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Prediction of Texture Evolution of Aluminum Extrusion Processes using Rigid-Plastic Finite
Element Method based on Rate-Independent Crystal Plasticity
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ABSTRACT

Most metals are polycrystalline material whose deformation is dominated by the slip system. During the deformation
process, orientation of slip systems is rearranged with preferred orientations, leading to deformation-induced crystallographic
texture which is called deformation texture. Depending on the texture development, the property of material can be changed.
The rate-independent crystal plasticity which is based on the Schmid law as a yield function causes a non-uniqueness in-the
choice of active slip systems. In this work, to avoid the slip system ambiguity problem, rate-independent crystal plasticity
model based on the smooth yield surface with rounded-off corners is adopted. In order to simulate the polycrystalline
material under plastic deformation, we employ the Taylor model of polycrystal behavior that all the grains are assumed to be
subjected to the macrogcopic velocity gradient. Rigid-plastic finite element program based on this rate-independent erystal
plasticity is developed to predict the grain-level deformation behavior of FCC metals during metal forming processes. In the
finite element alculation, one integration point is considered as a crystalline aggregate which has a number of crystals.
Macroscopic behavior of material can be deduced from the behavior of aggregates. As applications, the extrusion processes

are simulated and the changs of mechanical properties are predicted.

Key Words : aluminum extrusions(&5 2l F $+%), rigid-plastic finite element method(74224 824 %), crystal
plasticity (23 444 8}, rate-independent model, texture( B & F2})
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Fig.1: Predicted textures for plane strain tension and
shear with the Taylor model.
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Fig.2: Modeling of four kinds of extrusion processes.
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Fig.4 Predicted textures at the characteristic points
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Fig.5 Predicted textures at the characteristic points
Jor a rectangular rod 2.

BAbeE7) Sfa,

2o o PN 32. o

B olAE Az w
HA2tg el So
& z7o dgsn
Figs o4 #og
shojuch Wgol 2

Foe wy 9% zAo wae o
1, ETE b 2 Az )

g AnE WY g 280 ug

7§
o

-\'Lo?ﬂﬁ

rO
o
4

LA ‘:!‘5‘ %
of A% xdo] TEHIL & F Ak
ol AAHE W WHIE md Mg B
3 A4y o] dAsE oA Z& AAFHA A
g9 E48& A58 + Uk
44 B
rate-independent 24 4 Ade ZRAoz HAH
she €8 A2HE YA 2dsted FAHo)

At} o]E ZE3Y) 98] Gambin o <& At
50 RAYE s Reee B |
g rate-independent A4 2A8E HEsto o]F

A M AAS, AY AR
2488 AYIAG. ole FE9 AR 4 F
Aoju} vtk A FANAMY wiE Y 29 @
@8 dEsted, 748 27 2 5 ddk Wy
A% 29 42g GAlelbz] Yl 4 st A=

488

B wael e TR FHE wHE U
ghuleleh FEu7k 218 9 9 sk PAlzk

ot aeia et @Rt qkEnzh 3027

1301 2 e Az stdle] tEE el zhzt

Eold & HAsl, 2 FolidAe Wy (Y =

g BEsgiv oy ARY 539 Wy 544

AFE A FE SE, 44 Wyne Ze

BAE dFste], £4 FA AHEE £ Qo

Ho28

1. Hill, R. and Rice, J.R., “Constitutive analysis of
Elastic-Plastic Crystals at Arbitrary Strain,” J. Mech.
Phys. Solids, Vol. 20, pp. 401-413, 1972.

2. Gambin, W, “Plasticity of Crystals with Interacting
Slip Systems,” Engineering Transactions, Vol. 39, pp.
303-324, 1991.

3. Gambin, W., “Refined Apalysis of Elastic-Plastic
Crystals,” Int. J. Solids Structures, Vol. 9, pp. 2013-
2021, 1992,

4. Gambin, W. and Barlat, F., ”Modelmg of Deformation
Texture Based on Rate Independent Crystal Plasticity,”
Int. J. Plasticity, Vol. 13, pp. 75-85, 1997.

5. Gambin, W., “Crystal Plasticity Based on Yield
Surfaces with Rounded-Off Corners,” Zeitschrift fir
Angewandte Mathematik und Mechanics, Yol. 71, pp.
T265-T268, 1991.

6. Kim, E.Z., and Lee, Y. S., “Anisotropy due to Texture

Development in FCC Polycrystals,” Transactions of
the KSME (A), Vol.20, pp. 1516-1523, 1996..



