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Fig. 3. 3D modeling of the closed-cell aluminum foam samples: (a) CT scan device and foam samples, (b) extracted CT scan 2D
images of the foam samples, (¢) 3D modeling of the foam sample from 2D images using Mimics software

is employed for the plastic deformation of the base material
in the adopted 3D model in which C and P are the Cowper-
Symonds coefficients, € is the strain-rate, 0 is the dynamic
stress or strength and 0, is the quasi-static stress or strength.
Aluminum alloys generally manifest weak rate dependency.
The Cowper-Symonds parameters for aluminum alloys
are considered to be C = 6500 and P = 4 [45]. The steel
impactor and bottom plate are treated as a rigid body in
the model. According material parameters are: mass den
sity p = 7800 kg/m?, Young’s
modulus E = 200 GPa, Poisson’s ratio v = 0.3. Element type
used for the foam was of the type solid 4-point tetrahedral
and for the bottom plate and impactor the solid 8-point
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hexahedral elements were considered. To get closer to the
real conditions of loading and boundary conditions in impact
test, the foam sample was placed between a rigidly fixed plate
and a cylindrical rigid impactor and the initial velocity was
attributed based on the initial velocity of the impactor in drop
test experiment, as shown in Fig. 4. The contact constraint
was of the type automatic single surface for closed-cell foam
sample and the contact between impactor and the fixed base
with the foam was selected as automatic surface to surface.

3- Results and Discussion
Prior to the low-velocity impact test, in order to evaluate
overall behavior and densification strain of the closed-cell
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Fig. 4. Boundary conditions of finite element modeling of
closed-cell aluminum foam

aluminum foam samples, three compressive quasi-static tests
for three different foam densities were conducted (samples
B1-B3). From the results of the static tests and the limitations
of the low-velocity impact test device, the mass of 14 kg and
impactor height of 70 cm (initial velocity of 3.7 m/s) were
considered. Fig. 5 indicates how the low-velocity impact test
is done numerically and experimentally. Figure 5 also shows
the deformation and failure of the foam specimen for impact
velocity of 3.7 m/s. There are two important points in how
the foam sample is deformed. The first point is the cell failure
start region, which for impact velocity of 3.7 m/s starts from
top and bottom at the same time, and the rate of progression
of cell failure is higher at the top of foam specimen, which
is according to the cell failure pattern in the experimental
test. The second point in the figure is how the cells break
down and the dominant mode of the cell collapses. Due to

the fact that the main material of the cells is pure aluminum,
considering the percentage of elements found in the foam
structure used in the experimental test, it has a brittle
structure, and the dominant fashion in the collapse of cells
is a brittle fracture. This is also evident in the oscillatory
nature of the stress-strain graphs in the impact test. For the
validation of the results obtained from numerical analysis,
some experimental tests were conducted for three different
foam densities at constant impact velocity (samples A1-A3).
The results of the experimental impact tests are compared
with the similar results from finite element analysis. Fig. 6
states that the curves obtained from the experimental tests
were in a good agreement with the results of the finite element
solutions. The amount of the energy absorption depends on
the impactor energy and the density of the foam. Therefore,
impact velocity, impact inertia and foam density are effective
parameters in impact response which here the effect of
each is analyzed. First, the effect of inertia on the impact
response was studied. To this end, a constant velocity of the
impactor (10 m/s) and four different impactor weights (14,
30, 60, 120 kg) for three different foam densities (0.2, 0.3,
0.5 gr/cm?) were considered. Results of Figure 7 and Table 2
revealed that for a constant density, increasing impact inertia
had no effect on the peak stress but slightly increased energy
absorption. By increasing the impactor weight from 14 to 120
kg, the energy absorption increased 0.89%, 1.45% and 1.75%
for foam densities of 0.2, 0.3 and 0.5 gr/cm?, respectively.

