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1. Introduction

Aluminum tubes filled with aluminum foam have a
special role in the industry in the field of energy
absorption. Their applications can be mentioned in the
military, marine, aviation, elevators, and automotive
industries. Different structures for profiles and their
combination with other absorbers have been considered to
increase energy absorption. In order to increase the energy
absorption of the profiles, various parameters have been
investigated such as: 1) geometry, including considering
profiles with different shapes such as square, circle,
pentagon, etc., the effect of thickness, creating distortion
in the geometry, nested samples (inside hollow tubes,
hollow tube is placed smaller): 2) adding absorbers such
as aluminum foams; 3) strengthening (thermal treatment,
etc.). Researchers have done many practical kinds of
research on the energy absorption of thin-walled
structures, which include testing, theorizing, numerical
simulation, and optimization.

In this study, nested thin wall profiles are considered.
Considering the effect of the profile shape on the energy
absorption rate, the energy absorption rate of nested
profiles was investigated at first. Considering the increase
in energy absorption with the addition of absorbers in thin
wall profiles, in the next step, the effect of adding
aluminum foam to nested thin wall profiles was discussed.
It is worth mentioning that the effect of geometry in
nested profiles and the effect of adding different
percentages of aluminum foam on the amount of energy
absorption of nested thin wall profiles are among the
innovations of this article.

2. Energy absorption

In order to calculate the impact performance of the
structure, some indicators, such as total energy absorption
(EA) were defined. Structures with different masses have
entirely different energy absorption, so it is necessary to

define an index to measure energy absorption for the unit
of mass, SEA.

3. Modeling and simulation

3.1. Effect of geometry in thin wall profiles

Abagqus finite element software/explicit method was used
for numerical analysis of impact dynamics. In order to
investigate the effect of geometry on the amount of energy
absorption of thin wall profiles, different geometric
models with equal cross-sectional areas were considered.
In the Abaqus model, to apply the impact of the profile, a
thin wall is placed between two plates, a fixed plate is
placed under the profile, and a moving plate is placed at
the top of the profile. These two pages are modeled using
the shell element. Figure 1 shows the investigated
geometries.
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Figure 1. The cross-sectional area of geometry and
dimensions of samples (in mm)
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In the simulation, aluminum alloy profiles with a height
of 150 mm and a thickness of 1 mm are considered. In
order to apply the shock load, the upper plate with a speed
of 1 m/s was applied to the thin wall profile for a period
of 0.08 seconds. The type of element considered for the
mesh is S4R with five integration points.

The results confirm that nested geometric models have

more energy absorption than simple profiles. Among the
considered simple profiles, the square profile with the
specific energy absorption rate of 10763 J/kg was the
worst and the circular profile with the specific energy
absorption rate of 14814 J/kg had the best performance in
terms of energy absorption. Moreover, the combination of
the octagonal profile inside the aluminum tube (CO) had
the best performance in terms of energy absorption. The
amount of specific energy absorption in the CO state is
13.5%, and compared to a cylindrical tube (the commonly
used profile) performed better regarding the amount of
energy absorption.
Due to the best performance, the octagonal profile inside
the aluminum tube was selected as a suitable example in
terms of energy absorption, and then the effects of adding
foam on its energy absorption was discussed.

3.2. The effect of aluminum foam percentage in nested thin
wall profiles

In this section, the effects of adding different percentages
of metal foam to selected CO thin wall profiles were
investigated numerically. In order to check the accuracy
of the modelling, a thin-walled aluminum tube made of
6060-T5 alloy with a diameter of 60 mm and a height of
150 mm filled with aluminum foam was simulated. The
simulated force-displacement diagram is compared with
the experimental results in Figure 2.

Now, according to the accuracy of the simulation
results, the effects of adding foam to the profile of the
selected nested thin wall (CO) were investigated. The
foam is placed inside the tube in three different ways (only
in the inner profile, in the space between the two profiles,
and in the entire profile), and its effects on the energy
absorption of the CO profile were investigated. Figure 3
shows the force-displacement results of the samples.
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Figure 2. Comparison of the force-displacement results of
the simulated and experimental sample

By adding more foam, the amount of energy
absorption and the maximum force that can be tolerated
increases. In terms of the amount of specific energy
absorption, in the case where only the internal profile is
filled with aluminum foam (COF-1), it performed better.
It should also be mentioned that in the case where the

aluminum foam is placed only in the space between the
two walls (COF-2) compared to the case where the entire
profile is filled with foam (COF-3), only about a 9%
improvement in energy absorption was achieved.
Moreover, adding foam can increase the amount of energy
absorption with a change in weight. In other words, COF-
1 and COF-3 increased energy absorption by 19% and
92%, respectively. Figure 4 shows the change in total
energy of absorption (EA) of CO profile and COF-1 to
COF-3 in the form of a column chart.
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Figure 3. Force-displacement diagram for different states

of adding foam to the nested profile for the CO geometry
cross-section
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Figure 4. The effect of adding foam on the total
absorption energy

4. Conclusion

After examining the profiles resulting from the
combination of circular, square, hexagonal and octagonal
profiles, the combination of the octagonal aluminum
profile inside the aluminum tube has the best performance
in terms of energy absorption. In the following, the effect
of adding different modes of aluminum foam in the
selected geometry was investigated. By placing the foam
inside these profiles, on the one hand, it stabilizes the
position of the nested samples relative to each other, and
on the other hand, by filling the empty space between the
profiles with foam, it increases the absorption of energy
from the impact. In the case that only the inner profile is
filled with aluminum foam, it performed better in terms of
specific energy absorption.
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Numerical Study of the Effect of Geometry and Metal Foam on the Energy
Absorption of Nested Profiles

Hemad Keshavarzpour Ali Ghasemi Mehdi Oveisi

Abstract In this paper, the effect of geometry and addition of aluminum foam adsorbents on the energy absorption of
thin-walled nested profiles under axial compressive load is investigated. ABAQUS finite element software has been used
for numerical analysis. The nested profiles are made of 6060-T5 aluminum and the outer and inner profiles with circular,
square, hexagonal and octagonal cross sections are selected. Force and displacement diagrams have been used to study
the energy absorption of different geometries along with the calculation of general and specific energy absorption. Finally,
to evaluate the effect of foam, three modes of adding aluminum foam to the nested profile have been investigated. Thin-
walled profiles with metal foam absorb more energy than hollow ones. Also, the interaction between the foam walls and

the pipe increases the energy dissipation further.

Keywords Thin-walled profiles, Nested profiles, Geometry, Aluminum foam
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