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In recent years, research on sandwich plates has increased due to capabilities such as energy
absorption, strength to weight ratio, thermal insulation, and so on in major industries such as
aerospace and marine industries. In this study, by using low-density aluminum foams and making
sandwich plates by FML layers (including aluminum and composite sheets) and aluminum foam
core, an experiment was carried out with the help of a high-speed impact with gas gun, and the
effect of density of foam, number of FML layers, velocity and mass of the projectile were
investigated in terms of energy absorption of sandwich structures and ballistic limit of the
projectile. Also, the results of empirical experiments on foam and composite layers, collision
simulation and bullet penetration in a sandwich structure were performed using LS-DYNA
software, and the results were compared and verified with experimental results. Experimental
experiments and parametric studies show that aluminum foam (33%) and aluminum sheet (25%)
have the highest energy absorption against the Bullet. Also, with the addition of a FML layer, the
energy absorption of the sandwich plate increased by 40%.

Extended Abstract

1. Introduction

indicators in selecting materials for the successful design of a product. A correct understanding of the

l ' nderstanding the properties of engineering materials is the first step and one of the most important

behavior of materials and the response of engineering structures under different conditions is of great
importance. Impact strength in engineering materials is very important along with other properties such as tensile,
bending and torsional properties, and researchers have long been interested in understanding the behavior of
materials under impact [1, 2]. Nowadays, the use of composites as strong and lightweight structures has been
considered in various industries. One of the most widely used types of composite structures is sandwich panels. In
recent years, research on this type of structure has increased due to its high capabilities such as energy absorption,
high strength despite low weight, thermal insulation, etc. in important industries such as aerospace [4, 5]. Sandwich
panels are a type of composite structure that is made of two thin but strong skins and a thick but light core. The
core type is usually soft foam, honeycomb, truss and lattice, which usually have low strength but high bending
stiffness and generally have low core density [7, 8].
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FML consists of two metal sheets and a composite layer, which is why they have high mechanical properties
such as high strength and stiffness, high density, good toughness, corrosion resistance, high fatigue life and impact
resistance. FML generally consists of alloy sheets made of aluminum alloys and are layered with composite
reinforcement [9].

Liu et al. investigated the behavior of sandwich panels with FML facing and aluminum foam core under high-
velocity impact. They conducted an experimental test on this type of sandwich panel by firing a bullet at a speed
of 210 m/s using a gas gun, and after numerical simulation in LS-DAYNA software, the results were compared.
In this study, parameters such as the effect of shell and core thickness, comparison of FML shell and composite
shells, bullet geometry, and impact angle were considered [13].

Studies show that so far, the study on the effect of high-velocity impact on the behavior of sandwich panels
with aluminum foam has been very limited, and very little research has been reported on this type of panels with
FML facing. Therefore, in this study, by preparing low-density closed-pore aluminum foam and manufacturing
sandwich panels with FML facing and aluminum foam core and changing the number of FML layers, using a gas
gun device, the sandwich panels were subjected to bullet impact tests, and according to the experimental and
numerical results, the effect of the material, thickness, and number of shell layers, as well as the bullet velocity
and geometry, is investigated.

2. Method & Material

In this study, the penetration of projectiles with different geometries, including spherical, hemispherical, Ojai,
and conical heads, in sandwich panels with different layering has been investigated and analyzed. By preparing
low-density aluminum foams and making sandwich panels from FML layers (including aluminum foil and
composite) and aluminum foam core, a high-velocity impact test was conducted experimentally using a gas gun
device, and the effect of foam density, number of FML layers, velocity, and mass of the projectile on the energy
absorption rate of the sandwich structure and the ballistic limit of the projectile was investigated. Also, with the
help of the results of experimental tests conducted on foam and composite layers, simulation of projectile impact
and penetration in the sandwich structure was performed using LS_DYNA software, and the results were compared
and validated with experimental results.

3. Results & Discussion

Figure 1 compares the velocity-time graphs of samples SP31, SP32, and SP33. According to this graph, sample
SP33, because it has one FML layer in front of the aluminum foam, initially reduces the bullet velocity with a
smaller downward slope, while in samples SP31 and SP32, because there are two FML layers in front of the
aluminum foam, the bullet velocity initially decreases sharply.
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Figure. 1 Velocity-time diagram of bullet hitting samples SP31, SP32 and SP33.

To obtain the ballistic limit of the sandwich plates made due to their greater strength compared to the reference
[13], they must be subjected to impacts with higher energy. Therefore, by using a bullet with different geometry
and weight, the bullet energy has increased, as shown in Table 1. Specifications and results of tests conducted at
Ahrar University of Rasht.
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Table 1 Crash test specifications and results

Sample name Impact speed (m/s) Full penetration Absorbed energy (J)

SP21 182 No 151.54

SP22 141 Yes -

SP23 131.57 No 316

SP31 130.43 No 310

SP32 143.21 No 371

SP33 144.52 No 378

4. Conclusion

One of the basic parameters in the design of industrial structures is the resistance and energy absorption rate
against dynamic loads, especially with high stress concentration and in a time interval of a few milliseconds, which
causes the stress concentration to increase at one point of the structure and its destruction. Another important
parameter in the design of structures is the weight of its body. Considering these parameters, the use of composite
materials is increasing today. In this research, a new type of composite material called sandwich panels with fiber-
metal surface was analyzed and investigated, and the results of numerical and experimental simulation are as
follows:

e By examining the internal energy of each layer of the sandwich plate, it was determined that aluminum foam
has the largest contribution to absorbing bullet energy, so that the projectile loses more than 33% of its energy
when it hits this layer.

e A study of finite element modeling showed that the bullet geometry parameter has a high impact on the
penetration of the projectile in the sandwich plate, so that a conical-headed bullet loses about 60% of its energy
when it hits the sandwich plate.

e By increasing the number of FML layers, the resistance of the sandwich plates and their energy absorption
against the projectile, the results obtained show the high impact of this parameter, so that by adding an FML
layer, the energy absorption of the sandwich plate increases by about 40%.
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