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Abstract— A bumper is a structure attached to or integrated 

with the front and rear ends of a motor vehicle, to absorb 

impact in a minor collision, ideally minimizing repair costs. 

Stiff metal bumpers appeared on automobiles as early as 1904 

that had a mainly ornamental function. Numerous 

developments, improvements in materials and technologies, 

as well as greater focus on functionality for protecting vehicle 

components and improving safety have changed bumpers 

over the years. Bumpers ideally minimize height mismatches 

between vehicles and protect pedestrians from injury. 

Regulatory measures have been enacted to reduce vehicle 

repair costs and, more recently, impact on pedestrians Static 

Structural and Modal Analysis of Car Bumper has been 

conducted for different materials for bumper surface Epoxy 

carbon UD and carbon fibre composite and for supporting 

structure Structural steel and Aluminium B390 alloy. With 

the aid of CAD analysis model is analyzed for the same load 

and boundary conditions. CAD analysis is the best solution 

of the available to provide the efficient results for the model 

analysis, model the created and boundary conditions and 

loads are applied as per the requirement. Model is meshed and 

elements are created as per the material grain structure by 

analysis tools and proper meshing of the component provides 

the exact solutions for the model. Same procedure is used for 

the car bumper analysis with different materials and decision 

is done based on the model test analysis for the best suited. 
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I. INTRODUCTION 

Bumper is an aspect of a car planned that had at a vehicle. 

Guard included a lengthened help which can be appended to 

the front and back of the vehicle body and which traverses the 

width of the vehicle body, a safeguard stretching out along 

the help part and reaching out towards the front and back of 

the vehicle body in a considerably arched way, and a versatile 

outside shell which can be associated with the help part and 

which envelops the front and back of the vehicle in a surmised 

U shape, covering the side of the help part inverse the side 

confronting the front and back of the vehicle body where in 

the help part has a center segment that can be solidly upheld 

on the vehicle body.  

 Bumper is isolated in two sorts, they are front guard 

and back guard. Principle work them two are for engrossing 

effect by lessening harm and to the potential for substantial 

injury during a mishap. For this undertaking, it is 

centeredaround the back vehicle guard framework. Back 

vehicle guard framework has three primary parts. They are 

the belt, shaft, connection sections and here and there vitality 

safeguard. The belt is the external spread. It is connects to the 

quarter boards and backside board. The vitality safeguard 

joins to the pillar. The bar is mounted straightforwardly to the 

vehicle body. These parts were checked on for contrasts fit as 

a fiddle and development preceding being collected to the 

vehicles. 

II. OBJECTIVES AND METHODOLOGY 

Following are the Major Objectives: 

 The primary objective of the current work is to optimize 

the weight, strength and natural frequencies of the car 

bumper with the different MMC’s and FRP’s for better 

performance 

 Conduction of linear static and modal analysis of the car 

bumper to optimize the design  

 Determination of Maximum Stresses, Deformations and 

natural frequencies of the car bumper with existing 

material and different composite materials to find out the 

better design 

 Determination of the natural frequencies of the with 

different materials to estimate the vibrational behaviour 

of car bumper 

 Optimization of the Car Bumper with reduced weight  

 Presenting the final design of the Car Bumper 

 
Following are the Methodology of the project: 

1) Review the design of Audi Car per 

2) Generating the model of Car Bumper in Solidworks 

3) Import the geometry into ANSYS Workbench. 

4) Mesh the model and preparation of boundary conditions. 

5) Estimate the Stresses, Deformations and Natural 

Frequencies of the Base line Design using FE Approach. 

6) Compare the results with literature. 

7) Validate ANSYS results with Theoretical Results. 

8) Design modifications to increasing the efficiency 

III. RESULTS & DISCUSSIONS FEA RESULTS OF CAR BUMPER 

In this study Static Structural and Modal Analysis of Car 

Bumper has been conducted for different materials with 

respect to components as follows: 
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A. For Bumper Surface 

1) Epoxy Carbon UD 

2) Carbon Fibre Composite 

B. For Support Structure 

1) Structural Steel 

2) Aluminium B390 Alloy  

3D Model View of Car Bumper 

 
Finite Element Model of Car Bumper 

 Below fig shows the Finite Element Model of Car 

Bumper which is generated by using CAE tool Ansys 

15.0.  

