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Table 1 Grain orientation

Grain Miller-Bravais indices (y-x) (l\(/?;izizi:zzggicrz};tizln) Orienzi:(;ria(:;;rystal Angle/(°)
A (011)[100] 011) (010) 0
(131)[310] (131) (130) 18.4
C (11D[110] (111) (110) 45.0

(a) Case 1 (b) Case 2 (c) Case 3
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Fig. 2 Single crystal loading conditions
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Table 2 Initial orientations of 12 slip systems of aluminum metal

a nﬂ/ ma’ a nll m(l a n[)’ mﬂ/ a n(l m(Y

1 amy - [1o1] 4 ain  [io1] 7 dy  [oln] 10 iy [T0]

2 (111) |o11] 5 (111 [011] 8 11 [101] 11 (111) [101]

3 (111) [T10] 6 (111) [110] 9 an [110] 12 (117) [011]
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*3 ERENSEFELERTEESY

Table 3 Plastic finite element constitutive parameters of aluminum metal crystals

pl(kg'm™) C,,/GPa C,,/GPa C,,/GPa 7°/MPa 7/MPa h°/MPa q als™
2700 108 62 28.3 21 61 60 1.4 0.001
2 RO
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Fig. 6 Initial slip systems and shear strain nephograms of the voids
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Fig. 9 Shear strain nephograms of grain boundary voids of bicrystals
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Fig. 10  Shear stress distributions of bicrystals grain boundaries
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Effect of FCC Metal Crystal Orientation on Void Growth
under High Strain Rate Loading

MI Xingyu, ZHONG Zheng, JIANG Zhaoxiu, WANG Yonggang

(Key Laboratory of Shock and Safety Engineering, Ministry of Education,
Ningbo University, Ningbo 315211, Zhejiang, China)

Abstract: The effect of crystal orientation on the void growth in face centered cubic (FCC) metal under
impact loading was studied by adopting rate-dependent crystal plastic constitutive model. VUMAT
subroutine was used to embed the rate-dependent crystal plastic constitutive model into the ABAQUS finite
element software, and the growth behavior of a single crystal inner void, a bicrystal boundary void and a
triangular boundary void was analyzed. The results showed that the void deformation pattern is related to
three factors: crystal orientation, grain boundary position (relative orientation of impact loading direction and
grain boundary) and loading direction. The relation between the crystal slip line model and grain boundary
position can reflect the void growth direction. For intracrystalline voids, the closer the loading direction is to
[011], the later the beginning of void deformation is, the greater the overall void deformation is. The closer
the loading direction is to [111], the earlier the void starts to deform, the smaller the overall void
deformation. For voids at grain boundaries, the location of grain boundaries affect part of the deformation of
voids, but not the overall deformation. When the deformation direction of the crystal after the impact is
intracrystalline, the grain boundary promotes the growth of voids along the intracrystalline. When the
deformation direction is along the grain boundary, the grain boundary promotes the growth of voids along
the grain boundary, and inhibits their growth into the crystal.

Keywords: crystal plasticity; crystal orientation; intragranular pore; grain boundary pore
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