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Abstract: Recently, it was proved that tailoring the reinforcement distribution is expected to overcome the contradiction
between the strength and toughness of metal matrix composites (MMCs). However, the architectural design includes many
factors, i.e. reinforcement size, shape and types as well as structural parameters. Thus, traditional experimental methods
can’t meet the research demand of architectural design, and consequently, investigating the effect of structural factors on the
properties of the composites via finite element method (FEM) becomes a necessity. Through building three-dimensional geo-
metric models and introduing constitutive laws of matrix, reforcement and interface, one can predict deformation/failure be-
haviors and mechanical properties of composites with a range of tailored architectures. In this paper, the modeling process of
particle reinforced MMCs was firstly reviewed. Then the research progress of FEM simulation on composites with network ar-
chitectures was presented following by an outlook to the future of FEM simulation on composite with various architectures.
Key words: metal matrix composites (MMCs) ; architectural design; mechanical properties; strengthening and toughe-
ning; finite element method (FEM)
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Fig. 1

Geometric model and strain maps of fiber reinforced composites: (a) Fiber reinforced composite modelling based on morphology observa-

tion by SEMI?); (b, ¢) Horizontal and vertical DIC maps'®/ ;

(d, e) Horizontal and vertical strain maps by FEM prediction! %]

&
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Fig.2 SiC particle and composite models; (a) particle modeling process'®) | (b, ¢) comparison of morphology and model of particles'! | (d)

SiC,/ Al homogeneous composite model %]
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Fig. 3 Flow chart of serial sectioning and 3D reconstruction process
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Fig. 4 3D Structure reconstruction and 2D morphology of glass fiber/resin composite
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Fig. 5 The morphologic characteristics of strong interfacial cohesion and composite interface modelling: (a) The matrix alloy failure close to the
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interface' ™" ; (b) Interface solid element with thickness of 50 nm
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Fig. 6 Morphology and geometry models of composites with laminated and bar-liked architectures: (a, b) SiC/Al laminated composites and geome-
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Fig. 7 The geometry models and morphology of composites with bi-continuous architectures: (a) 3D reconstruction of SiC/Al composite geometry

model based on tomography technology®' ; (b~d) Establishing geometry models with reinforcement volume fraction of 10% , 30% and 50%
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based on novel bi-continuous algorithm'>”'; (e, f) Foam structure geometry models with reinforcement volume fraction of 60% and

80%'%); (g~j) Minimal surface element models, composite geometric models and its morphologies
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(b) Insert reinforcement into the network layer[e'g]
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Fig. 10 TiC,/Al network composite geometry model and effect of orien-
tation on elastic modulus: (a) Network composite geometry
model ) (b) Tetrahedral unit cell'””'; (¢) Sandwich ar-
chitecture composed by network layer and adjacent matrix;

(d) Elastic modulus evolution with orientation
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Fig. 11  Polycrystal models generated by original (a) and developed

(b) Voronoi arithmetic
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Fig. 12 Geometrical model and mesh with network architecture and homo-

geneous particle distribution for finite element method
(FEM) . (a) Generate grain boundary-liked network archi-
tecture by the developed Voronoi arithmetic; (b) Extract the
network architecture; (c¢) Widen the network boundary; (d)

Assemble three parts into a geometrical model
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Fig. 13 Load-bearing state of SiC particles in 10vol% SiC,/Al composites
with various PSRs near the yield strain (&, =0.4%) % PSR
in Fig. 13a ~ 13f are 10.5:1, 10:1, 9:1, 8:1, 7:1 and

1:1, respectively
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[82]

Al composites with various PSRs'®*/ | inset shows stress varia-

tion of composites at low strains
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