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Abstract: low speed frontal impact is the most regularly occurring scenario in the real world driving. The bumper which are 

basically designed to absorb crash energy and crush during high speed impact need to actually behave more rigid at low speed 

impacts else the damage caused to bumper is very high and will add to cost of repair and replacement. To address this issue the 

IIHS provides the guidelines for evaluation of bumper during low speed impacts upto 10 kmph. On IIHS guidelines, multiple 

bumper design configuration with weld information and analysed the performances at low speed frontal impact with energy 

observed and displacement point of view.     
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1. INTRODUCTION  

There were 16.4 million motor vehicle crashes in the U.S. Of these, 13.5 million (82 percent) were property-damage-only 

crashes; no occupant injury occurred. These collisions, which can be considered relatively minor, caused an average of $1,484 of 

vehicle damage per crash, and cost society an estimated total of $59.9 billion .In the United Kingdom, insurer’s report the total annual 

cost of motor vehicle insurance is in the region of $10 billion. About 70% of these costs are related to damage repairs in low speed 

crashes, with an average of $2,000 damage per incident (Association of British Insurers). Reducing vehicle damages in low speed 

crashes could have a massive global financial benefit. Many of these relatively minor crashes take the form of low speed front or rear 

impacts. Vehicle bumper systems should be able to absorb the energy of these collisions, preventing damage to more expensive parts. 

Unfortunately, most bumpers are designed to meet only the minimum standards required by the regulatory body for any given market. 

As a result new designs are regularly introduced which pass current bumper standards and evaluation tests, but which still allow 

thousands of dollars in damage in minor collisions. Existing test procedures are not motivating manufacturers to improve these bumper 

designs. So to lower damage and easy reparability/replacements are the desirable characters of any Bumper system in passenger 
vehicle. The costs involved in repairing or replacing are important concerns to vehicle insurance companies, customers and vehicle 

manufactures. This has established a strong reason for evaluating the extent of damage caused to bumper system which is most prone 

to damage during an event of low speed impact under city driving conditions.  

 

1.1 Problem Indentification 

Study of automotive bumper system for damageability and energy absorption characteristics of materials for low speed impact by 

FEA approach. To evaluate the energy management and deformation pattern of different bumper rails design. Bumpers can be designed 

in various ways to withstand crashes both High speed impact and low speed impact. The Bumper assembly is divided into two sub 

assemblies. The Bumper fascia consisting of the outer plastic components sch as bumper grille, the front bumper plastic substrate 

headlamps etc.The Bumper Structure consisting of the Impact bar and the crash can assembly.Here, in this project we will consider the 

Crash Can Assembly for the analysis – this assembly consisting of the top and bottom crash can rails are basically tubular structures and 
are expected to play the following roles :  

To crumple completely in high speed impacts and thus absorb energy 

To withstand low speed impacts without too much deformation  

 

2. MODEL SETUP 

 

Fixed 

Rigid 

wall 
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Figure 1: Base Model setup 

 

The model set up is as shown in above figure. The base model consists of the crash can assembly made up of the top and bottom 

components. The assembly is fixed at one end with a fixed rigid wall which simulates the welded components attaching to the crash 

can assembly. The impact is simulated using the moving rigid wall which crushes the crash can. The moving rigid wall is given motion 

by means of a prescribed boundary motion which refers to a load-curve.  

 

2.1 Thickness of Rail Parts 

2.2 Upper and Bottom Rails 
Thickness----1.800,  Thickness ---- 0.650 

       
Figure 2: Top rail of crash can assembly 

            

 
Figure 3: Base rail of crash can assembly 

 

    2.3 Two Rigid Supports One Fixed and One Moving  

  Thickness ----- 1.000,  Thickness ----- 10.000 

 
Figure 4: Two rigid supports of crash can assembly 

 

2.4 Spot Welds Definition  

 
Figure 5: shows the 1D beams connected (spot welds) 

 

The Top and bottom rails are connected to each other by means of Spot welds which are represented by 1-D Beams. 

