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Abstract— Design is the preliminary stage of product 

development and analysis. In the past bumpers were simply 

a large beam of metal attached to the front and rear of the 

vehicle. While functional, the weight of such a bumper can 

contribute significantly to the overall weight of the car. 

Higher vehicle weights equal lower fuel efficiency. 

Bumpers now must fulfill not only their primary function, 

but must  do so while being aesthetically pleasing, and  

without contributing significantly to the weight of the 

vehicle, thereby improving fuel economy standards. The 

bumper system has changed over the last three decades due 

to new government safety regulations and styling concepts. 

The ability  to maintain the vehicle intact at high-speed 

impact conditions  and to damp the kinetic energy are the 

most important factors in bumper system selection besides 

its weight, manufacturability, cost, reparability, and 

formability of materials. These changes in material however, 

may result in a comprised ability of the bumper to perform 

its primary function. This research work is aimed to 

investigate the low impact failure analysis for the rear 

bumper. The problem is investigated using theoretical 

analysis as well as numerical methodology with Finite 

Element Analysis. The research is presented with variants of 

two different bumper materials proposed for the impact 

strength investigation of the rear bumper to be used in the 

automotive industry. In FEA, the competent software 

„HyperMesh‟ is used for determining the impact stress 

induced in different materials of the rear bumper of the 

passenger car. The failure strength of the bumper depends 

on many factors such as material properties, geometries, 

shape, size, ribs provided, absorbing material, etc. Among 

them, impact strength can be regarded as the most 

dominating factor affecting the failure strength of the 

bumper. 
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I. NUMERICAL ANALYSIS 

The finite element method (FEM), is sometimes referred to 

as finite element analysis (FEA), is a computational 

technique used to obtain approximate solutions of boundary 

value problems in engineering. Due to the complexity of the 

structures stresses are usually calculated by numerical 

methods such as the finite element method. The finite 

element analysis (FEA) is a numerical technique for finding 

approximate solutions of partial differential equations (PDE) 

as well as of integral equations [2]. The solution approach is 

based either on eliminating the differential equation 

completely, or rendering the PDE into an approximating 

system of ordinary differential equations, which are then 

numerically integrated.  

A finite element analysis is able to determine stress 

and strain distributions throughout a bonded structure 

resulting from an applied force or displacement. It is 

possible to calculate the impact strength of the rear bumper 

and to locate regions of stress and strain concentration 

where failure is expected to initiate. Using a suitably fine 

mesh the influence of geometrical features, such as the size, 

ribs, by changing absorber material and changing materials 

properties of the rear bumper. The stress and strain 

distributions can be evaluated. Certain steps in formulating 

finite element analysis of a problem are common to all such 

analyses whether structural, heat transfer, fluid flow or some 

other problem. These steps are embodied in commercial 

finite element software packages. The general procedure for 

finite element method and These steps are described below, 

1) Pre-processing (building the model)  

 Geometry creation  

 Material property assignment  

 Boundary condition specification  

 Mesh generation  

2) Solution (running the simulation)  

3) Post-processing (getting results)  

4) Validation (checking)  

A. 3D Modeling in CATIA: 

The three dimensional model of the rear bumper is prepared 

in CATIA V5 R16 environment. For analysis we have 

created 3D model and with the help of CATIA software it 

can generate model of each geometry in three dimensions 

views. 

 
Fig 1: 3D model of the rear bumper 

B. Meshing of Geometry using Preprocessor (Hyper 

Mesh): 

Hyper Mesh user-interface is easy to learn and supports 

many CAD geometry and finite element model files - 

increasing interoperability and efficiency. Advanced 

functionality within Hyper Mesh allows users to efficiently 

mesh high fidelity models. This functionality includes user 

defined quality criteria and controls, morphing technology 

to update existing meshes to new design proposals, and 

automatic mid-surface generation for complex designs with 

of varying wall thicknesses. Automated tetra-meshing and 

hexa-meshing minimizes meshing time while batch meshing 

enables large scale meshing of parts with no model clean up 

and minimal user input. For analysis purpose we have to 

discretised the geometry in to number of parts. For this 

purpose we used the pre-processor Hyper Mesh. The 

element used is C3D8R hexahedral element for meshing of 
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the geometry. There are total no of 113493 nodes and 

