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Crystal Plasticity Analysis of Ridging in Al-Mg-Si Series Sheet Alloy
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In order to clarify the mechanism of ridging, a crystal plasticity analysis was performed on Al-Mg-Si series alloys,
using a finite element program that incorporates rate-dependent crystal plasticity. An SEM/EBSD was used to
measure crystallographic orientation distribution on an alloy sheet that showed heavy ridging. The measured
orientation distribution was used to predict the surface deformation of the alloy after stretching. The analysis
predicts that the sheets will curve significantly out-of-plane after stretching, and the curvatures are considered to
characterize the ridging behaviors of the alloys. In the cross section of the alloy, which shows severe ridging, a
large area of inhomogeneously distributed Cube and Goss grains was observed. This inhomogeneous distribution
is considered to have caused a non-symmetric deformation, making the sheet curve out-of-plane after stretching.
As a result, such a distribution of Cube grains and Goss grains is believed to be one factor in the ridging.
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Table 1 Conditions of heat treatment and rolling

Sample | Intermediate annealing | Cold rolling | Solution treatment
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Fig. 1 SEM/EBSD maps of tested samples
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Fig. 2 Surface appearance after 15% stretch
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Fig. 3 Surface profile of each sample after 15% stretch (Base lines
for each profile were shifted upward by 5 zm)
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Fig. 4 Deformed section shape predicted by crystal plasticity analysis
of each material (After 5% stretch, out of plane displacement
was enlarged 10 times)
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Table 2 Conditions of deformation analysis

CASE Crystal orientation
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matR Ideal random orientation material
matB-R Arrangement of grains of mat-B was randomized
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Fig. 6 Predicted out of plane displacement of center line of the area
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Fig. 7 Stress-strain relation of single crystal of various crystal
orientation in transverse direction stretching
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Fig. 8 Schematics of material deformation including Cube or Goss
regions
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