The Spot welds are generated by defining a contact  *CONTACT_SPOTWELD between the beams and the shells of the two parts, 

where the beams are slaves and the shells are master 
 

2.5 Connection between Rigid Walls and Rails  
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Figure 6: shows the connection between rigid walls and rails 

The end nodes of the Top and Bottom rails are connected to each of the Rigid walls as shown in image by means of 

*CONSTRAINED_EXTRA NODE card where the nodes of the rails are slave to the master Rigid wall shells  

 
2.6 Boundary Initial Conditions and Load Application 

 

  

Figure 7: shows the application of Boundary conditions 

  The model is as shown in figure. The rails are connected to each other by means of beam spot welds, which are represented by beam 

elements and contact is defined between the beam elements and the rail component elements. The rigid wall elements are connected to 

the rails by means of extra nodes. One rigid wall is kept fixed and the other rigid wall is defined a prescribed boundary motion as it 

moves forward to crush the rails 

2.7 Boundary Conditions 

The Fixed Rigid wall has MAT 20 Rigid card constrained in all directions. The moving Rigid wall has MAT 20 Rigid card fixed in 

Y and Z translation directions and Free in X translational direction 

      

Moving Wall 

Fixed Wall 
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Figure 8: shows the assigning of material properties two crash can rigid parts 

 

 

 
 

 

 

2.8  Load Application 

 

 

 

 

 

 

 

 
 

 
 

Figure 9: shows the graph of load curve for moving rigid wall 

 

2.9 Model Details 

 Iteration 1 Details:  

 

Figure 10: Cross section View of Iteration 1 

Iteration 2 Details:    

 

Figure 11: Cross section View of Iteration 2 
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Iteration 3 Details:      

 
Figure 12: Cross section View of Iteration 3 

Iteration 4 Details:          

 
Figure 13: Cross section View of Iteration 4 

Iteration 5 Details:               

 

Figure 14: Cross section View of Iteration 5 

Iteration 6 Details:  

 

Figure 15: Cross section View of Iteration 6 

Iteration 7 Details:  

 
Figure 16: Cross section View of Iteration 7 

 

3. RESULTS AND DISCUSSION 

 

This section in elaborate discusses about the seven iterations performed with evaluation of the critical parameters like model 

deformation, Energy balance, section force. 

 

Iteration 1:  

 The bumper rail cross section for iteration 1 is as shown in Fig 10. The Fig 17 shows the deformed view of the section at 108 

msec    
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Figure 17: Iteration 1 model at Time=108 msec 

             

 

Figure 18: Energy curve distribution for Iteration 1 

 

Figure 19: Force Curve for Iteration 1 

 

Figure 20: Displacement Curve for Iteration 1 



 

 

International Journal for Multidisciplinary Research (IJFMR) 
ISSN: 2582 – 2160, Volume - 1, Issue - 3 

 

IJFMR225 Website : http://www.ijfmr.com/ Email : editor@ijfmr.com 573 
 

 

Figure 21: Force Vs Displacement (Energy Absorbed by Material) for Iteration 1 

As observed from Fig 21, the Force displacement curve which is a measure of the work done on the bumper rail system or energy 

absorbed by the bumper rails, shows three identifiable peaks. Each peak signifies the each stage of rail crushing with energy absorption. 

We can also observe axial crushing in fig 17, of this design of the Bumper rail. 

Iteration 2  

The bumper rail cross section for iteration 2 is as shown in Fig 11. And also fig 22 shows the deformed view of the section at 108 

msec   

 

 

          Figure 22: Iteration 2 model at Time=108 msec 

 

Figure 23: Global energy curves for Iteration 2 
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Figure 24: Force curve for Iteration 2 

 

Figure 25: Displacement curve for Iteration 2 

 

Figure 26: Force Vs Displacement (Energy Absorbed by Material) for Iteration 2 

As observed from Fig 26, the Force displacement curve which is a measure of the work done on the bumper rail system or energy 
absorbed by the bumper rails, shows four identifiable peaks. Each peak signifies the each stage of rail crushing with energy 

absorption. We can also observe sideways buckling in fig.22, of this of the bumper rail. 

 

Iteration 3 

 The bumper rail cross section for iteration 3 is as show in Fig 12. And also Fig 27 shows the deformed view of the section at 

108 msec.   

 
Figure 27: Iteration 3 model at Time = 108 msec 

 
Figure 28: Global energy curves for Iteration 3 
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                          Figure 29: Force curve for Iteration 3 

 

 

Figure 30: Displacement curve for Iteration 3 

 
 

Figure 31: Force Vs Displacement (Energy Absorbed by Material) for Iteration 3 

As observed from Fig 31, the Force displacement curve which is a measure of the work done on the bumper rail system or energy 

absorbed by the bumper rails, shows four identifiable peaks. Each peak signifies the each stage of rail crushing with energy absorption. 

