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I. INTRODUCTION 
 

The lightweight honeycomb sandwiches are suitable 

for applications in the transportation industry 

(automotive, aerospace, railway and shipbuilding 

industry)[1]. A combined experimental and 

theoretical approach has been applied by Crupi et al. 

[2] to investigate the static and impact response of 

aluminium sandwiches with different core types  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Foam and honeycomb). This study was a step 

towards the application of aluminium sandwich 

structures in the automotive. The use of these 

sandwich structures, on the basis of preliminary 

information obtained from the experimental tests, 

can lead to a weight reduction of the ships, providing 

an adequate structural strength under operating 

Abstract- The significance of energy absorption in various industries, light shock absorbers such as 

honeycomb structure under in-plane and out of plane loads have been in the core of attention. 

Materials with good strength to weight ratio are developing to replace the regular metals and alloys 

in energy absorbing areas. Sandwich type composites are versatile due to their flexibility in solving 

various industrial needs. Epoxy-based composite materials are widely used in load-bearing 

applications, e.g., automotive and aerospace. For this reason, there is a need to investigate and 

predict the deformation behavior of epoxy-based composite materials under general loading 

conditions. Carbon epoxy and s-glass epoxy composites are being used in structural applications in 

automotive applications. Automotive crashes are increasing now a days and still lot of safety accepts 

need to be considered to safe guard the passengers inside an automotive. Especially in cars, Pole 

crash is a common accident that every where registers. Damages cannot be estimate when lives are 

lost. This will brings the advanced sandwich composite structures to be used in cars, for absorbing 

impact energy and to reduce the damage. This study investigates the energy absorption rate on 

carbon epoxy sandwich composite and s-glass epoxy sandwich composite for automobile 

application. The aim is to investigate a single cell of honeycomb structure with different material 

properties are tested, based on various design accepts. To carry out the study a single cell of 

honeycomb structure is designed and a sandwich composite is assembled with two aluminium Plates.  

FEM analysis is carried to observe total deformation and energy absorption rate with different 

design parameters and material properties. 
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conditions. [3]The honeycomb structures can be used 

on high-speed vessels as separating divisions or 

other secondary structures. Some interesting 

applications of honeycomb in the shipbuilding are 

reported in [4]. The honeycomb sandwiches are 

widely used for commercial airplanes and in 

structural parts of helicopters; [5] a study about their 

applications for the Boeing 737-800 interiors is 

reported in [3]. Korean low floor bus [6] has been 

developed using both laminate and honeycomb 

sandwich structures. The train lines in Korea have 

many curves due to the high amount of mountains 

covering the land area. To reduce the risk of 

overturning in curves at high-speed and passenger 

discomfort from high centrifugal forces, the Tilting 

Train eXpress (TTX) has been developed [7]. The TTX 

upper body was constructed by means of a 

lightweight sandwich structure, made of an outer 

and inner faces of graphite/epoxy resin and a core of 

aluminium honeycomb. 

 

Some of the authors of this paper have proposed a 

foam-filled sandwich panel for railway application in 

their previous study [8]. The suggested panel, which 

was based on TTX train sandwich panel, provided 

with a foam-filled aluminium honeycomb in order to 

enhance its local stiffness and out-of-plane crushing 

strength. The in-plane crushing behaviour of foam-

filled aluminium honeycombs subjected to 

compressive test was also investigated to evaluate 

the in-plane crushing strength and energy 

absorption capacity of the panels [9]. The sandwich 

structures are susceptible to damage caused by 

foreign object impact, especially low-velocity impact. 

Extensive theoretical, experimental and numerical 

works have been carried out on honeycomb panels 

under low-velocity impact loading also by the 

authors [5,6,18]. 

 

Finite element (FE) models of aluminium honeycomb 

panels under impact loading have been computed 

by means of a geometry reconstruction procedure 

starting from the tomograms of the undamaged 

panels [10], and the FE results were in good 

agreement with the experimental data of the low-

velocity impact tests. Moreover, a theoretical 

approach [11], based on energy balance model, and 

an analytical model [12] for the peak load prediction 

has been developed and successfully applied to 

aluminium sandwiches. 

