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Investigating the effects of simultaneous symmetrical impulsive loading on honeycomb

sandwich panels with different core topologies
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ABSTRACT: In the design of structures, it is important that they have the ability to withstand loads.
Sandwich panels have received attention due to their lightweight and good absorption. In this research,
honeycomb sandwich panels with different core topologies were subjected to simultaneous impulsive
loading, and the effect of the amount of loads and the distance between charges on the deformation was
evaluated. Due to the high cost of conducting the experimental test, the finite element software has been
employed. After validating with the experimental data, the values of 0.5, 1, and 2 kg of selected charge in
single and two-point loading at the sandwich panels with square, circular, and octagonal core topologies
have been affected and the deformation of sandwich panels has been evaluated. In order to investigate
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the effect of the distance of charges from each other on the deformation, these are placed at 8, 10, and

12 cm from each other. Then, the amount of deflection of sandwich panels with single-point loading has
been compared. According to the investigations, the best topology for absorbing loads is octagonal, so it
has less displacement in single and two-point loading in the best case of 14.1 and 12.2 mm, respectively.
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1- Introduction

Nowadays, impact loadings are considered one of the
most important threats to industrial and non-industrial
infrastructures. Therefore, research on the behavior of
various structures in the face of this type of loading has
attracted the attention of many researchers [1-3]. Impulsive
loading is a phenomenon that occurs as a result of the
release of energy. This release of energy is immediate and
very fast and causes the accumulation of energy at the site
of the loads. On the other hand, the increasing demand for
the use of monolithic structures with minimal weight has
increased the necessity of research on sandwich panels (SPs)
[4]. SPs are widely used in bridge construction, transportation
systems, protective structures, etc. [5]. In recent years, the use
of SPs has received much attention in various engineering
fields for reasons such as excellent strength, optimal energy
absorption, vibration absorption, etc. [6, 7]. SPs are three-
layer composite structures consisting of two high-strength
outer sheets and a soft or crushable core in the middle. In this
study, a honeycomb SP with square, circular, and octagonal
core cell structures was designed in LS-DYNA software
and subjected to simultaneous single-point and two-point
symmetric impulsive loads. In the next step, the effect of
changing the weight of the impulsive load on the deflection
of the SP under the aforementioned conditions was evaluated.
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Finally, in the two-point loading case, the distance between
the loads was changed and its effect on the deflection of
the SP was evaluated, and a detailed comparison was made
between single-point and two-point loading.

2- Methodology

In this study, the main objective is to find the effects
of simultaneous symmetrical impulsive loads on the
SP. According to the studies conducted, the effects of
simultaneous impulsive loads are different due to the effect
of the waves on each other [8]. Therefore, at this stage, the
effects of two simultaneous symmetrical impulsive loads on
the SP are investigated and compared with the same model
with a single-point loading. The dimensions of the SP in this
study are 300 mm % 600 mm X% 30 mm. In order to reduce the
calculation time, a one-half geometric model has been used.
Therefore, a panel with dimensions of 300 mm x 300 mm
x 30 mm has been designed according to Figures 1 and 2
for applying single-point and two-point impulsive loads. The
front and back faces and the core were all made of AL6XN
material [1].

3- Results and Discussion
In the first stage, as shown in Figure 1, single-point loads
were applied to the SP with square, circular, and octagonal
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Fig. 1. Characteristics of the SP simulated in the present
study with single-point impulsive loads
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Fig. 2. Characteristics of the SP simulated in the present
study with two-point simultaneous impulsive loads
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core topology.

After the applying of 0.5, 1, and 2 kg loads on the
aforementioned SP, the maximum deflection of the front
and back faces was evaluated. Figures 3 and 4 show the
deflection of the front and back faces of the SP in a single-
point impulsive loading.

According to the research conducted on the cellular
structures under study, the octagonal topology has shown
the best performance due to the minimum deflection of the
front and back faces. The deflection of the front panel with
octagonal core topology is reduced by 18.6, 11.6, and 8.7%
under loads of 0.5, 1, and 2 kg, respectively, compared to the
square core topology. In the next step, simultaneous loading
of two-point symmetric charges is carried out as shown in
Figure 2. The distance between the charges, indicated by the
letter d, is determined as 8, 10, and 12 cm. Figures 5 to 7
show the deflection at different points on the front face of the
SP under single-point and two-point impulsive loading.

