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ABSTRACT: Automobile’s safety rating depends on the damping force and the kinetic energy absorbed during the 

impact thus protecting its occupants. Different tests are designed to imitate the types of car crashes that are responsible 

for the highest number of deaths and serious injuries on the road which include frontal, side barrier and side pole crash 

tests. With the industries focusing on reducing the cost of manufacturing and weight of the vehicle by decreasing the 

material usage, different structures are designed to absorb the kinetic energy from the crash during the vehicle's frontal 

crash and dissipate. This is done in a controlled and irreversible manner. Impact Attenuator is one among the designs 

which is used to withstand the impact energy in sports cars. In this project, the impact attenuator is analysed with 

different casing structures, which plays a crucial role in the rate of energy dissipation. The Attenuator is modelled with 

the thermoplastic polyurethane as the casing outer covering and its optimal design was found through explicit dynamic 

analysis. Through the analysis, it is found that the Canonical Frustrum attenuator with the Semi-Apical 17° has good 

compressibility factor and it is analysed with the care frame using ANSYS and the deformation of frame with the 

attenuator is studied with the frame impacting without attenuator. 

 
KEYWORDS: Impact Attenuator, Semi-Apical Angle, Dynamic Analysis. 

I. INTRODUCTION 

In the recent day’s road safety is emerging as a major social concern. Pedestrian crashes are a major safety concern 

worldwide. About one of every ten traffic-related fatalities in the country is a pedestrian. They were mainly exposed to 

risk when crossing and walking on the road in urban and rural areas. Lower limb injuries occur frequently in vehicle-to 

pedestrian collisions and vehicle front-end shape has a significant influence on pedestrian lower limb injuries. Different 

approaches are employed to protect the pedestrians and the automobiles during case of impact. In this study impact 

attenuator is studied using the ANSYS with the Thermoplastic Polyurethane as the casing material and Aluminium for 

the Honey comb structure. Analysis is carried out using the explicit dynamics in ANSYS and the honey comb is 

modelled using the NX cad Software. 

II. METHODOLOGY 

 

The main objective of the study is to investigate the existing design of automotive/automobile impact attenuator 

designs. Explicit Dynamics analysis of the design is done with the different materials and with the results from the 

software the materials are chosen for the attenuator components. 

 

 Material Study 

The material study phase deals with the selection of the appropriate material for the impact attenuator design. 

Aluminum, copper and steel is selected for the for study of honey comb structure. 
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III.  

Fig.1.Material Study (aDirectional deformation of aluminium (b) Directional deformation of copper (c) Directional deformation of steel. 

 Modelling  

Honey comb is modelled using the Siemens NX CAD software. 

IV. MODELLING AND ANALYSIS 

 

Modelled attenuator dimension represents the dimension of an attenuator which is used in the sports cars. 

 
 

Fig. 2. 3D view of Modelled Propeller shaft 

 

To validate the Constraints independency of the Casing material selected for the Attenuator a test is carried Using 

the Roller Sports Protective Equipment Testing method from the Korea Products Safety Association shock striker with 

12 mm diameter was made to impact the plate of 5 mm thickness producing a force of 50 N in the Z Direction. The 

maximum impact force and stress were measured. To validate the Independence of the constraints the analysis is done 

is different constraints on the TPU plate for the same loading condition. 

Compressive energy is calculated from the Force (N) and Displacement(m) by the following equation, 

As per the Standard for the testing test is carried out using the following dimensions for pate and disc, 

 Load -50 N  

 Stricker Diameter - 12 mm  

 TPU Plate Thickness - 5 mm  

 TPU Plate Area - 360 mm2 

Difference in Deformation value = 19.4514% 

 (c) 

        (a)                                                                                                     (b)  
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Energy of absorption(J) = [Pressure (Pa) × Unit Area(m2)] × Displacement (m) 

Energy of absorption(J) = Force (N) × Displacement (m) 

 

 where the force was calculated by multiplying pressure (Pa) and area of circle for vertical load (m2). 

 

Total Energy Absorbed: Four Sides Constrained = 0.98 KJ 

    Two Sides Constrained = 1.11 KJ 

  

Difference between the energy absorbed in Two cases is 12.44% and hence the material is suitable for different 

constraints. 

V. RESULTS AND DISCUSSION 

 

 

Fig.3. Attenuator deformation 

 

 

Fig.4.Examination between energy of the conventional and optimized shape 
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Fig.5. Kinetic energy plot 

 Kinetic energy plot of impactor is as shown in the graph. It can be observed that, Kinetic Energy of impactor 

used in model has lost more energy when compared. But as per total energy plot, reference model bumper absorbed 

very less energy which shows the effectiveness of  the impact attenuator. 

 

 

 

Fig.6.Total deformation plot 

The total deformation graph shows the steady state of deformation of the Impact attenuator design and this shows 

the energy is dissipated to the structures of the attenuator and not on the frame of automobiles. Due to which the 

deformation of the frame is reduced and this saving the occupants of the vehicle. 

 

VI. CONCLUSION  

 

Analysis of the four initial design concepts showed that the conical tube frustum gave the highest SEA of 

13665.15J/kg and in the parametric study Fmax were more influenced by wall thickness than semi-apical angle. It has 

been observed that choosing of appropriate wall thickness, Semi-apical Angle, protrusion and/or indentation geometry 

are crucial in the design of a tapered thin-walled tube impact attenuator. 

 

Honeycomb simulation with the different configuration showed that, performance of HC structure is changing by 

changing the dimensions of the honeycomb structure. So, in order to improve its performance, lot more configurations 

were needed to be tested by changing its cell shape, cell size, wall thickness and overall structure thickness. The 

performance of bumper can also increased by choosing a different material that is being used of the honeycomb base 

structure. Currently, several advanced materials were available and can be used for the performance enhancement. 
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Trying upon the attenuator design for the automobiles the attenuator with aluminium honey comb structure is proven to 

be a good choice for energy dissipation in the study. The same design and analysis procedure can be carried out for 

increased loading conditions to mimic the real time situations. Use of energy absorbers between HC structures will also 

enhances the ability of absorbing energy and it also improves the pedestrian safety. And with the use of TPU (Thermo 

Plastic Polyurethane covered base panel will improve the energy absorbing capacity base structure and reduces the 

erosion caused by the action of friction. The energy absorbing capacity with the attenuator has increased by a value of 

12% when compared with the values of the energy absorbed with the attenuator having a steel or other ferrous material 

as the casing structures. The results were calculated with the studied made by Phu Ma Quoc [26]. 

 When compared the other energy absorbing structures like Crash Box which is used in the vehicles. When 

compared with the Crash box the weight of the impact attenuator is about 84%. 
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