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Fig. 1 Microstructures of Cu single layer-crystal (a) and oligo-crystal (b) rolling specimen after annealing and initial texture

of single layer crystal experimental foil along normal direction with 100 grains (c)
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Table 1 Definition of slip systems

SS Slip Slip SS Slip Slip
No. plane  direction | No. plane direction

al  (111)  [011] cl (A1)  [o11]
a2 (111)  [101] 2 (111  [110]
a3 (111)  [110] 3 (111 [101]
bl (111)  [101] a1 (111)  [o11]

b2 (111)  [110] 2  111)  [101]

b3 (111)  [011] 3 d11) [110]

®2 RAEBIEARITEMSE

Table 2 Material parameters used in CP-FEM simulations
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Fig. 2 Crystal plasticity finite element models of single layer-crystal (a) and oligo-crystal (b) Cu foil and schematic

illustration of foil rolling process (c)
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Fig. 3 Influence of grain orientation distribution on per

unit width roll force during cold rolling single layer (a) and

oligo-crystal (b) Cu foil
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Fig. 4 Comparison of computational and experimental
results of mean per unit width roll force during cold rolling
single layer and oligo-crystal Cu foil (Error bars represent
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orientations simulated)
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Fig. 5 Distribution of accumulated plastic slip in deformation zones (roll bite) during cold rolling of single layer (a) and

oligo-crystal (b) Cu foil (L;: Low accumulated plastic slop sites during cold rolling single layer crystal Cu foil; H,: High

accumulated plastic slop sites during cold rolling single layer crystal Cu foil; H,: High accumulated plastic slip sites during

cold rolling oligo-crystal Cu foil; L,: Low accumulated plastic slip sites during cold rolling oligo-crystal Cu foil)
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Crystal plasticity finite element simulations for plastic anisotropy in
single layer and oligo-crystal copper under foil rolling

CHEN Shou-dong"?, LU Ri-huan®, SUN Jian', LI Jie'

(1. School of Mechanical Engineering, Tongling University, Tongling 244061, China;
2. State Key Laboratory of Rolling and Automation, Northeastern University, Shenyang 110819, China)

Abstract: The single layer and oligo-crystal copper were studied using foil rolling under the compound forming
with tension, compression and shearing. The plastic anisotropy of single layer and oligo-crystal copper under foil
rolling was characterized by meso-scale crystal plasticity-finite element (CPFE) simulations. The single layer and
oligo-crystal copper initial texture, grain morphology (microstructures) were incorporated into crystal plasticity
finite element models. The grain-by-grain comparisons of slip activation, quantify the developing strain fields and
the deformation localization can be carried out to analyze the foil rolling forming process. The single and multiple
slip activation, slip localization and microstructure-sensitive deformation evolution were examined. The slip fields
and localization of single layer-crystal copper under foil rolling depending on crystallographic structure. Modelling
correctly captures slip activation and the developing slip fields. The slip and plastic deformation of oligo-crystal
copper under foil rolling are markedly anisotropy, with the grain layer decreases driving strong variations, also
reasonably captured by the model. The remarkable variations occur in grain and between locations either side of
grain boundaries, providing appropriate opportunities for crack nucleation.
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