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Abstract— This paper focuses on Finite element analysis of 

impact attenuator with different possible material like 

Aluminium alloy, carbon fibre, glass fibre to find out crash 

worthiness of impact attenuator under impact loading. Impact 

attenuation is promising technique used in automobile 

industry to absorb the impact for sake of driver’s safety. 

Crash worthiness of honeycomb structure is measured in 

terms of energy absorbed during impact and deformation 

observed during impact. This paper provides a finite element 

analysis results on Impact attenuator. 
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I. INTRODUCTION 

In many developing countries, where there is a significant 

increase in vehicle traffic combined with poor road 

infrastructure, inadequate training of drivers, and a lack of 

good police control, the traffic injuring rates are enormous. 

Road traffic crashes are known to be a leading cause of deaths 

and injuries in India in the past decade. The majority of road 

traffic fatalities occurs on roads in rural areas. In India about 

58% more people die on roads in the rural areas than in urban 

areas, and generally more severe crashes occur on rural roads 

compared with urban areas. Considering the fact that about 

70% of the population in India lives in rural areas, coupled 

with the fact that the majority of the rural residents are 

engaged in agricultural activities that supports the economy 

of the country, it is evident that these accidents and their 

consequences affect the food supply and the economy of the 

nation. Formula SAE motorsport is a platform for maximum 

race car driving performance resulting from high-tech 

developments in the area of lightweight materials and 

aerodynamic design. In order to ensure the driver’s safety in 

case of high-speed crashes, special impact structures are 

designed to absorb the race car’s kinetic energy and limit the 

decelerations acting on the human body. These energy 

absorbing structures are made of laminated composite 

sandwich materials - like the whole monocoque chassis - and 

have to meet defined crash test requirements specified by the 

Formula SAE Rules and Regulations. This study covers the 

crash behaviour of the front impact structure of the Formula 

SAE racing car. 

II. IMPACT ATTENUATOR 

Impact Attenuator is device used to absorb impact by its self-

destruction so that less amount of impact force is transferred 

to the body of vehicle.it is used to reduce damage done to 

structure, vehicle and motorists resulting from a motor 

vehicle collision. Impact attenuator absorb vehicles kinetic 

energy or redirect vehicle away from the hazard and form 

road work machinery and workers also decelerates impacting 

vehicle gradually to stop. The main objective of this research 

is to study different impact attenuation technique and 

honeycomb structured impact attenuator for its crash 

worthiness with different possible mateials.Fig-1 depicts cad 

model of impact attenuator which was modelled by using cad 

modelling software’s like Catia V5R20. 

 
Fig. 1: CAD model of impact attenuator. 

III. FINITE ELEMENT MODEL 

Finite element model was built by using solid geometry of 

honeycomb structure model in catiav5R20.step file of 

geometry was created and imported in Ansys workbench 

explicit dynamic module, where mid surface of honeycomb 

structure was extracted from solid model. Rigid support body 

and rigid impacting body was modelled as solid geometry. As 

per above geometry shell 181 element was used to mesh 

surface geometry of honeycomb structure. Shell 181 is 

suitable for analysing thin to moderately-thick shell 

structures. It is a four-node element with six degrees of 

freedom at each node: translations in the x, y, and z directions, 

and rotations about the x, y, and z-axes. (If the membrane 

option is used, the element has translational degrees of 

freedom only). The degenerate triangular option should only 

be used as filler elements in mesh generation. Shell 181 is 

well-suited for linear, large rotation, and/or large strain 

nonlinear applications. Change in shell thickness is accounted 

for in nonlinear analyses. In the element domain, both full and 

reduced integration schemes are supported. Shell181 

accounts for follower (load stiffness) effects of distributed 

pressures. 3D 8 node structural solid element was used to 

mesh rigid support body and rigid impacting body. Solid185 

is used for 3-D modelling of solid structures. It is defined by 

eight nodes having three degrees of freedom at each node: 

translations in the nodal x, y, and z directions. The element 
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has plasticity, hyper elasticity, stress stiffening, creep, large 

deflection, and large strain capabilities. It also has mixed 

formulation capability for simulating deformations of nearly 

incompressible elastoplastic materials, and fully 

incompressible hyper elastic materials. Following figure 

shows meshed model of  

 Honeycomb structured impact attenuator. Finite 

element model has 9061 number of nodes and 3680 number 

of elements. 

 
Fig. 2: Finite element model of impact attenuator. 

 In the analysis it is assumed that there are two rigid 

blocks, one is fixed to the honeycomb structure and the other 

one is supposed to move and impact on the structure with the 

mass of 300 kilos. The blocks are considered to be non-

deformable. Surface-to-surface type contact interface was 

used for the contact between the front wall and the IA. This 

type was selected in order to prevent penetration of the IA’s 

internal nodes as they could be in contact with the rigid plate 

during the simulation procedure. Honeycomb structure was 

glued to bottom stationary solid rigid body. Bottom face of 

this solid body was fixed in all direction to avoid its 

movement in space. Shown in following figure. 