4- Conclusions

One of the most important loadings on various engineering
structures is impact loading. The behavior of waves in single-
point and two-point impulsive loads is different from each
other. Therefore, in this study, the effects of a single-point
impulsive charge and two-point simultaneous symmetric
impulsive charges on honeycomb SPs with different core
topologies have been investigated. The core topologies
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Fig. 3. Maximum deflection of the front face of the SP
in single-point impulsive loads
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Fig. 4. Maximum displacement of the back face of the
SP in single-point impulsive loads
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Fig. 5. Comparison of the deflection of the front face of
a SP with a square core topology

studied include square, circular, and octagonal. In this
study, first, a single-point impulsive loading was applied to
the honeycomb SP with the aforementioned topologies. In
the next step, two-point simultaneous impulsive loads with
distances of 8, 10, and 12 cm were applied to the SP and the
amount of deformation and deflection was estimated. The
studies were conducted numerically using the LS-DYNA
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Fig. 6. Comparison of the deflection of the front face of
the SP with a circular core topology

finite element software. The most important results of this
research include the following:

* Single-point impulsive loads have a larger deformation
in all cases than two-point loading.

» SPs with octagonal core topology have the best
performance in absorbing impulsive loads.

* SPs with square core topologies have shown the weakest
performance in single-point and two-point impulsive loading.

* By examining the deflection of the back face, it was
found that the circular cellular structure has better absorption
in small loads, but its performance weakens with increasing
impulsive load weight.

¢ In two-point loading with small impulsive load weight
values, changing the distance between the loads does not
have much effect on the maximum deflection.

Therefore, by developing use of octagonal core topology
in SP core, various structures can be better protected against
impact loading.
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Table 1. Material properties and Johnson-Cook model parameters for stainless steel
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Fig. 2. Characteristics of the sandwich panel simulated in the present study with a single-point impulsive loading
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Fig. 3. Characteristics of the sandwich panel simulated in the present study with two simultaneous symmetrical
impulsive loading
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Fig. 4. Simulation of the model of Dharmasena et al.[1] in LS-DYNA software

o1 (5338 (g5lwamnd 9 [V] (52525 axlllas (ym JS yundS o .00 JSUd

Fig. 5. Comparison of deformation between the experimental study [1] and the present numerical simulation
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Fig. 6. Comparison of deflection between the experimental study [1] and the present numerical simulation
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Fig. 7. View of simulated core topologies for the sandwich panel
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Table 2. Simulated cell dimensions for sandwich panel core
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Fig. 8. Maximum deflection of the front face of the sandwich panel in a single-point impulsive loading
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Fig. 9. Maximum deflection of the back face of the sandwich panel in a single-point impulsive loading
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Table 3. Maximum deflection of the front and back faces of the sandwich panel under two-point impulsive loading
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Fig. 10. Comparison of the deflection of the front face of a sandwich panel with a square core topology under
single-point and simultaneous symmetrical impulsive loading
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Fig. 11. Comparison of the deflection of the front face of a sandwich panel with a circular core topology under

Distance from the Length of the Sandwich Panel (mm)

single-point and simultaneous symmetrical impulsive loading
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Fig. 12. Comparison of the deflection of the front face of a sandwich panel with an octagonal core topology under
single-point and simultaneous symmetrical impulsive loading
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Fig. 13. Plastic deformation of sandwich panel under single-point and simultaneous symmetrical loading with 2 kg
of impulsive charge
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Fig. 14. Plastic deformation of sandwich panel under single-point and simultaneous symmetrical loading
with 1 kg of impulsive charge
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Fig. 15. Plastic deformation of sandwich panel under single-point and simultaneous symmetrical loading with 0.5
kg of impulsive charge
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Table 4. Details of the percentage increase in deflection of single-point loading compared to two-point loading
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