 Fine mesh has been generated to get better results 

 Good quality Hexa Mesh is done. 

 
Loading and Boundary Conditions for Structural analysis: 

 In this project, Car Bumper is acting under 

maximum force of 10000 N by the Piston and fixed at the 

structural support as shown in the figure.  

 
1) Linear Static and Modal analysis of Car Bumper with 

structural steel & epoxy carbon UD 

Linear Static and ModalAnalysis of Car Bumper with 

Structural Steel to Support Structure and Epoxy Carbon UD 

to Bumper Surface has been conducted. Below table shows 

the material properties. 

 

 

 

Properties 

Structural Steel 

(Support 

Structure) 

Epoxy Carbon UD 

(Bumper Surface) 

Young’s 

Modulus 
200 GPa 

Ex=121 GPa, 

Ey=8.6 GPa, Ez=8.6 

GPa 

Poisson’s 

Ratio 
0.3 

γx=0.27, γy=0.4, 

γz=0.27 

Density 7850 Kg/m3 1490 Kg/m3 

Material Properties 

Results of Von Mises Stress and Deformation of car Bumper 

with Structural Steel & Epoxy Carbon UD: 

 Maximum stress of 61.73 MPa has got at the time of 

static load 

 The maximum stress is within the allowable stress, hence 

the design is safe  

 Maximum deformation of 2.237 mm has achieved at the 

static load 

Results Modal Analysis of Car Bumper with Structural Steel 

& Epoxy Carbon UD 

Loading and Boundary Conditions for Modal Analysis: 

 For Modal Analysis of Car Bumper no loads are to 

be applied, only fixed support should be applied to find the 

natural frequency. The operating frequency has been taken as 

60 Hz.  

 Following figure shows the 5 Mode Shapes of the 

car bumper with structural steel and epoxy carbon UD. 

 Below Table shows the Natural Frequencies of car 

bumper with structural steel and epoxy carbon UD 

 

 
Above graph shows the Natural Frequencies of car bumper 

with structural steel and epoxy carbon UD 

 Above results show the natural frequencies of the 

car bumper with structural steel and epoxy carbon UD and it 

can be cleared that natural frequencies developed are not 

coinciding with the operating frequency and hence no 

resonance occurs. 

2) Linear Static and Modal Analysis of Car Bumper with 

Structural Steel & Carbon Fiber Composite: 

Linear Static and Modal Analysis of Car Bumper with 

Structural Steel to Support Structure and Carbon Fiber 
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Composite to Bumper Surface has been conducted. Below 

table shows the material properties. 

Properties 

Structural 

Steel 

(Support 

Structure) 

Carbon Fiber 

Composite 

(Bumper Surface) 

Young’s 

Modulus 
200 GPa 

Ex=230 GPa, Ey=23 

GPa, Ez=23 GPa 

Poisson’s 

Ratio 
0.3 γx=0.2, γy=0.4, γz=0.2 

Density 7850 Kg/m3 1800 Kg/m3 

Material Properties 

Results of Von Mises Stress and Deformation of Car Bumper 

with Structural Steel & Carbon Fiber Composite: 

 Maximum stress of 44.895 MPa has got at the time of 

static load  

 The maximum stress is within the allowable stress, hence 

the design is safe  

 Maximum deformation of 1.038 mm has achieved at the 

static load 

Results Modal Analysis of Car Bumper with Structural Steel 

&Carbon Fiber Composite  

Loading and Boundary Conditions for Modal Analysis: 

 For Modal Analysis of Car Bumper no loads are to 

be applied, only fixed support should be applied to find the 

natural frequency. The operating frequency has been taken as 

60 Hz.  

 Following figure shows the 5 Mode Shapes of the 

car bumper with structural steel and epoxy carbon UD 

 Below Table shows the Natural Frequencies of car 

bumper with structural steel and carbon fiber composite 

 
Natural Frequencies 

 Below graph shows the Natural Frequencies of car 

bumper with structural steel and carbon fiber composite 

 
 Above results show the natural frequencies of the 

car bumper with structural steel and carbon fiber composite 

and it can be cleared that natural frequencies developed are 

not coinciding with the operating frequency and hence no 

resonance occurs. 