 
Fig. 3: Boundary condition for Analysis. 

 Weight of top solid body is 500 Kg which is 

movable body or impacting body. Velocity of 7 m/s was 

applied to top moving body in negative Y direction. Shown if 

following figure. 

IV. MATERIAL PROPERTIES 

Material selection is a step in the process of designing any 

physical object. In the context of product design, the main 

goal of material selection is to minimize cost while meeting 

product performance goals. Systematic selection of the best 

material for a given application begins with properties and 

costs of candidate materials. For example, a thermal blanket 

must have poor thermal conductivity in order to minimize 

heat transfer for a given temperature difference. 

 Fundamentally, the key requirement of crash 

protection is to absorb and dissipate energy. In an impact, the 

crash structure must dissipate the energy of the impact whilst 

ensuring that the occupants of the vehicle are not subjected to 

excessive accelerations/forces, and that the “survivable” zone 

within the car remains intact (i.e. the crash structure does not 

ingress too far into the vehicle). This energy dissipation is 

achieved through plastic work done in deforming the material 

in the crash structure. Therefore, by comparing the capacity 

for energy dissipation of different materials, and considering 

their density, it is possible to assess which materials provide 

optimal energy dissipation per unit mass – “specific energy 

absorption”. For this analysis aluminium alloy AA2024, 

carbon fibre and glass fibre was used to compare energy 

absorption. Following table shows material properties 

included in analysis of honeycomb structured impact 

attenuator. 

Aluminium Alloy AA2024 

Young’s Modulus 71000 MPa 

Poisson’s ratio 0.33 

Density 2770 Kg/m3 

Yield strength 280 MPa 

ultimate tensile strength 310 MPa 

Table 1: alluminium Alloy Material Properties 

carbon fibre 

Young's Modulus X direction 61340 MPa 

Young's Modulus Y direction 61340 MPa 

Young's Modulus Z direction 6900 MPa 

Poisson's Ratio XY 0.04 

Poisson's Ratio YZ 0.3 

Poisson's Ratio XZ 0.3 

Tensile strength X direction 805 MPa 

Tensile strength Y direction 805 MPa 

Tensile strength Z direction 50 MPa 

Density 1420 Kg/m3 

Table 2: Carbon fibre Material Properties 

Glass fibre 

Young's Modulus X direction 45000 MPa 

Young's Modulus Y direction 10000 MPa 

Young's Modulus Z direction 10000 MPa 

Poisson's Ratio XY 0.3 

Poisson's Ratio YZ 0.4 

Poisson's Ratio XZ 0.3 

Tensile strength X direction 110 MPa 

Tensile strength Y direction 35 MPa 

Tensile strength Z direction 35 MPa 

Density 2000 Kg/m3 

Table 3: Glass fibre Material Properties 
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V. RESULTS 

Following images shows results of impact attenuator analysis 

for different materials 

 
Fig. 4: Total deformation plot for aluminium alloy. 

 
Graph 1: Total energy vs Time for aluminium alloy. 

 Above figure and graph shows total deformation of 

impact attenuator under applied load is 13.373 mm and 

during this impact structure absorb 7590 j energy out of 

12250 J. 

 
Fig. 5: total deformation plot for carbon fibre 

 
Graph 2: Total energy vs time for carbon fibre 

 From above total deformation plot it is clear that 

impact attenuator with carbon fibre material deforms up to 

17.076 mm under same loading condition and energy graph 

shows energy absorbed by the structure with carbon fibre 

material for same loading condition as that of impact 

attenuator with aluminium alloy. Honeycomb structure with 

carbon fibre material absorbs 9080 J energy out of 12250 J.  

 
Fig. 6: Total deformation for glass fibre 

 
Graph 3: Total energy vs time for glass fibre 
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 From above total deformation plot it is clear that 

impact attenuator with glass fibre material deforms up to 

22.614 mm under same loading condition and energy graph 

shows energy absorbed by the structure with glass fibre 

material for same loading condition as that of impact 

attenuator with aluminium alloy. Honeycomb structure with 

glass fibre material absorbs 9980 J energy out of 12250 J.\ 

Load case 

total 

deformatio

n (mm) 

Energy 

absorbed 

(J) 

weight of 

honeycomb 

structure 

(Kg) 

Aluminium 

alloy 

AA2024 

13.737 7590 10.844 

Carbon fibre 17.076 9080 5.5591 

Glass fibre 22.614 9980 7.8296 

Table 4: Results 

VI. CONCLUSION 

From above results of finite element analysis of impact 

attenuator under same loading condition with different 

materials it is clear that glass fibre absorbs more energy as 

compared to carbon fibre and aluminium alloy aa2024.But if 

weight is compared carbon fibre has approximately 30% 

weight reduction for same size and shape of honeycomb 

structured impact attenuator as compared to glass fibre and 

even energy absorbed by carbon fibre is approximately 10% 

less than glass fibre.  
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