fig. 3 Schematic diagram of asymmetric rolling
process.
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Fig. 5 Strain paths of asymmetric rolling
deformation at center layer of sheet metal.
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Fig. 6 Crystal orientation distribution on {111}
pole figure before and after deformations.
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Fig. 7 Comparison of stain paths at center layer
of sheet metal among various friction coefficient
4 between roll and sheet metal.
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Fig. 8 Comparison of texture evolutions at
center layer of sheet metal on {111} pole figures

among various friction coefficient x between roll
and sheet metal.
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Fig. 9 Comparison of texture evolutions at
center layer of sheet metal on {111} pole figures
by 2-stage asymmetric rolling process which
were generated by the combinations of
asymmetric speed ratio v; and v».
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