 

There are numerous research studies about the out 

of-plane crushing behaviour of honeycombs since 

these cellular materials are more effective in energy 

absorption under out-of-plane impact than under in-

plane impact. However, in some applications, such as 

using a honeycomb block as an energy absorption 

layer in aircraft against bird or debit’s collision, the 

crushing could take place along any direction of the 

honeycomb. Therefore, the in-plane crushing 

behaviour of a honeycomb also needs to be known 

besides its out-of-plane behaviour. Hu et al. [12] 

established analytical models on the basis of cells 

collapse mechanisms in order to estimate the 

crushing strength of the honeycombs along Y-

direction.  

 

Schultz et al. [13] discussed energy absorption 

properties of hexagonal honeycomb structures of 

varying cellular geometries under high-speed in-

plane crushing. [14] Based on the repeatable 

collapsing mechanism of honeycomb cell structures 

under dynamic crushing, an analytical formula of the 

dynamic crushing strength of regular hexagonal 

honeycombs was derived in terms of impact velocity 

and cell walls thickness ratio [15]. Effect of cell wall 

angle on the in-plane crushing behaviour of 

hexagonal honeycombs was explored by both 

experiments and numerical simulations [16]. H. 

Mahfuz [17] studied the influence of cell micro-

topology on the in-plane dynamic crushing of 

honeycombs by means of finite element simulations. 

Up to now, the investigations were mostly associated 

with honeycomb cell structures while effects of 

honeycomb cells fabricated with epoxy based 

composite have not gained a great attention.  

 

II. METHODOLOGY 
 

To investigate the behaviour carbon epoxy 

composite and s-glass epoxy composite samples are 

need to designed to check reliable design 

parameters for energy absorption applications. 

 

Table 1. List of Experiments considered. 
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III. DESIGN OF SANDWICH COMPOSITE 

STRUCTURE 
 

Here we are used the Catia software to have a three-

dimensional overview and make the use of some 

types of features representation of a person or thing 

or of a proposed structure, typically on a smaller 

scale than the Modelling in the Catia Software  

 

  
Fig 3. Hexagonal cell. 

 

Dimensions of hexagonal cell 

• Side length = 0.020m, 0.025m, 0.030m 

• Dept = 0.040m, 0.050m, 0.060m 

• Thickness=0.001m. 

 

  
Fig 4. Hexagonal cell extrude. 

 

  
Fig 5. Hexagonal Cells with different side lengths and 

bottom plate. 

A full constrained assemble of hexagonal cell and 

two back plates are designed in order to make a 

sandwich composite.  

 

 
Fig 6. Sandwich composite. 

 

1. Crashworthiness design of honeycomb panels 

under out-plane impact loading  

 

A FE model was developed to study the 

crashworthiness of the panels under out-of-plane 

crushing. The FE model consists of a rigid striker, 

panel and a rigid fixed wall (Figure 17). The boundary 

conditions of the FE model were chosen in order to 

make the specimen collapse absolutely [11], so the 

striker with an additional mass of 800 kg moves 

downwards with an initial velocity of 100 m/s (impact 

energy value of 2 MJ). A general contact is employed 

to consider contact of the core itself and with the 

rigid plate. Bottom of the panel is tied to the striker 

to enforce it to move consistently with the striker. 

 

1.1. Cell Side Length 20mm, with height 50mm. 

 

Both materials were tested under same boundary 

conditions. The below images illustrates the response 

of carbon epoxy and S-Glass epoxy composites.  

 

   
Fig 7. Deformation of Carbon Epoxy. 

 

A large deformation of Carbon Epoxy cell structure is 

observed and a also transferred some energy to 

bottom plate.  

 

  
Fig 8. Direction of force acting on the composite. 
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Fig 9. Deformation of S-Glass. 

