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Abstract

Al-foam filled composite panels have enormous potential for application as light weight structural members as well as the energy
absorber during crushing. In such applications the mechanical properties of foams are of paramount importance. In this study, Al
alloy foams of composition Al-3wt.%Si—2%Cu-2%Mg were produced using powder metallurgical method. Mechanical properties
of foams of different density were measured using the uni-axial compression test and the measured properties such as elastic modulus
and strength were compared with those of other existing commercial foams. The newly produced (Al-3%Si—2%Cu-2%Mg alloy)
foams showed the elastic modulus and strength similar or sometimes higher than those of the other existing commercial foams.
The electrical conductivity of the foams was measured and was found to follow a power law relationship, with an exponent value
of 1.5, with the relative density. A set of mathematical relationships were deduced between electrical conductivity and various com-
pressive properties of Al-foams with an aim to propose a nondestructive method for obtaining the elastic modulus, the compressive
strength and the densification strain of foams using electrical conductivity. The curves obtained from derived relationships fit very
well with the experimental results.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction els are widely being considered these days for structural
use in aircrafts and satellites, and functional use in auto-

Metal foam is one of the latest inventions in the field motive bumpers, roofs and door beams for improving

of engineering materials. However, due to its various
attractive properties such as super light weight [1], good
energy absorption [2], high strength, high stiffness and
outstanding damping capability [3], it has already
emerged as one of the most appropriate solutions for
many structural and functional uses in such diverse
fields as automotives, transports, ships and aerospace
applications. Particularly Al-foam filled composite pan-
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the crashworthiness of vehicles which will ultimately re-
duce the damage of the vehicles and increase safety of
the passengers during crushing. Industrial production
of foamed metals is now established for applications like
sandwich structures [4], panels, foam-filled crash
absorbers [5], heat exchangers and so on. Since indus-
trial exploitation of a new material is always determined
by the possibility to reproduce its mechanical and phys-
ical properties, these days many of the researchers in the
field of metal foam are working with an aim to propose
quality control methods for the development of reliable
foam products and in this attempt, many of them
are considering various nondestructive testing and
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inspecting techniques for both during production and
post-production evaluation of mechanical properties of
foams.

Degischer and Kottar [6] studied the applicability of
various nondestructive testing methods for characteriz-
ing Al-foams. Their work showed that eddy current
and conventional ultrasonic testing are not fruitful for
characterizing Al-foams, however the X-ray computed
tomography (CT) enables a detailed structural analysis
of the foam. Cornelis et al. [7] and Grote et al. [8] also
performed study on foams using X-ray computed
micro-tomography. Very recently Anwarul Hasan
et al. [9] studied the evaluation of the mechanical prop-
erties of Al-foam cell wall material using nanoindenta-
tion technique where they found that the cell wall
material of Al-foams shows higher hardness and elastic
modulus than the solid material from which foams are
produced.

In this paper we have proposed a nondestructive
method, based on measuring the electrical conductivity,
for evaluating mechanical properties of Al-foams. The
Al-Si-Cu-Mg alloy foams were produced using powder
metallurgical method. Compressive mechanical proper-
ties of the produced foams were experimentally mea-
sured. Equations have been established between
electrical conductivity and mechanical properties bridg-
ing the existing relationship of these properties with
foam density and introducing some empirical modifica-
tion so that the applicability of these equations can be
extended to real foams. Mechanical properties of the
foams obtained from experiment were plotted against
electrical conductivity along with the plot of proposed
equations. It was found that the proposed equations
fit very well with the experimental results.

2. Experiment
2.1. Material and specimens

The aluminum alloy powder of particle size 150-
900 um were produced by melting the elements in required
proportion (Al-3wt.%Si-2%Cu-2%Mg) and using cen-
trifugal atomization. 99% (weight) of Al-alloy powder
and 1% TiH, were mixed in a rotating V-mixer with a
velocity of 300 rpm for 30 min. The mixture was then con-
solidated by cold compaction at a pressure of 4 MPa and
hot extruded at a temperature 430°C with an extrusion
ratio of 20:1 in a uni-axial extrusion machine.

Foaming of the extruded precursor material was per-
formed by keeping them inside a close mould and heat-
ing them in a pre-heated furnace. The pre-set furnace
temperature was 700°C and the foaming time was
15min. The foam density was controlled by varying
the amount of precursor material in the mould. Foam-
ing process was terminated by simply removing the
moulds from the furnace.

Skin was removed from these foams and specimens
were cut to the appropriate dimension (35X 35Xx
40mm) using a band saw with a guide to ensure that
the cuts were made accurate and straight. Such a dimen-
sion was chosen so that the edge length of the compres-
sion test specimens in all cases be at least seven times the
cell diameter. This is the minimum required size to avoid
edge effects which may reduce the measured values of
elastic modulus and compressive strength [10].

2.2. Compression test

The uni-axial compression test was performed on the
specimens using an MTS 830 machine. Fig. 1 shows an
Al-Si-Cu-Mg alloy foam specimen used for the com-
pression test and electrical conductivity measurement.
During compression test the load and displacement were
monitored by a computer, equipped with a data acquisi-
tion system. All stresses and strains used here are nom-
inal stresses and nominal strains deduced from the
recorded load—displacement data. In this work, load
was applied at a constant displacement speed of
0.02mm/s and the specimens were compressed between
parallel steel platens to ensure perfect axial loading.
Compression was stopped when 85% strain was reached.

2.3. Electrical conductivity

The electrical conductivity of the foams was mea-
sured using a set up based on an upgraded design of
four-probe resistivity measurement apparatus. It was
found that the conventional four-probe resistivity mea-
surement method cannot be used in this case. Because
in conventional four-probe method, four equi-spaced
probes placed in a line are to be kept in contact with

Fig. 1. Al-Si-Cu-Mg alloy foam specimen (p*/ps = 0.23) used in the
experiment.
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