3) Linear Staticand Modal Analysis of Car Bumper with 

Aluminium B390 Alloy& Epoxy Carbon UD 

Linear Static and Modal Analysis of Car Bumper with 

Aluminium B390 Alloy to Support Structure and Epoxy 

Carbon UD to Bumper Surface has been conducted. Below 

table shows the material properties. 

Properties 

Aluminium 

B390 Alloy 

(Support 

Structure) 

Epoxy Carbon UD 

(Bumper Surface) 

Young’s 

Modulus 
81.3 GPa 

Ex=121 GPa, Ey=8.6 

GPa, Ez=8.6 GPa 

Poisson’s 

Ratio 
0.33 

γx=0.27, γy=0.4, 

γz=0.27 

Density 2710 Kg/m3 1490 Kg/m3 

Material Properties 

Results of Von Mises Stress and Deformation of Car Bumper 

with Aluminium B390 Alloy& Epoxy Carbon UD: 

 Maximum stress of 42.89 MPa has got at the time of 

static load  

 The maximum stress is within the allowable stress, hence 

the design is safe  

 Maximum deformation of 2.26 mm has achieved at the 

static load 

Results Modal Analysis of Car Bumper with Aluminium 

B390 Alloy & Epoxy Carbon UD: 

Loading and Boundary Conditions for Modal Analysis: 

 For Modal Analysis of Car Bumper no loads are to 

be applied, only fixed support should be applied to find the 

natural frequency. The operating frequency has been taken as 

60 Hz.  

 Following figure shows the 5 Mode Shapes of the 

car bumper with Aluminium B390 Alloy and Epoxy Carbon. 

 Below Table shows the Natural Frequencies of car 

bumper with Aluminium B390 Alloy and Epoxy Carbon 

 
Natural Frequencies 

 Below graph shows the Natural Frequencies of car 

bumper with Aluminium B390 Alloy and Epoxy Carbon 

 
 Above results show the natural frequencies of the 

car bumper with Aluminium B390 Alloy and Epoxy Carbon 



Impact and Vibration Analysis of Audi Car Bumper with Different Composite Materials 

 (IJSRD/Vol. 8/Issue 11/2021/019) 

  

 All rights reserved by www.ijsrd.com 85 

and it can be cleared that natural frequencies developed are 

not coinciding with the operating frequency and hence no 

resonance occurs. 

4) Linear Staticand Modal Analysis of Car Bumper with 

Aluminium B390 Alloy & Carbon Fiber Composite: 

Linear Static and Modal Analysis of Car Bumper with 

Aluminium B390 Alloy to Support Structure and Carbon 

Fiber Composite to Bumper Surface has been conducted. 

Below table shows the material properties. 

Properties 

Aluminium 

B390 Alloy 

(Support 

Structure) 

Carbon Fiber 

Composite 

(Bumper Surface) 

Young’s 

Modulus 
81.3 GPa 

Ex=230 GPa, Ey=23 

GPa, Ez=23 GPa 

Poisson’s 

Ratio 
0.33 γx=0.2, γy=0.4, γz=0.2 

Density 2710 Kg/m3 1800 Kg/m3 

Results of Von Mises Stress and Deformation of Car Bumper 

with Aluminium B390 Alloy &Carbon Fiber Composite: 

 Maximum stress of 40.78 MPa has got at the time of 

static load  

 The maximum stress is within the allowable stress, hence 

the design is safe  

 Maximum deformation of 1.04 mm has achieved at the 

static load 

Results Modal Analysis of Car Bumper with Aluminium 

B390 Alloy & Carbon Fiber Composite: 

Loading and Boundary Conditions for Modal Analysis: 

 For Modal Analysis of Car Bumper no loads are to 

be applied, only fixed support should be applied to find the 

natural frequency. The operating frequency has been taken as 

60 Hz.  

 Following figure shows the 5 Mode Shapes of the 

car bumper with Aluminium B390 Alloy and Carbon Fiber 

Composite 

 Below Table shows the Natural Frequencies of car 

bumper with Aluminium B390 Alloy and Carbon Fiber 

Composite 

 
Natural Frequencies 

 Below graph shows the Natural Frequencies of car 

bumper with Aluminium B390 Alloy and Carbon Fiber 

Composite 

 
Above results show the natural frequencies of the car bumper 

with Aluminium B390 Alloy and Carbon Fiber Composite 

and it can be cleared that natural frequencies developed are 

not coinciding with the operating frequency and hence no 

resonance occurs. 

