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Abstract
Honeycomb sandwich panels are finding a lot of application in 
current day to day scenario. They are being used in submarines 
in deep under water to aero planes in the air. The advantage of 
using the honeycomb sandwich panels is their high strength to 
weight ratio. Modelling the impact behaviour of the sandwich 
panels provides valuable information during design of the panels. 
In the current work, dynamic behaviour of the sandwich panels 
is modelled when the panels are subjected to impact loading. 
The effect of core shape on the behaviour of the panels during 
impact loading is studied numerically by using FE techniques. 
Simulations are carried out using Ansys workbench. The results 
are compared to that of a plate. It is found that in sandwich panels, 
the failure is due to local indentation while that of a plain sheet 
is due to global deformation. Also in sandwich panels it is found 
that the failure is only the face sheet taking the impact.
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I. Introduction
Sandwich panels are having a wide area of applications. They 
are used in under water vehicles, Automobiles, Railways and in 
aircrafts. Euro-Composites [16] in their presentation detailed the 
use of honeycomb structures in railways. David [8] performed 
and extensive literature survey regarding the use of composite 
materials in high speed rail cars. U.S. Department of Transportation 
[9] investigated the use of composite panels in aviation sector. 
Hexcel Composites [11] in their technical report also detailed the 
applications of honeycomb sandwich panels. The main advantage 
of the sandwich panels comes from their high strength to weight 
ratio. This is because of the structure of the sandwich panels. A 
sandwich panel consists of a core sandwiched between two facing 
sheets. Fig. 1 shows three types of sandwich panels: Corrugated, 
Foamed and Honeycomb sandwich panels. It can be observed that 
in each, the core is sandwiched between two facing sheets. Most 
generally, the core material is a soft materials like aluminium, 
copper etc. while the facing materials are hard materials like 
Stainless steel, Mild steel, Aluminium (when aluminium core 
is used). The main advantage of the sandwich panels is their 
low weigh, high stiffness, high durability and production cost 
savings [11]. Numerical investigation into the behaviour of the 
sandwich panels is very much necessary for design purposes. A 
lot of investigation has been carried out in this regard. Numerical 
formulations for modelling the behaviour of sandwich panels 
under static loading are presented in [11] along with examples.  

Fig. 1 (a): Corrugated Sandwich Panel

Fig. 1(b): Foamed Sandwich Panel

Fig. 1(c): Honeycomb Sandwich Panel

Using these expressions various stiffness constants can be 
evaluated. Achilles Petras [13] investigated the failure modes of 
sandwich beams of GFRP panels and Nomex honeycombs. Failure 
mode map for loading under 3 - Point bending, is constructed 
showing the dependence on failure mode map and load on the 
ratio of skin thickness to span length and Honeycomb relative 
density. High - Order Sandwich Beam Theory (HOSBT) applied 
to study the response of the beam under 3 - Point bending. Contact 
stress distribution between the interface and the top skin as well 
as its importance in the indentation process investigated. James 
G. Ratcliffe, et al [15] developed a 1-dimensional material model 
was developed for simulating the transverse (thickness-direction) 
loading and unloading response of aluminium honeycomb 
structure. The model is implemented in ABAQUS using UMAT 
models. Comparison of these analysis results with data from these 
experiments shows overall good agreement. These models are 
specifically used for quasi-static bending. I. G. Masters and K. 
Evans [14] proposed mathematical models using which elastic 
constants of honeycomb sandwich panels can be evaluated. 
These constants were further used to predict the behaviour of the 
sandwich panels.
According to Horrigan and Aitken [12], the main drawback of 
sandwich structure is its low resistance to impact damage and 
the extent to which the strength of the structure is reduced under 
compressive loading. A continuum damage model is used by 
them to model crushing due to impact. The material behaviour 
in compression is described by a combination of three constitutive 
models namely elastic, continuum damage and inelastic strain 
accumulation. Chang Qi, et al [2] studied the dynamic behaviour 
of honeycomb sandwich panels with reentrant auxetic honeycomb 
core under high velocity projectile impact. It is found that the core’s 
negative poisson’s ratio is the cause of its best ballistic resistance. 
Gopi Chand, et al [3] studied the behaviour of honeycomb 
sandwich panel under 3-point bending both experimentally and 
numerically. FE simulations are performed on the model. Solid 
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elements are used during simulation. The numerical formulation 
discussed by them showed good agreements with FE simulation 
results. Castanié [4] proposed a multi-level approach to study 
the behaviour of honeycomb sandwich panel response under 
low impact loading. Kantha Rao, et al [5] compared the bending 
behaviour of Aluminium honeycomb sandwich panel with 
that of a plain aluminium sheet when both are subjected to 3 – 
point bending. Using FE simulations He Lee [6] simulated the 
impact of a rigid ball on aluminium honeycomb sandwich panel. 
Paulius GRIŠKEVICIUS, et al [7] performed an experimental 
investigation of deformation behaviour of sandwich structures 
with honeycomb core in the cases of quasi-static and dynamic 
loading in this study. During the study, the composites are made 
of non – metallic materials. Numerical modelling by finite element 
method of sandwich structures behaviour under impact loading 
was performed. Haydn N. G. Wadley studied the response of 
square honeycomb structures when subjected to underwater impact 
loading. Aboura, et al [1] performed simulations for studying 
the response of a card board corrugated composite panels using 
both solid and shell elements. He found that the results of both 
showed not much difference except that the use of solid elements 
is computational intensive. In the current work, investigation is 
carried out to study the effect of core shape on the behaviour of 
sandwich panel when subjected to impact loading. Two core types 
are considered and the responses of these panels are compared to 
that of a plain sheet of equal weight and dimensions.

