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Abstract

The purpose of this paper is to investigate response of a profile with a square cross
section filled with aluminum foam in single and double wall mode under lateral and
axial impact load in order to evaluating the effect of using aluminum foam on the
energy dissipation caused by the impact. First, single-walled and double-walled square
profiles simulated in CAE ABAQUS and the effect of the parameters such as aluminum
foam density, number of walls, effect of interaction between foam and wall on general
response of model, etc. examined. Then, in order to validate the simulation results, the
experimental test of lateral and axial impact using drop weigh impact test performed
and the results compared with simulation results. By performing tests and simulations,
it was found that aluminum foam has a moderate effect on the amount of crushing and
energy absorption of the structure under axial impact load, but in the case of lateral
impact, due to high brittleness, the use of foam prepared in the structure under impact
is not appropriate. Therefore, it is better to use stronger foam.
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1- Introduction

Thin wall structures are one of the most efficient
energy absorbing systems in various industries,
such as automotive, railway and military, due to
their lightness, suitable energy absorption capacity
and high energy absorption to weight ratio, in order
to protect the lives of passengers as well as
pedestrians. Pedestrians are considered during
accidents or protection of equipment and devices.

Zhang et al. [1] worked on the amount of energy
absorption in linear and tubular structures under
axial destruction. In this research, which deals with
the simulation and experimental testing of parts
with a special geometry, circular aluminum tubes
are arranged next to each other in different states
and are subjected to quasi-static load. In addition,
the weight of all samples is considered the same for
a better comparison.

Li et al. [2] worked on the energy absorption
characteristics of series structures under axial and
diagonal loads. In this research, the samples were
made by aluminum round tubes. By using these
pipes, the cross section of the structures has become
triangular, square and hexagonal. Also, by using
more pipes, the mentioned structures have been
optimized.

Ngoc et al. [3] have worked on the energy
absorption characteristics of square series structures
under axial load. The design of these structures was
inspired by the internal structure of bone and
bamboo. In this research, first the samples were
simulated by Abaqus software and then they were
verified by theoretical method.
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According to the conducted studies, in most of
them, especially in thin-walled structures, the tests
performed were quasi-static, and the response of
energy absorbers to impact has been investigated
less. Also, in the articles that have investigated the
impact test, they have focused more on the axial
impact mode. Also, the material of the examined
samples was mainly made of metal, which cannot
be used in all conditions due to the high weight and
special physical conditions of metals. However, the
case that is noteworthy in the above studies is the
lack of examination of multicellular thin-walled
structures with mesh and different geometries and
made of polymer under lateral impact load.
Therefore, in this study, this issue has been
investigated.

2- Modeling and Formulation

In this study, a total of eight thin-walled structures
made of ABS and subjected to lateral impact have
been investigated. ABS polymer has been used to
make samples by 3D printer. Also, these parts were
printed by Novin Negar Additive Manufacturing
Company and by Kitek M1 machine. These samples
were drawn under the ASTM D638 standard in
SolidWorks software and then printed. The
simulations of this project have been carried out by
Abaqus software. After the end of the simulation, by
doing independence from the mesh, the mesh with
dimensions of 0.8 mm and type S4R was selected
for different samples and the comparison of the
results of the samples with each other has been
discussed in terms of energy absorption
characteristics. For the experimental test process, a
weight drop test machine was used. In order to
perform experimental tests, at first, the set of
weights is set in such a way that their total weight is
equal to 6.615 kg. Also, the striking surface is
considered to be flat so that the force enters the
upper surface of the parts in a wide and equal
manner. Two samples were made from each of the
samples and a total of 8 tests were performed. By
this device, the command to drop the weight is sent
and the weight collides with the samples. As a
result, the amount of shrinkage due to plastic
deformation and the performance of the samples

against impact can be investigated. During the
descent of the weight, the data of the acceleration of
the weight was entered into the computer by the
sensor and the acceleration-time graph of the weight
was extracted.
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Figure 1: The average crushing force of samples in numerical and
experimental mode.

In the experimental and numerical mode, it is related
to the 1HQG6 sample and the highest rate of efficiency is
also specific to the 1HR16 sample. Also, among the
1HR12 and 1HR16 samples, the 1HR16 sample has a
much higher efficiency, which shows that this type of
energy absorber is better than the rest is Figure 3 shows
the compression force efficiency diagram for all 4
samples.
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Figure 2: The average crushing force of samples in numerical and
experimental mode.
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Figure 3: The efficiency diagram of the crushing force of the
samples in numerical and experimental mode.

In order to make a better comparison between
these 8 samples, it should be noted that the amount
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of length change in the amount of absorbed energy
is an effective factor, so this parameter should be
compared in equilibrium conditions for all 8
existing samples. In order to do this, considering the
minimum amount of length change that belongs to
the 1HR16 sample, the amount of length change in
which the absorbed energy is measured is
considered equal to 3.15 mm.

In these simulations, an impact with an energy of
25 joules has been applied and the amount of total
absorbed energy in all structures is more than 95%
of the applied energy. Also, according to the values
of absorption energy at a distance of x=3.15 mm,
which is in equilibrium conditions for all 8 samples,
it can be seen that sample 1HR16 is the best sample
in terms of energy absorption. Sample 1HR16 has
the highest value and sample 2H2Q8 has the lowest
average crushing force. The amount of crushing
efficiency for an ideal energy absorber is 1 (100%),
but achieving this number is very difficult. As a
result, according to the results, sample 1HR16 has
the best efficiency of crushing force among all
samples. According to the numerical and
experimental results and their interpretation, it is
clear that the sample 1HR16 is the best sample to be
used as an energy absorber. It was also observed that
with the increase in the number of houses in each
row, the energy absorption properties and
parameters improve, and in general, the rectangular
house samples are better energy absorbers than the
similar square house samples.

3- Conclusion

The purpose of this study was to investigate
numerically and experimentally the destruction of
thin-walled multi-cell quadrangular structures made
by 3D printers due to lateral impact. Below is a
summary of the results of numerical simulations and
experimental tests.

In general, and according to the results of
simulations and experimental tests, by increasing
the number of houses in each sample and reducing
the wall thickness of the samples in order to keep
the weight, the amount of energy absorption, the
average crushing force and the efficiency of

crushing force increases. Also, the amount of
change in length and shrinkage of each sample
decreases with the increase in the number of houses.

Considering that the rectangular house samples
were created by adding a horizontal reinforcement
to the square house samples, it can be seen that the
amount of energy absorption in the equilibrium
distance, the average crushing force and the energy
efficiency The flattening of rectangular samples,
like any square sample, has increased.

By increasing the number of square houses from
6 to 8, the amount of energy absorption has
increased by 5%, the average crushing force has
increased by 15%, and the crushing force efficiency
has increased by 30%.

By increasing the number of rectangular houses
from 12 to 16, the amount of energy absorption has
increased by 16%, the average crushing force has
increased by 35%, and the crushing force efficiency
has increased by 47%.

By converting a sample of 6 square houses to a
sample of 12 rectangular houses, the average
crushing force increases by about 7% and the
efficiency of crushing force increases by 20%.

By converting a sample of 8 square houses to a
sample of 16 rectangular houses, the average
crushing force increases by 30% and the crushing
force efficiency increases by 37%.

By adding inner layers to the samples, the values
of energy absorption parameters decrease.

The smaller the amount of shrinkage (change in
length) of the sample under impact, the greater the
maximum shrinkage force and resistance of the
sample to impact. According to these points and
results, it is obvious that sample 1HR16 is the best
energy absorber among these samples.
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