At the next section, the impact response of the foam at
constant energy will be studied. The aim of this analysis is
to evaluate the effect of impact velocity and inertia as impact
energy parameters on the impact response of aluminum
foam behavior. The impactor kinetic energy right before the
impact occurs is equal to 1/2 the product of the mass and the
square of the speed. In order to evaluate the effect of mass
and velocity on stress-strain impact curve, the mass of 15 kg

Before Impact

7

Fig. 5. Experimental and numerical modeling of low-velocity impact test
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Fig. 6. Experimental and numerical results related to low
velocity impact test for three different foam densities:
(a) 224 kg/m? (b) 319 kg/m? (¢) 557 kg/m?

with the impact velocity of 20 m/s and the mass of 60 kg with
the impact velocity of 10 m/s for constant kinetic energy was
considered. Table 3 indicates the values of peak stress and
energy absorption for three different impactor densities for
constant impact energy. An important point which is inferred
from the Fig. 8 and Table 3 is that increasing the velocity
had a considerable effect on the peak load and energy
absorption in a way that by increasing the velocity from 10
to 20 m/s the value of the peak stress increases between 160
to 190% and energy absorption between 50 to 75%. Thus,
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Fig. 7. The effect of impact inertia at constant velocity for three

different foam densities:
(a) 224 kg/m? (b) 319 kg/m? (¢) 557 kg/m?

it is obvious that velocity changes had much more effect on
energy absorption and peak stress than increasing impact
inertia. In other words, low-velocity impact on the closed-cell
aluminum foam is a displacement dominated phenomenon
not an inertia dominated phenomena. It is probably because
the weight of the cell walls is negligible against the weight of
impactor, hence increasing the impact inertia would not have
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Table 2. The effect of impact inertia on the impact response of
closed-cell aluminum foam

Density, Impactor  Peak Stress, Energy Absorption,
kg/m®  Weight, kg MPa kJ/m?
224 14 13.75 1585.2
30 13.75 1594.4
60 13.75 1594.0
120 13.76 1599.3
319 14 21.62 1553.9
30 21.94 1555.4
60 21.95 1559.6
120 21.95 1563.2
557 14 25.56 1534.6
30 25.98 1534.2
60 25.99 1550.8
120 25.99 1561.5

Table 3. The effect of inertia and impact velocity on the impact
response of closed-cell aluminum foam at constant energy

Energy Parameters

Dii:;?y’ Initial  Tmpactor Peak Stress, Alizg)%i)(]m,

kg/m’® Velocity, = Weight, MPa KkJ/m?
m/s kg

224 10 60 13.75 1594.0
20 15 36.47 2480.5

A, =1652% A,=556%
319 10 60 21.95 1559.6
20 15 46.27 2650.0

A =110.8% A, =69.9%
557 10 60 25.99 1550.8
20 15 74.16 2665.8

A =1853% A, =71.9%

a considerable effect on energy absorption and peak stress. It
is also clear that the foam density had no remarkable effect on
the energy absorption but in both cases, the increase in foam
density led to the increase in the peak stress.

o mrs Peak Stress|

A Peak Stress|
B Peak Stress|
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Vol0mls 5100 & A, =
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4- Conclusion

In this paper, the effect of inertia and impact velocity as
energy parameters on the closed-cell Alporas aluminum foam
behavior are investigated. First, the three-dimensional models
of the aluminum foam were created via the CT scan method.
Then, the model was analyzed under low-velocity impact
test via LS-DYNA software. The results of the finite element
method are compared with the experimental results and it is

a
5 o @
© Foam Density 224 kg/m® @ Tmpact Velocity 20 m/s Impactor Mass 15 kg
20 © Tmpact Velocity 10 mv's Tmpactor Mass 60 kg
£ 1s
é ta
b l
210 -
N
5
oF il I
0 0.1 0.2 0.3 04 0.5 0.6
Strain
- (b)
© Foam Density 319 kgfm? @ Impact Velocity 20 mvs Tmpactor Mass 15 kg
20 -H © Impact Velocity 10 my/s Tmpactor Mass 60 kg
1l
s
E A
210 ]
o
LS A
0 0.1 0.2 0.3 0.4 0.5 0.6

Strain

(©

25
.m © Foam Density 557 kg/m?®  © Impact Velocity 20 m/s
© Impact Velocity 10 m/s
20

Impactor Mass 15 kg

Impactor Mass 60 kg

—
un

—
=

Stress (MPa)

wn

lthrtneptiensy

0 0.1 0.2 0.3 0.4 0.5 0.6
Strain

Fig. 8. The effect of impact inertia versus impact velocity for
three different foam densities:
(a) 224 kg/m? (b) 319 kg/m® (¢) 557 kg/m?

concluded that the numerical method shows a high accuracy.
After that, the effect of important parameters, including the
inertia, velocity of impactor and foam density on the impact
response is investigated. The results show that at a constant
level of impact velocity, increasing inertia has no effect on
peak stress and also slightly increases energy absorption.
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