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Constitutive Modelling of Alloys Implementing
Microstructural Variables
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Abstract

A unified elastic-viscoplastic ocnstitutive model based on dislocation density considerations is described A
combination of a kinefic equation, which describes the mechanical response of a material at a given
microstructure in terms of dislocation glide and evolution equations for internal variables characterizing the
microstructure provide the constitutive equations of the model. Microstructural features of the material, such
as tthe grain size, spacing between second phase particles etc., are directly implemented in the constitutive
equations. The internal variables are associated with the total dislocation density in the simple version of the
model. The model has a modular structure and can be adjusted to describe a particular type of metal forming

processes.
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Fig. 1 The experimental data by Browen et al. [6] for
Al 1100 tested in compression (squares) and the
model prediction (solid curves)[7].
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Fig. 2 Stress-strain curves for ALOs, non-porous quasi -
amorphous Al and reference Al matrix
calculated using the unified model.
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Fig. 3. Comparison of calculated and measured compacti
-on curves of coarse and fine copper powders.
Symbols represent the experimental

4. 4 &

- 131 -



59 249y AHS A¥ FHRYY FE2AY
) L.

4, $4%¥%E )9 AdE FFH ez Wisgd &
£ 2, AlFEel e AEAT, Y=EEYRA Y ¥
€3 £29 AUGAFY ANEAE B

%7

o AFE HAleRold Agse dAAATAY
FANAT NG Aoz FYRAFYT,

gdngd

(1) Estrin, Y. and Mecking, H, 1984, Acta metall,
Vol. 32, p. 57.

(2) Estrin, Y, 1991, in "Constitutive modelling -
theory and application”, MD-Vol. 43/AMD Vol.
168, p. 65. .

(3) Estrin, Y., 1996, in "Unified constitutive laws of
plastic deformation”, eds. Krausz, A. S. and
Krausz, K., Academic press, Ch. 2.

(4) Kocks, U. F., 1976, J. Eng. Mater. Technol., Vol.
R\, p. 76.

(5) Follansbee, P. S. and Kocks, U. F., 1988, Acta
metall,, Vol. 36, p. 81.

(6) Brown, S. B, Kim, K H, and Anand. L., 1989,
Int. J. Plasticity, Vol. 5, p. 95.

(7) Braash, H and Estrin, Y., 1993, in "Material
parameter estimation for modermn constitutive
equtions”, MD-Vol. 43/ AMD-Vol. 168, ASME,
NY, p. 47.

(8 Estrin, Y., 1990, in “"Microstructure and
mechanical properties of materials”, eds.
Tenckhoff, E. and Voehringer, O., DGM,
Oberursel, Germany, p. 17.

(9) Schwarze, E., 1991, PhD Thesis, RWTH Aachen.

(10) Kim, H. S, Bush, M. B. and Estrin, Y., 2000,
"A phase mixture model of a particle reinforced
composite with fine microstructure”, Mater. Sci.
Eng. Vol. A276, pp. 175~185.

(11) Kim, H S., Estrin, Y., Gutmanas, E., Rhee, C.
K., 2001, "A constitutive model for densification
of metal compacts: the case of copper”, Mater.
Sci. Eng. Vol. 307A, pp. 67~73.

- 132 -



