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The effect of different stacking of simple cubic (SC), body centered cubic (BCC) and face centered cubic
(FCC) on the compressive characteristics of tailor-made aluminum foams (TMFs) was evaluated by the
use of both response surface methodology and finite element technique. Quadratic polynomial models
for describing the mechanical characteristics in terms of cell size (D), cell wall thickness (t) and height
of cell layers (h) were developed. The statistically developed models revealed that t/D ratio has the most
significant effect on the compressive characteristics of TMFs while the cell size showed a complex effect
on the structural stiffness. Furthermore, despite the negligible importance of D, h is directly related to the
strain hardening leading to an increase in plateau stress at higher value of t/D and h/D. Moreover, it was
indicated that FCC arrangement has higher densification while SC arrangement absorb more energy
during deformation.
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1. Introduction

Metal matrix syntactic foams (MMSFs) were introduced as a
class of composite materials in which hollow/porous spheres are
embedded in a continuous metal matrix [1]. The mechanical prop-
erties and energy absorption capability of MMSFs are the decisive
factors in their application as the energy and sound absorbents,
collision dampers and as the material of hulls and shells in the
deep-sea applications, aeronautics and automotive industries
[2–4]. Many researchers have focused on enhancement of
mechanical properties and energy absorption capability of MMSFs
[2,5–10]. The MMSFs can effectively provide opportunities for
further tailoring the energy absorbing properties of the material
[11–13]. This can be accomplished by the appropriate selection
of matrix and heat treatment regimen as well as the reinforcement
composition, wall thickness, diameter and volume fraction [14,15].

A survey of previous literature provides some information
about the modeling/simulation of MMSFs. Most of the modeling/
simulation works have focused on the evaluation of elastic behav-
ior of the MMSFs. Marur [16] studied the elastic behavior of hollow
microsphere filled composite by using analytical and numerical
approach; also, the influence of particle distribution on the elastic
moduli properties was evaluated using 2D and a full 3D finite
element method. Although his analytical and numerical results
had a good agreement, there was a slight incompatibility in moduli
due to different particle distribution. Bardella et al. [17] developed
a micromechanical model employing finite element technique for
the prediction of the effective elastic moduli of syntactic foams.
Besides, Marcadon and Feyel [18] quantified the contributions of
both the stacking architecture of hollow spheres and the constitu-
tive material’s mechanical properties on the mechanical behavior
of metallic hollow-sphere structures under quasi-static compres-
sive loads. In addition, Gao et al. [19] showed that the hexagonal
close packed (HCP) arrangement is the best choice for the energy
absorption purpose because of its highest plateau stress; however,
the difference in the specific energy absorption of the various reg-
ular packaging arrangements implies the crucial role of the relative
wall thickness h/R rather than packaging pattern. Santa Maria et al.
[3,5,20] proposed a model based on both theoretical and experi-
mental approaches for the prediction of mechanical properties of
metal matrix syntactic foams. The main advantage of their work
is the consideration of mechanical and physical properties of the
matrix together with the ceramic hollow spheres and volume per-
centage of the hollow spheres. Moreover, Orbulov and Májlinger
[21] and Antunus et al. [22] employed a multi-phase model to pre-
dict the compressive behavior of MMSFs. Their results indicated
that the rigidity of the matrix is the most influential factor on
the mechanical properties of the MMSFs. Also, they reported that
the mechanical behavior of the samples is related to the size and
volume fraction of the hollow spheres, elastic properties of both
spheres and matrix and thickness of the hollow spheres.


