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FEM analyses of the elastic medium considering the anisotropic
microstructures
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Abstract : In general, metallic materials are treated as isotropic materials. However, the crystal grains and
textures show preferential crystalographic orientation due to heat treatment and deformation processing. It is
conceivable that the influence of the crystal anisotropy on the metallic material can be increased. For example,
internal damage occurs in the heat-affected zone of the welded joint. The anisotropy of crystal grains has been
pointed out as the cause of internal damage by preceding studies.

In this study, stress analyses in the elastic region is carried out based on a model considering individual crystal
grain shape, various number of crystal grains and crystal anisotropy orientation by using FEM. Thus, it is the
purpose to investigate the influence of anisotropic microstructure on entire mechanical properties of materials. In
these analyses method, the average elastic constants and the stress distributions of the entire models are
calculated with simplified shape and actual approximated shape grain models.
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(a)Hexagonal grain model (b) Rectangular grain model Y H ::>

[ M AN : i O
OO0 sl Lt [P \

(c) Rhombic grain model  (d) Real grain model X L H
Fig.1 Crystal grain models Fig.2 Analyses model filled with the crystal grains

Table 1 Each model size and number of crystal grains

. Each model size Number of crystal grains
Sire L [mm] H [mm] Hex. Rec. Rho. Re.
SS 18 2 - - - 10
S 54 6 47 45 47 47
M 108 12 153 150 153 150
L 162 18 319 315 319 315
LL 216 24 545 540 545 540
3L 270 30 - - - 825

(b) Rhombic grain model

Fig.3 Orientation conditions of crystal grains
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Fig.4 Scatter of Young’s modulus with all size models Fig.5 Young’s modulus of entire models (LL size)

(c) Rhombic grain model (E=151.3 GPa)

Fr ] , - v TIT ﬁ* n Fig.7 Comparison of probability density of Young’s modulus
) a i with all size models
Fig.6 Equivalent stress contours (LL size)
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Fig.10 Change of coefficient of variation

. . Fig.11 Change of coefficient of variation
with number of grains (plane stress)

with the number of grains(plane strain)
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