 Following Figures shows Analysis Results images 

of Stress and deformation: 

 
Von-Mises Stress Plot 

 
Deformation Plot 

 Following figure shows the 5 Mode Shapes of the 

car bumper with Aluminium B390 Alloy and Carbon Fiber 

Composite 

 
Mode Shape -1 
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Mode Shape - 2 

 

Mode Shape - 3 

 
Mode shape - 4 

Results of Static Structural Analysis of Car Bumper 

MODES 

Bumper Surface: Epoxy 

Carbon UD 

Support Structure: 

Structural Steel 

Bumper Surface: Carbon 

Fiber Composite 

Support Structure: 

Structural Steel 

Bumper Surface: Epoxy 

Carbon UD 

Support Structure: 

Aluminum B390 Alloy 

Bumper Surface: Carbon 

Fiber Composite 

Support Structure: 

Aluminum B390 Alloy 

 

Natural 

Frequency 

(Hz) 

Maximum 

Deformation 

(mm) 

Natural 

Frequency 

(Hz) 

Maximum 

Deformation 

(mm) 

Natural 

Frequency 

(Hz) 

Maximum 

Deformation 

(mm) 

Natural 

Frequency 

(Hz) 

Maximum 

Deformation 

(mm) 

1 76.33 18.90 78.84 12.92 57.97 14.83 57.94 14.12 

2 81.59 23.22 87.53 20.69 66.81 22.31 69.00 19.05 

3 84.63 19.87 89.27 20.19 68.76 21.66 76.13 20.45 

4 100.21 28.66 103.96 18.95 79.55 25.11 82.59 19.61 

5 100.77 24.45 123.34 15.31 93.35 31.26 97.53 18.57 

Results of Static Structural Analysis of Car Bumper 

Material 
Von-Mises Stress 

(Mpa) 

Max. 

Deformation(mm) 

Bumper Surface: Epoxy Carbon UD Support Structure:  

Structural Steel 
61.73 2.23 

Bumper Surface: Carbon Fiber Composite Support Structure: 

Structural Steel 
44.89 1.03 

Bumper Surface: Epoxy Carbon UD Support Structure: 

Aluminum B390 Alloy 
42.89 2.26 

Bumper Surface: Carbon Fiber Composite Support Structure:  

Aluminum B390 Alloy 
40.78 1.04 

 Above first Table shows the results of static 

structural analysis of car bumper with different materials. 

From the results of static structural analysis it can be 

concluded that the Maximum stress and maximum 

deformation is less when compared to other materials of car 

bumper with Structural steel and Carbon Fiber Composite. 

 Above second Table shows the results of modal 

analysis of car bumper with different materials. From the 

results of modal analysis it can be concluded that the natural 

frequencies are away from the operating frequency ie, 60 Hz 

when compared to other materials of car bumper with 

Structural steel and Carbon Fiber Composite. 

IV. CONCLUSION 

From the results of static structural and modal analysis of car 

bumper with different materials the following conclusions 

can be made: 
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1) From the static structural analysis the Von-

Mises/Maximum Stresses and Maximum Deformations 

has been plotted  

2) The Maximum stresses are less in the car bumper with 

the material Aluminium B390 Alloy and Carbon Fiber 

Composite when compared to other materials 

3) The Maximum deformation are less in the car bumper 

with the material Structural Steel and Carbon Fiber 

Composite when compared to other materials 

4) Form the Modal analysis the Natural Frequencies has 

been plotted 

5) The Natural Frequencies are not coinciding with the 

Operating Frequency or near to the Operating Frequency 

with the material Structural Steel and Carbon Fiber 

Composite compared to other materials which results no 

resonance in the bumper 

6) With the results of both static structural and modal 

analysis it can be concluded that the bumper with the 

material Structural Steel and Carbon Fiber is suitable and 

gives better efficiency 
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