We can also observe sideways buckling in   fig 27, of this design of the Bumper rail. 

Iteration 4  

 The bumper rail cross section for iteration 4 is as shown in Fig 13. And also Fig 32 shows the deformed view of the section at 

108 msec.   
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Figure 32: Iteration 4 model at Time=108 msec 

 

Figure 33: Global energy curves for Iteration 4 

 
Figure 34: Force curves for Iteration 4 

 
Figure 35: Displacement curves for Iteration 4 

 

 
Figure 36: Force Vs Displacement (Energy Absorbed by Material) for Iteration 4 
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As observed from Fig 36, the Force displacement curve which is a measure of the work done on the bumper rail system or 

energy absorbed by the bumper rails shows three identifiable peaks. Each peak signifies the each stage of rail crushing with energy 

absorption. We can also observe complete axial crushing in fig. 32,of this design of the Bumper rail. The third peak at the later stage of 

the impact shows the presence of secondary crush mechanism in this design, which is desirable characteristic in the high speed impact. 

Iteration 5 

 The bumper rail cross section for iteration 5 is as shown in Fig 14. And also Fig.37 shows the deformed view of the section at 

108 msec   

 
Figure 37: Iteration 5 model at Time = 108 msec 

 
Figure 38: Global energy curves for Iteration 5 

 
Figure 39: Force curve for Iteration 5 
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Figure 40: Displacement curve for Iteration 5 

 
Figure 41: Force Vs Displacement (Energy Absorbed by Material) for Iteration 5 

As observed from Fig 41, the Force displacement curve which is a measure of the work done on the bumper rail system or 

energy absorbed by the bumper rails, shows single large peak at the start of the impact and after that the energy absorption is more 

consistent. We can also observe axial crushing with material more clearly visible in fig 37, of this design of the Bumper rail. 

 

Iteration 6  

The bumper rail cross section for iteration 6 is as shown in Fig 15. And also Fig 42 shows the deformed view of the section at 

108 msec.   

 
Figure 42: Iteration 6 model at Time = 108 msec 

 
Figure 42: Global Energy curves for Iteration 6 
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Figure 43: Force curve for Iteration 6 

 

 
Figure 44: Displacement curve for Iteration 6 

 

Figure 45: Force Vs Displacement (Energy Absorbed by Material) for Iteration 6 

As observed from Fig 45, the Force displacement curve which is a measure of the work done on the bumper rail system or energy 

absorbed by the bumper rails shows two identifiable peaks. Each peak signifies the each stage of rail crushing with energy absorption. 

We can also observe sideways buckling in   fig 42, of this design of the Bumper rail. The energy absorbed is more due to buckling of the 

rails than crushing. 

Iteration 7 

 The bumper rail cross section for iteration 7 is as shown in Fig 16. And also Fig 46 shows the deformed view of the section at 

108 msec   

 
Figure 46: Iteration 7 model at Time = 108 msec 
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Figure 47: Global energy curves for Iteration 7 

 
Figure 48: Force curve for Iteration 7 

 

 
Figure 49: Displacement curve for Iteration 7 

 
Figure 50: Force Vs Displacement (Energy Absorbed by Material) for Iteration 7 

As observed from Fig 50, the Force displacement curve which is a measure of the work done on the bumper rail system or energy 

absorbed by the bumper rails shows two identifiable peaks. Each peak signifies the each stage of rail crushing with energy absorption. 

We can also observe downwards buckling in fig 46, of this design of the Bumper rail. 

 

4. CONCLUSIONS 
From the study performed, we have the following observations and conclusions:  
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 The figure 51 shows the F-D curves derived from seven iterations overlapped in a single curve. The design in iteration 4 has the 

most energy and also has the secondary crush characteristics. This design is more favorable from point of view of high speed 

impact. From the point of view of low speed impact, iteration 5 rail design is more favorable as there is more consistent energy 

absorption character with comparatively lower deformation. 

 The general trend can be observed that with flat profile of the top rail, the axial crush characteristics are better, but with addition 

of features and section of top rail becoming more rectangular the buckling is more prominent than axial crush. This is basically 

due to addition of features to the total rail configuration and hence hindering axial crush. 

10.2 COMPARISON BETWEEN ALL CURVES 

 
Figure 51: Force Vs Displacement curves of seven Iterations performed  
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