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Abstract 

Automotive design with economy, safety and aesthetics have been a great challenge to design 

engineers. Augmenting to these factors today environment impact is an upcoming research area. 

The safety of the passengers during vehicle crashes can be ensured to a certain limit by using good 

bumpers. At the same time these automotive parts should not be massive in terms of weight 

contributing to the increase in total the weight of the vehicle. The main purpose of bumper is to 

absorb shock in case of a collision. Several materials have been used to develop these shock-

absorbing capabilities, such as steel, aluminum, glass mat thermoplastics and sheet molding 

compound. The purpose of this project is to design a bumper which is to improve crashworthiness 

of the bumper beam. Crashworthiness is the ability of the bumper beam to prevent occupant 

injuries in the event of an accident and this is achieved by minimizing the impact force during the 

collision. In this work, a bumper used for low passenger vehicle, Ford Festiva car is modelled by 

using the software CATIA V5R20. Then this model is imported into FEM impact as well as static 

analysis. The materials used for these analyses are Steel, Carbon/epoxy, Eglass/epoxy shows the 

lowest deformation and maximum von mises stress value.  

1. INTRODUCTION 

Nowadays, in development of technology 

especially in engineering field make among 

the engineers more creative and competitive 

in designing or creating new product. They 

must be precise and showing careful 

attentions on what they produce. Here, we 

concentrate on automotive industry. The 

greatest demandfacing the automotive 

industry has been to provide safer vehicles 

with high fuel efficiency at minimum cost. 

Current automotive vehicle structures have 

one fundamental handicap, a short crumple 

zone for crash energy absorption One of the 

options to reduce energy consumption is 

weight reduction. However, the designer 
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should be aware that in order to reduce the 

weight, the safety of the car passenger must 

not be sacrificed. A new invention in 

technology material was introduced with 

polymeric based composite materials, which 

offer high specific stiffness, low weight, 

corrosion free, and ability to produce 

complex shapes, high specific strength, and 

high impact energy absorption. The front 

and rear of the vehicle should be protected 

in such a manner that low speed collisions 

will only damage the vehicle slightly, or not 

at all. For this purpose front and rear 

bumpers were invented. The uses of 

bumpers has evolved from being a 

mechanism placed on the front and rear of 

the car to protect the body and safety 

features of a motor vehicle from damage due 

to a low speed collision to a decorative 

ornament designed more for the aesthetics of 

the motor vehicle rather than the actual 

functionality. The study carried out by 

Federal Motor Vehicle Safety Standards and 

Regulations (FMVSS) highlights how the 

present day bumpers on motor vehicles are 

connected to the fenders rather than the 

frame of the motor vehicle where it would 

be of more use and steady during a low 

speed collision. The study also shows how 

some automobile manufacturers have tried 

to produce shock absorbent bumpers using 

shock absorbent resilient materials. 

Problem statement 

Consumers have to pay high price for 

damaged parts that need to be replaced due 

to low speed collision. Luxury cars, for 

instance are expensive not only to purchase 

but also to repair. Modern front-end styling 

results in bumper designs that can either 

slide under the bumpers or vehicles they 

strike or that simply do not have enough 

room to absorb the energy of a low-speed 

crash. The bars underneath bumper covers 

often are not up to absorbing the energy. 

The bars may not be big enough to provide 

much protection from damage or they may 

be too flimsy to absorb much energy. In this 

case a good bumper is required to minimize 

the damage by showing less deformation at 

the same should absorb maximum energy 

during collision. The weight of the bumper 

also adds to the total weight of the car. So, a 

bumper should also be less in weight 

without decreasing its efficiency. 

Objective 

The main objective of the project is to 

determine a light weight bumper to absorb 

the impact energy during a low-speed 
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collision. Low speed collision is defined as 

within the range of 2.5 km/h to 4 km/h. In 

order to achieve the main objective, the 

analysis of stress distribution on the bumper 

due to the collision, would be set as the 

secondary objective. The change in internal 

energy of the bumper is also analyzed to 

determine the energy absorption of the 

bumper during impact. Therefore, a standard 

steel bumper with specified dimensions and 

Carbon/epoxy, Eglass/epoxy bumpers are 

modelled and analyzed in Ansys 

AUTODYN. The results are compared with 

the results of standard steel bumper. 

2. GEOMETRIC MODELLING 

Modelling Of Pneumatic Bumper: 

 

Fig. 1 Geometric modelling of Bumper 

hitting wall 

 

Fig 2 Completed bumper model with smooth 

edges 

 

Fig 3 Bumper beam and flat barrier 
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Fig 4 Sketch of bumper and impact barrier 

Then a extrude tool is used to develop a 

solid model as shown in the following 

figure. 

Mechanical properties of materials 

Mechanical properties for the bumper 

materials are given below in the table 

 

Table 1 Properties of the bumper material 

 

Fig 5 Assigning deformation 

 

Fig 6 Giving equivalent strain 

After all the output parameters are assigned, 

the problem is then solved. Ansys uses 

autodyn solver for solving the model. 

 

Fig 7 Solution status 

3. RESULTS AND DISCUSSIONS 
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Table 2 Comparison of material stress and 

Deformation 

 

Table 3 Comparison of materials at 5m/s 

 

 

Fig 8 Deformation of steel at 5m/s 

 

Fig 9 Deformation of Carbon /Eglass at 

5m/s 

4. CONCLUSIONS 

Determining the best bumper is a typical 

task. A good bumper should have the 

following characteristicsA bumper should be 

able to absorb the energy during impact by 

allowing itself to deform.A good bumper 

should deform elastically during collision 

and should regain its original shape after the 

impact. Practically this is possible only at 

low speeds.The deformation should be 

limited to certain amount. If a bumper is 

allowed to take maximum deformation, it 

damages the parts of the automobile.The 

above charcateristics were all shown by all 

the three bumpers at 2m/s velocity. But the 

carbon epoxy bumper has shown less plastic 

deformation and more elastic deformation. 

Moreover the carbon epoxy bumper is 

having less weight making it the best 
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material for bumper.At increased speeds has 

shown less deformation than the other two 

bumper. Though the eglass/epoxy bumper 

has absorbed more energy it has shown 

maximum deformation which more than the 

clearance between the bumper and engine 

parts.  
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