II. Problem Definition
Impact can be defined a large force acting for a very small time [17]. 
Designing for impact resistance is a major factor. Experimental 
testing is a costly process. Simulations prove to be handy during 
this situation. In the current work, as mentioned in the previous 
section, the effect of cell shape during impact loading is studied. 
For this purpose two different core shapes are considered, namely, 
square and hexagonal cores. Fig. 2 shows the two cores with 
dimensions. The aim of the work is to find which core has best 
response. These results are also compared with that of a plain SS 
sheet having same weight and dimensions (length and width) as 
that of the square honeycomb panel.

Fig. 2: (a). Square Honeycomb structure

Fig. 2(b): Hexagonal Honeycomb Structure

III. Materials and Boundary Conditions
The face sheets are assigned with Stainless steel and the core is 
assigned copper material. The impact load is assumed to be acting 
at the middle of the panel. The models are created in Pro/E and 
then imported into Ansys Workbench. Meshing is performed in 
Ansys using solid elements. Fig. 3 (a), (b) & (c) show the meshed 
models. Fig. 2 shows the loading and boundary conditions.  Fig. 
4 shows the variation of the force with time. Three magnitudes 
of impact are considered during the analysis: 1kN, 2kN and 5kN. 
Transient analysis is performed to study the impact behaviour of 
the panels. Results are presented in the next section. 

Fig. 3(a): Meshed Model of the Square Honeycomb Core

Fig. 3(b): Meshed Model of Hexagonal Honeycomb Core
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Fig. 3(c): Meshed Model of Plate

Fig. 4: Variation of Impact Force With Time

IV. Results and Discussions
Transient analysis is performed on each model for each load. The 
responses of each model for each load are studied. Initially for 
1kN load, the displacement and stresses are compared for three 
cases. During the comparison, it was found that the deformation 
was more for Simple Sheet. The deformation is about 1.2 mm 
which is more when compared to that of hexagonal honeycomb 
sandwich (0.742mm) and Square Honeycomb (0.404mm) panels. 
Also from the deformation plots, it is observed that the deformation 
was global for simple sheet while the deformation is local for 
honeycomb sandwich panels. Deformation plots of various panels 
at this load are given in fig. 6. 

Fig. 5: Deformation of 3 Panels Under 1kN Impact Loading

Fig. 6(a): Deformation of Plain Sheet Under 1kN Impact 
Loading

Fig. 6(b): Deformation of Hexagonal Sandwich Panel Under 1kN 
Impact Loading

Fig. 6(c): Deformation of Plain Sheet Under 1kN Impact 
Loading

Since deformation is only local in honeycomb sandwich panels, it 
is decided to go with further loading of the sandwich panels. The 
response of these panels were studied under 2kN and 5kN loads. 
During this study, it was found that the deformations were more 
in Hexagonal honeycomb than when compared to that of Square 
honeycomb. This is mainly because of the larger cell area for the 
same cell side length in hexagonal honeycomb when compare to 
that of square honeycomb. Fig. 7(a) shows the comparative graphs 
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for deformation in both the cases for various loads. It may be noted 
that the high deformation observed in both the panels was on the 
load bearing face sheet while on the other side, the deformation 
was minimum indicating the deformation to be local. This can be 
observed in deformation plots for hexagonal honeycomb panel 
in fig. 8. Fig. 7(b) show the stress plots for both hexagonal and 
square honeycomb sandwich panels. It can be seen that the stresses 
are also higher for hexagonal honeycomb sandwich panels. This 
is mainly because of large deformation in load bearing facing 
sheet for hexagonal honeycomb sandwich panel which is due 
to larger cell area when compared to that of square honeycomb 
sandwich panel. Based on the results and comparative plots, it 
can be observed that the square honeycomb sandwich panels have 
better response when compared to that of hexagonal honeycomb 
sandwich panels

Fig. 7(a): Deformation Comparison for Square and Hexagonal 
Honeycomb Panels

Fig. 7(b): Stress Comparison for Square and Hexagonal 
Honeycomb Panels 

Fig. 8(a): Deformation on the Load Bearing Face Sheet in 
Hexagonal Honeycomb Sandwich Panels (Deformation is 
0.74mm)

Fig. 8(b): Deformation on the Non - Load Bearing Face Sheet 
in Hexagonal Honeycomb Sandwich Panels (Deformation is 
0.42mm)

V. Conclusion
A study of dynamic response of Square and Hexagonal honeycomb 
sandwich panels subjected to impact loading is performed in this 
work. The models are created in pro/e and then imported into 
Ansys. Impact load may be defined as a large force acting for a 
very small time. Thus to study the behaviour, transient analysis 
is performed. The analysis is carried on plain sheet, hexagonal 
honeycomb and square honeycomb sandwich panels. During the 
study at load of 1kN, it is observed that the deformation was high 
and global for plain sheet while local for the sandwich panel. 
In other words, the sandwich panels were subjected to local 
indentation. Further investigation was carried out into behaviour 
of honeycomb sandwich panels for higher loads which showed that 
square honeycomb sandwich panels showed lower deformation and 
stresses when compared to hexagonal sandwich panels indicating 
a better performance of the square honeycomb sandwich panels. 
Also during the study it is observed that the indentation is only 
on the load bearing face sheet while there is lesser deformation 
on the other face sheet. 
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