 

S-glass deformation rate is bit high when compared 

with carbon epxory. Cell is deformed but loads are 

not transferred to the bottum palte.  

 

  
Fig 10. Force distribution on S-Glass under this 

design parameters. 

 

1.2 Cell Side Length 25mm, with height 50mm. 

 

Deformations of cells are more with cell side length 

of 20mm; need to investigate with higher side 

length.  

 

  
 

Fig 11. Deformation of Carbon Epoxy cell. 

 

Deformation of carbon epoxy under the same 

boundary conditions shows a lower range when 

compared with side length 20mm. And also not 

much loads are transferred to the bottom plate.   

 

  
Fig 12. Deformation of S-Glass cell. 

 

Lowered deformation rate can be observerd in this 

condition for S-glass epxoy composite. Still there is 

no trace of load transfer to the bottum plate. 

 

1.3 Cell Side Length 30mm, with height 50mm. 

To investigate further deformation of cell the side 

length is increased to 30mm with constant height 

50mm for both carbon epoxy and S-glass epoxy 

composites.  

 

  
 

Fig 13. Carbon epoxy Deformation when side length 

is 30mm. 

 

Deformatios of both Carbon epxoy with side length 

of 25mm and 30mm are almost registerd a same 

range deformation. But there is an bulging effect on 

corners of cell. And still loads are continues to be 

transferred to the bottum plate. 

 Fig 14. S-Glass Composite deformation when side 

length is 30mm. 
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S-glass deformation is controled in both 25mm and 

30mm side length and also a very low load 

transfering to the bottum plate is observed at 30mm 

side length. 

 

IV. RESULTS AND DISCUSSIONS 
 

Analyses on both composites are given diverged   

results in case of total deformation and energy 

absorption rate. The carbon epoxy deformed less 

and energy absorption rate shows better one when 

comparing with S-glass epoxy composite. But 

marginal loads are transferred to the bottom plate. 

The bellow graph shows the total deformation in 

both the material samples.  

 

    
Chart-1: Represents total deformation in both 

Carbon Epoxy and S-Glass Epoxy Composite 

 

In S-Glass the Deformation is more when compared 

to carbon epoxy. But there is no trace of deformation 

if side length is 20mm and 25mm. There is a slight 

deformation occurred in the case of side length is 

30mm. In all the samples of carbon epoxy 

deformation of bottom plate is more in both side 

length of 20 and 30. But low in 25 mm side length 

when comparing with all the three parameters.  

 

Energy absorption rate in both the materials are at 

different rate. The below graph shows the details of 

energy absoption in all the samples. 

 

  
Chart-2: Energy Absoption Graph 

 

The enrgy absorption on the s-glass samples are at 

low when compared with carbon epoxy. In both the 

material energy absorption at side length 25mm and 

30mm falls under same range.  Energy absorptions in 

both the materials at side length 20mm are registerd 

low. May be side length of 25mm in both the 

materails shows optimum values, because low 

deformations obsereved in bottom plate and higher 

energy absoption rate in both the materails. 

 

V. CONCLUSIONS 
 

This work revels the behaviour of carbon epoxy 

composite and S-glass epoxy composite in constant 

boundary conditions with varying design parameters. 

As design parameters shows major differences in 

both the materials, the following conclusions are 

drawn: 

 

 In the both materials carbon epoxy composite 

shows a higher range of energy absorption rate in 

comparison with S-Glass. 

 The side length 25mm and 30mm in both the 

materials shows the energy absorptions rates in the 

same range.  

 Deformation in the bottom plate is found in all the 

three samples of carbon epoxy composite. 

 No Deformation in the bottom plate is found in 2 

out of 3 samples, except in side length of 30mm. 

 

The energy absorption rate is higher when compared 

with the polyurethane composites [4]. The formation 

of bottom plate in and In comparison to metal 

honeycomb structure these are light in weight and 

shows better energy absorption rates.      
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