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Estimation of mechanical properties for particles reinforced metal
matrix composite by Eshelby model

Y. H. Seo* and C. G. Kang**

ABSTRACT

The mechanical properties of the discontinuous reinforced metal matrix composites were
predicted by the three dimensional Eshelby model. The shape of ceramic particles were assumed
to be prolate spheroids. First, under the external loading the average elastic modulus and yield
strength were predicted with the inner stress occured in the matrix and the reinforcements in
elastic regions. During plastic flow, the internal stresses between the matrix and reinforcement
increase. But relaxation processes of dislocations decreased the internal strain energy and caused
the work-hardening rate to depart from linear response. The experimental values were compared
and examined with the theoretical values according to the various aspect ratio and volume
fractions of the reinforcements. And the effects of relaxed misfit exponénts were considered and
the thermal residual stresses have been considered on mechanical behaviour during the early
stages of deformation.
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C. : Composite stiffness tensor o, : the average transverse matrix stress
C, : Inclusion(reinforcement) stiffness ot : applied tensile stress
tensor a,,, : the average axial matrix stress
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C, : matrix stiffness tensor

f : volume fraction of the reinforcement

n : relaxed misfit exponent

S : aspect ratio of the reinforcement

P, : density of the reinforcement (g/em®)

Pa : density of the matrix (g/em®)

e : the volume averaged composite
strain under an applied load

<g>, :the mean composite strain arising
from the internal stresses caused
by the stiffness mismatch

gf : global plastic strain undergone by
the matrix

& : plastic misfit strain

eff : misfit strain in the matrix after
relaxed plastic flow

o : applied stress

Ac : the matrix deviatric stress

o, : the reinforcement deviatric stress
under an applied load

o,  :yield stress of the matrix

<o>, :the mean internal stress in the
matrix

<o>, :the mean internal stress in the
reinforcement
<o>f :the mean internal stress in the

matrix under an applied load

<0, >{ : the axial stress of <o>§

<0, >M, <0, >M the transverse stress of

<o>f

<o>§ : thermal contraction stress in the
matrix

<o>f :the mean internal stress of the
matrix arising from plastic flow
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Table 1. Mechanical properties of Al6061 and SiC, & =S; L s 2)
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prior to deformation
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{a) Real composite (b} Equivalent ghost composite

Fig. 3(a)(b). Tensile plastic deformation map show-
ing the inclusion and the matrix shape.
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Fig. b. Microstructure of particle arrangement dur-
ing hot extrusion process with 13un size, V=
10 vol% (—: extrusion direction).
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ing hot extrusion process with 13un size, V¢=
20 vol% (— : extrusion direction).
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Fig. 8. Comparison of 0.2% offset yield strength
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and the theoretical analysis.
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Fig. 9. Predicted stress-strain curves with in-
creasing the volume fraction of the rein-
forcements.

Table 2. Maximum strain and ultimate strength of
an unit AlI6061 alloy and SiCy/Al6061
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Fig. 10. Predicted stress-strain curves with in-
creasing the aspect ratio fo the rein-
forcement.
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