130510 elements in the meshing geometry 

 
Fig 2: Meshing of the rear bumper 

 
Fig 3: Loading condition of brake shoe 

Impact force is applied at the centre of the bumper 

surface by the impactor. For this purpose we have assumed 

the unladen weight of vehicle and BIW nodes are tied to 

C.G of vehicle. Various different design variants are created 

by changing the  materials of the rear bumper and by 

changing the base design of the by changing thickness and 

by changing absorbing material. In this way the frontal 

impact test is carried out as per the FMVSS 581 Bumper 

system. The change in geometry and material properties is 

likely to affect the performance of the rear bumper in a 

favorable manner. Figure below shows the numerical results 

obtained for one of the design 

 
Fig. 5: stresses induced in the rear bumper 

II. THEORETICAL ANALYSIS 

The proportionality between the load and the displacement 

is expressed by a stiffness term which is a function of the 

flexural stiffness Δ f and the foam Young‟s modulus in 

compression. From the slope of a graph of load versus 

displacement, and using the equation (4) a value for 

Young‟s modulus is obtained. In table 2 is shown the 

average of Young‟s modulus values for each specimen 

considering different span length .A more complete three 

point bending mid span displacement equation can be 

written as: 

E=Modulus of Elasticity,  

F=Applied force = 157N 

L=Length of Span= 70 mm 

W=Width of Component = 41.7 mm 

T=Thickness of Component 

y=Distance from neutral axis= T/2  

(Mmax)= Maximum Moment = F*L/4  

Moment of Inertia (I) = W*T
3
/12  

 σb =Maximum bending stress= Mmax * y/ I  

ymax =Maximum Deflection =F*L
3
/48EI  

For steel bumper specimen 

T = 1.2 mm  

E= 2, 10,000Mpa 

For Polypropyelene  bumper specimen 

T = 2.6 mm  

E= 2556Mpa 

The table below shows the results for values of 

shear stresses calculated by numerical and theoretical 

analysis of the two materials for base design of the rear 

bumper base material. The values of various properties are 

as follows; 

Material 

Properties 

Metal EA 

Steel 

PlasticEA   

Polypropylene 

Density 7890 kg/m
3
 1200 kg/m

3
 

Youngs Modulus 2,10,000Mpa 2556Mpa 

Poissions ratio 0.3 0.32 

Yield Stress 240Mpa 45Mpa 

Weight 3.2Kgs 1.2Kgs 

Thickness 1.2mm 2.6mm 

EA 593698.99mm
2
 675467.8675mm

2
 

Table1: Numerical analysis results for materials 

Material Steel Polypropylene 

Maximum Deflection 0.88mm 7.18mm 

Table2: Comparative shear stress values of Theoretical, 

Numerical Analysis 

III. RESULTS AND CONCLUSION 

By comparing the Hyper mesh, Theoretical and 

experimental results of the rear bumper of a passenger car 

we can conclude that 

1) We have achieved weight reduction in plastic bumper 

as compared to metal bumper. 

2) Young‟s modulus of metal is greater than plastic, so in 

case of plastic bumper we can achieve cost reduction. 

3) We get maximum deflection of plastic bumper as 

compared to metal bumper, from this result we can say 

that plastic bumper can take maximum load i.e. high 

impact strength as compared to metal bumper which 

can gain its original shape and size after impact of 

barrier. 

So, from the above conclusions we can say that we 

can achieve main functions of the rear bumper such as, light 

in weight which can increase fuel efficiency, good impact 

strength, cost reduction etc. From the above results we can 

conclude that plastic bumper is the best material which can 

achieve or fulfill all the requirements of modern rear 

bumper, by providing good impact absorber, changing the 

size and shape, thickness and material of the rear bumper of 

a passenger car by doing the changes during the design 

phases.  

 We have achieved all the requirements of the rear 

bumper from this we can minimize accident chances, 
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damage of the car parts such as hoods, trunks, lights, engine 

parts etc. By achieving weight reduction we can increase 

fuel efficiency of a passenger car. 
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