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ABSTRACT 

Bumper is being one of the most important part and support maximum functions like energy absorption while 

the energy being transferred to the vehicle body. The aim of this paper is to design a bumper with three different 

subsystems and to find the best among them using simulation from LS-Dyna. This bumper absorbs the impact energy 

and transfer to the opposite direction of the impact. Carbon fibre foam composite, Steel-Magna alloy and Aluminium 

- honey comb materials are used for these analysis. Evaluation has been done between these materials and the best 

one has chosen based on the level of energy absorbed on the bumper. Additionally the better material was applied 

for two different bumper models and energy absorption, stress and total energy values are plotted and compared. 
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1. INTRODUCTION 

Car accident occurs every day. Most of the situations drivers are convinced that they can avoid such 

troublesome. However, the numbers show that ten thousand dead and million wounded each year. Hence, 

enhancement in the safety of automobiles is prerequisite to decrease the numbers of accidents. The Automotive 

bumper system is one of the key systems in passenger cars. Bumper systems are designed to prevent or to decrease 

physical damage of the front or rear ends of passenger vehicles in collision condition. It protects the sub system, fuel 

line, exhaust system and cooling pad or radiator. Different countries have similar performance and standards for 

bumpers. In the global safety regulations originally developed as European standards and now adopted by most 

countries. The utility of automotive bumper has changed considerably over the past seventy years. A soon after 

performance is achieved by a combination of careful design, material selection to attain a particular sense of balance 

stiffness, strength and energy absorption. Rigidity and Energy absorption are the crucial criteria. Stiffness is 

important because vehicle design consideration limits the volume for the bumpers intend to deform under load and 

Energy absorption is significant because bumper must limit the quantity of the impact force transmitted to the 

surrounding rails and vehicle frame. Automotive bumper plays a vital role in absorbing impact energy.  

Literature: Literature related to impact studies by many researchers. It was observed that Carley (2004), the 

objective of this study is to design efficient epoxy structural foam reinforcements to improve the energy absorption 

of the front and rear automotive bumper beams. Three bumper structural performance criteria were studied. Ramin 

(2005), have said that bumper beams are one of the main structures of the passenger car that protects them from a 

front and rear collisions. In this paper, a commercial front bumper beam made of Glass Mat Reinforced 

Thermoplastic (GMT) deliberated and characterized by impact modeling using LS-Dyna according to the Economic 

Commission of Europe (E.C.E.). Identical requirements concerning approval of vehicles with regards to their 

frontage and rear defensive devices (Bumpers etc.), E.C.E. Three main design factors for this structure, shape, 

materials and shock conditions were studied and the outcome are compared with conventional metals like steel and 

aluminum. Mohapatra (2005), has explained that the bumpers play an important role in preventing the impact energy 

from being transferred to the vehicle and the passengers. Saving the impact energy in the bumper is to be released in 

the atmosphere reduces the damages of the vehicle and passengers. The purpose of this paper was to design a bumper 

with minimum weight by employing the Glass Material Thermoplastic (GMT) materials. Sapuan (2007), proposed 

that research based on the C – NCAP 100 % head-on collision regulations the standard frontal crash must not be 

lower than the speed of 50 km/h. So the maximum speed is 50 km/h considered in this study. Because of the 100% 

positive collision, contact setting is available in contact with the surface. The A-class car net empty weight to total 

vehicle model weight is 1300 kg, the maximum safe load is 1650 kg, so plate on each node weight is 210 g for the 

CAE model in the analysis of the vehicle, and total model weight is 1450 kg in line with the actual situation. Roman 

(2008), have explained that the structural adhesives will cause more trouble in crash analysis over adhesive bonded 

models. A simplified model was recommended for modeling of the hard adhesive joint. Andersson (2002), 

emphasised that to increase crash performance in automotive vehicles it is essential to use new techniques and 

materials. The apparatus that are linked to crash safety should transmit or absorb energy. The geometry and the 

material properties play a major role in energy absorbing capabilities. Park (2013), have presented the steps to 

specific the light weight design impact model. Only after having characterized the compound material to use, it was 

possible to form and realise easy CFRP tubular structures through mathematical formulation and clear FE macros 

LS-Dyna. Also, experimental crash tests were performed by weight analysing machines. 

Problem Identification: From above survey of the literature, we come to conclusion that use of different materials 

can prove worthy because the total energy absorbed by impact is properly scattered among the components and also 

due to material properties we can strengthen the components in an assembly. We can make changes in geometry by 
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the addition of ribs or add extra material to strengthen the assembly and decrease the high-stress regions. A variety 

of simulation methods are described for evaluating the working of bumper system out of which simulation by explicit 

solver can be chosen for proper study of bumper assembly or system. 

Problem Analysing Method: Several engineering problems are controlled by degree of difference and integral 

equations. The result to these equations would provide an exact, closed-form solution to these equations to the 

particular problem being studied. On the other hand, complexities in model and in boundary conditions might be 

very common in world problems means that we won't get the exact result from the numerical methods that obtained 

in actual. But current product design cycle times imply that engineers must obtain design solutions in a short amount 

of time. They are subjected to acquire approximate solutions that can be readily obtained in a reasonable time frame 

with reasonable effort.  

  
Figure.1. Finite Element Modelling of bumper Figure.2. Sandwich model of bumper 

In normal ABS plastics is used as bumper material here we planning to do the bumper as sandwich thus its 

outer is cover with ABS plastic then follows foam, study material and foam. We have three study materials as fiber 

composite, Steel Magna alloy and Aluminum honeycomb better material will be choose and continues with further 

process as of boundary condition the bumper model is pushed over a rigid wall of 50 km/hr and as a result impact 

force, internal energy, total energy, strain and deformation is studied for GLSTAT at and MATSUM of the bumper 

model. 

3. RESULTS AND DISCUSSION  

Dynamic analysis is done on LS-Dyna for a three different material with a termination time limit of 10 milli 

seconds, Stress and various energy absorbed on a bumper model is plotted and Figs.3, 4, shows that the stress and 

three different energy absorption plots of a model respectively. 

  
Figure.3. Stress plots of a bumper model Figure.4. Energy plots of a bumper model 

Table.1. Comparison of Elemental Stress 

Material Model 1 Model 2 Model 3 

Carbon comp 265 222 320 

Aluminium honeycomb 281 237 329 

Magna alloy 297 256 356 

ABS Plastic 500 399.43 575 

 

4. CONCLUSION 
  From the LS-Dyna Simulation study, we could infer that the aluminium content in the automotive vehicle 

will nearly be implemented in the future for its low-cost effectiveness and Carbon fibre composites has the ability to 

perform extremely well in the case of a crash. Hence, from the above comparative study table result, which was 

obtained through LS-Dyna Simulation, Carbon fibre foam Composites absorbs more impact when compared to the 

other materials in the study and has a threshold to absorb almost double the impact energy. A crash preparation 

feature, the case 2 bumper has been studied with analytical methods, non-linear analyse, experiments and exhibition 

vehicles. This shows that the front and rear bumper can provide additional crash space in an at-risk situation of frontal 

impact prepare the vehicle for a subsequent crash and retract when that risk subsides. The study further shows that 

the crash space realised by extending the model can reduce the severity of the crash pulse and the amount of structural 

deformation into the vehicle compartment. 
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